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Acting instead of reacting

Diagnosis management
for maximum process reliability
and productivity

Diagnosis and condition moni-
toring have a very promising
future in automation. And with
good reason: Unscheduled
downtime is expensive —in some
cases, one minute can cost up
to 10,000 euros!

Active diagnosis management
The trend: To actively and signifi-
cantly increase process reliability
and the productivity of equip-
ment by treating diagnosis as
asset management. Innovative
diagnostic strategies, including
products with diagnostics capa-
bility and numerous Festo ser-
vices can help here, reducing
equipment lifecycle costs and
providing a more rapid return on
investment (ROI) with increased
competitiveness.

Individual diagnostic strategies
use an individual mix of different
types and levels of diagnosis.
Additional reliability is provided
by strategies such as regularly
recording the overall equipment
effectiveness (OEE) or total pro-
ductive maintenance (TPM).

The aim: A diagnosis portfolio
based on clear industry stan-
dards, which is open, can be
integrated, and is fit for the
future. Moreover, scalable diag-
nostic strategies that guarantee
near 100% machine availability
by the OEM.
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Reliable productivity thanks to diagnosis

Increased productivity — or
modern, cost-saving service
strategies? Depending on the
perspective from which you
consider diagnosis and condition
monitoring, there are various
different motivations and rea-
sons for the increasing integra-
tion of diagnostic strategies and
tools in automation systems.
Overall, however, there are
numerous interfaces and com-
mon interests.

For the people who operate the
systems, whether they are
company owners, managing
directors or even shift supervi-
sors in production companies,
the focal aspect of diagnosis and
condition monitoring is unques-
tionably increased equipment
productivity, and therefore a
long-term improvement in com-
petitiveness.

Planners, design engineers and
manufacturers of machines and
equipment set great store by
aspects that make life easier:
their first priority is to reduce
costs for expensive service visits,
service contracts or productivity
guarantees. They may also be
tasked with looking at new busi-
ness and operating models such
as machine leasing or pay-per-
use plans.

Diagnosis management:

A new era in maintenance

Due to the complexity of
systems, machinery and equip-
ment, diagnosis and condition
monitoring are already an in-
dispensable factor in factory and
process automation. Their impor-
tance is set to grow dramatically
over the next few years.

Against a background of increa-
singly tough global competition,
sophisticated individual diagno-
stic strategies offer a decisive
competitive edge by significantly
increasing the overall efficiency
of expensive equipment. Since
any chain can only be as strong
as its weakest link, the principle
of consistency also applies

to diagnosis strategies. Good
strategies integrate even small
machine and equipment parts
from the word go, and provide
for a consistent diagnostics
capability.

The challenge: A conscious
business decision in favour of
strategic diagnosis and asset
management, in order to in-
crease productivity. This is the
only way in which optimum
overall equipment effectiveness
(OEE) can be achieved. This
value is the result of three
factors: availability, performance
rate and quality rate.

All-round diagnostics:

The portfolio from Festo

Festo has for some time now
been aware of the strategic
importance of diagnosis and
condition monitoring — and has
acted accordingly.

Analysis has shown that four
areas are of major significance
for the most efficient individual
diagnostic strategies:

1) A portfolio with extensive
diagnostics capability
across the entire control
sequence — suitable for
industrial communications
from actuator to factory
level. For products them-
selves as well as at a cross-
product level, by means of
information technology (IT)
and industrial services.

2) Cheaper diagnosis — for
example through technolo-
gical advances that enable
more cost-effective diagno-
sis with a rapid return on
investment. The key words
here include reduced pro-
gramming costs, function
integration for components,
and clever networking.

3)

4)

From condition diagnosis to
process diagnosis: It must
be possible to mix different
diagnostic procedures and
levels in a way that results
in an ideal individually
tailored solution. This may
include, for example,
preventive maintenance,
optimisation via fault lists,
fault analysis, visualising
potential sources of faults,
regular recording of overall
equipment effectiveness
(OEE) and integration into
a TPM (total productive
maintenance) system.

Lean & service manage-
ment — for comprehensive
diagnosis without in-house
expertise, and a focus on
core competencies with lean
resources.



Wanted: The right point in time

Diagnosis and condition
monitoring

Diagnosis at various levels or
condition monitoring: Both of
these serve to identify or swiftly
rectify any faults or impermis-
sible conditions that may arise
in systems or components, and
ideally even to prevent these
from occurring in the first place.

It is therefore the aim of innova-
tive maintenance strategies to
use secure data to identify a
time window for maintaining
equipment or exchanging com-
ponents that is system and

Diagnosis

usage-dependant and is ideal
from a business point of view.

If maintenance takes place too
soon, overall costs are increased
unnecessarily; if the warning
systems malfunction, downtime
also costs money.

Current strategies therefore
consist of a mix of four levels.
Discounting the failure-based
fire brigade strategy, which in-
volves the full risk of waiting for
damage to occur, three other
maintenance strategies of
varying levels are available.

Effective maintenance

Anticipatory

Condition-based

Time-based

Failure-oriented

Anticipatory: Condition monitoring

Interval-driven: Preventive,
time-dependent maintenance
Simple condition monitoring for
increased reliability and ease of
planning: In the case of preven-
tive maintenance, staff exchange
various wear-intensive or other
susceptible components in line
with fixed time intervals that are
usually recommended by the
manufacturer. This is frequently
based on the experiences of the
operating/maintenance person-
nel, the operating time of drive
units, switching cycle rates or
stroke rates, and also sensors
such as flow sensors that moni-
tor and analyse the condition of
pneumatic equipment.

From counters to symptoms:
Condition-based maintenance
Condition-based maintenance
defines the ideal time window
considerably more individually
and precisely: Regular monito-
ring and the creation of diagnos-
tic data enable maintenance to
be better controlled.

Vision and supreme discipline:
Anticipatory maintenance
Anticipatory maintenance is
essentially a refined version of
preventive maintenance, but
with the subtle difference that
modern methods and trend
analyses are used to determine
the time at which components
need to be exchanged, in an
operationally-dependent and
dynamic manner.

The drivers here are new techno-
logies such as miniaturised sen-

sors, wireless transmission,
high-performance controllers
and intelligent, model-based
methods. The further develop-
ment of methods oriented to-

wards anticipatory maintenance

is yet another challenge for the
supplier. However, the focal
point of anticipatory mainte-
nance is and always will be the

interpretation and evaluation of

the data collected.

The decisive advantage is that,
for example, the effects of
changing environmental condi-
tions can be better recorded
than in a rigid interval scheme.
This makes anticipatory mainte-
nance interesting for machine
manufacturers as well, not only
because recourse claims can be
modified or verified, but also be-
cause it makes specific optimisa-
tion and full-service packages
possible.

The future of condition
monitoring

Allin all, condition monitoring
is an innovative, multi-faceted
topic in which, in the field of
pneumatics, it is the lifecycle
management of machinery
and equipment rather than
wear and tear that plays a
leading role. It touches on
subjects such as process dia-
gnosis and the monitoring of
operational costs whilst at the
same time forming the basis
for new service and business
models.



Failure as an emergency: Diagnostic strategies

Stage 1: Discovering the fault —
monitoring

Monitoring is an ongoing tech-
nical activity aimed at detecting
faults or failures, generally by
using a single sensor signal or
derived characteristic value.
This involves monitoring a
characteristic value, e.g. the flow
rate, and constantly comparing
actual and setpoint values for
any limit violations. Any imper-
missible conditions are thus
identified by maintenance
personnel. In pneumatics, the
basis for monitoring is sensors,
e.g. pressure sensors, flow
sensors, limit switches or posi-
tion sensors. This form of moni-
toring can also be found in

condition monitoring. In electri-
cal equipment, monitoring takes
place e.g. by checking current
characteristics for short circuits
or overloading, checking voltage
levels for tolerance deviations,
or checking the limit values for
analogue signals.

