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We leave nothing to chance.
We test our products to the limits.
We continuously gain new insights.

—> WE ARE THE ENGINEERS
OF PRODUCTIVITY.

Survival training for products
from Festo - quality that ensures
a long service life

At Festo, all product series which
leave the factory are subjected to
comprehensive functional and
endurance tests.

These tests are carried out both
in the development phase and
during most phases of the prod-
uct life cycle.

They allow us to continuously
optimise our products so they
offer a longer service life, greater
economic efficiency and higher
reliability.

The service life characteristics
revealed by the tests are essen-
tial for preventive maintenance
and the evaluation of safety func-
tions. And they confirm a well-
known secret: products from
Festo are the benchmark for
quality.

Quality is about having the right
product in the right place. That is
why more than 1000 sales engi-
neers and project consultants at
Festo are ready to provide you
with professional and industry-
specific advice.

Together with you as the cus-
tomer, our experts ensure that
the features of our products and
solutions are tailored exactly to
your industry sector.

One thing is certain: first-class
quality to ensure an increase in
profitability and reliability comes
from Festo.



Service life
characteristics

Different characteristic values
and their relationship

The service life of a product is
important for almost all sectors.
However, the service life specifi-

cations are based on the technol-

ogy. They are indicated in the
form of switching cycles or the
running performance for prod-
ucts subject to mechanical wear
and in the form of operating
hours or years for electronic
products.

All types of service life specifica-
tions are used at Festo, regard-
less of whether they apply to
mechanical and pneumatic com-
ponents or to the service life of
electronic components.

Failure behaviour of electronic components

Determined using parts count method

EN/IEC 61709 or SN 29500

Test conditions

B,,value
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1 According to DIN EN 13849-1

2 The MTBF values depend on various factors which Festo cannot influence,
including, for example, the type of installation. Therefore Festo cannot

specify this value.
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Electronic products:

Nominal service

Safety engineering | Total productive
maintenance
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Mechanical products:
based on long-term tests
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Service life Test conditions B,,value MTTF value Nominal service Safety engineering | Total productive
characteristics life maintenance

Electronic products

MTTF

The mean time to failure is the

statistical value of the mean time

until a failure occurs with a prob- Electronic products:

ability of 63%. For electronic based on mathematical calculations
products this value can usually
be calculated on the basis of
component data (constant failure MTTF, MTTF;) =
rate). The specification is gener- Conversion according to

ally indicated in years. EN 62061

>

Electronic

Safety

components

MTTF, MTTF

The mean time to failure “dan-
gerous” is the mean time until a
dangerous failure occurs. Based
on the above description of a
dangerous failure, the following
is assumed:

MTTF, =2 x MTTF

Calculations:
+ time-dependent Determining the ch
values

MTTR Determined using

component databases

MTTR MTBF

The mean time to repair is the
mean time to restore a system
after a failure.

MTTFYV =

& Economic efficiency |

MTBF

The mean time between failures
describes the time between two
failures in the case of repairable
products at a constant failure
rate.

MTTF + MTTR = MTBF

A(t)/failure rate

The failure rate A(t) is a measure
of the risk of a part at time t
assuming that it has functioned
up to that time.



Mechanical products:
based on long-term tests

Biod
0,1 X ng,

aracteristic values

0,1 X ng,

Mechanical B
components 10d

Service life tests:
wear-dependent

values B

10

At least 7 test objects
Mean service life

>

Safety

&Economic efficiency |

Mechanical products

The mean service life

This is stated for all sizes and
variants of a series and is a value
specific to Festo. The mean ser-
vice life is determined on the
basis of all long-term tests.

B,,value

Statistically expected value for
the number of cycles at which
10% of the components have
exceeded the limit values defined
for the test (switching time, leak-
age, switching pressure etc.)
under specific conditions.
Conversely, it is also the
probability that 90% of the test
objects achieve the specified
service life B,,

B

According to ISO 13849-1, the
B,,;,Value indicates the mean
number of cycles until 10% of the
components have failed danger-
ously. If there are no further
details on the types of failure,
the standards organisation
recommends the following
assumption:

Biga= 2% By

Festo usually specifies 5,,
values,

b value/shape parameter
Weibull distribution parameter.
The b value defines the type of
failures. A distinction can be
made between early failures
(b< 1), random failures (b = 1;
corresponds to exponential
distribution) and wear failures
(b>1).

