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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This part of ISO 22400 focuses on key performance indicators (KPIs) for manufacturing operations
management.

KPIs are defined as quantifiable and strategic measurements that reflect an enterprise’s critical success
factors. KPIs are very important for understanding and improving manufacturing performance, both
from the lean manufacturing perspective of eliminating waste and from the corporate perspective of
achieving strategic goals.

NOTI

,tlonal h1erarchy model of a manufacturlng enterprlse Flgu el deplcts the dlfferent lf
Ctional hierarchy model: business planning and logistics (Level 4), manufacturing.oper

desired end products. Maintaining recol
and optimizing the production process.
¢ Frame

Days, shifts, hours, minutes, seconds

Manufacturing

Operations Management
Dispatching Production, Detailed Production
heduling, Rediability Assurance

2 - Monitoring, supervisory control and
automated control of the production pre
Time Frame
Hours, minutes, seconds, subseconds

1- Sensing the production process,
manipulating the production process

0 - The actual production process

[rol (Level 3), and batch, continuous, or discrete control (Level 1-2). The levels provid
ctions and work in different timeframes.
Lm,-.gu AN
Business Planning q- Esla‘ullshlng the basm plant schedule -
& Loaqisti production, materiahyuse, delivery, and
ogistics shipping. Deterriinifig inventory levels.
pantproducton Schedos, ./ Time Frame
- = Months, weeks, days
Level 3 3 - Work.flow / recipe control to produce the

tion of the
vels of the
ations and
e different

rds

IECL&

Enterprise,

site and areas are generlc terms whereas there are spec1f1c terms for work centres and work units that

apply to batch production, continuous production, discrete or repetitive production, and for storage and
movement of materials and equipment.
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NOTE 4

This part
generated
order to ge

The KPIs i
units), inst

MOM, som

of operations management:

— produ
— mainte
— quality

— invent

Equipment used  Equipment used Egquipmentused  Equiprment gsed

\ PN AN ,
N f R
in batch in continuous in repetitive or for storage or
production production discrete production rady Brne nt

\dapted from [EC 62264-3.
Figure 2 — Role based equipment hierarchy

bf 1ISO 22400 specifies the KPIs “residing”™ at Level 3, i.e. related to MOM. These KPIs
calculated within Level 3. Some of these KPIs are forwarded to Level 4 for further usagg
nerate these KPIs, parameters from(lievels 2 and 1 might be needed.

h this part of ISO 22400 use the most generic terms possible (e.g. work centres and w
pad of industry specific terms:

ptimes referred to as manufacturing execution systems (MES), models four major catego

tion operations‘management;
nance operations management;
r operationis management;

bry Operations management.

are
. In

ork

ries

An activity model further details each category. Each activity model includes eight activities:

— detailed scheduling;

— dispatching;

— execut
— resour

— definit

ion management;
ce management;

ion management;

— tracking;

Vi
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data collection;

analysis.

These activities apply to production operations, quality operations, inventory operations and
maintenance operations.

Analysis is the performance of calculating KPIs using information from other activities. Workflows can
be used to illustrate the important events and steps needed in the calculation process for KPIs.

KPIs alone are not sufficient factors to perform the necessary management and execution operations for

an q
ind
Oftq
pro

To
aut
for

A st
a)

b)

ISO
exc
resj
eng
and

KPI
sco

factors. These KPIs are used to assess the progress or extent of compliance with regard to

objé
(pr
con
fact

lltCl lJl ;OC- FUI lllqll_y Ufthc ;ud;\,atul o, d \,Ulllllqll_y DPCL;f;\, thl CJhU}d ;D dcf;ucd. ‘VAV’hCll thU
cator exceeds or falls below the threshold, actions are initiated (e.g. to improve efficiency
bn it is necessary to define warning and action limits. Warning limits help to detéct th
ress and equipment changes before company-specific thresholds are violated.

mprove the productivity of the manufacturing resources, information (provided by

broviding critical feedback through KPIs.
andardized schema for the expression of these KPIs is intended to¢

facilitate the specification and procurement of integrated systelis, in particular, the inter
requirements among MES applications;

provide a means to categorize productivity tools thatcan be used across applications.

22400 provides an overview of the concepts, the terminology and the methods to desc
hange KPIs for the purpose of managing manufacturing operations. The audience is factor)
ponsible for production performance, software suppliers developing KPIs for factory m4
ineers engaged in process planning of produets, planners and designers of manufacturix
equipment and device suppliers.

5 also reside at Level 4, i.e. KPIs related to business planning and logistics, which are
be of this part of ISO 22400. Level4 KPIs are often related to economic, business, logistic af

ctives or critical success factors within a company. Economic KPIs serve as a basis fo
blem identification, presentation, information extraction), for economic control (ta
parison), for financial doecumentation and for coordination (behaviour management) of]
s and relationships-within the company.

alue of the
por quality).
b trends in

industrial

bmation systems and control devices about process, equipment, operator-and material can be useful

pperability

Fibe and to
 managers
Inagement,
g systems,

butside the
d financial
important
I decisions
'get/actual
important
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Automation systems and integration — Key performance

indicators (KPIs) for manufacturing operations
management —

Part 2:

Definitt tdescripti

1 [Scope

[SO|22400 specifies key performance indicators (KPIs) used in manufacturingoperations m
(MOM).

Thip part of ISO 22400 specifies a selected number of KPIs in currentpractice. The KPIs areg

anagement

presented

by means of their formula and corresponding elements, their time behaviour, their unit/dimension and

other characteristics. This part of ISO 22400 also indicates the usef_group where the KPIs ar
the|production methodology to which they correspond.

