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Table 2.1: Six Big Losses model proposed by Nakajima

0IOL=?��0�+;E;DCG;��tHNLI>O=NCIH�NI�1-*��1IN;F�-LI>O=NCP?�*;CHN?H;H=?
�-LI>O=NCPCNS

-L?MM������

,H�NB?�<;M?�I@�0CR� CA�)IMM?M�GI>?F��CN�CM�JIMMC<F?�NI�OH>?LMN;H>�BIQ�NB?�)I;>CHA

1CG?�>?=L?;M?M�OHNCF�NI�NB?�3;FO;<F?�,J?L;NCHA�1CG?�;H>�NB?�?s?=NCP?H?MM�CM

=IGJLIGCM?>
�)?NhM�AI�NBLIOAB�NB?�H?RN$CAOL?��
�


��
 0�+;E;DCG;��tHNLI>O=NCIH�NI�1-*��1IN;F�-LI>O=NCP?�*;CHN?H;H=?
�-LI>O=NCPCNS�-L?MM������

��



�97������ �B51;4?G>�?6�D85�31<5>41B�D9=5

�N�NBCM�JICHN�Q?�=;H�>?oH?�

-F?;M?�HIN?�NB;N�

;H>

oH;FFS

��



0I�NBLIOAB�;�<INNIG�OJ�;JJLI;=B�<;M?>�IH�NB?�0CR� CA�)IMM?M�GI>?F��,##�<L?;EM�NB?

J?L@ILG;H=?�I@�?KOCJG?HN�CHNI�NBL??�M?J;L;N?�;H>�G?;MOL;<F?�=IGJIH?HNM�

�P;CF;<CFCNS��-?L@ILG;H=?�;H>�.O;FCNS


l �F19<129<9DI�CN�CM�NB?�J?L=?HN;A?�I@�NCG?�NB;N�?KOCJG?HN�CM�;P;CF;<F?�NI�LOH�>OLCHA

NB?�NIN;F�JIMMC<F?�)I;>CHA�1CG?
��P;CF;<CFCNS�CM�>Cs?L?HN�NB;H�2NCFCT;NCIH


�P;CF;<CFCNS�IHFS�CH=FO>?M�NB?�NCG?�NB?�G;=BCH?�Q;M�M=B?>OF?>��JF;HH?>��IL

;MMCAH?>�NI�LOH
�2NCFCT;NCIH�L?A;L>M�;FF�BIOLM�I@�NB?�=;F?H>;L�NCG?
�2NCFCT;NCIH�CM

GIL?�?s?=NCP?�CH�=;J;=CNS�JF;HHCHA�;H>�;H;FSTCHA�oR?>�=IMN�;<MILJNCIH


�P;CF;<CFCNS�FIIEM�;N�NB?�?KOCJG?HN�CNM?F@�;H>�@I=OM?M�GIL?�IH�P;LC;<F?�=IMN

;<MILJNCIH
��P;CF;<CFCNS�=;H�<?�?P?H�=;F=OF;N?>�;M�

l $5B6?B=1>35� CN�CM�;�G?;MOL?�I@�BIQ�Q?FF�NB?�G;=BCH?�LOHM�QCNBCH�NB?�,J?L;NCHA

1CG?
�-?L@ILG;H=?�=;H�<?�?P?H�=;F=OF;N?>�;M�

l %E1<9DI�CN�CM�;�G?;MOL?�I@�NB?�HOG<?L�I@�J;LNM�NB;N�G??N�MJ?=Co=;NCIH�=IGJ;L?>

NI�BIQ�G;HS�Q?L?�JLI>O=?>
�.O;FCNS�=;H�<?�?P?H�=;F=OF;N?>�;M�

�@N?L�NB?�P;LCIOM�@;=NILM�;L?�N;E?H�CHNI�;==IOHN��;FF�NB?�L?MOFNM�;L?�?RJL?MM?>�;M�;

J?L=?HN;A?�NB;N�=;H�<?�PC?Q?>�;M�;�MH;JMBIN�I@�NB?�=OLL?HN�?KOCJG?HN�?s?=NCP?H?MM


1B?�P;FO?�I@�NB?�,##�CM�;H�CH>C=;NCIH�I@�NB?�MCT?�I@�NB?�N?=BHC=;F�FIMM?M��G;=BCH?

G;F@OH=NCIHCHA�;H>�JLI=?MM��;M�;�QBIF?
�1B?�A;J�<?NQ??H�NB?�P;FO?�I@�NB?�,##�;H>

�����CH>C=;N?M�NB?�MB;L?�I@�N?=BHC=;F�FIMM?M�=IGJ;L?>�NI�NB?�)I;>CHA�1CG?


