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Maintenance strategies




Definition according to DIN 31051:2006-06

,Maintenance is the combination of all technical, administrative

and management actions during the life cycle of a machine to
keep or bring it back in a functional condition.
RAMS: Reliability, availability, maintainability, safety

Five fundamental actions: Typical maintenance
strategies:

= Service * Reactive maintenance

= Inspection  Preventive maintenance

= Repair  Risk-oriented maintenance

* Improvement * Predictive maintenance

Weak-point analyses

Term

Service

Inspection

Repair

Improvement

Weak point
analysis

FESTO

Definition

All actions taken to increase the lifespan of the
machine.

Includes all checking and assessment activities
carried out to detect wear on certain parts and
target them for replacement in good time.

The actual repair work, restoring the device to
functioning condition.

Targeted optimization of machines and plants.

The process of finding and eliminating potential
faults.
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Reactive Maintenance

Approach:
*Maintenance activities only in the case of demand

Focus:
*Cost saving

Advantages:
eLow maintenance cost

Disadvantages:
*More unplanned machine faults
*Higher cost in case of downtimes

Scope:
*Rarely used machines
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Preventive Maintenance

Approach:
*Maintenance activities periodically as service or inspection

Focus:
*Higher machine availability

Advantages:
*Fewer unplanned stops

Disadvantages:
*Higher maintenance cost
*No use of remaining service life

Scope:
eTraditional production machines
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Excursus: Total Productive Maintenance (TPM)

Traditional model

Suitable TPM organization
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Risk-oriented maintenance

Approach:

*Maintenance should be performed by balancing downtime risks
and maintenance cost.

Focus:

*Find an optimum proportion between unplanned stops and
maintenance cost

Advantages:
*The compromise

Disadvantages:
*The compromise

Scope:
*Building, ships, cranes...
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Excursus: Reliability Centered Maintenance (RCM)

of ' \
Y . What features and performance standards exist for the equipment
A / components under current operating conditions?
Ay / : How does a piece of equipment fail in the execution of its function? |
=t ' = What is the cause of the failure? I
This failure pattern occurs only in 5% of all
cases! I
R What happens if the equipment fails?
What impact does the failure have? I
What can be done to prevent the failure? |
What should be done if no acceptable solution can be found?
Lifetime

Probability of default

/

v
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Excursus: Risk Based Maintenance (RBM)
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1IN

Propability of loss

0 | | | | |
1 3 4 5
Consequences of loss
I RPZ von bis
Bewertung | Beschreibung

sehr gering 1 10

gering 1 25

mittelschwer 26 45

schwer 46 80

sehr schwer 81 160




Smart Maintenance / Predictive Maintenance

Approach:

The synthesis of Condition Monitoring, data analysis and data
correlation as well as computing algorithm enables a predictive
maintenance.

Focus:

*Complete prevention of unplanned downtimes with simultaneous
low maintenance cost.

Advantages:
*Punctual detection of potential faults
*Full use of remaining service life

Disadvantages:
eInvestments for sensors, data collection and analysis

Scope:
*Smart Factory

FESTO

O
. Condition

Preventive = Monitoring
’ Maintenance

Reactive
Maintenance

Predictive
Maintenance
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Smart Maintenance / Predictive Maintenance

High costs for

unplanned
rp== No downtimes Yes
g ram s Prognosebericht
e Komponentenspezifikation Zustand :
= . Avoid losses
o P '
S| — e SR, ey High costs for
annz i [ —— i
@ T & spiaten O L T O HE planne'd's.erwce
No activities Yes
oL Detect failures
voom - Current &
= N — historical
e e condition and
process data
available?

Condition-based
maintenance
(Prognostics)

Preventice
maintenance
(Diagnostics)

Reactive and :
Preventive

maintenance

corrective
maintenance
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Lean Maintenance

Approach:

No maintenance strategy. Instead, more a method to find the right
maintenance strategy.

Focus:

*The maintenance strategy does not only depend on the machine
but also on the importance of the value stream, the production
system and the customer.

o Solution assessment/
Advantag? ) . Revigw of relsults/ Identify and assess
eTarget-oriented selection Possibly derive

roblem/opportuni
and monitor standard i fopp B

*Efficient use of resources

Problem

; Collect proposals for
solution e

realization/problem solutions
Set goals

Disadvantages: teoasrion
oEffort for planning

*Has to adapt dynamically according to the market demand and Crete catalogof
the value streams

measures

Evaluate, assess and decide
problem solutions/
opportunity exploitation

11
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Lean Maintenance: identifying the damage factors — evaluating the fault

Impact on system operation (I) From 1 (almost no impact, no downtime) to 10 (severe impact, system fully out of
operation for extended period)
Predictability (P) From 1 (highly predictable) to 10 (impossible to predict)

Incidence of failure (F) From 1 (unlikely) to 10 (highly likely)
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Definition of damage classes according to lean management 1

5 Severe disruption in
the event of failure

6 Severe disruption in
the event of failure

low

low

Can be
foreseen at
early time

Not
predictable

No actions

* Predictive, condition-based maintenance

» Regular maintenance

* Mobile diagnostics for capturing measured data

* No spare parts in store

* Possible to use external technical service providers

*Incident-based maintenance

» Routine maintenance

» Not necessary to acquire technical expertise
* Call center service provided

* Necessary to keep spare parts in store

* Close cooperation with manufacturer

* Time to repair under formula 1 — conditions

13
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Definition of damage classes according to lean management 2

Severe disruptionin  high Can be * Predictive, condition-based maintenance
the event of failure foreseen at * High level of service from spare parts supplier
early time * Specification of diagnostic intervals of any duration or deployment of online

diagnostic equipment
* Drafting of root cause analysis with avoidance strategy available for
immediate implementation

8 Severe disruptionin  high Not *Incident-based maintenance
the event of failure predictable » Redundancies where possible, or else 100-percent availability on site and

repairs under the conditions in the Formula 1

* Effectively ensure fast replacement

* Acquisition of technical expertise in production and maintenance

* Drafting of root cause analysis with avoidance strategy available for
immediate implementation

* Routine scheduled preventive replacement

\ 14
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Exercise: The right maintenance strategy for the right application

Competencies:

Once you have completed this task,

» you know the approach for selecting an effective maintenance strategy.
* you can calculate the time to repair.

* you are able to work on implementing maintenance strategies.

Problem:

The optimum maintenance strategies must be determined for applications in a CP Factory. The production
orders from the last month are to be evaluated for this purpose.

Work orders:

Determine the applications which are subject to the highest loads.

Determine possible risks of failure for the most frequently loaded applications.
Develop proposals for respective maintenance strategies.

Determine the time for repair.

Carry out the first steps of total productive maintenance (TPM) strategies.