With reference to equipment, the KPIs in this part of ISO\22400 relate to work units, as 3
IEC|62264.

2 [Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

2.1
reference time

basp timeline used for time models, eorresponding to the planned maximum time interval a
profduction and maintenance tasks

EXAMPLE A calendar day with 24 hours; a week.

2.2
plapned time
planned duration©f)a specific time period

EXAMPLE The intended duration of an operation or a resource state according to the planning.

2.3
actyual’ time

b used, and

pecified in

railable for

realized duration of a specific time period

EXAMPLE The actual duration of an operation or a resource state.
Note 1 to entry: Actual time may be less than, equal to, or greater than corresponding planned time.

2.4
time model
partition of the reference time

3 Symbols and abbreviated terms

ADET actual unit delay time

© IS0 2014 - All rights reserved
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ADOT
AOET
APAT
APT
APWT
AQT
AUST
ATT
AUBT
AUPT
CI

Cm
CM
Cmk

CMT

FE
FGI
GP
GQ
1GQ
IP
LSL
LT
MOM
NEE
NOT
oC
OEE

OL

actual unit downtime

actual order execution time
actual personnel attendance time
actual production time

actual personnel work time

actual queuing time

actual unit setup time

actual transport time

actual unit busy time

actual unit processing time
consumables inventory
machine capability index
consumed material

critical machine capability index
corrective maintenance time
process capability index

critical process capability index
equipment production capacity
failure event

finished goods inventory,

good part

good quantity

integratéd.good quantity
inspected part

lower specification limit

toading time

manufacturing operations management
net overall equipment effectiveness index
net operating time

operation cluster

overall equipment effectiveness

other loss

© ISO 2014 - All rights reserved
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OPT

PBT

PL

PMT

PO

POET

operating time

planned busy time
production loss

preventive maintenance time
production order

planned order execution time

IS0 22400-2:2014(E)

POQ
POS
POT
PQ

PRI
PSQ
PUSIT

RMI

RQ

SQ

STL
TBH
TTH
TTR
USL
WG
WIH

wop

planned order quantity
production order sequence
planned operation time
produced quantity

planned run time per item
planned scrap quantity
planned unit setup time

raw material inventory
rework quantity

standard deviation

scrap quantity

storage and transportationloss
operating time between failure
time to failure

time to repair

upper specification limit
working group

work in process inventory

work process

WP

>

02

WOTR prace

arithmetic average

average of average values

estimated deviation

variance
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4 Structure of KPI description
KPI specifications are expressed using the structure in Table 1 and are in accordance with ISO 22400-1.

The structure in Table 1 identifies KPI descriptive elements in the left column and gives a description of
each element in the right column.

Table 1 — Structure of KPI description

KPI description
Content:
Name Name of the KPI
ID A user defined unique identification of the KPI in the user environment
Description A brief description of the KPI
Scope Identification of the element that the KPI is relevant for, which can be a workwunit; work cengre
or production order, product or personnel
Formula The mathematical formula of the KPI specified in terms of elements
Unit of measufe The basic unit or dimension in which the KPI is expressed
Range Specifies the upper and lower logical limits of the KPI
Trend Is the information about the improvement direction, highet. is better or lower is better
Context:
Timing A KPI can be calculated either in
D real-time - after each new data acquisition event
D on demand - after a specific data'sélection request
o periodically - done at a certaininterval, e.g. once per day
Audience Audience is the user group typically using this KPI. The user groups used in this part of
IS0 22400 are
D Operators - personnel responsible for the direct operation of the equipment
D Supervisors,- personnel responsible for directing the activities of the operators
D Management - personnel responsible for the overall execution of production
Production mgthodology Specifies the production methodology that the KPI is generally applicable for
o Discrete
D Batch
. Continuous
Effect model diagram The effect model diagram is a graphical representation of the dependencies of the KPI elemgnts
that can be used to drill down and understand the source of the element values.
NOTE This is a quick analysis which supports rapid efficiency improvement by corrective
actions, and thus reduces errors
Notes Can contain additional information related to the KPI. Typical examples are
o Constraints
. Usage

4 © ISO 2014 - All rights reserved
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5 Elements used in KPI description
5.1 Time elements

5.1.1 Notations

In the time model of this part of ISO 22400, in order to process and complete a production order, one or
more tasks are performed using a set of production resources, e.g. production personnel, equipment and
materials.

NOTET  Since many continuous operations (e.g. refineries and other petrochemical facilifies) define
“throughput” using an arbitrary time period (e.g. a day or a shift), rather than a production order{based time
intefval, KPIs derived using this production order time model need to be adjusted for those industrigs.

NOTE 2  The identifying element name abbreviations indicated in round brackets in this,clause arq used in KPI
calculations in Clause 6.

NOTE 3  Definitions of maintenance elements have been taken from IEC 6005019

NOTE4  The term “time” in the element specifications refers to a duration/ftime.
5.1f2 Planned times

5.1)2.1 Planned order execution time (POET)
The planned order execution time shall be the planned.time for executing an order.

NOTE It is often calculated from the planned run, time per item multiplied by the order quantity plus the
planined setup time.

5.1j2.2 Planned operation time (POT)

The planned operation time shall be-the’planned time in which a work unit can be used. Th¢ operation
timg is a scheduled time.

5.1/2.3 Planned unit setup time (PUST)

The planned unit setup timé shall be the planned time for the setup of a work unit for an ordgr.

5.12.4 Plannedbusy time (PBT)

The planned,busy time shall be the planned operation time minus the planned downtime.

NOTE The planned down time can be used for planned maintenance work. The planned bus$y period is
available for the detailed planning of the work unit for expected production orders.