��



1B?�=IGJIOH>�?s?=N�I@��P;CF;<CFCNS��-?L@ILG;H=?�;H>�.O;FCNS�JLIPC>?M�MOLJLCMCHA

L?MOFNM��;M�PCMO;FCT?>�<S�?
A
�)IOAFCH�� 


)?NhM�AI�NBLIOAB�;�JL;=NC=;F�?R;GJF?�CH�NB?1;<F?��
� 


�L7?B78?B?JO �����

*;H<EHC7D9; ���

+K7B?JO ���

)�� �����

Table 2.2: Example of OEE calculation.
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-OIJ;C

�NJ;HD7B

�7KI;I

Table 3.3: Adapted from Grando et al. 2005

��
 �
�3
��
��0?GC=IH>O=NIL�*;HO@;=NOLCHA�-LI>O=NCPCNS��,P?L;FF�#KOCJG?HN�#s?=NCP?H?MM��,##��AOC>?<IIE��0#*�1#!&������

��
 "
�/
��
�'�/II>;��'
#
��Z#KOCJG?HN�?s?=NCP?H?MM��,##�L?PCMCN?>�[�t###�1L;HM;=NCIHM�IH�0?GC=IH>O=NIL�*;HO@;=NOLCHA�����H


���������������
��
 %
�)
�/
� �%;G<?LCHC��/
��Z�FN?LH;NCP?�;JJLI;=B?M�@IL�,##�?P;FO;NCIH��MIG?�AOC>?FCH?M�>CL?=NCHA�NB?�=BIC=?�[�CH�53tt

0OGG?L�0=BIIF�$L;H=?M=I�1OL=I��3?HC=?������
��
 1
�$�%L;H>I���
��Z*I>?FFCHA�-F;HN�!;J;=CNS�;H>�-LI>O=NCPCNS�[�-LI>O=NCIH�-F;HHCHA�;H>�!IHNLIF�����H
����������������

��

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


Symbol Name Description Synonyms
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Table 3.4: OEE factors description
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Table 3.5: Equation
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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 3.9: 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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Table 4.2: Equation
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Table 4.3: Equation
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$IL�;�J;L;FF?F�MSMN?G��L?FC;<CFCNS�CM�

Table 4.4: Equation
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Table 4.5: Equation
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Parameter / major

alternatives
Alternatives

Model structu re
'7J>;C7J?97B

FHE=H7CC?D=
-?CKB7J?ED '7HAEL��>7?DI )J>;H

Decision variables
%7D87D

DKC8;H
)H:;H�?DJ;HL7B -7<;JO�-JE9A�B;L;B )J>;H

Performance measures %7D87D�DKC8;H /J?B?P7J?ED�H7J?E
&;L;B?D=

;<<;9J?L;D;II

Minimize

cost
-;JKF�9EIJ

#DL;DJEHO�>EB:?D=

9EIJ
)F;H7J?D=�9EIJ

-JE9A	EKJ

9EIJ

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



Parameter / major

alternatives
Alternatives

Stage

number
'KBJ?	IJ7=; -?D=B;	IJ7=;

Machine

number
'KBJ?FB;�C79>?D;I -?D=B;�C79>?D;

Resources

capacity
�7F79?J7J;: (ED	97F79?J7J;:

Kanban type )D;	97H: . ME	97H:

Container

size
�;<?D;:

#=DEH;:��9EDJ7?D;H�I?P;�;GK7BI�ED;

?J;C�

Stochasticity
,7D:EC�I;J	

KF�J?C;I

,7D:EC

:;C7D:

,7D:EC

B;7:�J?C;I

,7D:EC

FHE9;II?D=

J?C;I

�;J;HC?D?IC

Production

cycles
'7DK<79JK H?D=�IOIJ;C �EDJ?DKEKI�FHE:K9J?ED

Assumptions

Material

handling
4;HE�M?J>:H7M7B�J?C;I (ED	P;HE�M?J>:H7M7B�J?C;I

Table 6.1: Alternative configu rations of most common MMJIT models



Parameter / major

alternatives
Alternatives

Shortages #=DEH;: �ECFKJ;:�7I�BEIJ�I7B;I�5��6

System

reliability

�OD7C?9

:;C7D:

�H;7A:EMDI

FEII?8?B?JO

#C87B7D9;

8;JM;;D

IJ7=;I

,;MEHAI -9H7FI

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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<S��MMI=C;NCIH�I@�tHMOL;H=?�;H>�/CME�*;H;A?LM���t/*t!���% �tHMNCNON?�I@�/CME

*;H;A?G?HN��t/*����)�/*�+;NCIH;F�$ILOG�@IL�/CME�*;H;A?G?HN
���/CME�*;H;A?G?HN

0N;H>;L>
����� 


�
�



07BK; #D:?97JEH �;I9H?FJ?ED

"?=>

�*HE878B;�

*HE878B;�;L;HO

O;7H�EH�?D�CEH;

J>7D�����E<

97I;I

	�FEII?8B;�>7FF;D?D=�E<�J>;

;L;DJ�?D�J>;�F;H?E:�E<

7D7BOI?I��M?J>�C7DO

H;F;J?J?EDI�"

	�?J�>7FF;D;:�H;9;DJBO

';:?KC

�*EII?8B;�

*HE878B;�?D�
�

O;7HI�EH�?D�B;II

J>7D�����E<

97I;I

	�FEII?8B;�>7FF;D?D=�E<�J>;

;L;DJ�?D�J>;�F;H?E:�E<

7D7BOI?I��M?J>�IEC;

H;F;J?J?EDI�"

	�:?<<?9KBJ?;I�?D�<EH;97IJ?D=

7D:�9EDJHEBB78?B?JO�"

	�:7J7�ED�F7IJ�;L;DJI�;N?IJ

&EM

�,;CEJ;�

#CFHE878B;�?D


��O;7HI�EH�?D

B;II�J>7D����E<

97I;I

	�CEIJBO�B?A;BO�?J�D;L;H

>7FF;DI�"

	�?J�D;L;H�>7FF;D;:

Table 7.6: Probability of the event: threats
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Table 7.7: Probability of the event: opportunities
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