T value/characteristic

service life

The characteristic service life T
is the time until 63% of the test
objects have failed.

Weibull

The Weibull analysis is the
classical reliability analysis for
products subject to mechanical
wear (no constant failure rate).
Service life characteristics with
the corresponding failure proba-
bilities, such as the characteristic
service life T, the B, value and
the gradient of the service life
line (shape parameter b), can

be inferred from the Weibull net.



Service life
characteristics

Test conditions B,,value

Put through its paces!

A long service life goes hand in
hand with safety.

In order to provide excellent
safety, productivity and quality,
Festo subjects all products to
thorough tests as early as the
development phase. This gives
Festo the necessary knowledge
to continuously optimise the
product functions. As a result,
products from Festo have an
advantage in terms of safety,
quality and economic efficiency.

Electronic characteristic values
are calculated mathematically or
taken from databases. Festo
uses two types of long-term tests
to determine the characteristic

values of mechanical and pneu-
matic components:

e |ong-term function tests
e Service life tests

Service life tests can be used to
establish the statistical specifica-
tions for the service life of the
tested products. The long-term
function test is used to test
whether the product is still func-
tional after a specific number of
switching cycles or after a certain
running performance.

MTTF value

Nominal service
life

Safety engineering

Total productive
maintenance



Long-term tests at Festo

Service life test

At least 7 test objects
EEEEEEN

Terminated if 5 of 7 test objects
have failed

Statistical analyses

Long-term function test

At least 3 test objects
EEE

Terminated after reaching a
predefined time

<
P S

Used solely for product releases

Service life test (SLT)

Service life tests are carried out
in accordance with ISO 19973
using at least seven identically
designed test objects under the
same conditions. These tests
normally take place in a stand-
ardised manner at 23 °Cand 6
bar pressure. The SLT ends when
a minimum number of test
objects have failed. If seven
objects are being tested, at
least five test objects need to
have failed.

Long-term function test (LFT)

In long-term function tests during
the product release, three identi-

cally designed test objects are
usually subjected to continuous
operation under the same load.
These tests are also performed
under min./max. conditions.
They may be stopped after a pre-
defined number of load cycles is
reached.

The service life test results are
statistically verified service life
characteristics, determined
according to Weibull. If the ser-
vice life tests are terminated
without failure, the B,,value can
be determined by means of esti-
mation.

How to execute and evaluate
service life tests is described in
ISO 19973.



Service life
characteristics

Test conditions

Test conditions

B,,value

Service life tests based on ISO 19973

General test conditions

Having clearly defined general
conditions is a prerequisite for a
reproducible test procedure. The
following minimum require-
ments, which can be tightened
for specific products, apply to
compressed air:

Test parameters

Valves

e Drying of the compressed air
for operation in heated internal
rooms to a dew point of 3 °C.
The dew point must be at least
10 K lower than the medium
temperature (min. class 4
according to DIN-ISO 8573-1).

Linear drives

MTTF value

e Filtration of the compressed air
with filters finer than 40 um
(DIN-ISO 8573-1 class 5).

A maximum oil rate of
0.1 mg/m?is permissible for

Nominal service

life

class 5).

unlubricated compressed air
(DIN-1SO 8573-1 class 1).

Semi-rotary drives

Safety engineering

Total productive
maintenance

e When compressed air is lubri-
cated, the supplementary
lubrication must not exceed
25 mg/m? (DIN-ISO 8573-1

Switching frequency

Stroke frequency

Swivel frequency

Volume at output

Load on piston rod

Load on drive shaft

Stroke length

Swivel angle

Stroke speed

Angular velocity

Mounting position

Mounting position

Long-term function tests

Combination of test conditions for long-term function tests using the example of valves

Pressure* Temperature*
Low Medium High
Low LFT (3 test objects)
Medium LFT (3 test objects) LFT (3 test objects) LFT (3 test objects)
High LFT (3 test objects)

* Depending on the catalogue specification

The service life test is carried out only at 23 °C and 6 bar.

