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Proactive

Maintenance

Design-out of
Maintenance Reactive

Maintenance

Life Cycle
Costing

Predictive

Maintenance
Fail-and-fix

Maintenance FMEA: Failure

modes and
effect
analysis
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Imperfect

Maintenance Emergency
Maintenance

+ failure-based maintenance (FBM), RBI

# time/used-based maintenance (TBM/UBM),

+ condition-based maintenancep,,(,pBlV\), :
Minima

# opportunity-based maintenance (OBM), and Maintenance

* e-maintenance.

Passive
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* A technician job: diagnosis, repair
and replace?
* An engineering job: prediction and
| decision?
* A managerial job: cost and benefit?

+ All together? Then who is doing
what?
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« Engineering Tasks
* Ind.Eng.

* Mech.Eng./Elec.Eng./Chem.Eng.
/..

Engineers
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Ind.Eng Mech.Eng

Failure time distribution Failure
* Failure rate function * Test beds
* MTTF, MTBF * Condition Monitoring
* Reliability function * Wear rate
* Repair and replace time + Residual life estimation
distribution

* PM/CM interval optimization
* Spare parts inventory control

+ Residual life estimation
* PM/CM interval optimization
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Ind.Eng Mech.Eng

Failure time distribution Failure

* Failure rate function * Test beds
* MTTF, MTBJ

% Reliabil gy fanction
+ RepaiSRGUERRAEE

distributicmaintenance
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Ind.Eng Mech.Eng

Event data/failure data are

collected or generated through

through experiments
experiments

is-aphysical entity not a

as a random raridom one
' * alltgpédétc':ocnurs under certain
¢S of#ﬁ'lfﬂ?@ﬁ%eﬁnkn own ectb?a?musmhce
Probal llltys’ebveory, Reliability (CBM)

9
Dr. Saniee Monfared, M.A.




Ind.Eng Mech.Eng

Event Data CM Data 2
from a from a cobo 4A0LdS dad Wi
community device . . s
device g o DSy
&= Lo

Otbwdigo SS9y Lol ®
COwldu Sl
S5y o L ot

Olw xS DA *
dx i Gwl Oyl

rescription fora |
given/certain
device
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IndSEnSFAPphoach:

Histogram of ttf, ; ttf,; tef,; ttf,
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Riccardo Manzini - Alberto Regattieri Hoang Pham - Emilio Ferrari Maintenance for Industrial Systems, Springer 2010, page 118
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Ind. Eng.
Approaclhs
Using Event
Data to predict
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Shocks: Random Caus
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A Shock & Damage Model
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Miech. Eng. Appreoachs Conc

Condition based
monitoring

CM Data
from a
device

Data driven Model based

approaches approaches Hybrid approaches

. given/certain

e L dwy S8 glee e dwo Jae H Helaie device
cam D o 1y @By g Jlade JSU 4S

O Le ol Jleds!l H s

j-h. shin, h.b. jun, on condition based maintenance, journal o computatlonal desngn and engineering,

2(2015), 119-127.
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Un-stable

2011

-
&

Reliability of
Microtechnology

Resistance [{3]
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Tirme [h]
* Figure 4.12 shows measured electrical resistance over four solder joints of one component in the
accelerated stress test.

* One can note that after stable 450 h in the test, there is an approximately 100h region, When the aging
of the solder joint can be detected by the resistance measurements. This is due to sO| G
which has st; 0 propagate,
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4

Degradation level

Mahmood Shafiee, Maxi

ein, An optimal age-based group maintenance policy for multi-unit degrading
systems, Reliability:.E&%

Slld System Safety 134(2015)230-238.
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Fig. 3. Observed monitoring information and the posterior probability of the state
given monitored history (v1 =, ¥2 = and p{x=1|¥)=Pi{x: = 1|¥:)L
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Mech. Eng. Approachs
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W. Wang, “A model to predict the residual life of rolling element bearings given monitored condition infor
journal of manageme matics 13, 3-16, 2002.
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Integrated Mech. Eng. and Ind. Eng. Approaeh §S:y//f

CM based
probabilistic
Models

| —

Event
based

Probabilistic s

23
Dr. Saniee Monfared, M.A.




—

s oaly ) ealdinl b il (le ) o5 sl g a5 (b 1l (oudigad Sa sy 2 F
(Event data from the community of a device) sl

s 22l ) od\éiu\\%):\ﬁn&ujo‘)jdcgwﬁ@jw)j\g :«_5\:\.'1\5\.‘06“&3.@_43)%‘5‘)‘)3 3k
(CM data from a device) b3 s 5 hd &) sar il

u.A.\\ALgLA 53] J\ od\éﬁm\\g):ﬁ:m@ujo‘)jdcgu,m‘ﬁ@jgu)jg :GAU;J‘ J)STUJ 9k
(Event data and CM data) Jlis) sla sala 5 ad je 5 Jad &) sua

"

”

Dr. Saniee Monfared, M.A.




Lo
I

‘9 *

L)::‘M

b:MS o
ol \3 ’ 3
o, S

g\-}fff' W= E


mailto:mas_monfared@alzahra.ac.ir