5.1.2.5 Planned run time per item (PRI)

The planned run time per item shall be the planned time for producing one quantity unit.
5.1.3 Actual times

5.1.3.1 Actual personnel work time (APWT)

The actual personnel work time shall be the time that a worker needs for the execution of a production
order.

© IS0 2014 - All rights reserved 5
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5.1.3.2 Actual unit processing time (AUPT)

The actual

unit processing time shall be the time needed for setup and for the production.

5.1.3.3 Actual unit busy time (AUBT)

The actual unit busy time shall be the actual time thata work unitis used for the execution of a production

order.

5.1.3.4 Actual order execution time (AOET)

The actual
production

order execution time shall be the time difference between start time and end time
order. It includes the actual busy time, the actual transport and the actual queuingtime

5.1.3.5 Actual personnel attendance time (APAT)

The actual
production
shall be thg

orders. It does not include actual time for company authorized break periods (e.g. lunch
e difference between login and logout excluding breaks.

5.1.3.6 Actual production time (APT)

The actual

production time shall be the actual time during which a-werk unit is producing. It incly

only the value-adding functions.

5.1.3.7 Actual queuing time (AQT)

The actual

Hueuing time shall be the actual time in which the material is eitherin transportor progres

through a jnanufacturing process, i.e. the material is waiting for the process to begin.

5.1.3.8 Actual unit down time (ADOT)

The actual
although it

is available.

5.1.3.9 Actual unit delay time (ADET)

The actual
minor stop
lead to unyj

unit delay time shall be the actual time associated with malfunction-caused interrupti
pages, and othefunplanned time intervals that occur while tasks are being completed
yanted extension of the order processing time.

5.1.3.10 Actual unit’'setup time (AUST)

The actual

personnel attendance time shall be the actual time that a worker is available to worlt

unit down time shall be the actualtime when the work unit is not executing order product

unitsetup time shall be the time consumed for the preparation of an order at a work unif.

Df a

on
). It

des

bing

— e

on

hns,
hat

5.1.3.11 Actual transport time (ATT)

The actual

transport time shall be the actual time required for transport between work units.

5.1.3.12 Actual unit processing time (AUPT)

The actual

unit processing time shall be the actual production time plus the actual unit setup time.

5.1.3.13 Actual unit busy time (AUBT)

The actual

unit busy time shall be the actual unit processing time plus the actual unit delay time.
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3.14 Actual order execution time (AOET)

The actual order execution time shall be the time from the start of the order until the time of the
completion of the order.

5.1.

5.1.

4 Maintenance times

4.1 Time between failures (TBF)

The time between failures shall be the actual unit busy time (AUBT) between two consecutive failures of

aw
and

5.1
Thd

5.1
Thd

5.1

Thd
for

5.1
Thd

maintenance is performed on a work unit{_including technical delays and logistic delays

cor

5.1
Thd

maintenance is performed\oh a work unit, including technical delays and logistic delays

pre

5.2

Thi
bet
ope

prkumitictuding setuptinme; production tinreamd repair time Tetatedto tire orders being
without delay times.

4.2 Time to repair (TTR)

time to repair shall be the actual time during which a work unit is unavailable due to a f;

4.3 Time to failure (TTF)

time to failure shall be the time between failures minus the time térepair.

4.4 Failure event count (FE)

failure event count shall be the count over a specified time interval of the terminations o
h work unit to perform a required operation.

4.5 Corrective maintenance time (CMT)

corrective maintenance time shall be the part of the maintenance time during which

ective maintenance (see [EC 60050-191).

4.6 Preventive maintenance time (PMT)

preventive maintenance(time shall be that part of the maintenance time during which

yentive maintenance((see IEC 60050-191).

Time modelyfor work units

5 time modelapplies to time considerations for the use of work units. Figure 3 shows the r
veen speeific periods. In Figure 3, the difference between time elements constitute
ratiofi’time.

processed

hilure.

[ the ability

corrective
nherent in

preventive
nherent in

blationship
5 a loss of

©IS

02014 - All rights reserved


https://standardsiso.com/api/?name=12667727fe6c82a98ba1e07ac72be34f

IS0 22400-2:2014(E)

[ Plannedlime
Referencetime : |
POT
Flanned operationtime Ir TTITIIIL I
PBT Mo produc tion
Planned busytime ' fransnnnnns]
Flanned down time
AUBT ADOT
Actual §nitbusy time - fessnnrnnnnnns]
Actugluni down time N
_ AUPT ADET (19
Actual ynitprocessing I poasans (1/
time Actuvel uni dedgy time Q/
APT AUST Q
Actual groduction time - desnnnnnsl q/b‘
Actualunit setup time (1/
— Actusltime O
Figure 3 — Time lines for work units
NOTE Annex B provides a time model for work units with differenttime element partitions for which KPIs

(e.g. OEE) gé¢nerated using that model are different from those specified in Clause 6.

5.3 Timp model for production order

This time jmodel is valid for executing the production order. Figure 4 shows the production ofder
processing/time line consisting of multiple occurrénces of operations equipment time lines (see Figure
3). The work unit time lines for a production order may be carried out in separate operations at sevgral

work units
— Flanned time
POET
Plannedordertime : fernssnnannas
Y
o AOET :
Actual oder execution O 1
time A Order seouence | Order seouence 2
" AUBT ATT, AQT ¥ AUBT ATT, AQT |
Actualumﬂbusvﬁme :‘ J-I-l---l-l.-lul. EEREESEESS
Actual
fransportation
) AHET HEET | AHPET AEE—zmorErerg
Actual unitprocessing ! RS I f===*l time
ume Actusidelfay fime
APT AUST APT AUST
Actual production time - s L )
Actual unit setup time
Aciusal fime

Figure 4 — Time lines for production order processing
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Time model for personnel

This time model applies to time considerations for personnel.