10



Test evaluation

A precise description of the test
that has been performed is
essential for a successful test
evaluation. Without it, the test is
meaningless as it will no longer
be comprehensible.

The following parameters must
be described:

In general a distinction is made
between the following cases:

e Documentation and description

Products used

of the test conditions, such as
pressure, temperature, addi-
tional load, frequency etc.
Precise specification of the
measurements to be taken,

such as leakage, pressure coef-

ficients etc., and their meas-

urement cycles and termination

criteria
Determining the service life
value

Survival case

A test object is considered a
survival case if the required
function is fulfilled by the end
of the test and the limit values
of the termination criteria are
not exceeded.

e Tolerance failure
The test object still fulfils its
function, but the termination
criteria, such as permissible
leakage, are no longer met.

e Total failure
The function of the test object
is no longer ensured because,
for example, the valve no
longer switches or the cylinder
no longer runs.

11



Service life
characteristics

Test conditions B,,value

Determining B,,values for pneumatic
components according to 1ISO 19973

Definition of the B,,value
Statistically expected value for
the number of cycles at which
10% of the components have
exceeded the limit values defined
for the test (switching time, leak-
age, switching pressure etc.)
under specific conditions.

But: a component can also fail
before the B,,value is reached,
The service life cannot be guar-
anteed.

The B,,values are defined on the
basis of the results from long-
term tests with at least 7 test
objects.

The B,,value may be used for the
safety-specific evaluation and for
establishing the preventive main-
tenance of systems (TPM = total
productive maintenance).

Dangerous failures

Only dangerous failures are rele-
vant to the safety of machines
according to 1ISO 13849-1.

Whether a failure is a dangerous
failure depends on the applica-
tion. If no information is possible
or available on the number of
dangerous failures, ISO 13849-1
permits the assumption that
every second failure is danger-
ous. This results in: B,,,=2x B,

12

For which products do | need a
B,,,value?

For all products which are subject
to mechanical wear and are used
in safety-related parts of a con-
trol system. Furthermore, they
must contribute to the execution
of the safety function, such as
valves or clamping cartridges.
This does not apply to fittings,
tubes, angle brackets, fixtures,
etc. Drives are not normally part
of the safety function and do
therefore not have to be evalu-
ated either.

For which products do | need an
MTTF, value?

For all electronic products which
are used in safety-related parts
of a control system and directly
contribute to the execution of the
safety function, such as control-
lers, fieldbus nodes for the
detection of dangerous situa-
tions, such as sensors in the test
channel of category 2.

MTTF value

Nominal service
life

Safety engineering

Total productive
maintenance
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Service life
characteristics

Mean time to failure value (MTTF) for electronic products

e The MTTF is a statistical
characteristic which is deter-
mined by tests and/or calcula-

Test conditions

tions. It does not specify a

guaranteed service life or

failure-free time.

B,,value

MTTF value

e The MTTF,value defines the
mean operating time until a
dangerous failure occurs.

® The MTTF,value can be used

for safety-specific calculations

according to 1ISO 13849.
The standard DIN EN ISO

13849-1 sets out different
methods for determining the
MTTF values of products.

Some are based on

calculations with characteristic
values, others refer to tables
and databases, such as the
Siemens standard SN 29500.

Nominal service Safety engineering

life

Excerpt from SN 29500, table C.3: Diodes, power semi-conductors and integrated circuits

Total productive
maintenance

Diode Example | MTTF for MTTF, for Comments

components components

[years] [years]

Typical Worst case

General application - 114 155 228311 22831 50% dangerous failures
Suppressor - 15981 31963 3196 50% dangerous failures
Rectifier diodes - 114 155 228311 22831 50% dangerous failures
Rectifier bridges - 57 078 114 155 11 416 50% dangerous failures
Thyristors - 11 415 22831 2283 50% dangerous failures
Triacs, diacs - 1484 2 968 297 50% dangerous failures

Integrated circuits
(programmable and
non-programmable)

Use manufacturer's specifications

50% dangerous failures

14



Calculating the MTTF value of a sub-assembly

Once all individual MTTF values of a sub-assembly are known, they can be converted into a total MTTF
value. The calculation is based on the “parts count method”.