Stage 2: Locating the fault
Diagnosis uses characteristics
and symptoms to identify the
existence of actual or impending
faults — and locate them. It
analyses directly measurable
signals using cause and effect
mechanisms. Diagnosis may
alternatively be model-based,
enabling the number of sensors
and the costs to be significantly
reduced.

In order to localise faults in
pneumatic systems, personnel
rely on existing data from drive
units and valves as well as addi-
tional key sensors such as pres-
sure and flow, analysing this
data using controllers and soft-
ware solutions. Malfunctions
here may include inadmissible
leakage due to tubing damage.
The maintenance staff are gui-
ded to the location of the pro-
blem. In electrical equipment, a
wiring-based diagnosis indicates
to the sensor or consumer ex-
actly which cable is faulty.

Stage 3: Identifying the fault

If safety-critical or quality-critical
drive units are involved, it is

a good idea to carry out an in-
depth diagnosis to additionally
identify the type of fault. For
example, the CPX electrical
terminal can already provide a
detailed description of faults in
electrical peripherals. For indivi-
dual process-relevant drive units,
an additional pressure, flow or
position sensor can aid in identi-
fying the fault. Maintenance staff
are therefore guided to the
machine, and are equipped with
the correct spare part. Likewise
in electrical equipment, CPX can
indicate faults such as broken
wires or undervoltage.

An additional area: Process
diagnosis

In process diagnosis, the focus
is on identifying the causes of
faults within the process. For
example, high-speed cameras
such as the SBOC/SBOI compact
camera system might relay
peripheral signals from the pro-
duction process to the user con-
trol program. By linking in with
the process, even process faults
in pneumatic components that
are functionally relevant to the
process can be included. For
example, a jammed component
may change the movement of

a cylinder — in the machine
diagnostic system, the actuator
thus becomes a process diagno-
sis sensor.

The future of system
diagnosis

In the future, system-oriented
diagnostic strategies will take
on increasing importance,
because they can be used to
reduce the number of sensors
and therefore the costs, and
greater customer benefits can
be generated due to their
proximity to the system func-
tion. These functions already
exist for electrical equipment.
For pneumatics, Festo is
working on a component that
will enable system diagnosis
to be carried out. Festo
Energy Monitoring is an early
component of this type.

One extremely important fac-
tor in the success of top-level
machine diagnostic systems
is the creation of neutral
machine interfaces, preferably
of a standardised nature. In
this field, Festo is collabora-
ting intensively in VDMA work
groups and with the Profibus
user organisation.




Figures, figures and more figures

Cost pressure as a result of
increased globalisation is now
affecting the majority of com-
panies in almost every industry.
The demand for higher producti-
vity whilst reducing costs and
increasing the reliability of pro-
cesses and equipment is leading
to costs being viewed in a new
light, and also to new collabora-
tion models between machinery
manufacturers, suppliers of
(sub)systems and equipment
operators.
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New perspectives: Lifecycle cost
management

In the quest for potential savings
that will provide all three part-
ners with a win-win situation,
corporate financial managers are
analysing the overall costs of
capital goods, from planning,
operating and maintenance costs
right through to disposal. In the
field of mechanical engineering,
total costs are therefore increas-
ingly being viewed in the form of
the total cost of ownership.

This has given rise to some
interesting figures: At 15%,
procurement costs represent one
of the smallest cost groupings
within the lifecycle of machinery
or systems.

Indirect costs of a
manufacturing company

[ Costs for maintenance/
servicing

[] Additional indirect costs

Maintenance and servicing

In contrast to this, however,
studies carried out by Rockwell
Automation show that 15 - 40%
of the indirect costs of manufac-
turing companies are the result
of maintenance and servicing,
with 50% of these costs being
considered avoidable.
Strategically oriented diagnosis
and condition monitoring are the
best ways of reducing these
costs.

At 70% of expenditure, repairs
represent the largest item of
indirect costs —as unplanned
consequential costs, these
amount to between 10% and
28% of overall lifecycle costs.
Moreover, according to the trade
magazine “Produktion”, these

Maintenance and servicing

consequential costs should be
increased by a factor of 4 or 5!
This is due to machine downti-
me, quality deficiencies, inability
to deliver and loss of image.

Modern maintenance strategies
are using new parameters and
indices such as OEE (overall
equipment effectiveness) and
TEEP (total effective equipment
productivity) from these findings
to calculate plant downtime,
production losses and organisa-
tional losses. These figures are
then fed into integrated manage-
ment strategies such as TPM
(total productive maintenance) in
order to improve the effective-
ness of production installations.

[J Costs for maintenance/servicing

Potential savings due to diagnosis

and condition monitoring

Installation costs

Reducing costs: Diagnosis and
condition monitoring

Even though it might seem like
a paradox at first sight, the
somewhat higher costs for diag-
nosis, condition monitoring and
service packages for the strate-
gic optimisation of maintenance
and servicing are relatively low
and pay for themselves — usually
over a very short period of time.

Recent investigations show that
around 35% of all damage can
be anticipated in advance —
particularly where mechanical
equipment is concerned.
Condition monitoring is to be
recommended in these cases.

Diagnosis as a damage-limiting
discipline helps in the remaining
65% or so of cases, in which
components or systems fail in an
unforeseen manner. Electrical or
electronic equipment is involved
in almost 35% of these failures.

Lifecycle cost management

15 %

Responsibility for operating
costs

Machine manufacturers and
component suppliers are assu-
ming increasing responsibility for
the operating costs of their pro-
ducts and systems — either as a
result of legal regulations or on
their own initiative. Keyword:
Energy certificate.

This expansion of core compe-
tencies is of strategic importance
at Festo: In addition to a com-
plete portfolio of products with
integrated diagnosis functions, it
has led to a varied service offer
covering operating costs, main-
tenance and the lifecycle of com-

]

Slightly higher costs
for diagnosis

Operating costs

Disposal costs

Long-term potential for savings
thanks to diagnosis

ponents and subsystems.
Practical examples show that the
cost of compressed air in pro-
duction plants can be reduced by
28% thanks to clear analysis and
a targeted exchange of causal
components.

Festo is also developing a multi-
stage diagnostic strategy for
systems and components, which
will also serve as a basis for this
new type of collaboration —at a
reduced cost.

11



Automating more intelligently ...

... with products for optimum
diagnosis management

Behind the challenge of more
intelligent automation, Festo has
the specific goal of reducing time
and costs within our customers’
value creation chain — whilst
simultaneously increasing pro-
ductivity and process reliability,
as part of asset management.
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What matters: The operation
phase

If you look specifically at the
operating phase of machinery,
intelligent systems from Festo
such as status monitoring,
machine diagnosis and condition
monitoring solutions play a
decisive role in reducing mainte-
nance and servicing costs and
maximising productivity. These
intelligent systems usually con-
sist of actuators, sensors, soft-
ware, controllers and visualisa-
tion technology, and they react
to the causes of malfunctions
listed to the right.

Decisive: Advanced thinking
about the operations phase
Planning properly in advance
means you can work without
worrying later on... because the
potential savings resulting from
condition monitoring and diag-
nosis don’t appear until the
operations phase — but these
need to be considered in
advance.

