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Table 2.1: Six Big Losses model proposed by Nakajima
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Table 2.2: Example of OEE calculation.
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Table 3.1: Equation
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l � CM�NB?�HOG<?L�I@�JLI>O=NM�NB;N�GOMN�<?�JLI>O=?>�

l =NCCM�NB?IL?NC=;F�=S=F?�NCG?�@IL�NB?�?KOCJG?HN<NI�JLI=?MM�;�JC?=?�I@�JLI>O=N�
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��

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


l � CCM�NB?�?q=C?H=S�I@�NB?�?KOCJG?HN�C�QCNBCH�NB?�MSMN?G

tN�CM�NB?L?@IL?�JIMMC<F?�NI�>?oH?%G��)I;>CHA�NCG?��;M�NB?�J?L=?HN;A?�I@�NIN;F�=;F?H>;L

NCG?� NNB;N�CM�;=NO;FFS�M=B?>OF?>�@IL�IJ?L;NCIH�

1B? 1;<F?��� MBIQM�NB;N�NB?�JLI=?MM�>?MCAH?L�GOMN�=IHMC>?L�CH�BCM�B?L�;H;FSMCM�NBL??

J;L;G?N?LM�OHEHIQH�;�JLCILC��QBC=B�CHpO?H=?�>L;G;NC=;FFS�NB?�JLI>O=NCIH�MSMN?G

MCTCHA�;H>�JF;S�;�E?S�LIF?�CH�NB?�>?MCAH�I@�NB?�MSMN?G�CH�IL>?L�NI�L?;FCT?�NB?�>?MCL?>

NBLIOABJON�1B?M?�J;L;G?N?LM�;s?=N�NB?�NIN;F�NCG?�;P;CF;<F?�@IL�JLI>O=NCIH�;H>�NB?

L?;F�NCG?�?;=B�?KOCJG?HN�L?KO?MN�NI�L?;FCT?�;�JC?=?�� ��;H>�;L?�L?MJ?=NCP?FS�

l #RN?LH;F�NCG?�FIMM?M��QBC=B�;L?�=IHMC>?L?>�CH�NB?�;H;FSMCM�QCNB&�

l 1B?�NB?IL?NC=;F�NCG?�=S=F?��QBC=B�>?J?H>M�OJIH�NB?�M?F?=N?>�?KOCJG?HN�M��
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Symbol Name Description Synonyms

&J

#:B;�J?C;I

H;IKBJ?D=

<HEC�B7M

H;=KB7J?EDI

EH�9EHFEH7J;

:;9?I?EDI

-KCC;H�L797J?EDI�

>EB?:7OI��I>?<JI�

IF;9?7B�;L;DJI

�;7HJ>GK7A;I�

<BEE:��

-OIJ;C

�NJ;HD7B

�7KI;I

Table 3.3: Adapted from Grando et al. 2005
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Symbol Name Description Synonyms

&79A�E<�:;C7D:�

&79A�E<�C7J;H?7B�?D

IJE9AI�

&79A�E<�EH:;HI�?D�J>;

FHE:K9J?ED�FB7D�

&79A�E<�;D;H=O�

&79A�E<�C7DFEM;H

�IJH?A;I�

78I;DJ;;?IC��

&J�
/DFB7DD;:

J?C;

.;9>D?97B�J;IJI�7D:

C7DK<79JKH?D=�E<

DEDC7HA;J78B;

FHE:K9JI�

. H7?D?D=�E<�MEHA;HI�

-OIJ;C

�NJ;HD7B

�7KI;I

'?9HE	78I;DJ;?IC�

I>?<J�9>7D=;I�

F>OI?EBE=?97B

?D9H;7I;I�

C7D�C79>?D;

?DJ;H79J?ED�

&79A�E<�H7M�C7J;H?7B

IJE9AI�<EH�I?D=B;

C79>?D;I�

/DIK?J78B;�F>OI?97B

7D:�9>;C?97B

FHEF;HJ?;I�E<�J>;

7L7?B78B;�C7J;H?7B�

&J�
-J7D:�8O

J?C;

&79A�E<�I;HL?9;

L;>?9B;�

 7?BKH;�JE�EJ>;H

C79>?D;I�

'79>?D;

�NJ;HD7B

�7KI;I�

-OIJ;C

�NJ;HD7B

�7KI;I

Table 3.3: Adapted from Grando et al. 2005
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Table 3.4: OEE factors description
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Table 3.6: Example of propagation of losses in the system
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Table 3.7: State Analysis Configu ration
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Table 3.8: State Analysis Configu ration
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Table 3.9: Comparison of quality rate calculation and evaluation of

impact of quality control positioning on quality rates and on OTE
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Failu re

cause
Description
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Table 4.1: Main causes of failu re. The table shows the main cases of

failu re with a detailed description
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QBCF?�NB?B5<9129<9DI�?6�D85CICD5= R CM�>?oH?>�;M�CH1;<F?��� �

Table 4.2: Equation

1B?�G?NBI>IFIAS�OM?>�NI�=;F=OF;N?�NB?�L?FC;<CFCNS�I@�NB?�MSMN?G�>?J?H>M�IH�NB?
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?HACH??L�/I<?LN�)OMM?L�CH�NB?���M��

Table 4.3: Equation

$IL�;H�?R;GJF?��M?? $CAOL?���
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$IL�;�J;L;FF?F�MSMN?G��L?FC;<CFCNS�CM�

Table 4.4: Equation

tH�@;=N��@LIG�NB?�>?oHCNCIH�I@�MSMN?G�L?FC;<CFCNS�;H>�<S�NB?�JLIJ?LNC?M�I@�?P?HN

JLI<;<CFCNC?M��CN�@IFFIQM�

tH�G;HS�J;L;FF?F�MSMN?GM��=IGJIH?HNM�;L?�C>?HNC=;F�tH�NBCM�=;M?��NB?�L?FC;<CFCNS�I@�;
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AL?;N?MN�IJJILNOHCNS�NI�CGJLIP?�NB?�IP?L;FF�L?FC;<CFCNS�1B?�GIMN�QC>?FS�L?=IAHCT?>

>?oHCNCIH�I@�L?FC;<CFCNS�CGJILN;H=?Y�<I@�NB?�=IGJIH?HNM�CM�NB?B5<9129<9DI�=1B79>1<
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I@�NB?�=IGJIH?HN�L?FC;<CFCNS�

$IL�INB?L�MSMN?G�=IHoAOL;NCIHM��;H�;FN?LH;NCP?�;JJLI;=B�@;=CFCN;N?M�NB?�=;F=OF;NCIH�I@

L?FC;<CFCNS�CGJILN;H=?�I@�NB?�=IGJIH?HNM�)?N+�� <�<?�NB?�L?FC;<CFCNS�I@�NB?�MSMN?G

GI>Co?>�MI�NB;N+<��;H> +�� <�<?�NB?�L?FC;<CFCNS�I@�NB?�MSMN?G�GI>Co?>�QCNB+<����;FQ;SM

E??JCHA�OH=B;HA?>�NB?�INB?L�=IGJIH?HNM�tH�NBCM�=IHN?RN��NB?�L?FC;<CFCNS

CGJILN;H=?Y<CM�ACP?H�<S�

tH�;�M?LC?M�MSMN?G��NBCM�@ILGOF;NCIH�CM�?KOCP;F?HN�NI�QLCNCHA�

1BOM��NB?�GIMN�CGJILN;HN�=IGJIH?HN��CH�N?LGM�I@�L?FC;<CFCNS��CH�;�M?LC?M�MSMN?G�CM�NB?

F?MM�L?FC;<F?�$IL�?R;GJF?��=IHMC>?L�NBL??�?F?G?HNM�I@�L?FC;<CFCNS

+� ���� +� ��� ? +� ����tN�CM�NB?L?@IL?�

Y� ��� �������� Y� ��� ������� ;H> Y� ����Ü������ QBC=B�CM�NB?�BCAB?L�P;FO?

t@�NB?�MSMN?G�CM�;LL;HA?>�CH�J;L;FF?F��NB?�L?FC;<CFCNS�CGJILN;H=?�<?=IG?M�;M�@IFFIQM�
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Table 4.5: Equation

tN�@IFFIQM�NB;N�NB?�GIMN�CGJILN;HN�=IGJIH?HN�CH�;�J;L;FF?F�MSMN?G�CM�NB?�GIL?�L?FC;<F?

4CNB�NB?�M;G?�>;N;�;M�NB?�JL?PCIOM�?R;GJF?��NBCM�NCG?�B;PCHA�;�J;L;FF?F�;LL;HA?G?HN�

Q?�=;H�P?LC@S1;<F?��� @IL�NB?�oLMN�CN?G�Y� � +�� � �n+�� � ��

8�n��n���Ü��n��� ���n���9n8�n��n���Ü��n��� ���n���9

��n�n�
��n��� ���n������n��� ���n���

$IL�NB?�=;F=OF;NCIH�I@�NB?�L?FC;<CFCNS�CGJILN;H=?�I@�=IGJIH?HNM�<?FIHACHA�NI�=IGJF?R

MSMN?GM��QBC=B�;L?�HIN�;NNLC<ON;<F?�NI�NB?�M?LC?M�J;L;FF?F�MCGJF?�M=B?G?��L?FC;<CFCNS�I@

>Cs?L?HN�MSMN?GM�GOMN�<?�=IOHN?>�$IL�NBCM�L?;MIH�NB?�=;F=OF;NCIH�CM�I@N?H�>IH?�OMCHA

;ONIG;N?>�;FAILCNBGM

� �<55D�B5<9129<9DI

�P;CF;<F?�OH>?L!L?;NCP?�!IGGIHM�0B;L?�FCE?����tHN?LH;NCIH;F�)C=?HM?�BNNJ���

=L?;NCP?=IGGIHMILA�FC=?HM?M�<S�M;�����

0OJJIM?�SIO�B;P?�MNO>C?>�NB?�L?FC;<CFCNS�I@�;�=IGJIH?HN��;H>�@IOH>�NB;N�CN�CM�����@IL�;

