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OVERALL EQUIPMENT EFFECTIVENESS
O E E

WHY IS IT SO USEFUL?WHAT IS IT?

OEE is an efficiency measure

OEE focus is the increase of 

the utilization of equipment

and techical systems

OEE includes the most

common and important

unefficiency causes

gathered into categories, in 

order to monitor, control and 

improve the performance
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Measure and Improve OEE is crucial to 
implement different areas
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Productivity 

improvement

Increase of 

maintenance efficacy

Production space

optimization

Improvement of service 

level to the Customers

Comparison between machines

Production planning 

improvemement



SIX MAIN LOSSES CATEGORIES

Planned stops

Breakdowns

Change of set-up

Recoverable scraps

Definite scraps

Unplanned stops

Speed losses

OEE (Overall Equipment Effectiveness)  = AVAILABILITY x PRODUCTIVITY x QUALITY

OEE
Operating Time

(losses for breakdowns)

Value-added

(Defects)

Available total time

Running Time

(Speed losses)

Total Time (24h x 365 days)

6 big losses

Productivity
(Operating time) – (Speed losses)

(Operating time)

(Available time) – (Downtime)

(Available time)

(Running time) – (Defects)

(Running time)

Availability

Quality
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Definitions

PLANNED STOPS

Things to avoid:

• Be careful not to consider scheduled 
stops for long set-up times or stops 
for maintenance

• Properly consider lunch or shower 
breaks or for any other contractual 
arrangement)

• Distinguish scheduled stops from 
stops due to lack of programs 

If it is necessary to reduce the scheduled stops to 
recover production capacity, the calendar must be 
analyzed and for eg.:

• Organize shifts and lunch breaks to have 
operators always present without stopping the 
machines

• Review the organization of holidays, taking 
into account the use of temporary staff

• Extend production to the third shift 

• PUSH ON SALES!!!

Idle Production line (eg weekends, 
holidays, night shifts), and scheduled 
stops (preventive maintenance, cleaning, 
lunch break, etc.)
Data source: Production planning 

Countermeasures
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Definitions

STOPS DUE TO BREAKDOWN/FAILURE

Things to avoid:
• Time lost due to machine breakdowns 

may not be fully recorded
• For long break periods, if multiple shifts 

cannot work, the hours are often 
counted as "scheduled stops"

• Machine downtime should be recorded 
from the minute the machine stops 
until it starts, producing without 
defects. 

• Most of the time, maintenance only 
records the intervention time of the 
maintenance technicians

• Some breaking times can only be 
partially identified,  or not declared

• Pay attention to temporary solutions 

▪ TPM - FMEA

▪ Analysis of breakdown causes (eg.Pareto)

▪ 5 whys

Wasted time due to a machine breakdown

Data source (exemples)

Production Log book (preferred)

Machine Computer 

Maintenance

Countermeasures
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Example

The attention is focalised on 
important breakdowns
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Things to avoid 

• Often the losses due to the change of set up are 
not fully recorded

• Set-up changes may not be taken into account 
for the calculation of the OEE and there is no 
specific action to reduce their duration

• If the change of set up occurs before a scheduled 
stop (eg Weekend), the time may not be 
recorded or the recorded duration may be 
incorrect

• It is not calculated as the time between the last 
piece produced without defects and the new 
piece produced without defects

• It is rounded 

▪ SMED 

▪ Maintenance or production log book that records 
all set up changes and durations 

▪ Careful performance management to compare 
set changes made with standard duration 

Time lost due to set-up changes, calculated 
from the last piece produced (without 
defects) to the first new piece produced 
(without defects) at a normal speed
Data source (examples)
Production log book (preferred)
Machine computer
Observation / analysis 

Standard 

81

Actual Potential
Savings

Target 

-48%

Wastes

42

Set-up time
Balanced
work

39

150

Example

▪ 150 minutes are considered for the 
calculation of the OEE while the 
change of set up can be done in 81 
minutes 

▪ Balancing the work between 
technicians can reduce time by 
48% 

-46%
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STOPS DUE TO SET-UP

Definitions Countermeasures
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Things to avoid
• Most of the time unscheduled stops are 

not recorded
• The level of recording of unscheduled 

stops strongly depends on the level of 
performance management and process 
repeatability

• Stops shorter than 5 minutes are not 
reported as no one pays attention to them