As a partner for more intelligent
automation, Festo has therefore
developed a portfolio strategy
across the entire control
sequence that systematically
integrates a diagnostic capabi-
lity — whilst keeping costs low,
for example by integrating diag-
nostic functions into products.
This results in more rapid engi-
neering as well as simpler pro-
curement and easier installation.
Commissioning can be carried
out via a teach-in or parameteri-
sation — with no need for time-
consuming programming.

Classifying the causes of mal-

functions

The following types of error are

considered:

Communications errors

O Fieldbus interrupted

O Defective communications

Energy supply

O Power supply unstable or
switched off

O Compressed air supply
unstable or switched off

Device faults

O Defective module

O Faulty internal connections

Peripheral errors

O Defective connections

O Faulty sensors and actua
tors

Process errors

O Runtime errors

O Context errors (temperature,
pressure, missing/jammed
part...)

O Media error (particles,
water, oil)

Special configurations such as
sporadic faults or configuration
errors in modular products and
equipment should also be
borne in mind.

13



Automating more intelligently ...

... with strategies for open
communications and service
guarantees

Festo solutions compress dia-
gnostic information and deliver
it via standard interfaces for
higher-level process or machine
diagnosis. This is also of interest
to OEMs in the context of
runtime guarantees, full service
contracts, and to protect against
unfounded recourse claims.

Diagnostic levels and diagnostic
depth in the automation pyramid

Remote maintenance,
remote diagnostics

E] Master process control
system and visualisation
Compressed I/0
and diagnostics data
Process visualisation

E] PLC level

Communication, status and
diagnostic data from several
thousand 1/0s

E] Visualisation
through programming

[3] Field device level
64 to 512 1/0s per device

@ Handheld operator unit
Diagnostics in plain text,
without programming

@ CPX maintenance tool
Local diagnosis and
parameterisation via
Ethernet

E] Module level
Digital: 4, 8, 16 channels,
analogue: 2, 4 channels

E] Sensor/actuator level
1 sensor = 1 channel,
1 valve/actuator = 1 channel

PC1 PC2
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Remote Controller Fieldbus
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The modular electrical terminal
CPX has become the central pro-
duct for diagnosis. Outstanding
as a stand-alone remote |/0 for
diagnosis, the diagnosis features
of the CPX combined with Festo
valve terminals such as the MPA
and VTSA are virtually limitless.
For example, in the case of
integrated valve diagnosis:

The combined electrical and
pneumatic diagnostic data taps
new and valuable additional
information that results in added
synergy and diagnosis potential.

Double the savings: Total diagnosis with CPX

Distributed intelligence:

The CPX-FEC

The front-end controller CPX-FEC
in IP65 facilitates customer-
specific programming for diagno-
sis and/or stand-alone operation
of the electrical terminal - for
any type of fieldbus. Automatic
visualisation via the integrated
Web server comes as standard.

This integrated valve diagnostics
design from Festo is consequent-
ly unique. Keywords include:

e Intelligent pre-processing for
less effort by the PLC;

¢ Channel-oriented I/0 and valve
diagnosis for rapidly discove-
ring the source of errors;

e Integrated condition monito-
ring

One terminal for many valve

terminals

CPX can be used in conjunction

with:

® VTSA —the new ISO 15407-2
and 1SO 5599-2 standard —
pneumatic diversity and func-
tionality included

® MPA —The ultimate in valve
terminals: flat, serial linking,
up to 128 valves

e Midi/Maxi — tried and tested,
with high flow rates

e CPI —distributed installation
system for applications where
space is tight and cycle times
need to be optimised

The electrical diagnostic data
of the CPX system is always

available, and can be seamless-

ly integrated into existing dia-
gnosis and visualisation
systems. The CPX Web monitor
also makes remote diagnosis
and maintenance possible.

Simple to integrate:

The electrical peripherals
Regardless of whether they are
based on Ethernet, Internet or
fieldbus: the electrical periphe-
rals at sensor/actuator level are
scalable, can be used selectively,
parameterised and integrated
into any control design — precise-
ly customised from a functional
and diagnostic point of view.

And twice the savings: Because
the CPX design incorporates fun-
damental diagnostic functionali-
ty at no added cost. So rapid
commissioning comes as stan-
dard — with considerably reduced
time consuming programming,
which can amount to 30% of pro-
gramming costs.

The result: significantly increa-
sed productivity plus reduced
total costs for machine manufac-
turers and operators.

Distribution of
programming effort

40 %

30 %

[] Process programming
[CJ Diagnosis programming
[] visualisation programming

Reliable pneumatics: Diagnosis
at the valve

The serial linking of the MPA
valve terminal makes it a specia-
list when it comes to pre-proces-
sing and channel-oriented dia-
gnosis/condition monitoring.
Pressure regulation and integra-

ted pressure measurement ensu-

re a constant process quality.
Using a fieldbus connection, you
can even change the pressure
parameters. For maximum
system reliability, MPA monitors
the actual numerical pressure
values with statistical process
controls 24 hours a day.
Furthermore, valve pilot control
monitoring provides a new
quality of information at the
connected valve.

Savings potential with
CPX/MPA

Savings potential thanks

to integral diagnosis and
visualisation

The future today: Proportional
technology and MPA

The VPPM-MPA proportional
pressure regulator with fieldbus
is a globally unique combination
of modules for recording and
regulating pressure. VMPA-FB-PS
and VPPM on one CPX/MPA can
remotely control and monitor all
values including upper and lower
limits. Measuring and controlling
pressure via a fieldbus is made
possible thanks to the internal
serial bus system of the MPA
valve terminal. Together with the
digital and analogue 1/0 modu-
les, this significantly improves
the production process — thanks
to the latest communications
and system integration.

CPX Web monitor as an
integrated IT service

i | -

Safety and reliability with

elegance

e Constant pressure and status
information: top quality manu-
facturing

e Comprehensive documentation

e Total productive maintenance

e Extremely secure and reliable
data transmission for maxi-
mum performance

e Remote diagnosis

17



Three error modes for simple detection

18

Current errors — LED-sup-
ported diagnosis provides
rapid, immediate assistan-
ce. A CPX-MMI reports
locally in normal text.
Fieldbus or Ethernet trans-
mits details at channel level
for process visualisation.

Future errors — these will
hopefully not even occur,
thanks to automatic condi-
tion monitoring for preven-
tive maintenance.
Numerical data and warning
messages — at channel
level, e.g. for up to 128
solenoid coils.

Random errors/history —
more rapidly analysed

and detected thanks to a
diagnostic trace which auto-
matically stores the 40 most
recent errors. No need for
time-consuming investiga-
tions, even for intermittent
errors!