Actual personneal L APAT J
attendance time ! .

: APWT :
Amlalpersunnelwmh I LT LY
time _ Ereaks
—Aclualiime ||'J'|'r‘i.|||rl‘|ll.|l v -

5.5

5.5

The
pro

5.5

Thd
tob

5.5
Thd

manufacturing the product (e.g. at the start or ramp-up phases of the manufacturing system

5.5
The

5.5

The
req

5.5

Figure 5 — Time lines for personnel

Logistical elements

1 Planned order quantity (POQ)

planned order quantity shall be the planned quantity of products for a production ord
duction order quantity).

2 Scrap quantity (SQ)

e scrapped or recycled.

3 Planned scrap quantity (PSQ)

planned scrap quantity shall heCthe amount of process-related scrap that is expe

4 Good quantity (GQ)

good quantity shall pe the produced quantity that meets quality requirements.

5 Rework quantity (RQ)

rework quantity shall be the quantity that fails to meet the quality requirements, but W
1irements can be met by subsequent work.

6, ‘Produced quantity (PQ)

er (lot size,

scrap quantity shall be the produced quantity that'did not meet quality requirements andl either has

cted when

S).

here these

The produced quantity shall be the quantity that a work unit has produced in relation to a production
order.

5.5.

7 Raw materials (RM)

The raw materials shall be the materials that are changed into finished goods through the production.

5.5.

8 Raw materials inventory (RMI)

The raw materials inventory shall be the inventory of materials that are changed into intermediates or
finished goods through production.

© IS0 2014 - All rights reserved
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5.5.9 Finished goods inventory (FGI)

The finished goods inventory shall be the amount of acceptable quantity which can be delivered.

5.5.10 Consumable inventory (CI)

The consumable inventory shall be material which is transformed in quantity or quality during the
production process and which is no longer available for use in production operations.

EXAMPLE

Fuel.

NOTE

onsumables are speciiied 1n detall in [EC 62264-1.

5.5.11 Consumed material (CM)

The consumed material shall be the summed quantity of materials consumed by a process.

NOTE I

the process industry (e.g. oil refining and chemicals), consumed material is) usually used in|

denominatdr to calculate the related KPIs. In some industrial processes, input can be less than the output. M
chemical anld physical changes occur during production, and product yield has fluctuation and uncertainty.
therefore difficult to calculate and measure the output.

5.5.12 Int

The integr
product pr,

EXAMPLE
lower qualif
Therefore, K

dq

NOTE
in the same
used to unif

egrated good quantity (1GQ)

hted good quantity shall be the summed product count ér quantity resulting from a m
pduction process used in KPI calculations instead ofGQ:

If the quality of a product has not reached a higlter’level “A”, it can be sold as a product w
y level “B”. Then the ratio of products of level “B” raises as the ratio of products of level “A” decl
[Pls are calculated from the view of all related products, e.g. the level “A” plus level “B” products.

unit of measure, or be converted to the.sanre unit of measure. A list of conversion coefficients ca
y the measurement modes of different products.

5.5.13 Pr¢duction loss (PL)

The produ
NOTE
5.5.14 Stg
The storag

inventory
another.

'tion loss shall be the quantity lost during production, calculated as output minus input.

Psed in batch and continuous manufacturing.

rage and transportation loss (STL)

e and transportation loss shall be the quantity lost during storage and transportation,
ost during an inventory calculation or material lost during movement from one plac

NOTE

the
any
Itis

1ti-

h a
hes.

ince IGQ represents the quantity of all praodug¢ts during production, all products need to be measyred

h be

e.g.
e to

wcﬂf‘ inhatch and continuocusmanufacturing
O

5.5.15 Other loss (OL)

Other loss shall be the quantity lost due to extraordinary incidents, e.g. natural disasters.

NOTE

Used in batch and continuous manufacturing.

5.5.16 Equipment production capacity (EPC)

Equipment production capacity is the maximum production quantity of production equipment.

NOTE

10

Used in batch and continuous manufacturing.
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5.6 Quality elements

5.6.1 Good part (GP)

A good part shall be the count of individual identifiable parts, e.g. by serialization, which meets the
quality requirements.

NOTE In discrete manufacturing, a part is typically a single produced item. In batch manufacturing, a party
refers to a specified material lot.

5 6 s ] Laneneaciadsrarni I1D)
Pl Fr- T pPTCTCapart(anr)

An [nspected part shall be the count of individual identifiable parts, e.g. by serialization, which was
testled against the quality requirements.

NOTE In discrete manufacturing, a part is typically a single produced item. In bateh.manufactuting, a party
refers to a specified material lot.

5.6{3 Upper specification limit (USL)

An Zipper specification limit is a value below which performance of &product or process is adceptable. It
represents the maximum acceptable value of a variable.

5.6/4 Lower specification limit (LSL)

A lgwer specification limit is a value above which performance of a product or process is acceptable. It
represents the minimum acceptable value of a varialle:

5.7| Quality elements

5.7]1 Arithmetic average ()_c )

If, ip a series of n measurements, each measured value x4, ...,X;,...,X, was measured independé¢ntly based

on [epetition conditions, then.\x (“x-bar”) represents the arithmetic average value frgm these n
indjvidual values.

2 Average of avérage values (; )

“u
3

i$ calculated from the average of single sample average values ()_c ).

=l

5.7]3 Estimated deviation (&]

The éstimated deviation is calculated by the average value of the standard deviation from p sequence
of samples witir constant random MSpection SizZe, muttiptied by a confidence factor depending on the
random inspection size of the standard deviations.