• When there is a computer for the 
machine, they are often reported with 
wrong reasons (e.g. other stops)

• Unscheduled stops also take into account 
late starts / early termination of shifts 

▪ Strong presence of the team leader in the 
production area to enforce production schedules

▪ Continuous monitoring of production (eg. an 
hourly basis) to highlight any deviation from the 
standard

▪ Registration of all small stops
▪ Analysis and solution of the causes of stoppages
▪ It is possible to record unscheduled stops 

with a computer connected to the 
machinery and prompt operators to enter 
the reasons for the stop

• Lost time due to unscheduled stops 
different from breaks or set up changes

• Data source (examples)
• Production log book (preferred)
• Machine computer 

Example

Short stops and pertinent
causes record

Fonte: McKinsey
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UNSCHEDULED STOPS

Definitions Countermeasures



Things to avoid

▪ Speed reductions are often not recorded

▪ The speed must be compared to the 
nominal one and the nominal speed must 
be verified "live"

▪ It is often difficult to separate speed losses 
from reductions and losses from short 
unscheduled stops 

▪ Measure "live" with a stopwatch the current speed 
of the machine. It may be higher than the standard 
production speed

▪ In this case, update the standard speed by taking 
the speed that repeats several times

▪ Reduce the gap with standard speed through 
Kaizen workshops

▪ Increase standard speed through continuous 
improvement

▪ Sometimes, the machine's computer records the 
running time, and it is possible to deduce the 
speed from the number of parts produced 

Time lost due to the machine running at 
a lower speed than the standard
Data source (example) 
Machine computer
Production 
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m/min
Observation

Example Reduced speed 
recorded by the 
machine computer in 
the absence of 
observers
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SPEED LOSSES

Definitions Countermeasures
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Things to avoid

▪ If there is a specific machinery 
(external to the production line) to 
repair the defective pieces and the 
defective pieces are then re-inserted 
into the production line, these will not 
appear in the calculation of the OEE

▪ Assume that the entire production cycle 
time is lost for the production of 
defective parts

▪ Do not count the parts produced during 
the set up of the machine, they are 
already counted in the losses due to the 
change of set up 

▪ Root cause analysis and problem solving to 
eliminate the reasons for defects

▪ If the problem is due to the raw materials 
used, define strict quality specifications

▪ The pieces damaged on the line must be 
registered at the production site. You can 
use "auto quality" matrices to count defects 
and show causes

Time lost in manufacturing parts that 
are not in line with specifications that 
are rejected during the process, BUT 
STILL RECOVERABLE
Data source (example)
Quality
Production (Line carryovers) 

Auto Quality Matrix

Example
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REPARABLE SCRAPS

Definitions Countermeasures
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Definition

Things to avoid:
• Quality defects should include defects 

found later on other production lines, and 
not only defects found during the final 
inspection on the line.

• Sometimes, defective parts can be 
attributed to another order with different 
specifications and are not counted as 
quality defects. 

• Defects attributed to other manufacturing 
processes may not be recorded 

▪ Manually record all quality defects found on the 
line

▪ Cause analysis and problem solving
▪ Production time follow-up
▪ Define clear standards for operations and quality 

verification
▪ Whiteboards showing examples to identify 

specification acceptance limits or any quality 
problems that can be identified

▪ blackboards to follow the production
▪ techniques to carry out quality controls in specific 

points of production

Time wasted on manufacturing parts that 
are rejected at the end of the 
manufacturing process (or later)
Data source (example) Production report
Quality 

Countermeasures

Clear Standard showing quality
problems

Example
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SCRAPS
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Loss Category

Availability

Quality

LEVERS

standard 
work

Process
Improve
ments
(Kaizen)

Perfor-
mance 
moni-
toringSMED TPM

▪ Setup change

▪ Breakdows

performance

▪ Speed losses

▪ Unscheduled stops

▪ Scraps

▪ Reparation

Impact
Low

High
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IMPROVEMENT LEVERS



Futur
potential 
state

Futher
improve
ment

Future 
State

Initial
State

53 642 71

66.4 %

+  X1
+  X2

+  X3 +  X4 +  X5 +  X6 +  X7 Y %
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IMPROVEMENT PROCESS



SMED  

Single Minute Exchange of Die
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SET-UP

Problems that could be present normally in a Set-Up: 

• No standard method available, therefore activities based on the 

"mood of the day" 

• Variations of change times by model or change of the set-up

• frequency

• Molds, jigs and tools placed incorrectly (waste of time) 

• Unnecessary number of loosening and tightening bolts 

• Only a worker knows how to fine-tune the next change 

• Too many (or too long) running tests follow the change

• ……. 
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Set-up represent all the activities located between the last piece of the present production and the 

first piece of the successive production 



Inside and Outside Set-up

• IED (Inside Exchange Die): Inside set-up is done while the machine is idle (eg. Every part substitution).