Undervoltage per module

e Electronics -25 %

® Load -10 % / Valves -25 %
e Emergency off <10V

Short circuit can be selected
e per channel

e per module

e pervalve

Error memory
e last 40 messages
e with a time stamp

e recognises intermittent errors

Condition monitoring

e setpoint values defined per
valve

e monitoring of downstream
mechanics/processes

e preventive diagnosis/mainte-

nance

Wire break can be selected
e per channel

e per module

e pervalve

Upper/lower limit value
e per analogue channel
e voltage

e current

® temperature

® pressure

Undervoltage per valve manifold

e auxiliary power supply to
valves monitored separately

* load/valves -25 %

Monitoring of valve pilot control
e pull current

e jammed soleniod

* manual override not reset

Overview of diagnostic options
in the Festo valve terminal range

U =Voltage

| = Current input

T = Temperature

DE = Digital input

DA = Digital output
AE = Analogue input
AA = Analogue output

S
. . S
D No diagnosis g
k-] a v
D Module-oriented p=3 al = - 5| 8| &
. . [ 0 1 o — - :I - = 3
diagnosis w w o < < et w ud I I o s = ) 2
a =) =) a a =) ] 0 < < < < 7 &S] s
Module/channel OB IR IR B G A OB BROR RO B BRI < | 5| & | | <= | =
; X . 3 alala
D orienteddiagnosis | & | & | & | & | &S| &S| S| &S| S| S| &|S |G |s|5|=|5|=
Digital 1/0 Analogue 1/0 Pneumatic components
Undervoltage
Short circuit — signal U
Short circuit — supply
Wire break | |
Lower limit value
Upper limit value
Parameterisation errors
Condition monitoring
Pilot control monitoring
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New approaches in industrial communications: The role of IT in automation

Conventional or innovative?
Fieldbus or Ethernet?

IT services for industrial commu-
nications are becoming ever
more important and dominant
for reliable production process-
es. Their status is constantly
growing, perhaps due to the
increasingly complex, frequently
highly networked and exceeding-
ly finely timed nature of the
production process. In such an
environment, it pays to keep
track of things — via fieldbus or
Ethernet.

It's your decision which
approach is best for you. Festo
has comprehensive communica-
tions strategies for both situa-
tions —including appropriate
products and technology-inde-
pendent consultancy.

Fieldbus:
All communications link
centrally via PLCs

20

One path: The conventional
fieldbus

The conventional fieldbus: The
central formatting of information
with one protocol for controlling,
status and diagnosis, and a host
controller for the basic format-
ting and distribution of data in
bits and bytes.

Status and diagnostic informa-
tion is displayed via a visualisa-
tion system, and separately
formatted for the higher-level
system.

PC/Web D

o

=
B | i

HMI PLC-Fieldbus

[amwm)

One disadvantage here is the
amount of information and its
time-consuming channelling,
which takes up to 30% of the
programming effort for diagnosis
and visualisation alike.

Moreover, a Web-enabled indus-
trial communications system
extending to factory level can
usually only be achieved via an
Ethernet-enabled protocol.
Fieldbus systems are therefore
not suitable for all diagnosis
scenarios.

g o[ Yol

e o[je o[
® ofje o]
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Communications links

CPX/MPA

Visualisation

mmmm Diagnosis
Program/process control

Many paths: Innovation via
Ethernet

New industrial communications
via Ethernet: Control, status and
diagnosis are sometimes located
in separate applications, with
different links being set up for
data access.

This data can be made available
either as bits and bytes or as
standard text and images. It is
displayed via a browser — and
therefore via a host — meaning
the user can be located any-
where. So this approach is ideal

for remote diagnosis and mainte-

nance via the intranet and
Internet, because communica-
tions via Ethernet generate Web-
enabled representation.

Industrial Ethernet:
Direct communications
links between distributed
stations

The disadvantage here is that a ® CPX-FMT — the new diagnosis
grasp of complex information maintenance tool directly on
technology is required even for your PC. Integrates IT services
the automation aspects, and it and valve terminals, saving up
needs to be reliable, secure, to 30% of programming costs.
robust —and in real time. e CPX-FEC —integral pre-
processing. For customer-
specific programmable valve
e CPX terminal online — the visu- terminals with optimum PLC

alisation solution for reduced performance in IP65/IP67:

engineering, programming and ¢ Web server

Festo plug and work®. - E-mail as a status/reporting

Products for Ethernet

e CPX terminal — Ethernet nodes
CPX-FB32/33/34/35; strategi-
cally optimised for maximum
flexibility and minimum effort.

PC/Web B
PLC- m

function

- DDE access for monitoring

in Excel

- Standardised OPC interface
- Remote maintenance via

public networks

- Integral miniature control

system

Ethernet
HMI-
Ethernet/Web
[
g ©HEF

CPX/MPA

Diagnostic data a la carte:
Control for motion
Compressing, editing, dis-
playing and visualising diag-
nostic data — the controller
development system CoDeSys
dramatically simplifies com-
munications with heteroge-
neous hardware such as pneu-
matic and electric drive units,
valve terminals and compact
camera systems — by using
five IEC 61131-3-standard
programming languages.

The conclusion: Diagnostic
data always freshly displayed
on screen, exactly as the user
wants it — even for extremely
complex processes such as
production lines.

Communications links
Visualisation

= Diagnosis
Program/process control
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All eyes on safety — Sensor technology and vision systems

22

Sensor technology as safety
This analogy applies more than
ever before in automation.

Is the machine working? Could
problems occur? Are processes
running correctly and are prod-
ucts free from defects? Sensors
and vision systems are industrial
sensory organs that ensure
improved performance in
automation.

A complete portfolio

Just like nature's sensory organs,
the individual types of sensor
also have different tasks. Often,
optimum performance can only
be obtained from equipment or
best quality from the products
when all the components are
interacting correctly.

The Festo selection of compo-
nents therefore ranges from con-
ventional proximity sensors to
vision systems with intelligent
compact cameras.

Sensor expertise from Festo:
Many sensors represent the ulti-
mate in technically feasible and
practical solutions. From the
world’s smallest inductive sensor
to factor 1 technology and from
colour sensors to monitoring
smooth running.

Sensors — an overview

® Proximity switches and posi-
tion transmitters

® Pressure switches, pressure

and vacuum sensors

Flow sensors

Inductive proximity switches

and sensors — from recognition

to the distance measurement

of metal objects

Optical sensors — for a wide

variety of optical tasks ranging

from recognising colours and

tiny parts through to laser dis-

tance sensors

Evaluation units and connec-

tion technology — ensuring that

everything fits, matches and

functions smoothly: The NEBU

modular cable system.

Fluid sensors in detail

1. Pressure and vacuum sensors
Efficient and reliable pressure
and vacuum monitoring and
regulation round off the protec-
tion of functionality in pneuma-
tics automation. They expand
the spectrum of application of
equipment, providing more
security and offering the option
of remote maintenance and
monitoring.

Pressure and vacuum sensors 2. Flow sensors

SDE1 Flow monitoring provides a
Highly functional: All pressure simplified diagnosis and condi-
values are continuously under tion monitoring processes:
control with the SDE1 modular A change in the flow rate is often
system for pressure measure- an indication that problems are
ment, monitoring and sensing. likely to occur.

Pressure and vacuum sensors
SDE3

Space-saving: Pressure sensors
SDE3. Designed for sensing rela-
tive pressures and differences in
pressure — optionally with two
independent pressure switches
plus LCD display in a single
device.

=

Pressure and vacuum switch
SDE5

For low-cost, simple and rapid
detection of compressed air,
regulators and vacuums, and
object detection via back
pressure.

Flow sensors

SFE1

For leak detection, leak testing
of end products and flow
monitoring for parts feeding —
including diagnosis.

Flow sensors and transmitters
SFE3/SFET

Suitable for applications in the
electronics, light assembly,

optical and pharmaceutical
industries.

- i

N

Flow sensor

MS6-SFE

This high flow rate sensor can be
operated either as a standalone
unit or ideally combined with MS
series service units.
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Innovative solutions ...

24

... Position transmitter SMAT
Sensor technology suitable for
all pneumatic cylinders:
Proximity sensors for the binary
feedback of piston position and
integral displacement encoders
for determining the position of
the entire piston stroke have
until now been the standard.

