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Industria 4.0

INDUSTRY 4.0 ) )
INDUSTRY 3.0 Produzione interconnessa

INDUSTRY 2.0 e intelligente

»[ Smart factories ]

INDUSTRY 1.0

Mechanization, steam Mass production, Automation, computers Cyber Physical Systems,
power, weaving loom assembly line, and electronics internet of things, networks
electrical energy

Roosefert Mohan et al. 2021
Tortorella et al. 2021
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/Total Productive Maintenance

Planned Maintenance
Quality Maintenance
Education & Training

Cffice TPM

Focussed Maintenance
Development Management

' Autonomous Maintenance
' Safety, Health & Environment

Indicatore chiave di prestazione:

-
Ahuja et al. 2008
Korchagin et al. 2022

Nakajima 1988
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Manutenzione Predittiva —
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WHY PREDICTIVE MAINTENANCE?
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PREDICTIVE
PROACTIVE
REACTIVE X

LEVEL | LEVEL Il LEVEL Il LEVEL IV

*OVERALL EQUIPMENT EFFECTIVENESS Lambén et al, 2022
Liu et al. 2022
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* Reliability-based
* Physical model-based

Data-driven

~

J
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Basate su...

Liu et al. 2022
Zonta et al. 2020
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Accelerometri:

* Piezoelettrici

*  MEMS capacitivi
\-

~

J
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Amplitude Amplitude -
(a) (b)
Time > Frequency >
Amplitude
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Trasformate (Fourier, wavelet...)
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Analisi nel dominio della frequenza TIME DOMAIN FREGUENGY
DOMAIN

Romanssini et al. 2023
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Manutenzione 4.0

‘ Manutenzione

"predittiva in tempo reale"

[ TPM Jq Obiettivo:

minimizzare 1 fermi

Korchagin et al. 2022
Tortorella et al. 2021
Poor et al. 2019
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-

Nastro Trasportatore

Obiettivor)

migliorare I’efficienza

Mendes et al. 2023
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Prime 3 settimane (in media):
* 14 h di fermo
* 11 h di tempo medio operativo

N 1,7 h di MTTR

J

Settimana dopo I’introduzione del

modello:

7,6 hdifermo

& 0,8 hdi MTTR

* 10,8 h di tempo medio operativo

J
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Average repair time 0,8

Average operating time | 10,8

Time of a work shift (useful time of work and inactivity)

Observation week after implementing
the AM and PM pillars

Useful working time

B Downtime

Average operating time

Average repair time

97,4

0 10 20 30 40

50 60 70 80 90

Hours

100 110

Mendes et al. 2023
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Number of Occurences

1° week (after new AM and

1st week 2nd week 3rd week PM plans)

Observation week
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( DlSpOIllblllté ( A) del 9 3% ) 1st week 2nd week 3rd week 1° week (after new AM and

PM plans)

Observation week
Mendes et al. 2023
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KLa manutenzione 4.0 (”predittiva\
in tempo reale") in combinazione
con le tecniche della TPM porta a:
L : : M Aumento dell’efficienza
* Riduzione numero di fermi
* Calo MTTR s | Riduzione dei costi
* Aumento MTBF
\@ Maggior controllo sulla qualité/
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