N N
t : = =
e general equation is MTTFd L, MTTFdl L, MTTFd]
= j=

The "parts count method" is based on approximation and always deviates towards the safe side.

Converting a B,,value into an MTTF value

Practical example: “calculating the MTTF, for components using B,,values”
A B,,value of 30 million switching cycles has been determined for a pneumatic valve. The valve is used in
two shifts a day on 220 work days a year. An average cycle time of 5 s is assumed.

d,, =220 days/year (mean operating time in days a year)

hOp =16 h/day (mean operating time in hours a day)

te =5s/cycle (mean time between the beginning of two cycles in s/cycle)
B,,;, =60 million cycles

Assumption: B,,,=2x B,,

This data can be used to calculate the following values according to DIN EN 13849-1:

dop X hoy X 36007 220 %16%x 3600 7 , cycles
nop = " = S = 2,53 X 10 year
cycle cycle
B 60 X 10°cycles
T . = 10d _ 4 = 23,7 years
1d = 4 cycles Y
op 2,53 X 106 =——
year
Biog 60 X 10°cycles
MTTF,; = 01 = cveles — 237 years
X Mop 553 x 100 LS
year

As aresult, the component has an MTTF, value of 237 years.

15



Service life
characteristics

Test conditions

B,,value

MTTF value

life

Service life specifications for roller bearings

The service life expectancy of
roller bearings depends on the
specific load situation of the
application.

Each application should be con-
sidered individually to ensure
optimum sizing and hence

maximum economic efficiency.
This also applies to the question
of the expected service life of a
roller bearing in preventive main-
tenance concepts.

Products from Festo with roller
bearings are designed and tested

with a defined load for a service
life of 5,000 km (running perfor-
mance) at a nominal operating
point.

For example, recirculating ball bearing guides, ball bearing cage guides and roller bearing guides for
pneumatic and electromechanical drives are used as roller bearing elements at Festo. Recirculating ball
spindles, which comply with the same principles of the roller bearing theory as roller guides, are addition-
ally used for electromechanical drives.

Nominal service

Safety engineering

Pneumatic gantry axis with rail

guidance

Relationship between load and
service life

As described above, the service
life of a roller bearing depends
on the specific load.

To provide a rough statement on

Pneumatic mini-slide with ball
bearing cage guide

the service life of the guide, the
diagram below shows the load
comparison factor f as a charac-
teristic in relation to the service
life.

Electromechanical toothed belt
axis with ball-bearing guide

The factor f is the result of the
ratio between the nominal load
of a roller bearing and its actual
load.

3.5

N
b Y
3
~
25
~
2
> N
= 1.5 ) B
. —
] ‘Q.‘.
T — Load comparison factor f,

0.5 as a function of the service

0 life

100 1000 10000 50000

16

Service life | [km]

Electromechanical axis with rail
guidance and recirculating ball
spindle

Total productive
maintenance



Calculation example According to the diagram, the

A user wants to move an X kg guide has a service life of approx.
load with a pneumatic gantry 1,500 km.

axis.

The formula for the load compari-
son factor f, for roller guides
gives a value of 1.5 for f,.

Formula for the load comparison factor f, for roller guides

=|Fy.dyn| |FZ.dyn|+|Mx.dyn| |My.dyn| |MZ.dyn|

fo

Fy,max Fz,max Mx,max My,max Mz,max

Formula for the load comparison factor f, for roller guides

Piston @ 8 12 18 25 32 40 50 63

e 300 650 1850 3050 3310 6 890 6890 15200
Jmax 300 650 1850 3050 3310 6 890 6890 15200
. 1.7 3.5 16 36 54 144 144 529
max 4.5 10 51 97 150 380 634 1157
. 4.5 10 51 97 150 380 634 1157

Note

The nominal load specifications fully meet the test criterion in the

for roller bearings are deter- long-term function test.

mined by Festo usually for a The B,,values of the roller bear-

service life of 5,000 km (running ings at nominal loads are consid-

performance). erably higher than the nominal

The running performance of running performance of

5,000 km does not represent a 5,000 km.