GCMMCIH�>OL;NCIH�I@���BIOLM�(HIQCHA�NB;N�Q?�B;P?���C>?HNC=;F�CN?GM�MCGOFN;H?IOMFS

;=NCP?��Q?�GCABN�<?�CHN?L?MN?>�CH�EHIQCHA�QB;N�NB?�IP?L;FF�L?FC;<CFCNS�I@�NB?�ALIOJ

QIOF>�<?�tH�INB?L�QIL>M��Q?�Q;HN�NI�EHIQ�QB;N�CM�NB?�JLI<;<CFCNS�I@�B;PCHA�;�=?LN;CH

HOG<?L�I@�CN?GM�@OH=NCIHCHA�;N�NB?�?H>�I@�NB?���BIOLM�I@�GCMMCIH�1BCM�CMMO?�CM�<?MN

EHIQH�;M�p??N�L?FC;<CFCNS

!IHMC>?L�;�M?N�I@GC>?HNC=;F�;H>�CH>?J?H>?HN�MSMN?GM�CH�;�M;G?�CHMN;HN��?;=B�B;PCHA

;�L?FC;<CFCNS+�1B?�ALIOJ�G;S�L?JL?M?HN�;�M?N�I@�MSMN?GM�CH�OM?��CH>?J?H>?HN�;H>

C>?HNC=;F��IL�=IOF>�L?JL?M?HN�;�M?N�I@�>?PC=?M�OH>?L�N?MN��CH>?J?H>?HN�;H>�C>?HNC=;F��

>CM=L?N?�L;H>IG�P;LC;<F?�I@�AL?;N�CHN?L?MN�L?FC;<CFCNS�CM' ��NB?�HOG<?L�I@�@OH=NCIHCHA
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GI>?F�CM��NB?L?@IL?��NB?�IH?�NB;N�>?M=LC<?M�NB?�?RNL;=NCIH�I@�<;FFM�@LIG�;H�OLH�oFF?>

QCNB�;�EHIQH�HOG<?L�I@�L?>�;H>�AL??H�<;FFM�0OJJIM?�NB;N�NB?�J?L=?HN;A?+ I@�AL??H
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HIN�H?A;NCP?��I@�CHN?L?MN�CM- ��NB?�CHMN;HN�I@�@;CFOL?�I@�NB?�>?PC=?�)?N9�G�<?�NB?
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1B;HEM�NI� ;S?M��NB?IL?G��CN�=;H�<?�MBIQH�NB;N�NB?�L?F;NCIHMBCJ�<?NQ??H�NB?�B;T;L>

@OH=NCIH��>?HMCNS�I@�JLI<;<CFCNS�I@�@;CFOL?�;H>�L?FC;<CFCNS�CM�NB?�@IFFIQCHA�

1B;HEM�NI�NB?�JL?PCIOM�?KO;NCIH��QCNB�MIG?�MCGJF?�G;NB?G;NC=;F�G;HCJOF;NCIHM��Q?

I<N;CH�NB?�@IFFIQCHA�L?F;NCIH�

� *?S?L�-�2H>?LMN;H>CHA�*?;MOL?G?HN��/?FC;<CFCNS�,R@IL>�2HCP?LMCNS�-L?MM������

���

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Table 4.6: Equation

tH�@;=N��MCH=?FH8+���9�FH8�9��� Q?�B;P?�

$LIG 1;<F?��� >?LCP?�NB?�INB?L�NQI�@OH>;G?HN;F�L?F;NCIHM�

1B?�GIMN�JIJOF;L�=IH=?JNO;F�GI>?F�I@�NB?�B;T;L>�@OH=NCIH�CM�NB?21D8DE2�3EBF5
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Performance measures %7D87D�DKC8;H /J?B?P7J?ED�H7J?E
&;L;B?D=

;<<;9J?L;D;II
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cost
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#DL;DJEHO�>EB:?D=
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)F;H7J?D=�9EIJ

-JE9A	EKJ
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Minimize inventory

Objective

function

Maximize throughput

Layout  BEM	I>EF $E8	I>EF �II;C8BO�JH;;

Period

number
'KBJ?	F;H?E: -?D=B;	F;H?E:

Setting

Item

number
'KBJ?	?J;C -?D=B;	?J;C

Table 6.1: Alternative configu rations of most common MMJIT models
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Material
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Table 6.1: Alternative configu rations of most common MMJIT models
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Table 7.1: Example of risk classification by perimeter
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Table 7.2: Example of risk classification by target
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Table 7.5: Impacts of threats and opportunities
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Table 7.6: Probability of the event: threats
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Table 7.7: Probability of the event: opportunities
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