These are now being supple-
mented by an additional innova-
tive sensing solution: The posi-
tion transmitter SMAT. This con-
tinuously detects the position
of the cylinder piston within a
range of 50 mm, and generates

a displacement-proportional
analogue output signal.

As a space and cost-saving alter-
native, SMAT replaces cus-
tomised solutions such as poten-
tiometers and inductive sensors
that have to be mounted exter-
nally on piston rods or drive
units. Measurement is contact-
free, and position sensing there-
fore generates no wear and tear.

In focus: Objects and processes
With reproducibility of 0.1mm,
SMAT is the safe, reliable solu-
tion for detecting objects and
monitoring processes. Objects

are detected reliably during
press-fitting, clamping, position
sensing, the quality sorting of
parts and during workpiece
replacement. The position trans-
mitter SMAT also ensures
reliable processes during the
handling and production of sheet
metal, when monitoring for wear
and tear and when checking
quality, as well as in laser and
welding systems.

It connects directly to the ana-
logue input modules of Festo
PLCs, IPCs and valve terminals,
saving time during installation
and commissioning.

-

B -
° A

Space and cost-saving alternative:
The Festo position transmitter SMAT,
mounted here on a compact cylinder
ADNGF, performs much better than
customised solutions such as
potentiometers or inductive sensing.

Wide range of use

Easy installation

Reliable: Position is known to 100%

... Vision systems — with inbuilt
profitability

Industrial vision systems are the
innovative driving force in pro-
duction automation. And no
wonder, because intelligent cam-
eras such as the SBO.. -M and
SBO..-Q compact camera sys-
tems help to significantly
improve productivity and flexi-
bility through process diagnosis
and to eliminate downtime —
each in its own different way.

For example, the compact cam-
era system SBO..-Q is suitable
for a wide range of applications —
even those involving stationary
parts. Whether it’s used for
checking the orientation of small
parts, measuring turned parts,
precisely positioning drive units
or localising objects in order to

control handling equipment —
this camera system’s reliable
inspection results speak for
themselves — 100% quality
inspection guaranteed.

High speed for processes

The SBO..-M variant represents
an innovative and attractively
priced alternative to convention-
al high-speed cameras. With
185 to 2000 images per second,
this camera can be used during
commissioning and maintenance
to diagnose and optimise high-
speed automation processes
that cannot be seen clearly by
the human eye. It can also be
used to monitor functions that
involve rapid movements.

The Checkbox is responsible for
the type identification, position
checking and quality inspection
of moving parts via backlighting.
The Checkbox Compact,
Identbox, Countbox and Sortbox
are easy to set up and operate
thanks to clear interfaces and
teach-in functions. When used in
conjunction with handling com-
ponents and feed technology,
they enable automation tasks
and process diagnosis to be car-
ried out reliably and optimally.
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Everything under control

Just like high compression inter-

nal combustion engines, state-
of-the-art pneumatic systems
place certain demands on the
quality of their “fuel” — com-
pressed air —in order to run

smoothly: they need to be virtu-

ally free of particles, residual
moisture and compressor oil if
they are to avoid unplanned
machine downtime due to:

e The failure of oiled-up valves

¢ | eakage due to worn seals

® Reduced performance due to
corroded components

® Back pressure due to contami-

nated silencers.

Combating downtime - Intelligent compressed air preparation

Reliable production processes —
right from the start

Where pneumatic systems are
concerned, reliable production
processes have their origins up-
front through an optimum supply
of compressed air. Latest-gener-
ation intelligent service units
such as the highly modular MS
range provide ideal compressed
air for every requirement.

For example, for highly sensitive

production processes in the food

industry or in biotechnology/

pharmaceuticals: compressed air

quality in accordance with ISO

8573-1:

1. The quality class for solid con
taminants

2. The quality class for water
content

3. The quality class for total oil
content

A clean supply of compressed air
prevents contamination and
incrustations, known as fouling,
thus maintaining the value of
pneumatic equipment. A positive
side-effect: The service life of
components usually increases.

Diagnostic functions carried out
via integrated sensor technology
and remote control add security
and provide new solutions for
increased productivity. The
process-oriented status informa-
tion together with the constant
monitoring of compressed air
parameters further reduce
process costs via condition
monitoring.

These functions are also of
interest to OEMSs, for example
because it is possible to log
operating conditions when
machinery is handed over, and
consumption profiles can be
checked.

Integrated diagnosis in detail

Pressure monitoring: Integrated
pressure sensors MS6-...-AD1

® Pressure sensors as an alterna-

tive to pressure gauges for
regulators, filter regulators,
valves and branching modules

e Full functionality of the
pressure sensor SDE1

e Straightforward electrical
connection via M8/M12 plugs

® Avoidance of pressure fluctua-
tions or drops thanks to
reliable pressure monitoring,
measurement and sensing

Contamination

Everything under control:

Flow sensor MS6-SFE

e Unidirectional flow sensor with
display

e Save energy: Simple leak
testing by measuring
consumption and flow rate
without additional peripherals

® Process reliability: Rapid error
detection due to threshold
monitoring and analogue
output

Failure-induced maintenance

____________________________________ e
______________________ g
] O
O Condition-oriented maintenance

Preventive maintenance

An illustration of maintenance strategies in relation to increasing contamination

Filter status always available:

Filter contamination indicator

MS4/MS6-LFM-...-DP

* Maintenance intervals can be
planned via a percentage
display of the contamination
level

e Safe and reliable production
processes thanks to pro-
grammable threshold values
for filter change signal

Time
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Systematically tracking down leakages - Festo Energy Monitoring
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Brand new: Compressed air
energy monitoring GFDM. An
essential part of the comprehen-
sive diagnosis solution from
Festo, which links a rapid return
on investment with an increased
service life of equipment.

Compressed air is a valuable
commodity

Systematically tracking down
leakages — Festo Energy
Monitoring makes sense particu-
larly in the case of larger or older
systems with leakages of over
200 |/min. An efficient mainte-
nance plan ensures maximum
process reliability, since the
consumption and flow rate of
compressed air in supply lines
to system units are constantly
being monitored. The status of
the system in comparison to a

reference status is indicated via
status displays of

“green” (normal operation),
“yellow” (warning),

“orange” (maintenance advis-
able) and

“red” (alarm).

At the same time, compressed
air monitoring enables the air
consumption element of process
costs to be evaluated, thereby
helping to determine the pro-
portional product costs for indi-
vidual parts of the system.

Stand-alone system - easy to
retrofit

The GFDM components — sen-
sors, diagnostic controller and
visualisation — constitute a
stand-alone system that has no
influence on the existing
process. The exchange of key
process data, such as the
operating mode and triggering
signals for determining air
consumption, takes place via a
digital interface. This means that
GFDM can be retrofitted onto
existing processes simply and
easily — via FED directly on the
system or using VipWin visuali-
sation software for the moni-
toring of parameters from a
console or office.

What the GFDM system has

to offer

Application-specific limit values
can be set for early preventive
intervention, with GFDM prompt-
ly detecting undesirable devia-
tions.

Different operating states, such
as automatic operation and stop
mode, can be monitored sepa-
rately. In particular, the air con-
sumption in stop mode is an
indication of system leakages;
wasted resources that can be
reduced if they are detected
promptly.

= Mo page  Dietaila
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Archive

Energy Monitoring can separate-
ly monitor up to 16 different
products or process conditions
within a single installation. When
products are changed, the asso-
ciated reference data record is
automatically loaded, enabling
monitoring to continue uninter-
rupted.