Define measures for maintenance according to reliability-centered maintenance (RCM).

oAU >N WN R
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Smart Maintenance: Key Performance Indicators
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The relation between losses and OEE or TEEP

Total time [h]

Scheduled utilization time [h]

Operating time [h]

Gross production time [h]

Net production time [h]

2 2

OEE [%]

4

TEEP [%]

Core messages of OEE:

*Shows the productivity of a
machine.

*Provides indications for the plan-
ning of value streams and
capacities

*On basis of OEE the maintenance

strategy can be defined.
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° ° Overall Equipment ilabili i
Overall Equipment Effectivness (OEE) Effectivness. Availabiliy | x | - Performance | x | - Quality
— Equipment failure |~ Losses due to — Loss due to
reduced speed quality defects
' in the process
Explanation

The KPI (key performance indicator) OEE (Overall Equipment Effectiveness)
gives a complete overview on equipment availability. It captures all machine
and equipment downtimes resulting from unscheduled downtimes, stops for
setup or adjustment, minor stoppages, reduced speeds and startup and quality
losses.

— Losses due to

setup and

— Losses due to
idle time and

adjustment

short interruptions

1
—————————————————— ' Loss at

startup

OEE comprises three elements: availability, performance and quality. “Availability” is the ratio of machine runtime (T, to scheduled

utilization time (T,,.¢)- “Performance” calculates the ratio between actual processing speed (N, X t
(T,- Finally, “Quality” captures the relationship between good parts and total parts.

Formula:
OEE = AR xPR x QR x 100%
OEE = (TNet / TSched) x ((n total xt cycle) /T x ((n total = M rew = N defects) /n total) x100%

This formula can be simplified:
OEE =t cycle X (n total — M rew = N defects) / Tsched x 100%.

cycle

) and net processing time



FESTO

Overall Equipment Effectivness (OEE) - Example

Initial situation:

The weekly work time of a turning centre is 10 shifts of 8 hours each. A total of 572 parts were manufactured, of
which 2 were rejects and 3 had to be reworked. The cycle time was 6.12 minutes.

tcycle D(ntotal — Nejects — r|’ework)

OEE = [100%
Tplan
3725 x (572-3-2
OEE = ol ) [100% = 73.24%
288,000 s

The results of the more detailed OEE formula are more interesting, as they identify the key loss areas. Let us
assume that the week under review required 8.5 hours for troubleshooting and job changes.

Availability = Thet/ Tplan = 0.89375
Performance = (Ntotat * teyete) / Thet = 0.8266
Qua“ty level = (ntotal - nrejects - nrework)/ntotal =0.99126

OEE = NG - LG - QG- 100% = 73.24 %



Total Effective Equipment Productivity (TEEP)

Explanation:

TEEP stands for Total Effective Equipment Productivity. TEEP extends
the KPI Overall Equipment Effectiveness (OEE) by the scheduled
utilization time and, thus, constitutes the ratio between the actual
productive time and the theoretically possible productive time for a
machine or system.

FESTO

TEEP [%] ‘

Total time [h]

ilization i Planned
Scheduled utilization time [h] e
Operating time [h] Aw%l:l;ggy
Gross production time [h] Per{g;g':;we
Net production time [h] %”gslg l
OEE [%] l Total losses |

Total of all loss groups

TEEP is calculated by multiplying the scheduled utilization time by utilization, performance and quality. The scheduled utilization

time is calculated as follows:
(Total time — Scheduled downtime)
Total time

Scheduled time =

So, the formula is as follows:

Total time — Scheduled downtime)

TEEP = ( LIOEE

Total time
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Total Effective Equipment Productivity (TEEP) - Example

Initial situation:

A turning centre is used for 10 shifts per week, each of 8 hours. The maximum weekly work time is
24 hours x 7 days. The OEE has been calculated as 73.24%.

(Total time — Scheduled downtime)

TEEP = : (OEE
Total time
7 days 24 h— (7 days (24 h - 10 shifts 008 h)
TEEP = [173.24%
7 days [124 h
(168 h—-[168-80 h])
TEEP = [173.24% = 34.88%

168 h
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Exercise: Please calculate OEE and TEEP

Number of shifts: 15 per week

Production time per shift: 440 min (480 min — 40 min break)
Cycle time: 0,72 min

Produced pieces last week: 473 goods

Reworking: 1 piece

Quality problems: 4 pieces

Unplaned stopps: 71 min



Mean Time between Failures (MTBF)

Explanation

The Mean Time Between Failures (MTBF) figure determines the
value of fault-free production time of a machine or plant. It thus
represents the time between two failures. Using this figure, it is
possible to assess the reliability of a machine or plant. The figure
can be graphically represented as follows.

Formula:

MTBF = 2 (T failuren — T failure n-1) / n

FESTO

Faults

Time between two faults

P
Ll

&
el

Valve faulty

Bearing seized

e

g

Operating time




Mean Time between Failures (MTBF) — Example

Example:
C;::; r:;{eﬂ;:: Fault Cause Faultindex R::::TS:: Resolved by
13.10.04 Welding machine 13.10.05
6:00 transport Sensor misaligned m 6:30 Miiller
13.10.05 13.10.05
23:20 Roll loader unhinged Hinge wormn m 23:50 Lustlich
14.10.05 14.10.05
14:14 Air pressure loss Valve V17 faulty P 22:10 Hedwig
15.10.05 Rotary table not 15.10.05
9-20 switching Relay R34 faulty E 10-00 Augustin
15.10.05 15.10.05
18:40 Control crashed Operator error b 19-50 Hedwig
16.10.05 16.10.05
5:00 Band tear Wear m 6:50 Lustlich
Total:

MTBF =3 (T o — T rasns) / N = (1010 + 864 + 670 + 520 + 550) / n = 722.8 min

FESTO
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Mean Time to Repair (MTTR)

5 1 75 min

% 60 min
Explanation: aGyiin

MTTR | _ _ _ _ _ _ U N (e
MTTR is the abbrevation for Mean Time to Repair. The figures shows the 30 min 30 min
avarage time from the moment of fault till the resart of the machine. On 25 min
basis of this figure, the quality of the repair process can described. On the
first hand how fast the information reachs the maintenance operator. On
the second hand how fast it is able to repair the machine. .
Faults

Formula:

Cptto+tse+ot)/n

MTTR
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Mean Time to Repair (MTTR) — Example

Mean Time To Repair (MTTR) - Example

Fault duration

MTTR

Calculation:

MTTR = >(t;y + £z + ... + £/ N number of faults
MTTR = (30+60+50+75+25+30) /6
MTTR = 45 min

75 min

Faults




Exercise: Identification of losses with the right maintenance KPI’s

Learning objectives:
Once you have completed this task,

you know the most important maintenance figures.
you can determine the values required for this.

you can calculate them.

you are able to derive measures to improve the figures.