• OED (Outside Exchange Die): Outside set-up is done while the machine is operating (eg. During the preparation

of the materials necessary for the new batch). 

Operating 
Machine

Preparation
30%

Substitution
5%

Positioning

15%

Fine tuning
50%

Operating 
Machine

Operating 
Machine

Preparation

30%

Substitution
5%

Positioniing

15%

Fine tuning

50%

Operating  
Machine
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SMED PROCESS

1. Training

2. Team creation

3. Plant / machine selection

4. Data collection

5. Survey by video and observation

6. Setup analysis - stage 1

7. Setup analysis- Stage 2 time separation

8. Stage 3 - Conversion of activities from internal to 
external, elimination of unnecessary activities

9. Improvement of internal and external activities 
stage 4

10. Standardization 
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ORGANIZATION

ANALYSIS

REDESIGN AND  E 
CARRYING OUT

SUSTAINABILITY
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Tempo 

Int Est Secondi

352Total:

1

Take the tools box

2

Take the grip and loose screw
la vite

3

Unhook the de from the machine

4

Remove the die from the 
machine

5

Take the new tool

6

Recover the fixing screws

7

Look for the grip

8

Loose and move a little the 
fixing system

9

Insert the new die

10

Look for the dynamometer

11

Set the fixing couple

12

Position the dynamometer

13

Fix stabilythe die

12

18

3

2

8

45

10

15

4

5

105

55

14

Remove the tools

15

AggioUpdate the machine 
log book 35

Change from :

to:

Observation sheet for set-up 

7

28

Machine: 

Date:

Osservazioni

No List of activities

Attività

Unprecise place for the grip. Time lost looking for the grip

MEASURE THE CHANGE TOTAL TIME REPORTING ALL THE 
ACTIVITIES WITH THE PERTINENT TIME

Internal
Activities

External
Activities

List of the 
activities

Report the 
measured

time

Unprecise place for the grip. Time lost looking for the grip



PARALLEL ACTIVITIES

• Ideally, two people can do a job in 

half a person's time 

• Think of the pit stop in Formula 

• Prepare tooling kits and trolleys 

• Keep equipment, etc., near the 

machine

• Improve handling 
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QUICK FASTENERS
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CUT OR REDUCE ALL 

REGULATIONS
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IMPROVEMENT OF INTERNAL SET-UP

• Prepare tools kits and trolleys

• Keep tools/jigs, etc., close to the machine

• Improve handling
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Set-up Check List (example)
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1. WORKING DOCUMENTS

• PROCESSING SHEETS

• TECHNICAL DRAWING PART TO WORK

• CONTROL/NUMERICAL PROGRAM

• ...

2. WORK PLACE

• KEYS AND HAND TOOLS

• CONTAINER OF PIECES TO WORK

• CARRIAGE IN THE MACHINE AREA

• COMPARATOR

• ...

3. EQUIPMENT

• NEW EQUIPMENT

• LIFTING RING AND RELATIVE WASHERS

• CONTAINER FOR TOOL TO BE DISASSEMBLED

• ……………… ..

4. TOOLS

• TOOL TROLLEY TO BE ASSEMBLED IN FRONT OF THE TOOL MAGAZINE

• TOOL TROLLEY TO BE DISASSEMBLED IN FRONT OF TOOL STORAGE

• ………………… 
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IDENTITY A PRODUCT FAMILY (GROUP): PRODUCT-PROCESS ANALYSIS

QUANTITY’: PIECES OR HOURS OR EUROS?