Trend visualisation and stored
flow and air consumption data
are fed into process documenta-
tion and provide valuable input
data for additional analysis in
the customer application.
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Complete: Integrated services
To supplement the GFDM
system, Festo is offering new
services that round off this
recently introduced hardware
and software to form a complete
solutions package including
energy monitoring functionality.
The services contained in this
modular solutions package can
be selected individually, and
assist customers in the design,
commissioning and support of
the energy monitoring system.
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Additional tailored diagnostic services

Additional services provide
valuable assistance in achieving
or significantly improving on
diagnosis and condition moni-
toring objectives. Festo has
therefore integrated numerous
services into its offering, in order
to provide concrete support for
OEMs and end users.

Particularly in pneumatics, these
services benefit from the out-
standing expertise of Festo
specialists, and also from cus-
tom-made technical equipment.

The primary objective of opera-
tional services is to increase pro-
ductivity and system availability.
Customers themselves decide on
the breadth and depth of these
services.

Combining several services

Condition monitoring support

The service relating to the ener-

gy monitoring system GFDM.

A combination of:

e Compressed air quality
analysis

e Compressed air consumption
analysis in conjunction with
the energy saving service

e Installation recommendations

e Commissioning support and

® Requirements-oriented service

contracts
ensure maximum efficiency of
the energy monitoring system,
high levels of process reliability
and system availability, reduced
operating costs and increased
system service life.

Total Productive Maintenance

Total Productive Maintenance
A variety of pre-determined
measures for improving mainte-
nance strategy help to achieve
increased system availability.
Central to TPM are its five pillars
(see illustration).

Elimination Autonomous Planned Preventive Training
of main maintenance maintenance maintenance
problems

Individual services

The classic: Festo energy saving

service

Cut down on compressed air

consumption and reduce energy

costs — on average, the strategic

maintenance and optimised

design of pneumatic systems can

reduce compressed air usage by

up to 35%, or in extreme cases

even up to 60%. The latest

measuring technology is avail-

able for globally standardised

measurement results.

e Leakage/consumption meas-
urement at machine level

® Machine inspection/leakage
location

e | eakage rectification

e Efficiency checking/account-
ing.

The OEM equivalent: The Festo
compressed air consumption
analysis

For optimal compressed air pro-
vision, reliable cost planning and
reliable processes: for the first
time, OEMs and end users can
discover how much compressed
air their equipment and auto-
matic assembly machines
required — all documented.

Measurements at machine level:

® Average compressed air
consumption (downtime/oper-
ation)

® Maximum compressed air
consumption

e Compressed air consumption
per machine cycle

e Compressed air consumption
per time interval

® Pressure curve

For optimum “fuel”: The Festo
compressed air quality analysis
Modern pneumatics place
certain demands on the quality
of compressed air, in order that
they can function smoothly for
long periods of time.

Contents:

® Measurement of compressed
air quality

e |dentification of weak points

e Suggestions for improvement

Modular and machine-related:
The Festo service contract
Precisely those services that you
need for maximum process relia-
bility: Inspection, maintenance
and minor repairs. Compressed
air quality and energy efficiency
checks are included.

Further options:

e Guaranteed availability

 Defined lead and response
times

e Spare parts management
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Successful condition monitoring
requires machines and systems
to be considered as a whole.
Fluid engineering and electrical
drives units, connected mechan-
ics, sensors and distributed con-
trol units. Precisely how these
components interact constitutes
the expertise of the machine
manufacturer. However, it is only
with a knowledge of the process-
es, procedures and production
steps of the producing company
that the manufacturer can adjust
the CM system optimally to meet
this company’s needs.

A top-level overview - integration into machine designs

Wanted: End-to-end strategies
We know that pneumatics is only

one part of the whole. By deliver-

ing its technology components
and expertise in the field of diag-
nosis, Festo is making a contri-
bution to the machine diagnostic
strategy. With the clear objective
of having this contribution flow
into a common, higher-level
strategy.

Festo components and solutions
are therefore designed in such a
way that they can be integrated
into higher-level control systems
and software, and can feed a
wide range of standard inter-
faces. The motto: No individual
solutions! To this end, compo-
nent suppliers, machine manu-
facturers and end users need to
collaborate more closely in the
future.

Partnership generates an over-
all perspective

For this reason, Festo is working
with partners at various different
levels. One example is the
VDMA condition monitoring
working committee. Another is
the research project entitled
“Condition-oriented maintenance
of packaging machines”
(www.zupack.de), in which the
manufacturers of packaging
machines, control systems and
components are developing a
tailor-made condition monitoring
system for the packaging in
dustry.

Packaging machine at the
Optima Packaging Group

Two typical applications

1. Local maintenance — with
excellent support

An assembly system consisting
of 5 cells and approx. 80 pneu-
matic axes for assembling and
checking valves requires moni-
toring. Trend monitoring is
intended to report deviations in
the pneumatic axes and, in the
event of a malfunction, indicate
the defective actuator. Emphasis
is placed on the monitoring of
compressed air.

The following data is recorded:
Air consumption, operating pres-
sure, flow rate, positioning
times, valve switching cycles and
the double strokes of the actua-

tors. Actual and setpoint values
are constantly compared. The
CPX diagnosis can detect numer-
ous types of electrical fault.

An additional pressure sensor is
installed for safety-related axes.
The system provides detailed
information about the causes of
faults. References to the briefest
error analyses and component
exchanges are automatically
recorded during commissioning,
with results being made avail-
able in SAP via the local intranet.

The project was implemented
using existing Festo compo-
nents.

2. External service provider -
inbuilt reliability

Over and above the functionality
of the above application, diag-
nostic data is to be provided

for remote servicing by the
packaging machine manufac-
turer of a flow-wrapping machine
with a cycle time of approx.

100 bags/ min.

Fault rectification and additional
troubleshooting are now to be
carried out via a Web browser
and secure Internet connection
using pneumatic diagnostic data
in the same way that data from
the electric drive units is current-
ly processed.

The interpreted pneumatic diag-
nostic data, which is held in a
structured format in the CPX-FEC,
is to be stored in the higher-level
Siemens S7 controller —and from
there, it will be transmitted to a
data server that can be accessed
by machine manufacturers and
other external service providers.
They have exclusive access to
this server, and can use the CPX
data for their remote servicing.

Here, Festo has implemented a
design that can be transferred to
other applications, and that pro-
vides data for higher-level con-
trollers.
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Route planner - diagnosis in the future

The trend towards increased
availability and low lifecycle
costs is set to increase over the
next few years. Diagnosis will be
seen as part of asset manage-
ment. As a response to this,
machine operators and mechani-
cal engineers will intensify the
development of intelligent
machine diagnostic systems,

but will also be investing in the
implementation of new mainte-
nance strategies and collabora-
tive business models.
Throughout these developments,
Festo in its role as technological
leader will be supporting all
areas of drive technology —
through leading-edge technolog-
ical developments and a newly
established portfolio of services.

The technological route:
Diagnostic toolkits
Technological developments at
Festo are characterised by the
further expansion of its toolkit of
diagnostic components and sys-
tems plus associated controllers
and software. In the future,
increasingly intelligent compo-
nents with added diagnostic
capabilities will not only permit
the diagnosis of drive systems,
but also the monitoring of asso-
ciated processes.

The declared objective of Festo
is to generate more benefits for
maintenance and servicing. It is
implementing this aim by pro-
viding Festo modules for system
diagnosis.

i
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Considerable effort is required
in order to develop diagnosis
methods further. The strategy:
from preventive methods to
anticipatory diagnosis.