Problem:

The respective maintenance figures are to be determined for a CP Lab / CP Factory.

Work orders:

1.

2.
3.
4

Read the OEE report (Overall Equipment Effectiveness) and interpret it.
Calculate the TEEP (Total Effective Equipment Productivity).

Determine the MTTR (mean time to repair).

Determine the MTBF (mean time between failures).

FESTO
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Smart Maintenance: Condition Monitoring
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Principle of Condition Monitoring

» Cyclic or permanent collection of data on machine conditions through measuring physical values
like vibrations, speed, temperature etc.
* Many fault causes send signals a long time before the machine has a downtime.

1 Target state (Initial commissioning) Target state

(after overhaul)

@o———— i

k Deviation to actual state ’
v Actual state Start of a fail Potentail failure can

2 artor a faiture be recognized
o ="

P @ Loss

=

Failure limit

[.................................................................... {annananadan:

v

0 Time >
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Typical approaches of Condition Monitoring

| Verfahren ¢ Abkiirzung # |I}ynamik % Prinzip % Interaktionsraum % Grundlage %
|Bewehrungsoﬁung {induktiv) | |statisch magnetisch |Volumen | DGZIP Merkblatt B02
IBerhrungsoﬂung (kapazi‘tivii %stah'sd\ f elektrisch i\a"olumen i.DGZfP Merkblatt B02
Durchstrahlungsprifung |RTHE idynamisch elektromagnetisch | Volumen |EN 444 EN 13068, EN 16016
Feuchtemessung (kapazitiv) | statisch | elektrisch |Oberflache |EN 1318337

Feuchtemessung (resistiv) | Istatisch | elektrisch |Oberflache |EN 131832

Impakt-Echo Verfahren I dynamisch | mechanisch Volumen \DGZIP Merkblatt B11

Akustische Resonanzanalyse IART |dynamisch |mechanisch i\.'"olumen | DGZFP Richtlinie US06

Vibrationsprifung VA \dynamisch | mechanisch ‘System IS0 133737, DIN 456697
Potentialfeldmessung | |statisch elekirochemisch ~  Volumen |DGZ{P Merkblatt B03

|Bodenra dar | GPR idynamisch elektromagnetisch i\-"'oiumen !DGZfP Merkblatt B10

Riickprallhammer | !(_iynamisch mechanisch gOberﬁé’tche %EN 12504211

Schallemissionsanalyse |AT{2] Idynamisch mechanisch i\folumen iEN 13554044

|Zsitbersichsreflektometie | TDR |dynamisch |elekiromagnetisch | Volumen |DIN 197451

\Infrarotthermografie |TI'{5]_ |dynamisch | thermisch |Oberflache |DIN 54190°%, DIN 54192, EN 131877
|Ultraschallpritfung jute |dynamisch | mechanisch [Valumen |EN 583", DGZIP Merkblatt B04
|Visuelle Inspektion v | optisch |Oberflache |EN 13018, DGZIP Merkblatt B06
Wirbelstromprifung |Er® statisch | elekrisch Oberflache 150 1554977

Leitféhigkeitspnifyng | | elekirisch, thermisch iVOH.!.]T Emalerjaiabhangig

magnetinduktive Methode | |statisch magnetisch |Oberflache 150 217810

|Magnetpulverpriifung |I\n!'l"{:J ' statisch magnetisch |Oberflache /IS0 993411

| Dichtheitsprifung L7 chemisch system [EN 17795 EN 1318457 EN 1318579, EN 159377
Eindringpriifung [pTE mechanisch |Oberflache |EN 571-1%1

| Shearografie IIST{E‘] |dynamisch | optisch é-()berﬁé'tche |

| Streufeldmessung | : statisch magnetisch i\a’olumen |




Planning of Condition Monitoring solutions

Past-oriented

Evaluation of:

Fault lists

*KPI‘s like MTBF, MTTR
*Downtime analysis
eTechnical availability
*Work sequence analysis

Attention!

Condition Monitoring is a very expensive
approach and should be used in an
efficient way.

we Mplementation
i of CM solutions

Al Mo &ui £\ bl
IS

Examples of applications:
*Frequently occurring faults

*Full use of wear margin

*\ery expensive spare parts

*Spare part with long delivery time
*Very time-consuming service tasks

FESTO

L]
Future-oriente
[ FMEA _rehler, Maglichkeits- und EinfluB-Analyse | Produst: [ FESTO
Entwicklungs - FMEA | Zeichn.-Ne: Komp./Proze: Ablage:
Prozef - FMEA Rohteil-Nr.: Funktion: Abteilung: Blats
Arbeitsgruppe: Datum:
3 78]
T nemxggzusuih
1fd | Potentieller | Potentiel lle | potentie lle Fehler Fehler. empfohlene | Vi | T etroffene
|Ne.| Fehler | Fehlerfolge I he | vermeidung | entdeckuns | | 8| € |RPz| MaBnahme o | Biinanm
Start End
S T
v
= S o B
Risk Risk. e o YE
< RPR3125
analysis assessment. £

Evaluation of:
*Frequency
eImpact
*Detectablitiy
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Example 2: Condition monitoring in the mining sector

*Each pump will be equipped as a

Initial situation: Now
smart pump.
Hydraulic excavators contain many *Thus, the pump can send operational

it takes a lot of time to procure the *In the case of deviations (over

right pump. In the worst case the heating, too high energy consumption,
pump has to be produced after vibrations, ...) a new pump can be
receiving the customer order. So, : ' ordered before the old one fails.

the down time of excavators was *The downtimes can be reduced

often unacceptably long. significantly.

|
|
|
different pumps. In the case of fault I data to the user or to the producer.
|
|
|
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Excursus: FMEA

IFMEA Fauilure Mode and Effect Analysis Product:
Development FMEA |Drawing: Process:
Process FMEA Raw product: Function:
Sheet: Date: Team:
No.| Potential failure Potential effects Potential cause Fault precvention Fault detection RPN Activity resp. | Date
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Data analysis & data correlation
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Examples

*Hospital: the downtime of an
X-ray apparatus was caused
by the test of the emergency
power system.

*Sheet metal processing:
passing forklifts were the
cause of the high amount of
waste in a laser cutting
machine.

*Machine building: the OEE
was substantially reduced
through idle stops.

Sebebmerte 1076 e uten & [ ey w
.. I Gk O, 8 MK Sz § 2] 0
’? I i

: o . . 1 ? ' e s i
< ! What |s.thfe problem /isn't the problem? .
£ I *When did it occur? FEA A
E : «Where did it occur?
= : *What is the scope?
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Procedure for data analysis and data correlation

Company Level

Operations
management level

Process Mana-
gement level

Capture data

Control level

Field
level

Plan
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Predictive Maintenance

*Predictive Maintenance connects Condition
Monitoring, data analysis and data
correlation as well as special computing
algorithms

*Target 1: detecting potential faults before
they occur

eTarget 2: making full use of component
remaining service life

*Methods: diagnostics und prognostics

High costs for

unplanned
No downtimes Yes ‘

Avoid losses

|

High costs for
plannedservice
No activities

Preventice
maintenance
(Diagnostics)

Reactive and ,
Preventive

maintenance

corrective
maintenance

Yes

Detect failures

|

Current &
historical
condition and
process data
available?