B,,value with the corresponding
probability of survival, but must

17




Service life Test conditions B,,value MTTF value Nominal service Safety engineering | Total productive
life

characteristics maintenance

Machine safety and determination of the MTTF value for safety functions

Machines have to be designed in  The risk reduction level through

a way that protects people, ani- the use of a safety function is
mals, property and the environ- evaluated by the standard

ment from harm. When using EN ISO 13849-1. This evaluation
products in safety circuits, the requires qualitative information
risk reduction must be on the components used, such as
determined. the MTTF value for electronic

components and the B,,value for
mechanical components.

When considering safety aspects, it must be noted that, in contrast to the total productive maintenance
calculation, only the safety-relevant components are included.

The mean time to failure danger-

Electronic components Mechanical components ous (MTTF ) for the entire safety
(safety relevant) (safety relevant) function is first calculated indi-
vidually for each redundant
Determined h L. A total MTTF, value is
erermine MTTF values B,,values cnanne . e . g Ve
by Festo A then determined using the values
B . .
MTTF, = 10d from both channels. This value is
0,1 X ng, specified in years and is a quali-

tative value of the safety func-
tion. The MTTF value for the
Input Logic Output technical protective measures
according to the standard

DIN EN 13849-1 is divided into
three areas: low, medium and

MTTF, values

Determined high.
by customer | |

For one channel For two redundant channels
Rating MTTF,
1 Low 3 years < MTTF, < 10 years
1 1

ST T | Medm 10years sMTTR < 30 years
IR ZMT el N g 30years < MITR < 100 years

N
1 1 2
= MTTF, = = |MTTFyey + MTTF e, —
MTTF, ZMTTFdi or =3 ac1 + dcz
<

Source: DIN EN I1SO 13849-1 Chapter 4.5.2

18



Safety engineering coefficients — the Sistema library

< IFA
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Deutschen Gesetzlichen Unfallversicherung

> Checkliste Maschinenerganaris

> Inenraumarbeitspltze

> Ashestsanierung

> Schutzhandschune gegen
chemische und bickagische
Emwikungen

> Maschinensteuerungen

> Partaliisshmierstoffe

* Software

Software-Assistent SISTEMA

Bewertung von sicherheitsbezogenen
Maschinensteuerungen nach DIN EN 1SO 13849
Der Safware-Assistent SISTEMA (Sicherheil von Steuerungen an
Maschinen) bietet Hilfestellung bei der Bewertung der Sicherheit
van Steuerungen im Rahmen der DIN EN 150 13849-1, Das
Windows-Too! bildetdie Struklur der sichethe tshezagenen
Steuerungsteile (SRPJCS, Safety-Related Parts of a Control
System) auf der Basis der

Oerfiache der Software
SISTEMA; Biet IFA

Veranstaltungs

DGUY | Kontalt | Sitemap | English
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Webcode
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+ 50 gents
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Nohrungsnitelund Geténke Sicherheitspneumatik von Festo
Automebi- und Zulieferindustre
Biotech J Pharma Download
Leitfaden Sicherheitstechnik mit
Eleldranik Informationen zur
Wasseraufbereftung sicherheitsgerichtaten Preumatik

Solar-und Flach kschirmingustrie
Mobipneumatic
Scherhetstechnk
Letfaden Sicherhetstechnik
Prociucte
Beispiet Sicherhatsverti MS5. SV
Wetere Industrissegmente
Mechatronic Motion Soltions

z
%
G,

Risiko vermindern mit sicherheitsgerichteter Pneumatik

gebaut werden, dass Mensch
wie die Umwelt vor sind. Privention vor

Artist das Ziel. Der Einsatz sicherheitsgerichiteter Preumatik von Festo gibt Ihnen diese
Sicherheit - konform zur Maschines iie.

Die neue Maschinenrichtiinie || Gelfungsbereich

e 150
138491 treten in kraft.

Die Umsetzung dieser Richtinie istverplichtend. Auf suropaischer Ebene miissen
Richilinien in nafionales Recht umgesetzwerden.