5.7.4 Standard deviation (o)

The standard deviation is a measure for the dispersion of measured values around its average value, and
is determined from the square root of the variance.

5.7.5 Variance (02)

The variance is a measure which describes how strongly a measured variable (characteristic) strews. It
is calculated as the distances of the measured values from the average value are squared, summed up
and divided by the number of measured values.
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6 Description of KPIs

Tables 2 to 35 describe the KPIs for MOM. Annex A specifies the logical relation among the KPI elements.
Annex A is mandatory for any implementation of this part of ISO 22400, although not all elements of
Annex A are required in all implementations.

Table 2 — Worker efficiency

KPI description

Content

Name Worker eftficiency

ID

Description The worker efficiency considers the relationship between the actual personnel work
time (APWT) related to production orders and the actual personnel attendance time
(APAT) of the employee.

Scope Worker, workgroup, work unit

Formula Worker efficiency = APWT / APAT

Unit of measufe %

Range Min: 0%
Max: 100%

Trend The higher the better

Context

Timing Periodically

Audience Supervisor, management

Production mgthodology Discrete, batch, continuous

Effect model diagram see Figure A.1

Notes When calculating waorker efficiency be careful of possible double counts if the workefr is
working on several'work units or production orders simultaneously
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Table 3 — Allocation ratio

KPI description

Content

Name Allocation ratio

ID

Description The allocation ratio is the relationship of the complete actual busy time over all work
units (AUBT) involved in a production order to the actual order execution time of a
production order (AOET).

Scope Product, production order, and plant

Forthula Allocation ratio = Y AUBT / AOET

> AUBT = sum of the AUBT of all work units involved in a productiox{-q?ier.

Unitjof measure

% S

Range Min: 0% Q; v
Max: 100% b‘Q
>100% is possible in case of overlapping of product(qn(}perations

Trer|d The higher the better _ v

Confext . \

Tim|ng Periodically P é\

Aud]ence Supervisor, management (\‘(

Production methodology Discrete, batch, continuous N Q v

Effeft model diagram see Figure A.2 &0\,\

Notgs The allocation ratio is a@n?iex for the wait times and delay times. It showshow much of
the throughput tim production order is caused by actual processing. Too much wait
and down time exten the throughput time.

.\Q,“

3
Tablg\ 6— Throughput rate

KPI|description

Content

oY

Nanje \‘ + Throughput rate

ID -O\\

Des¢ription

Process performance in terms of produced quantity of an order (PQ) and tHe actual
execution time of an order (AOET).

Scoyje ~

Product, production order, and plant

Forthula AOJ

Throughput rate = PQ/AOET

Unitjof measure ﬁs

Quantity unit / Time unit

Range 0‘
=

Z

Min: 0 quantity units / time unit

Max: product-specific

Treq] do"\ The higher the better
Con exr

Timing On demand, periodically
Audience Supervisor, management

Production methodology

Discrete, batch

Effect model diagram

see Figure A.3

Notes

The Throughput rate is an index for the performance of a process. This performance
indicator is an important index for the efficiency in production

The performance indicator is calculated per order after order closing. Hours or days are
typical time-units to rate throughput specific for a product.

© IS0 2014 - All rights reserved
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Table 5 — Allocation efficiency

KPI description
Content
Name Allocation efficiency
ID
Description The allocation efficiency is the ratio between the actual allocation time of a work unit

expressed as the actual unit busy time (AUBT) and the planned time for allocating the

work unit expressed as the planned unit busy time (PBT).
Scope Product, production order, and work unit
Formula Allocation efficiency = AUBT / PBT N

P&
Unit of measufe % (-\'\
4

Range Min: 0% B

Max: 100% Vv
Trend The higher the better N ()\)
Context W

o
A v
Timing On-demand ~ l/
Audience Operator, supervisor, management \6\1
N
Production mgthodology Discrete, batch, continuous r.s\\
N

Effect model diagram see Figure A.4 AQ
Notes The allocation efficiency indicates how s??g?y the planned capacity of the work unjt is

already used and how much planned capacity is still available

The allocation efficiency is only afféQ&l by the actual unit idle time while the availalpil-

ity KPI takes the actual unit delavi,me into account.

N
Table 6 — Utilizati@i efficiency
\\‘\
KPI description »\’0
Content ,-\l~
Name Utilizati?niﬂhgiency
D 4
&\ .
Description §§t11ization efficiency is the ratio between the actual production time (APT) and {he
~ al unit busy time (AUBT)
Scope f-\\,"{/\/ork unit
Formula \%\j Utilization efficiency = APT / AUBT
N\
Unit of measufe /\% %
Range Qy Min: 0%
V Max: 100%
=N\ A\J
Trend :\) The higher the better
Context e ?*\
o N . .

Timing % On-demand, periodically, real-time
Audience Operator, supervisor, management

Production methodology

Discrete, batch, continuous

Effect model diagram

See Figure A.5

Notes This indicator identifies the productivity of work units. Because only the production
time affects an added value which will be paid by the market, the goal should be to geta
high indicator value.
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Table 7 — Overall equipment effectiveness index