FESTO

Condition-based
maintenance
(Prognostics)



Diagnostics

*Monitoring the condition of critical
components

*Detecting causes

*Deriving measures for repair

*Proposing suitable data for fault
elimination

FESTO

Condition diagnosis

M(e1) [(Alc2)
[Vic1) Eo

©) oil data (DGA, quality)
@ Temperature data

@ Electrical data

ﬁ Transformer housing P4 oil pump
] Press frame il Oiltank
== US/0S coils

) OS phase conductor

[P Water cooling

Condition
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Prognostics

Additionally to diagnostics:

eCalculation of condition gradients
considering the historical machine data

*Deriving of condition prognoses

*Their enlargement to a fault prognosis

*Consolidation and prioritization of all
condition data

*Comparison of prognosis horizon

eIntegration of new machine data
(machine learning)

FESTO

O Frangais Report number.
@ Deutsch < Date: March 22, 2015
© English . Version: 1.13 Forecast report
_ Bereitgestellt durch CASSAN
v 5 : T & z
Component specification Condition diagnostics Condition
¥ BAN
Operator
RTB1 Machine name % % @ Wheel
RTB2 Manager El‘j}] Q  Wheelretum
RTB3 Teleﬂ_hvrle - Shaft
GEN1 il 3 0  Coupling
Type Pipe turbine P Radial bearing
GEN2 Component OEM & model Sulzer hydro, 9.5 MW S Hydraulic cylinder
GEN3 Component group RTB1 o
Serial number #TB1 @ Vibiations
TFR1 Monitored components Shaft, bearings 8 T:"'p”am'e
e RPM
TF Administrator
e Telephy ®  Electrical data
TFR2 phone
E-mail
El oo oo
Fault forecast v
Selectic 16.Mrz- |2 Wt risk> 15%
(SR TA) = Fault risk 5% - 15%
Mwzowm Coupling bolt - crack Fault risk ¢5%
Rotor 2 W High forecast power
E MY B % Middle forecast power
M gy LR housing - crack 7 Lowforecast power
Clwnsp LR housing - wear
Flwsy | Lescingaence. aur . | 1 [ [ | |
[Jwag Qil supply - wear
Pwiann  Radatbearngs. race © ) S S S
Total risk === [=—=l=—=l=——e=li——==—l——]
P A Planing
Forecast _ Percuniane
horizon Oy Maimum
Copyright © 2015 by C Ltd., Zurich, Switzerland 2 Email B Pt @ror
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Exercise: Smart maintenance for a smart factory

Learning obejectives:

Once you have completed this task,

* you are able to plan condition monitoring solutions.

* you can determine the necessary physical quantities.

* you know the procedure for data analysis and data correlation.

e you can use data analysis and data correlation to determine potential causes of faults.

Problem:

The CP Factory should be checked for the possible use of condition monitoring solutions. The possible applications are
to be prepared accordingly and can be optionally implemented. Finally, data analysis and data correlation should be
used to identify sources of loss and eliminate their causes.

Work orders:

1. Check the CP Lab / CP Factory for possible applications of condition monitoring solutions.
2. Implement a few examples of these.

3. Analyze the data generated and stored by MES4 for possible further sources of loss.

4. Determine its cause and eliminate it.

12
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Smart Maintenance: Preventive Maintenance




Preventive Maintenance

Short description:

Preventive Maintenance is a kind of periodical maintenance and means to execute the

maintenance jobs according to a defined cycle.

Characteristics:

» Checking or changing of components related to the defined cycle.
» The current status of wear remains unconsidered.

» Disadvantages due to high cost will be accepted.

The cycle can be scheduled on the following basis:

* By time interval: After reaching a time limit

* By performance: After reaching a performance limit

* By operation hours: After reaching a defined amount of operation hours
* By operation cases: After reaching a defined amount of operation cases

from a mix of all

The cycle can be defined in relation to:

Wear characteristics of the machine

Periodic initial cleaning and inspection of the
machine

Specification of the producer

Evaluation of operation conditions
Evaluation of fault list

Experience

Results of FMEA



Example of a
service plan

FESTO

Company logo

Machine name:

Machine number:

[ Series:

Service plan for year

Jan |Feb [Mar

Apr [May [Jun

Jul |Aug|Sep

Oct |Nov|Dec

Code

Description

Resources

Duration approx

Observations

1st Quarter

2nd Quarter

3rd Quarter

4th Quarter

an man

Legend for codes:




Service plan with layout information

1
2
3
4
5
—
7
8

FESTO

Komm zu Spgt (7
= Prasentationen Machine name: Punch unit
=Verirdgs Machine number:  A-3001 [Series: 2001
- Ausbildung G
2007 Cleaning and maintenance plan
_ Jan [Feb [Mar [Apr [May |Jun [Jul [Aug|Sep |Oct [Nov|Dec
|No.{Code |Cleaning Duration approx|Resources Observations 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
i Clean bending mechanism, wire feed and
1 |PO guides 20 Sponge and broom | Chips cleared
2 PO Clean entire machine 120 Dust and grease cled
_' 3 |PO Clean motor ventilation 5 Vacuum cleaner, spd" slots clean
T4 [ME Clean hydraulic slides 15 Hydraulic gripper Mo dark residues
Jan [Feb [Mar [Apr [May [Jun [Jul [Aug]|Sep [Oct [Nov|Dec
No.{Code |Service Duration approx|Resources Observations 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
[ PA  [Check pneumatic oil and filters
= PA |0il moving parts 10 Qil can
I3 PA  [Check pneumatics for air leaks Production down [MNo leaks
"4 | ME_[inspect bar feed and bending mechanism
I's PA  |Check transport chain for tension
il PO [Lubricate grease nipples 4X 30 Grease gun
I+ ME |Check safety equipment 5 Emergency stop, prof Functienality test
PA = Plant Adjuster
PO = Plant Operator
ME = Maintenance Engineer
|Lubr|cate grease nipples | =
Grease guides
Grease chain




FESTO

Integration of service
into a production plan

Maintenance plan

Month: Jun17
Department: Mechanical Engineering
Machine

Day

8. 9. 10. 11.12. 13 14. 15. 16. 17. 18. 19. 20. 21. 22. 23 24. 25. 26. 27. 28. 29 30.