All technical developments are
characterised by the fact that
drive systems are a part of com-
plete machines and systems.

It is therefore an essential pre-

requisite that standardised inter-

faces be used and integrated. In
addition, cost-effective machine
diagnosis systems are charac-
terised by value-creating colla-
boration between different sup-
pliers of intelligent components
and sub-systems.

The aim: Simple and
user-friendly

For this reason, we should not
be cluttering up machines and
systems with increasingly com-
plex technology and more sen-
sors. The aim of all these devel-
opments is to create simple,
user-friendly systems for distrib-
uted use with a high cost-benefit
ratio and as few added sensors
as possible.

The service offering route:
Taking responsibility for support
Central to the developments of
the Festo service offering are
three main pillars. The first pillar:
supporting modern maintenance
strategies such as integration
into the TPM philosophy. The
second pillar: Internet-based
service platforms, which are
rapidly growing in importance,
as well as collaborative business

models involving machine opera-

tors, machine suppliers and
external service providers. This
will additionally enable Festo
drive systems to be monitored
“remotely”, with guidance and
support being provided for local
servicing as part of preventive
maintenance.

The third pillar: our long-term
goal — taking responsibility for
key performance indicators
relating to drive systems, such
as availability, OEE and energy
costs.

This must involve seamlessly
integrating the processes of the
operator (the maintenance
process), the machine supplier
and the processes within the
Festo service offering. Lifecycle
costs can only be reduced if
everyone involved contributes
their core competencies.

20..? Perspectives

Festo plans to build up a com-
plete technology and service
offering for the condition moni-
toring and diagnosis of drive
technology — tailored and inte-
grated into intelligent machine
designs and modern mainte-
nance philosophies. Of prime
importance here are reducing
lifecycle costs, increasing avail-
ability and optimising mainte-
nance and servicing effort.

Regardless of whether you focus
on factory or process automa-
tion — or whether your company
is involved in both areas:
Manage your diagnosis process-
es actively — acting instead of
reacting!

We would be delighted to dis-
cuss an appropriate diagnostic
strategy with you.

System diagnosis (pneumatics, electrics within machines)

st b o

DNCV with diagnosis module Cylinder/valve combinations

Module diagnosis (function units)
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Compact Performance  Standard cylinders DNC Proximity sensors SM...  Flow sensor MS6-SFE
Component diagnosis
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Argentina

Festo S.A.

Edison 2392

(B1640 HRV) Martinez

Prov. de Buenos Aires

Tel. ++54 (0)11/47 17 82 00, Fax 47 17 82 82
E-mail: info_ar@festo.com

Australia

Festo Pty. Ltd.

Head Office (Melbourne)

179-187 Browns Road, P.0. Box 261

Noble Park Vic. 3174

Call Toll Free 1300 88 96 96

Fax Toll Free 1300 88 95 95

Tel. ++61(0)3/97 95 95 55, Fax 97 95 97 87
E-mail: info_au@festo.com.au

Austria

Festo Gesellschaft m.b.H.

Linzer StraBe 227

1140 Wien

Tel. ++43 (0)1/91 07 50, Fax 91 07 52 50
E-mail: info_at@festo.com

Belarus

IP Festo

Minsk, 220035

Mascherov Prospekt, 78, Belarus

Tel. ++375 (0)17/204 85 58, Fax 204 85 59
E-mail: info_by@festo.com

Belgium

Festo Belgium sa/nv

Rue Colonel Bourg 101

1030 Bruxelles/Brussel

Tel. ++32 (0)2/702 32 11, Fax 726 90 11
E-mail: info_be@festo.com

Brazil

Festo Automacao Ltda.

Rua Guiseppe Crespi, 76

KM 12,5 - Via Anchieta

04183-080 Sao Paulo SP-Brazil

Tel. ++55 (0)11/50 13 16 00, Fax 50 13 18 68
E-mail: info_br@festo.com

Bulgaria

Festo Bulgaria EOOD

1592 Sofia

9, Christophor Kolumb Blvd.

Tel. ++359 (0)2/960 07 12, Fax 960 07 13
E-mail: info_bg@festo.com

Canada

Festo Inc.

5300 Explorer Drive

Mississauga, Ontario L4W 5G4

Tel. ++1 (0)905/624 90 00, Fax 624 90 01
E-mail: info_ca@festo.com

Chile

Festo S.A.

Mapocho 1901

6500151 Santiago de Chile

Tel. ++56 (0)2/690 28 00, Fax 695 75 90
E-mail: clOfcl@festo.com

China

Festo (China) Ltd.

1156 Yungiao Road

Jingiao Export Processing Zone, Pudong,
201206 Shanghai, PRC

Tel. ++86 (0)21/58 54 90 01, Fax 58 54 03 00
E-mail: info_cn@festo.com

Colombia

Festo Ltda.

Avenida El Dorado No. 98-43

Bogota

Tel. ++57 (0)1/404 80 88, Fax 404 81 01
E-mail: festo@festo.com.co

Croatia

Festo d.o.o.

Nova Cesta 181

10000 Zagreb

Tel. ++385 (0)1/619 19 69, Fax 619 18 18
E-mail: info_hr@festo.com

Czech Republic

Festo, s.r.o.

Modranska 543/76

147 00 Praha 4

Tel. ++420 261 09 96 11,
Fax ++420 24177 33 84
E-mail: info_cz@festo.com

Denmark

Festo A/S

Islevdalvej 180

2610 Rgdovre

Tel. ++45 70 21 10 90, Fax ++45 44 88 81 10
E-mail: info_dk@festo.com

Estonia

Festo OY AB Eesti Filiaal

Laki 11B

12915 Tallinn

Tel. ++372 666 15 60, Fax ++372 666 15 61
E-mail: info_ee@festo.com

Finland

Festo OY

Mékituvantie 9, P.O. Box 86

01511 Vantaa

Tel. ++358 (09)/87 06 51, Fax 87 06 52 00
E-mail: info_fi@festo.com

France

Festo E.U.R.L.

Head Office

Numéro Indigo Tel. 0820/204640, Fax 204641
BP 25

8,rue du clos Sainte-Catherine

94363 Bry-Sur-Marne Cedex

Tel. ++33 (0)1/48 82 64 00, Fax 48 82 64 01
E-mail: info_fr@festo.com

Germany

Festo AG & Co. KG

Postfach

73726 Esslingen

Ruiter Strafe 82

73734 Esslingen-Berkheim

Tel. ++49 (0)711/34 70, Fax 347 21 44
E-mail: info_de@festo.com

Greece

Festo Ltd.

40 Hamosternas Ave.

11853 Athens

Tel. ++30 210/341 29 00, Fax 341 29 05
E-mail: info_gr@festo.com

Hong Kong

Festo Ltd.

Unit C&D, 7/F, Leroy Plaza

15 Cheung Shun Street

Cheung Sha Wan, Kowloon

Hong Kong

Tel. ++ 852/27 43 83 79, Fax 27 86 21 73
E-mail: info_hk@festo.com

Hungary

Festo Kft.

Csillaghegyi Gt 32-34.

1037 Budapest

Tel. ++36 (06)1/250 00 55, Fax 250 15 93
E-mail: info_hu@festo.com

India

Festo Controls Private Ltd.

2378,

Bommasandra Industrial Area,

Bangalore Hosur Highway,

Bangalore 560 099

Tel. ++91 (0)80/22 89 41 00, Fax 783 20 58
E-mail: info_in@festo.com

Indonesia

PT. Festo

JL. Sultan Iskandar Muda No.68

Arteri Pondok Indah

Jakarta 12240

Tel. ++62 (0)21/27 50 79 00, Fax 27 50 79 98
E-mail: info_id@festo.com

Iran

Festo Pneumatic S.K.