KPI description
Content
Name Overall equipment effectiveness index
ID
Description The OEE index represents the availability of a work unit (see Table 9), the effectiveness
of the work unit (see Table 10), and the quality ratio (see Table 11) KPIs integrated in a
single indicator.
Scope Work unit, product, time period, product, defect types
Forrpula OEE index = Availability * Effectiveness * Quality ratio N
P&
Unitjof measure % (-\'\
O
Range Min: 0% (,1./
Max: 100% 7
-
Trerjd The higher, the better ‘\(Q
y4
Congext (9)
|2
Tim|ng On-demand, periodically, real-time _ O
Aud|ence Operator. supervisor, management ¢ \‘O
Proquction methodology Discrete, batch, continuous , O\
Effeft model diagram See Figure A.6 <\\<
Notgs Overall equipment effectiven SQO\E(E] is an indicator for the efficiency of work units,
work centres and areas wit §veral work units or an entire work centre. The OEE index
forms the basis for impro nts by better production information, identification of
production losses, and i@n‘ovement of the product quality by optimized piocesses.
The calculation of OEE:based on the hierarchy structure (see Figure 2) is ofjly useful if
the characteristic.of the work unit processes would be comparable. Before ftarting a
benchmark ba‘ n the OEE index the criteria for comparability should bg checked.
A\
Table 8 — I\Lifequipment effectiveness index
KPI|description ('\\CJ
G
Content a~ *
N
Nanje (-\S Net equipment effectiveness index
\JJ
v O
Des¢ription O : The net equipment effectiveness (NEE) index combines the ratio between gctual unit
\% processing time (AUPT) and planned busy time (PBT), the effectiveness KMl (see
A% Table 10) and the quality ratio KPI (see Table 11) into a single indicator
Scoyje O\) Work unit, product, time period, product, defect types
Forthula A?”\ NEE index = AUPT / PBT * Effectiveness * Quality ratio
Unitof meas@} %
N
Range &v Min: 0%
% Max: 100%
Trend The higher, the better
Context
Timing On-demand, periodically
Audience Supervisor, management

Production methodology

Discrete, batch, continuous

Effect model diagram

See Figure A.7

Notes

The net equipment effectiveness (NEE) index is comparable with the OEE index but it
includes the setup time within a modified availability KPI that is calculated as the ratio

between the actual unit processing time and the planned busy time.

The NEE index indicates losses by work unit delays, cycle time losses and losses by

rework.

© IS0 2014 - All rights reserved
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Table 9 — Availability

KPI description

Content

Name Availability

ID

Description Availability is a ratio that shows the relation between the actual production time (APT)
and the planned busy time (PBT) for a work unit.

Scope Work unit, product, time period, product

Formula Availability = APT / PBT

Unit of measufe

% a X

N
Range Min: 0% (]9
Max: 100% c.
2}
Trend The higher, the better (\Q
N\J
Context ﬂb‘
o L 4
Timing On-demand, periodically ,-\(1/
Audience Supervisor, management U
7
Production mgthodology Discrete, batch, continuous 5\\
Effect model diagram See Figure A.8

N

Notes Availability indicates how strongly the ca @r of a work unit for the production is used

in relation to the available capacity. Q

The term availability is also called of utilization or capacity factor.

A
Table 10 — Effect&/ ess
)

KPI description \’\\@
Content \‘.O
Name Effectivene‘sz\.\)b
Description Effectiveness represents the relationship between the planned target cycle and the

ac@(ycle expressed as the planned runtime per item (PRI) multiplied by the prodficed

@ tity (PQ) divided by the actual production time (APT).
Scope . ork unit, work centre, area, product, time period, product
Formula O‘&) Effectiveness = PRI * PQ / APT

Cd
Unit of measufe S AN %
Range Qy Min: 0%
X Max: 100%
Trend V The higher, the better
N

Context &
Timing % On-demand, periodically, real-time
Audience Operator, supervisor, management

Production methodology

Discrete, batch, continuous

Effect model diagram

See Figure A.9

Notes

The effectiveness can be calculated in short periods and indicates how effective a work
unit will be during the production time.

The specification uses the element planned runtime per item (PRI) also known as cycle
time. This specifies how long it takes to produce a fixed quantity of produced material.
Batch and continuous production methodologies typically express the expected output
per time as the quantity that can be produced in a specified period of time (e.g. HL per
hour). This value is reciprocal to the PRI element and can be converted into a PRI by
specifying a fixed quantity of the produced material.

16
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Table 11 — Quality ratio

KPI description
Content
Name Quality ratio
ID
Description The quality ratio is the relationship between the good quantity (GQ) and the produced

quantity (PQ).
Scope Work unit, work centre, area, product, time period, product, defect types
Formula Quality ratio =GQ / PQ
Unitjof measure % )\b‘

N

Range Min: 0% (19

Max: 100% 0,
Trerld The higher, the bett Q"

rerf e higher, the better N
NJ
Congext ﬂb‘
Tim|ng On-demand, periodically, real-time ,-\(l/v
Aud|ence Operator, supervisor, management O\k)
-~
Production methodology Discrete, batch, continuous 5\\
Effeft model diagram See Figure A.10 U
. . . . . \ .
Notgs This indicator is usable as real-}\f)@wdlcator for the operator level.
\\‘<
Table 12 — Setup'ratio
\(7;
KPIdescription . ’{s
Congent . \Q)®
Nanje Setup ratio A
ID \Y
a

Desgription T up ratio is the ratio of actual unit setup time (AUST) to actual unit pfocessing

time (AUPT). It specifies the percentage time used for setup compared to tlle actual time

. ed for processing.
Scope A@ Work unit, product, production order
Forrpula ("k-) Setup ratio = AUST / AUPT
A4
Unitjof measure . %
N
Range \% Min: 0%
(\% Max: 100%
N/

Trenld ‘?‘Q‘ The lower, the better
Confext \Q
Tim|ng ES On-demand, periodically
Aud ep-c:e\\‘ Supervisor, management
Prod orrmethodotosy Biseretebatehconttons

Effect model diagram

See Figure A.11

Notes

The setup ratio indicates the relative loss of value adding opportunity for the work unit.
The higher the value of the indicator is the higher is the setup time in relation to the
processing time of a production order which adds value to the product. For an enterprise
a high setup ratio means a consumption of (potential) value added time.