Machining center 1
Machining center 2
Honing

Sawing

Internal cylindric grinding
External cylindric grinding
Flat grinding

Eroding

- Planed repair

Yearly service
Monthly service

Production plan

Department: Mechanical Engineering

Date: 09. Junl7
Machine: Internal cylindric grinding
Shifts: 2

am_ 7am_ 8am 9am

ProductA
Monthly service
Product B
Product C

10am 1lam 12am 1pm 2pm_3pm 4pm_5pm_6épm_ 7pm_ 8pm 9pm 10pm




FESTO

Industry 4.0: a new production concept

P | have space for Mr.
? i Fischer's order.

Mr. Fischer‘s
order is ready.

N ™ —_— spaiel | =  Maintenance is
Please check the 2 ' scheduled for

motor within the next
tomorrow at 9.
i -l

I’'m ready for
collection.




The process flow matrix

Process flow matrix
Ressource

Product Pieces 1 2 3 4 5 6 7 8 9 10 11
A 5 X X X
B 6 X X X X
C 1 X X X X X
D 7 X X X X
E 15 X X X X X X X
F 2 X
G 1 X X X X X X X X




FESTO

Process flow matric: example

Variants No Left / right / No Pressing time Heating time Good part /
both available and temperature  Scrap

available

Drilling
subshell double X X X X
sided

Housing X X X X
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Exercise: Preventive maintenance - Service and inspection for a higher availability of machines 1

I ' I
5 o N
-
ot "N

!
!
I i

Learning outcomes:

Once you have completed this task,

* you know the importance of preventive maintenance.

* you can implement a service and inspection plan.

* you are able to develop smaller service and maintenance plans independently.
* you can optimize service and inspection plans using fault documentation.

» you are familiar with the various criteria according to which service priorities can be determined.
* you can determine service priorities based on the actual load of the respective applications.

* you are able to define service priorities based on machine parameters.

* you can define appropriate warnings and alerts.




FESTO

Exercise: Preventive maintenance - Service and inspection for a higher availability of machines 2

Problem:

The service and inspection spots of a CP Lab / CP Factory are to be determined and transferred to a
service plan. In a next step, the current loads are to be determined and the service priorities
accordingly adapted. Warning and alert messages which will be displayed on mobile devices in the
following task should also be generated for this purpose.

Work orders:

Develop the structure of a service and inspection plan.

Create a service and inspection plan for an application on your CP Lab / CP Factory.

Optimize the service and inspection plan.

Create a process flow matrix for various products in your CP Lab / CP Factory.

Supplement these with typical loading values such as operating times, cases of use and energy
consumption values.

Prepare proposals for selecting service and inspection intervals.

Expand your CP Lab / CP Factory to include dynamic service planning.

8. Define warning and alert messages for selected parameters.

U S~ WwWN -

N o
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%

MES Screenshot v gt . T RN

@ Data Tools Windows Orders Help

. Fitter
IE Production Control
Date and Time from  04.01.2017 10:30:42 {4 to D4.07.2017 10:30:49 [l Apply
Order Management
Quality Management Ficture: D Name Yield Serap oo Manual Mode Busy Reset Erorl 0 ikt 4 Erorl2 Total Tt i
[
EﬂiclencyFieport R 8 D 0 3 0 00-00:00 00 0-00-0i 9 00000
OEE Report
spe ﬁ 5 BRANCHAM H.. (344 0 134031013 00:00.00 013408 00:00.00 00:04:05 00-00:00 00:00.00 181.00.00.07 B
& Master Data
- 7 AMDRILLCPS 618 0 134.02:38:11 00:00:12 01:18:55 00:00:03 00:10:51 00:00:00 00:00:00 181.00:00:07 4
‘ ] RASS 759 0 134.03:11:58 00:16:08 05:44:35 00:00:00 00:00:20 00:00:00 02:02:19 181,00:00:07
1 3 AM-5B0GHO 2 51 134.01:14:32 00:00:00 00:00:51 00-00:00 00-01:44 00-00:00 00:00:00 181.00:00:07
% 10 AM-MAN-1 18 0 133.17:52.30 00:00.00 012541 00:00.00 00:00:00 00-00:00 000000 181.00.00.07
g‘qll
Ed% 1 AMORI-CHECK 1600 134012032 00:00:45 00:00:35 00:00:00 00:00:00 D0:00:00 00:00:00 181 00:00:07 i
Quantity Duration
400 . Yicld . ork
B Scrsp . (dle
M Error
Startup
300+ Error
200+
100 Startup
~Work
View
actual orders
overview IS
5| R-CNC-Mill 55

Special Operator | Messages: 0

11



FESTO

Smart Maintenance: Reactive Maintenance




FESTO

The process of fault analysis and elimination

»Operator
=Team leader

» Maintenance supervisor
= Maintenance technician

=Operator = Maintenance technician
= Maintenance technician

=Operator
= Maintenance technician
= Maintenance supervisor

=Comprehensive
information about the
loss

»Priorities
»Planning of maintenance
staff

=Analysis of differences =Work safety

»Using Condition =Technical fault
Monitoring elimination

=Using technical =Consider producer
documentation specifications

=Preparation of fault
elimination

»Function test

=Safety test

=Report of fault
elimination

»Weakness and safety
analyses




SAP fault notification

Needed information

*Plant description

« Effect of the fault (plant completely at
standstill or production still possible)

*Fault description

*Fault ID or text, if available

*Date

*Time

*Notifying employee

Bd viw21_M2 - PM: Meldung Intranet
= F152)0+ BiteRarzzercmen des W] 1'ansaktion YIW21_M2 @)

aufrufen

Kurzzeichen [ .
\( lhr Kurzzeichen eingeberrTf«/

=
IH-Meldung Bearbeiten Springen Zusatze Umfeld Systern Hilfe

< | éngamwa@@@\@

~ ClFenierart " Fenierar standhaiiing T m———
S &Pl Stormeld. an Betrmittel IH M ochilEs gl vicher,

b EL Stérung elektrisch Ende.
P ME  Storung mechaniseh Q)
IH-Meldung anlegen: Stbrmeldugg

hier ein Meldetextin .
Meldung |*00000000001) 12 Kurziorm singaben ~
Status [MOFN MciF Beispiel: Elektrische Stérung
Aufirag |
_ MR TermineiPrioritat | Meldender |
*

Bezugsobjekt .