PRODUCTS

P
R

O
C

E
S

S
E

S

Number of processes

Types of processes

IDENTITY A PRODUCT FAMILY (GROUP): PRODUCT-PROCESS ANALYSIS  
(indexes)



Materiale riservato
Raffaele Campanella

Ea
st
 In

ox

La
vo

ra
zio

ne
 E
st
er
na

CE
SO

IA
 E
LE

TT
RI
CA

 M
AN

UA
LE

CE
SO

IA
 G
RA

ND
E 
IL
MA

SB
AV

AT
RI
CE

 F
IN
TE

C

SE
GA

 A
 N
AS

TR
O 
(B
IA
NC

O)

DI
SA

NG
OL

AT
RI
CE

 L
AV

AT
OI

FI
AM

MA 
OS

SI
DR

IC
A

BO
RD

AT
RI
CE

 C
OP

ER
CH

I( 
NO

RD
 IN

OX
 )

RI
FI
LA

TR
IC
E 
OM

ER
A

SB
OR

DA
TR

IC
E 
TU

BI
 L
IV
EL

LO

PU
NZ

ON
AT

RI
CE

 W
IE
DE

MAN
N

SC
AN

TO
NA

TR
IC
E 
CO

MAC
A

PU
NZ

ON
AT

RI
CE

 A
MAD

A

PR
ES

SA
 M

UR
AR

O 
TD

S/
15
00

PR
ES

SA
 R
OS

S 
    

    
25
0 T

ON
.

PR
ES

SA
 O
TI
 R
IS
PO

M    
 1
50
 T
ON

.

PR
ES

SA
 C
AS

AR
OT

TO
 30

0 T
ON

.

PR
ES

SA
 S
BO

RC
HI
AT

RI
CE

 ID
R.
   2

0 T
ON

.

PR
ES

SA
 M

EC
C.
RI
SP

OP
RE

SS
E 
80

 T
ON

.

PR
ES

SO
PI
EG

A 
LV

D 
PP

EB
/13

5

PR
ES

SO
PI
EG

A 
LV

DP
PE

B/
80

PR
ES

SO
PI
EG

A 
CO

LG
AR

 (L
UC

E 
3,2

m
t)

PU
NT

AT
RI
CE

 P
EN

SI
LE

SA
LD

AT
RI
CE

 T
IG
 V
EM

I

PU
NT

AT
RI
CE

 P
ER

 C
IC
AT

RO
N

PU
NT

AT
RI
CE

 A
 R
AF

FI
CA

 M
AL

AG
UT

I 8
0 L

.

RO
BO

T 
AP

ES
 S
AL

DA
TU

RA
 P
IA
NO

PR
ES

SA
 X
 F
OR

O 
GR

UP
PO

RO
BO

T 
AP

ES
 S
AL

DA
TU

RA
 V
AS

CH
E

LE
VI
GA

TR
IC
E 
X 
VA

SC
HE

 S
IL
EM

RO
BO

T 
SI
R 
SG

RO
SS

AT
UR

A 
LA

V.
&S

IM
IL
I

SA
BB

IA
TR

IC
E 
NO

RB
LA

ST

IM
PI
AN

TO
 P
EN

SI
LE

 F
LE

SS
IB
.N
R.
1/2

/4

PU
LI
TU

RA
 S
PE

CI
AL

I

PO
ST

AZ
IO
NE

 P
UL

IT
UR

A 
PE

NT
OL

E 
SP

EC
IA
LI

SA
TI
NA

TR
IC
E 
CO

NC
EN

TR
IC
A 
NO

RD
IN
OX

IM
P.
PU

LI
TU

RA
 A
 G
IO
ST

RA
 X
 C
OP

ER
CH

I

IM
P.
PU

LI
T.
A 
GI
OS

TR
.V
ER

T.
X 
PE

NT
OL

E

TE
MP

SA
TI
NA

TR
IC
E 
A 
NA

ST
RO

 M
AN

UA
LE

PU
LI
TR

IC
E 
FI
SS

A

FI
NI
TU

RA
 L
AV

. E
 S
IM

IL
I

PI
EG

AT
RI
CE

 ID
RA

UL
IC
A 
(N
OR

D 
IN
OX

)

SA
LD

AT
RI
CE

 T
IG
 N
R.
1 X

 C
OS

T.
VA

SC
HE

LA
VA

GG
IO
 C
ON

 ID
RI
OP

UL
IT
RI
CE

SA
LD

AT
RI
CE

 A
UT

OM
AT

IC
A 
MAC

CA
RI

PU
LI
TU

RA
 V
AS

CH
E 
A 
SA

LD
AR

E 
MAN

.