The setup ratio has to be considered especially when the order lot size is decreasing
which may happen in a response to the demand for a flexible supply chain.

© IS0 2014 - All rights reserved
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Table 13 — Technical efficiency

KPI description
Content
Name Technical efficiency
ID
Description The technical efficiency of a work unit is the relationship between the actual production

time (APT) and the sum of the actual production time (APT) and the actual unit delay

time (ADET) which includes the delays and malfunction-caused interruptions.
Scope Work unit, product, and production order
Formula Technical efficiency = APT / (APT + ADET)

P&
Unit of measufe % (-\'\
O

Range Min: 0% (,1./

Max: 100% ’

-
Trend The higher, the better ‘\(Q
( v
Context q b
|2

Timing On-demand, periodically, real-time _ O
Audience Operator, supervisor, management ¢ \
Production mgthodology Discrete, batch, continuous L O
Effect model diagram See Figure A.12 <\\<
Notes The technical efficiency does not 1nclu(KQtup time in contrast to the utilization effi

ciency.

100% corresponds to maximum aés\nable technical efficiency without malfunction

caused interruptions.

’\.‘
Table 14 — Producg@ process ratio
KPI description \O
Content .C ’*'
N
Name Product@}rocess ratio
ID ’
Description Q\)roductlon process ratio specifies the relationship between the actual productign
e (APT) over all work units and work centres involved in a production order and §he
whole throughput time of a production order which is the actual order execution timp
~O " oem)
Scope \J Product, production order, and plant.
-~
Formula 0 Production process ratio = > APT / AOET
?\2 YAPT =sum of the APT of all work units and work centres involved in a production
O order.
\ d
Unit of measufe BS %
Range '\‘ Min: 0%
% Masx106%

>100% is possible in case of overlapping of production operations
Trend The higher, the better
Context
Timing On-demand, periodically
Audience Supervisor, management
Production methodology Discrete, batch, continuous
Effect model diagram See Figure A.13
Notes The production process ratio is an index for the efficiency of the production.

A low production process ratio is low indicates that the production orders include a lot of
wait-time or idle periods instead of production time.
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Table 15 — Actual to planned scrap ratio

KPI description
Content
Name Actual to planned scrap ratio
ID
Description The actual to planned scrap ratio calculated as the scrap quantity (SQ) divided by the

planned scrap quantity (PSQ) indicated how much scrap was actually produced com-

pared with the expected (planned) value.
Scope Work unit, product, defect type
Forthula Actual to planned scrap ratio = SQ / PSQ N

P&
Unitfof measure % (-\'\
4

Range Min: 0% B

Max: unlimited (-\51/

\ 7
Trerjd The lower, the better ‘\(Q
( v
Congext q b
|2

Tim|ng On-demand, periodically, real-time _ O
Aud|ence Operator, supervisor, management (,\
Proquction methodology Discrete, batch, continuous , O
Effeft model diagram See Figure A.14 \(

Notgs

The indicator is used as a shoE rm 1nd1cator to improve production as wdll as a tool to

control the planning value i Level 4 applications (ERP).

Alow value indicates th@t“he less scrap is produced than expected. This is
short term goal.

On the other han ‘c%fnstant low value indicates that the planned scrap ratfio, which is

typically specifiedin a Level 4 system (ERP), is too high. This might result
sary materiﬂ cation.

The plag@i scrap quantity (which can be expected) is typically already sp|
ERP sys in order to ensure the necessary material allocation.

bood as a

nunneces-

ecified in the

© IS0 2014 - All rights reserved
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Table 16 — First pass yield

KPI description
Content
Name First pass yield
ID
Description The first pass yield (FPY) designates the percentage of products, which full fill the qual-

ity requirements in the first process run without reworks (good parts). It is expressed as

the ratio between good parts (GP) and inspected parts (IP).
Scope Work unit, product, production order, and defect types
Formula FPY=GP/IP -

. r\V‘
Unit of measufe % (o
O

Range Min: 0% B

Max: 100% ('\51/

\ 7
Trend The higher, the better ‘\(Q
( v
Context q b
Timi On-demand, periodically, real-ti g
iming n-demand, periodically, real-time _ O
Audience Operator, supervisor, management ¢ \‘O
Production mgthodology Discrete, batch , O\
Effect model diagram See Figure A.15 <\\<
v

Notes For identifying the first pass it is neces aQto label each part with an identification

number (serial number). See 5.6.1 for %explanation how the concept of a partis us¢d in

discrete and batch manufacturing @odologies.

The FPY stands in reciprocal re}\ednship to the defect costs.

Y
Table 17 — S&@p ratio
KPI description \O
Content ‘,‘c\’l‘
Name Scrap ra@)\
D .
QO
Description @}crap ratio is the relationship between scrap quantity (SQ) and produced quantify
P

Scope ,_O “ Work unit, product, production order, and defect type.
Formula r\gO Scrap ratio=SQ / PQ

Unit of measufe AOJ %
Range ?\ Min: 0%
\0 Max: 100%

Trend L ?S The lower, the better
Context 0'1\

4
Timing On-demand, periodically, real-time
Audience Operator, supervisor, management

Production methodology

Discrete, batch, continuous

Effect model diagram

See Figure A.16

Notes

The scrap ratio will be also used for the commercial rating.

20
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Table 18 — Rework ratio

KPI description

Content

Name Rework ratio

ID

Description The rework ratio is the relationship between rework quantity (RQ) and produced quan-
tity (PQ).

Scope Work unit, product, production order, and defect type.