Techn, Platz DEB220-0002 ein bekanntes Equipment

Edlbment 1391018402 eingeben (hier ein Beispiel)

o0

User-Daten Prioritat auswahlen.
: Prioritat hochist nurin

.E]BEEJ

Prioritat L ] - Verbindung mit Anlagenausfall
Standort W2B1B8806 (RUITERSTR | auszuwéhlen

Stérungsdaten

StérBeginn [11.03.2010] |15:22 ] Ausfall

Storungsende | | 00:00 Ausfalldauer | H

i

Sachverhalt

Fenhl | Fehlerart auswihlen .
Beschreibunt \E
|

Zusétzliche Angaben’
zum Meldungstext

I

| Zustandigkeiten - hierist bei dieser
Planergruppe Transaktion nichts
Verantw ArbPl. einzutragen.
Meldender [czn 10 [15:22:23

FESTO



Initiate fault clearance: determining priorities (example)

FESTO
Priority | Status Note
1 Occupational or environmental safety hazard Maintenance staff discretion
2 Fault at central supply unit or energy supply, many production units affected Maintenance staff discretion
3 Production down at primary linked production plant Maintenance staff discretion
Maintenance fault notifications (production down) are processed before
4 maintenance requests (plant still capable of limited production) General rule
5 E%(C’Eﬁﬂt of consequential downtime costs caused by customer’s parts being out of Clarify with supervisor
6 Extent of resulting downtime costs or damage to the plant Clarify with supervisor
. : . Faults which can be eliminated quickly are prioritised over faults
7 Time and effort required for repair measures that need long repair times
oL If the priority is the same, work proceeds according to the order in
8 Sequence of notifications which notifications were received
9 Ask supervisor if priority unclear It may be necessary to specify priorities across several departments

10

General routine work

General rule




Initial appraisal and preparation of repair

Initial appraisal

Is there a new or unqualified machine
operator at the plant?

How well is the fault qualified?

Is the fault unusual, in terms of the plant’s
history of technical faults?

Typical questions to the machine operator

Is this the first piece, or are you working with a
new setup?

Has a new processing program been prepared?
Has the program been modified?

Has the fault occurred during automatic
continuous production?

Have you noticed anything unusual just before
the fault? (sound, smell, vibrations, visible
damage, power or air pressure 10ss, ...)

| didn’t do anything!

FESTO




FESTO

Using fault lists

1/10 7:30 am Message 7041 Slack pushbutton Pushbutton fixed

1/13 5:30 pm Collet doesn’t fix the part No pneumatic pressure Connector changed

1/25 11:30 pm Under load strong drop in Slack fixing bolts for V-belt  V-belt tightened and

speed fixed
2/2 3:30 am Fault message “door switch  Micro switch broken Micro switch changed
damaged”

* Fault index:

M = Mechanical fault / P = Pneumatic fault / H = Hydraulic fault / E = Electrical fault
0 = Operator error / Ma = Maintenance error

P

M

E

20 min
60 min

30 min

70 min

McGregor
Walter

Hyder

Hyder




Structure of evaluations with fault list

Aufgetreten am:

Behoben am:

Datum {Uhrzeit Stérung Ursache Fehlerindex Datum, Uhrzeit Behoben durch
131015 6:00 | Transport Schweifl hine. Sensor dejustiert m 13.10.05 6:30 Maller
13.10.15 23:20 Rolllader Scharniere abgenutzt m 13.10.05 23:50 Lustlich
14.10.15 14:14 Druckluftausfall Ventil V17 defekt P 14.10.05 22:10 Hedwig
15 1015 920 |Rundtisch wird nicht geschaltet Relais R34 defekt e 15 1005 10-00 Augustin
15.10.15 18:40 Steuerun sturzt Fehlbedienun: b 15.10.05 19:50 Hedwig
161015 5 00 Bandriss Verschleif m 16.10.05 6:50 Lustlich

Summe:

Pareto evaluations of fault lists are
possible for:

Failure reasons

Relevance of failures

Failure index

Frequency

Operators

Stillstands-

zeitin min =

Storungsfreie
Produktionszeitin

FESTO

Cumulative percentage
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The problem solving process

Assess solutions/
Review results/
Possibly, derive
and monitor standards

Identify and assess
problem/opportunity

Problem

. Collect proposals for
solution

realization/problem solutions
Set goals

Solution
implementation

Evaluate, assess and decide
problem solutions/
opportunity exploitation

Create catalog of
measures



The problem solving process in detail

6th step

* Controlling of implementation

* Measuring of success

* If necessary corrections

» Start managing the next problem

5th step
e Realization of actions in short time
* Preliminary evaluation

4th step

*Develop an implementation plan

* Define measures, deadlines and
responsibilities

* Start of implementation

Solution assessment/
Review of results/ /\\
Possibly derive

and monitor standardﬁ(\;tii/}
/T

4
Problem
solution

N\ Identify and assess
Step 1 problem/opportunity

Collect proposals for
realization/problem solutions
Set goals

Solution
implementation

Evaluate, assess and decide
problem solutions/
" opportunity exploitation

Create catalog of
measures

FESTO

1st step

* Analyzis of problems

* Impact of problems

* Create basis to identify the causes

2d step

* |[dentify causes

* Collect first ideas for problem-solving
* Define potential solution packages

3rd step

* Define final solution packages

* Evaluate solution packages regarding
time consumption and benefit

* Take a decision



The Pareto analysis at a glance

Short description:

According to the Pareto principle, named after the Italian Vilfredo Pareto, 80% of effects result from a
relatively small number of causes (approx. 20%). When related to quality, this means that 80%
improvement can be achieved with 20% effort. Achieving the remaining 20% would require a
comparatively large effort. The Pareto principle is also known as 80/20 rule.

Application:
The Pareto analysis is used for
z o balancing failure groups to facilitate
P efficient processing. The goal is to
e identify the causes or groups of causes
T that have the greatest influence on
& e S & T failure effects. The result is a frequency
f @* & distribution of the problem causes,

& &S usually displayed as a bar graph.

g ]
Stillstinde

Benefit:

=|dentification of key problems

»Impact, frequency and detectability
is noted

»A ranking of problem to be solved
can be defined

FESTO
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The Pareto analysis: example

€250,00
94% 97% %  Cumulative percentage

€200,00

———————————————————————— 80% line
€150,00
€100,00
N I I
€0,00 ; . ; L

N
& O
'S g
N O 3
X & N &
& Q> < ) N
& & & & & > &
. \Y
N RS & (> Y AN N AS)
S & © & i R N &
& & «® S > S i@ &
O < I N N & 2 N
> N o S &° @ N4 &
O
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\0
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The Ishikawa diagram at a glance

Short description:

Named after its inventor, the Japanese Kaoru Ishikawa, the Ishikawa diagram is a simple tool for
visualization of possible causal relationships and is similar in appearance to a fishbone. For this
reason, it is also known as a fishbone, herringbone or cause-and-effect diagram.

It analyses causes of failure based on the 5 M criteria (man, machine, method, material and milieu

(environment). Alternatively, other categories can be defined, such as the 4 Ps (Policies,
Procedures, People, Plant).