Fir ie ist dahei hesonders wiehtig

> Jetztim Leitfaden blittern

Leitfaden Sicherheitstechnik

Beurteilen Sie das Risiko hrer

Anlage und Inrer Prozesse bereits

im Entwurfund finden Sie die

tichtigen Manahmen zur

Optimierung

Der Festo Leitfaden

Sicherheitstechnik hilft hnen

dabei

Bestellen Sis jetzt kostenfrsi hr

gedrucktes Exemplar.

- Leitfaden Sicherheitstechnik
bestellen

Lesen Sie diesen Fachartikal zur
neuen Maschinenrichtlinie!
Wichtiges zur
sicherheitsgerichtaten Preumatix
und die neue Maschinenrichtine
finden Sie im
> Fachartiel auf

Kenstrukton spraxis. de.

Sistema software from the
Institute for Occupational Health
and Safety [Institut fiir
Arbeitsschutz (IFA)]

The SISTEMA software wizard
(safety of controllers in machin-
ery) provides support for the
evaluation of the safety of con-
trollers as part of DIN EN ISO
13849-1. The Windows tool maps
the structure of the safety-
related control parts (SRP/CS,
Safety-Related Parts of a Control
System). The performance level
for the safety function can be
calculated on different part lev-
els. The software is available as a
free download via the following
link:

www.dguv.de/ifa/de/pra/
softwa/sistema/index.jsp

Sistema library from Festo

The Sistema software is only a
tool for performing the safety
engineering evaluations. To do
this, it uses databases with
safety-related specifications for
products and solutions.

There are numerous links to
libraries on the website of the
IFA.

The library of Festo's safety
engineering coefficients is availa-
ble as a download on Festo's
website:

www.festo.com/
sicherheitstechnik
www.festo.com/safety
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Service life
characteristics

Test conditions

B,,value

MTTF value

life

Nominal service

Safety engineering | Total productive

maintenance

Failure-oriented maintenance versus preventive maintenance (TPM)

TPM saves a considerable
amount of time as well as costs
in comparison to conventional
maintenance methods. In the
case of failure-oriented mainte-

nance, only a system failure trig-

gers a reaction.

However, with TPM a replace-
ment is prepared thoroughly and
system downtime is included in
the production schedule or the
replacement is scheduled so that
the impact on production is kept
to a minimum.

An important difference between
safety engineering and TPM is
that with TPM all components
which can cause system down-
time are taken into account. With
safety engineering, on the other
hand, only those components

whose failure poses a risk to
people, the machine or the
environment are considered.

MTBF = MTTF + MTTR » Fault
MTBF = MTTF applies if MTTF »» MTTR. |
MTBF
MTTF | MTTR
B |

MTTF

MTTF = mean time to failure
Time until the component fails.
Supplied by Festo.

Restart

Replacement of the component

Time

Spare part procurement

Fault analysis

MTTR = mean time to repair

Time required to repair the failure.
Depends on the application and must be
determined by the customer.

MTBF = mean time between failures
Time between two failures of the
component.

Total of MTTF and MTTR

MTTR

Restart

Replacement of the component

MTTR

Time saved

=3 (spare part procurement + fault analysis)

Failure-oriented maintenance
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The time saved may vary. The
procurement of spare parts, for
example, depends on whether
the parts are in stock or have to
be ordered.

Any production downtime due to
unexpected failures also leads to
significant time losses and high
costs.



Total productive maintenance TPM

The aim of the TPM concept is to
achieve fewer unscheduled sys-
tem standstills through planned
maintenance.

Characteristic values, such as
MTTF or B,,values for machine
functions and components, are
required to implement the
measures.

And so the medical proverb "pre-

vention is better (and less expen-

sive) than curing" is transferred
to the working world.

Festo supplies this information
and these values so that the TPM
reference data can be deter-

mined.
The target of this strategy is to
systematically increase the avail-
ability of machines and systems.
Total productive maintenance
Elimination of key Autonomous Planned maintenance Preventive maintenance
problems maintenance
e Application- e Automatic e Ensuring total e Taking maintenance
specific cleaning, availability of and accessibility of
elimination of the maintenance and systems systems into
6 types of loss small repairs by account as early as
employees the planning and

ordering phase

e Festo supplies the
service life values
required

Training

e Demand-based
qualification of
employees

e Training courses
from Festo Didactic
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