#1,Behbahan St. Ramsar ave

Tehran 1581975411

Tel. ++98 (0)21/88 82 92 25, Fax 882 21 62
E-mail: info_ir@festo.com

Ireland

Festo Limited

Unit 5 Sandyford Park

Sandyford Industrial Estate

Dublin 18

Tel. ++353(0)1/295 49 55, Fax 295 56 80
E-mail: info_ie@festo.com

Israel

Festo Pneumatic Israel Ltd.

P.0. Box 1076, Ha'atzma'ut Road 48
Yehud 56100

Tel. ++972 (0)3/632 22 66, Fax 632 22 77
E-mail: info_il@festo.com

Italy

Festo S.p.A

Via Enrico Fermi 36/38

20090 Assago (MI)

Tel. ++39 02/45 78 81, Fax 488 06 20
E-mail: info_it@festo.com

Japan

Festo K.K.

1-26-10 Hayabuchi, Tsuzuki-ku
Yokohama 224-0025

Tel. ++81 (0)45/593 56 10, Fax 593 56 78
E-mail: info_jp@festo.com

Korea South

Festo Korea Co., Ltd.

470-1 Gasan-dong, Geumcheon-gu
Seoul #153-803

Tel. ++82 (0)2/850 71 14, Fax 864 70 40
E-mail: info_kr@festo.com

Latvia

Festo SIA

Deglava iela 60

1035 Riga

Tel. ++371 (0)7/57 78 64, Fax 57 79 46
E-mail: info_lv@festo.com

Lithuania

Festo UAB

Karaliaus Mindaugo pr. 22

3000 Kaunas

Tel. ++370 (8)7/32 13 14, Fax 32 13 15
E-mail: info_lt@festo.com

Malaysia

Festo Sdn.Berhad

10 Persiaran Industri

Bandar Sri Damansara, Wilayah Persekutuan
52200 Kuala Lumpur

Tel. ++60 (0)3/62 86 80 00, Fax 62 75 64 11
E-mail: info_my@festo.com

Mexico

Festo Pneumatic, S.A.

Av. Ceylan 3, Col. Tequesquinahuac

54020 Tlalnepantla, Edo. de México

Tel. ++52 (01)55/53 21 66 00, Fax 53 21 66 65
E-mail: info_mx@festo.com

Netherlands

Festo B.V.

Schieweg 62

2627 AN Delft

Tel. ++31 (0)15/251 88 99, Fax 261 10 20
E-mail: info_nl@festo.com

New Zealand

Festo Limited

MT. Wellington

Auckland NZ

Tel. ++64 (0)9/574 10 94, Fax 574 10 99
E-mail: info_nz@festo.com

Norway

Festo AB

Ostensjoveien 27

0661 Oslo

Tel. ++47 22 72 89 50, Fax ++47 22 72 89 51
E-mail: info_no@festo.com

Peru

Festo S.R.L.

Calle Amador Merino Reyna #480, San Isidro
Lima, Perd

Tel. ++51 (0)1/222 15 84, Fax 222 15 95

Philippines

Festo Inc.

KM 18, West Service Road, South Superhighway
1700 Paranaque City, Metro Manila

Tel. ++63 (0)2/776 68 88, Fax 823 42 19

E-mail: info_ph@festo.com

Poland

Festo Sp. z 0.0.

Janki k/Warszawy, ul. Mszczonowska 7
05090 Raszyn

Tel. ++48 (0)22/711 41 00, Fax 711 41 02
E-mail: info_pl@festo.com

Romania

Festo S.R.L.

St. Constantin 17

010217 Bucuresti

Tel. ++40 (0)21/310 29 83, Fax 310 24 09
E-mail: info_ro@festo.com

Russia

Festo-RF 000

Michurinskiy prosp., 49

119607 Moskow

Tel. ++7 495/737 34 00, Fax 737 34 01
E-mail: info_ru@festo.com

Singapore

Festo Pte. Ltd.

6 Kian Teck Way

Singapore 628754

Tel. ++65 62 64 01 52, Fax ++65 62 61 10 26
E-mail: info_sg@festo.com

Festo worldwide

Slovakia

Festo spol. s r.o.

Gavlovicova ul. 1

83103 Bratislava 3

Tel. ++421 (0)2/49 10 49 10, Fax 49 10 49 11
E-mail: info_sk@festo.com

Slovenia

Festo d.o.o. Ljubljana

IC Trzin, Blatnica 8

1236 Trzin

Tel. ++386 (0)1/530 21 00, Fax 530 21 25
E-mail: info_si@festo.com

South Africa

Festo (Pty) Ltd.

22-26 Electron Avenue, Isando, P.O. Box 255
Isando 1600

Tel. ++27 (0)11/971 55 00, Fax 974 21 57
E-mail: info_za@festo.com

Spain

Festo Pneumatic, S.A.U.

Tel.: 901243660 Fax: 902243660

Avenida Granvia, 159

Distrito econémico Granvia L'H

ES-08908 Hospitalet de Llobregat, Barcelona
Tel. ++ 3493/261 64 00, Fax 261 64 20
E-mail: info_es@festo.com

Sweden

Festo AB

Stillmansgatan 1, P.O. Box 21038
20021 Malmo

Tel. ++46 (0)40/38 38 40, Fax 38 38 10
E-mail: info_se@festo.com

Switzerland

Festo AG

Moosmattstrasse 24

8953 Dietikon ZH

Tel. ++41 (0)44/744 55 44, Fax 744 55 00
E-mail: info_ch@festo.com

Taiwan

Festo Co., Ltd.

9 Kung 8th Road

Linkou 2nd Industrial Zone, Linkou #244
Taipei Hsien Taiwan

Tel. ++886 (0)2/26 01 92 81, Fax 26 01 92 87
E-mail: info_tw@festo.com

Thailand

Festo Ltd.

67/1 Moo 6 Phaholyothin Road

Klong 1, Klong Luang,

Pathumthani 12120

Tel. ++66 29 01 88 00, Fax ++66 29 01 88 33
E-mail: info_th@festo.com

Turkey

Festo San. ve Tic. A.S.

Tuzla Mermerciler Organize

Sanayi Bélgesi 6/18

34956 Tuzla - Istanbul /TR

Tel. ++90 (0)216/585 00 85, Fax 585 00 50
E-mail: info_tr@festo.com

Ukraine

Festo Ukraina

Borisoglebskaja 11

Kiev 04070

Tel. ++380 (0)44/239 24 33, Fax 463 70 96
E-mail: info_ua@festo.com

United Kingdom

Festo Limited

Applied Automation Centre, Caswell Road
Brackmills Trading Estate

Northampton NN4 7PY

Tel. ++44 (0)1604/66 70 00, Fax 66 70 01
E-mail: info_gb@festo.com

United States

Festo Corporation (New York)

Call Toll-free 800/993 3786

Fax Toll-free 800/963 3786

395 Moreland Road, P.0.Box 18023
Hauppauge, N.Y. 11788

Tel. ++ 1(0)314/770 01 12, Fax 770 16 84
E-mail: info_us@festo.com

Venezuela

Festo C.A.

Av. 23, Esquina calle 71, No. 22-62
Maracaibo, Edo. Zulia

Tel. ++58 (0)261/759 09 44, Fax 759 04 55
E-mail: festo@festo.com.ve

50020 ENO706