Application:
[ Mensh | | wethode | ascine | The goal of the Ishikawa diagram is the detection and
—’\— K— _x systematically structured visualization of problems. The Ishikawa
s wig| di@gram can be used for actual or potential problems within a
—/'_ _/' defined area. It can be applied as a group technique and delivers
‘ , | = an overview of the cause and effect relationships of a specific
Umwelt Material

problem within a short time.

12



The Ishikawa diagram: example

Milieu (environment) Method Manpower

Temperature fluctuations
(factory door)

Poor gualification

Do job orientation

No overview of qualifications

Unrecognized wear

Contamination by Incomplete understanding when

material residues recording fault

No instruction from manufacturer

Service intervals
pot observed

Check not done by

. _Handling error (overloading)
maintenance staff

:2322;:22: Faults ignored Unauthorized operation
roduction pressure
(new drive) Improper modifications b b )
Wrong parameters
(orden) Machine
downtime on
Defect construction: . the RTX 200
Drive too weak Sensor prone to failure
Conflel Nrt Long idle times
onfusing T
controls ¢
itabl A — )
Ambiguous < Motor protection switch

error messaggs 5E[eq ent material changes

Changing material quality

< Faulty displays

Cycle rate too high

Machine Material

FESTO
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5x Why questioning method at a glance

Short description:

When processing and resolving problems, thinking often begins on the level at which the problem was first noticed. But in reality, the
cause of a problem may be somewhere entirely different. The “5 Whys” questioning method (abbreviation: 5W) is a simple method
to detect the actual cause of a problem. The principle of the method is that the question “why?” is asked by affected/involved staff
five times with regard to the initially spotted cause. The goal is to systematically analyze the source of the problem instead of being
content with a superficial or simple response.

Question 1: Why has the machine stopped? Application:

gESeV;’E:nT;_eJ\"‘I:”iziﬂﬁmiin‘?:’kte:a Since this approach can be performed in a very short time, it can be used practically without any
broken? y 8 preparation. Still, the staff involved should be informed of how the method works and when it will
Answer: The cutting speed was too high. be used, since repeatedly asking “why?” can otherwise be quite irritating. Through this style of

Question 3: Why was the cutting speed too  qestjoning, the causes of causes (if linear causation chains are present) can be revealed, i.e. why

high? . : : R
Angswer: The it de e rnd someone who did something wrong could dq something wrong, and provides |nd|c§t|ons on how
entered. the rise of the fault can be avoided by changing the procedure, components, suppliers or work
Question 4: Why were the cutting data organization. Solutions are only examined after the questioning method has been applied.

wrongly entered?
Answer: ...

\ 14
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5x Why questioning method: example (Co. Heineken)

Heineken
Switzerland

Basis Regeln

fiir Erfolg:
Gehe vor Ort

rF_ ¥

Du findest mehr

2 wissen mehr als 1

Richtlinien fiir ein gute 5 mal Warum:

nt, Darum fallen die

15
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Exercise: Reactive maintenance - eliminating failures in a target-oriented way

Learning objectives:

Once you have completed this task,

* you know the importance of fault documentation for the continuous improvement of machines.

* you can create fault documentation.

* you are able to document faults in a clear and comprehensible way.

* you know how fault documentation is evaluated in order to identify problem focus points and to eliminate their
causes in a targeted way.

Problem:

Fault documentation needs to be developed and implemented consistently for a CP Lab / CP Factory. This fault
documentation must be evaluated in a targeted manner in order to identify problem focus points and permanently
eliminate their cause.

Work orders:

1. Prepare a fault documentation.

2. Inthis documentation, enter any faults that occur.

3. Use a Pareto analysis to evaluate various aspects of existing fault documentation. Determine the problem focus
points and develop measures to permanently eliminate their cause.

16
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Smart Maintenance: remote service




Mobile maintenance

» Use of smart phones or tablet PC for service and repair purposes
» The maintenance specialist receives all needed data digitally on his/her

mobile device.

Media disruptions:
Maitenance
Machine dnqusitlon: Mainenance
Planning and operator:
operator: fault e
printing of the damage
message :
maintenance assessment
order
Waste:

Maintenance
operator:
compilation of
all needed
documen-
tations

« Search effort

» Distances

* Up to date of
data

Maintenance
operator: fault

analysis

Maintenance

Maintenance

operator: Maintenance
. operator: fault
getting or operator: fault d
: o ocumen-
ordering spare elimination -
tation
parts
+ Dictances * Accuracy of
+ Coordination data
effort

Maintenance
operator: fault
confirmation

« Distances
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Mobile maintenance

Mobile
maintenance

Current
process

Time per
a fault

Increase delivery rate

T

Duration of
unplanned stop

I

)

'

Saved time:
Saved

time

s
. Iy

B Rohrbach:

B Berkheim/Scharnhausen:

Technical
availability

50,000 € savings

'

up to 10 minutes per fault message
15-20 faults daily
40-60 faults daily




Data process of mobile maintenance

Advantages:

=»Comprehensive collection of maintenance data

»Complete documentation of machine history

»Full digital documentation of fault data

»A high data relevance is ensured

»Detailed allocation of maintenance cost to the
machines

»Simplified data base for optimization of machines

»Simplified communication with machine producer

FESTO

Company Level

Operations
management level

N

Master data &

orders

Plan

Process Mana-
gement level

Capture data

Control level

Field
level

@ Network drive

ERP
Data base

W

Desktop Client

Protocols

Maintenance
Data base

Documentation

SQL Server SQL Server
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No SIM card = 10:40 92 % @+
a Workload
Screenshot: workload
FESTO Activities since June 13, 2017
((d) 1392333257 Loud and strong cooler noises #2) 4868-0002 CHIRON DZ15WK
\‘/— @ 40 Switch cabinet coolers in repairment @ 1468 Chiron CNC Machining Center DZ15KW
,@ Status @ Location
— - . — E (;2 Free @ 0002 Plant Berkheim/02/Bkh.
. . . S C‘/ Start repairment '\elg!) 20201310 P02 BO1 B84/88 Floor 1 (Old Building)
| I
e e ik (N e @) 1392342027 Fups P45 g8 8511-0002 CPV-ASS. PFUDERER/ROHWEDDER
23> P . = g (@) 20 ELTM in rep. 8030873288 = (8%) 1729 Fups 45 ADV
- S Gl Status ) Location
Videos Notizen . Erinnerungen @ Free @ 0002 P]ant Berkheim!OZ/Bkh
: : ool i, (&) Start repairment (%) 20201110 PO2 BO1B60/69 Floor 1 (Old Building)
A /fmi\
Photo Booth 5 Zeitungskiosk . Einstellungen __ Aepstore Game Genter
’ ((d) 1392344930 BGV A3 Performing Test (Initial Test) @ 7622-0002 Assembling DRRD PAS Room
(48 20 BGV A3 Performing Test (Initial Test) (%) 1391031174 STRAPEX Strapping Machine SMA 20 )
5 suve  Status a Location
; : : - i s F' (%) Free @ 0002 Plant Berkheim/02/Bkh.
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FESTO