SA
LD

AT
RI
CE

 T
.I.G

. 

RU
LL

AT
RI
CE

 S
AL

DA
TU

RA

PR
ES

SA
 P
ER

 P
AN

FO
RT

E

SB
OR

DA
TR

IC
E

CA
LA

ND
RA

 

CU
RV

A 
TU

BI
 M

AN
UA

LE

PU
NT

AT
RI
CE

 P
EN

SI
LE

SA
LD

AT
RI
CE

 M
IG
 U
TP

.

SA
LD

AT
RI
CE

 A
 T
RA

VE
 G
LC

SA
LD

AT
RI
CE

 T
IG
 V
EM

I N
R.
2

SA
LD

AT
RI
CE

 T
IG
  X

 R
EP

.A
SS

IE
M.

PR
EP

AR
AZ

IO
NE

 X
 S
AL

DA
TU

RA

TR
AP

AN
O 
A 
MAN

O 
(H
IT
AC

HI
)

AS
SI
EM

AG
GI
O

PL
AS

MA

SB
AV

AT
UR

A 
 ( 
MAN

UA
LE

 )

SA
LD

AT
RI
CE

 A
SS

IA
LE

PR
ES

SA
 ID

RA
UL

IC
A 
10

T

PI
ST

OL
A 
DI
 V
ER

NI
CI
AT

UR
A

MAC
.D
EC

AP
PA

GG
IO
 S
AL

DA
TU

RA
 F
RO

NI
US

PR
OI
ET

TO
RE

 L
UC

E 
W
OO

D 
x C

OL
LA

UD
O

CE
NT

RA
LI
NA

 C
OL

LA
UD

O 
A 
PR

ES
SI
ON

E

MAG
AZ

ZI
NO

 P
RO

DO
TT

I F
IN
IT
I

MAG
AZ

ZI
NO

 P
UL

IT
UR

A

TO
RN

IO

TR
AP

AN
O 
A 
CO

LO
NN

A

FR
ES

AT
RI
CE

 (C
OR

RE
A)

FR
ES

AT
RI
CE

(N
OM

O)

TR
AP

AN
O 
RA

DI
AL

E

SE
GH

ET
TO

 A
LT

ER
NA

TI
VO

 (E
RC

OL
E)

RO
BO

T 
SI
R 
SA

LD
AT

UR
A

10 11 14 15 18 19 21 22 23 31 32 33 41 42 43 44 45 46 51 52 53 61 62 63 66 67 68 69 71 72 73 76 77 78 80 81 82 83 88 89 90 91 93 94 95 96 98 101 102 103 104 106 111 112 113 114 115 116 117 118 119 120 121 122 123 131 132 133 135 136 140 141 142 143 144 145 200

Brasiere X X X X X X X X X X X X

Brasiere Becco X X X X X X X X X X X X

Coperchi  1300pz X X X

Coperchi C.B. 500pz X X X X X X X X

Cuocipasta X X X X X X X X X X X X X X X X X

Lavatoi X X X X X X X X X X X X

Pentole

Sanitari 

Sanitari LAVAMANI X X X X X X X X X

Sanitari PIATTODOCC X X X X X X X X

Sanitari TURCA X X X X X X X X X

Sanitari BUSTOILETTE X X X X X X

Sanitari WC+TAV X X X X X X X X X X X X X X X X

Tavoli -1- X X X X X X X X X X X X X X X

Tavoli -2- X X X X X X X X X X X X X X

PROCESSES
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COMPLEXITY INDEX: 141 x 20 = 1820

IDENTITY A PRODUCT FAMILY (GROUP): PRODUCT-PROCESS ANALYSIS



FOR FUTHER REDUCTION OF  SET-UP TIME…

• STANDARDIZATION: Reduce or eliminate differences between parts

• INTEGRATION: Combine parts or tooling steps

• SPECIALIZATION: Dedicate machines to a family of products (Simpler 

machines instead of a large and expensive machine)

• SIMPLIFICATION: Simplify setup so that it can be done by operators

• TEND TO OTED (one-touch exchange of dies): Set-up with no more than 

one movement 
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5-10 Sec.
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