Screenshot: order details

SIM fehit =

10:40
£ Arbeitsvorrat

FESTO

Instandhaltungsauftrag Details

1392333257 Laute, starke Liiftergerdusche

92 % 4

Auftragsdetails
1392333257 Laute, starke Liftergerausche

Beschreibung

Laute, starke Liuftergerdusche

Vorgang: 0010 ArbPlz: IBM_E100 01.07.2014 14:50:15
Objektteil:Elektrik,Schadensbild:Spindelmotor Kessler,
Ursache:Temperatur,Aktion:sonstiges

Vorgana: 0020 ArbPlz: IBM E14 01.07.2014 14:59:57

Status
]

FREI TRUC ABRV KKMP NMVP VOKL

Zustandigkeit

& MO05 / 0002 Betr.Inst.Mechanik

@ IBM_M / 0002 Gruppenarbpl. Mechanik OF-BBI

@ Bezugsobjekt

Prioritat

1-hoch

=\
® o
Pa)) 2 ® Rt %
o o Ney
Meldungen Arbeitsvorrat Wartungsvorrat Materialsuche

o
@)
&

£




Screenshot: material availability

FESTO

SIM fehit & 10:43 92 % =4
a Materialien Materialverfiigbarkeit
73826
MOTOR/WASCHANL. LAEPP.GHIERI,HFD63B
73919 FESTO 74459 MOTOR 7AA80MO4K/KMER80K4,0,6...
MOTOR-JALOUSIE M. GETRIEBE
74183 - o -
MOTOR COMBINACO1NR0390 Objekt Verwendbar Qualitatsprifbes
74282
MOTOR C400T25F. ACHSEN @ Mandant 2.0 0.0
74283
Z-ACHSMOTOR  “1HUS30538-0AF010779-Z @ Werk 0002 Werk Berkheim/02/Bkh. 2.0 0.0
74289
VoTon FRRERRR @ L 0060 IH-L: R17-02-04 2.0 0.0
ager -Lager -02- : :
74363 9 9
MOTOR D4630/2 220/380V 0,065KW
74432
MOTOR GEKR160LL SPINDEL
74452
MOTOR-ACHS X/Y CHIRON FZ16
74453
SPINDELMOTOR  CHIRON FZ/DZ 16
74459
MOTOR 7AAB0MO4K/KMERBOK4,0,65&
74475
MOTOR UE80/40220V/WECHSELSTROM
74477
MOTOR S02RDD7K4 GETRIEBE
74579
#128 ABG
Nummer Bezeichnung

Pa)) U&O‘B

Meldungen Arbeitsvorrat

@
0
Wartungsvorrat

&

Materialsuche




FESTO

Screenshot: closing the fault
elimination process

SIM fehlt =

FESTO

< Instandhaltungsauftrag Details

10:41

Vorgangsdetails

92 % Er 4

Auftrag: 1392333257 Vorgang: 40

Riickmeldung

@ Istarbeit (h:min)
Buchungsdatum
W Objektteil
W Schaden
W Ursache
W Aktion

% Riickmeldung

=¥ oo:15

= 24102014

£ OT-BMIH / OEO1 Elektrik

&= BMI-EL/ EL34 Spindelmotor Kessler
=% PM-BMIH / U022 Temperatur

&7 PM-BMIH / A006 Ersatzteilbestellung

Endriickmeldung: D

@ 3@

Meldungen Arbeitsvorrat Wartungsvorrat

N

Materialsuche




Augmented Reality

Augmented Reality is a kind of
melting of virtual and real world.

FESTO

Virtuality

/
Mixed Reality

Virtual Reality

z.B.HTC Vive z.B. Oculus Rift

0 | 3 z
Assisted Reality

z.B.Google Glass z.B.Vuzix M300

'f I l z !{ [ | -.
Augmented Reality N2 N

+B. GOGRY z.B.Epson BT 300

i/

J

.

‘——_/_\__—/ P
z.B. Microsoft Hololens z.B.Meta 2




Augmented Reality: potential applications

Remote service through experts: two heads are better then
one.

FESTO

Step by step: assembly instructions for complex tasks and
new operators

Reduction of
travel costs up to

60%

Reduction of
downtimes*

(X EVE

il Reduction of failure [y,
E rates up to* i

924%

Reduction of process
times up to*

30%
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FESTO

Process of augmented reality

Cloud provider:
Provide
architcture

Dataexchange

Dataexchange

Videostream P

o
i
i

i
il

I
I

Localusr: =
Looking for
support

Centraluser:
Firewall company A Firewall company B Offering support
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FESTO

Communication via the platform “Share”

& sHaRE-cculisGmbH 0 x k& - = = - — = - oS
€ ma hitps//festose.share-platform.de/cases/14/document o Q suche ﬁ a 3 # =

Documents

€ Documents

B Abbildung 4_3.jpg

& Screenshot wurde hinzugefigt ™ *
Ein Screenshot wurde Thres Dropbox hinzugefigt.

17:59
26062017

E LU RBERUE =B 0 WA D

\ 12



FESTO

Data exchange via “Share”

J > SHARE - oculaviz GmbH 4 <\ - e - - — . [ O o]
€ ) M@  hiips//iestose share-platform.de/cases/14 ¢ || Q suche e 3§ A Q0 =

Documents

> Documents .
Preview
M screenshot_20170626_180145.png

Blinktakt

2 |Remenoceo

M Abbildung 4_3.jpg

o

2 user1

oo ROG |

L

Makroschritt M2
""Richten"

Makroschritt M&
""Automatik"
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FESTO

Exercise: remote service for machines 1

Learning objectives:

Once you have completed this task,

you are able to understand warnings and alerts on mobile devices.

you are familiar with the possibilities offered by augmented reality in the context of troubleshooting and fault
elimination.

you can use them for practical application scenarios.

you, as a local expert, are able to describe faults that have occurred and effectively apply the assistance of a central
service center.

you are able, as an employee of a central service center, to assist local experts in troubleshooting and fault elimination.

14



FESTO

Exercise: remote service for machines 2

Problem:

Warning and alert messages are to be generated for a CP Lab / CP Factory and are
intended to be displayed on mobile devices. Furthermore, current faults are to be
analyzed and eliminated with the help of smart glasses and remote services.

Work orders:

1. Design an information process that displays warning and alert messages on
mobile devices.

2. Connect your data glasses to the central platform.

3. Asalocal expert of a central service center, describe any faults that occur during
the data communication.

4. As an employee at a central service center, provide your know-how to the local

experts during the analysis and elimination of the faults.

Share documents such as screenshots, circuit diagrams or operating instructions.

6. Work together to document the errors in the fault documentation.

(9]
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