Formula Rework ratio = RO /PO

Unitjof measure

% a X

N
Range Min: 0% (19
Max: 100% " .
2}

Trend The lower, the better (\Q

NJ
Congext ﬂb‘

) - . 4
Tim|ng On-demand, periodically, real-time A(l/
Aud|ence Operator, supervisor, management O\k)
-~
Production methodology Discrete, batch, continuous S\\
Effeft model diagram See Figure A.17 U
N

Notgs The rework ratio will be also us the commercial rating.

© IS0 2014 - All rights reserved
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Table 19 — Fall off ratio

KPI description

Content

Name Fall off ratio

ID

Description The fall off ratio considers the fall off quantity for a specific production operation in
relation to the produced quantity in the first operation (PQ). The fall off quantity is cal-
culated as the produced quantity (PQ) on the first production order sequence minus the
good quantity (GQ) on the current production order sequence

Scope Proctetorrorderseqtetreeprotet

Formula Fall off ratio of the current production order sequence =

(PQ offirst production order sequence ~ GQ of current production order sequence)/

PQ of first production order sequence

Unit of measufe %
Range Min: 0%
Max: 100%
Trend The lower, the better
Context
Timing On-demand
Audience Operator, supervisor, management
Production mgthodology Discrete, batch

Effect model ¢

iagram

See Figure A.18

Notes

The KPl is typically used in a ¢oncatenated processes, where a product (e.g. mother-
board) is produced in the first manufacturing step and but may have scrap in the further
operations.

The fall of ratio is usable'as indicator after the order sequence will be finished.

The mother prodticts can be serialized in the first manufacturing step.

The indicatorthas an influence on the planning quality (planned scrap) and on the pr
duction quality per manufacturing step as well as the material wastage.

In process industry, e.g. oil refining and chemical industry usually use “consumed
material” as denominator to calculate the related KPIs. The “finished goods ratio” (sde
Table 26) can be used to calculate the quality.

22
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Table 20 — Machine capability index

KPI description
Content
Name Machine capability index (Cry )
ID
Description The machine capability index (Cr, ) is the relationship between the dispersion of a
process and the specification limits. The method compares the range between the speci-
fication limits (USL, LSL) and the 60 dispersion of a series of measurements for a specific
characteristic.
Scoppe Prodietrrorkrtoeharacteristieaireseries o e astrenrerts
Forrpula Cm = (USL - LSL) / (6 *0) y\b‘
Unitjof measure N/A q\)
vl
Range Min: >0, Cy, approaches 0 if o approaches infinite. 51/’
Max: infinite N Q
Trerd The higher, the better \)‘
-V
Confext ~ l/
Tim|ng On-demand, periodically \O)
Aud]ence Operator, supervisor, management {.s\\
A4
Production methodology Discrete, batch, continuous Q
N
Effeft model diagram See Figure A.19 0\)
N
Notgs The machine capability index\(€y,) indicates the ability of a
machine or a work mecha to produce the specified quality for a specific charac-
teristic. The evaluationshould be executed if possible by exclusion of other|process
influences. The met used mainly for the approval of machines in combpination with
products
Cm is a charact sgc value of a short time capability investigation. Usually|the normal
distributiow be the statistical method.
The ma@e capability value is usually specified by customer requirements. Typical
valugg m > 1,67.
,J‘lt\‘sg%ilue can be used for characteristic with upper and lower specification] limits only.
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Table 21 — Critical machine capability index

KPI description

Content

Name Critical machine capability index (Cmk)

ID

Description The critical machine capability index (Cmk) is the relationship between the dispersion of
a process and the upper or lower specification limit (USL, LSL) and its averages ( ; ). The
method compares the range between the upper or lower specification limit and its
averages and the 30 dispersion of the series of measurements for a specific characteris-
5 Lon

Scope Product, work unit, characteristic, and series of measurements

Formula - -
Cmku=(USL- X))/ (3%*0); Cmxi=(x -LSL) /(3 *0)
Cmk = Min (Cmku , Cmki)

Unit of measufe N/A

Range Min: >0, Cipk approaches 0 if o approaches infinite.
Max: infinite

Trend The higher, the better

Context

Timing On-demand, periodically

Audience Operator, supervisor, management

Production mgthodology Discrete, batch, continuous

Effect model diagram See Figure A.19

Notes The critical machine capability index (Cik) indicates the ability of a machine or a wotk

mechanism to produce théspecified quality for a specific characteristic. The evaluatjon
should be executed if possible by exclusion of other process influences. The method i
used mainly for the approval of machines in combination with products

Cmk is a characteristic value of a short time capability investigation. Usually the nornpal
distribution will be the statistical method.

The criticalyjmachine capability target is usually specified by customer requirementsj
Typical value is Cyk > 1,67.
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Table 22 — Process capability index

KPI description
Content
Name Process capability index (Cp)
ID
Description The process capability index (Cp) is the relationship between the dispersion of a process
and the specification limits. The method compares the range between the specification
limits (USL, LSL) and the 60 process dispersion for a specific characteristic.
Scope Product, work unit, characteristic, and series of measurements
Forthula ~ b‘
Cp=(USL-LSL)/(6*0O ) y\
o\
Unitjof measure N/A | >
[ ¢ *
Range ~ Vs l/
Min: >0, C, approaches 0 if O approaches infinite. QQ
Max: infinite nb‘
. 4
Trer|d The higher, the better A(l/
Confext
-~
Tim|ng On-demand, periodically, real-time 5\\
Aud]ence

Operator, supervisor, management </

Production methodology

S
Discrete, batch, continuous /)Q

Effeft model diagram

See Figure A.20 \\‘<

Notg¢s

The process capability inéQ?hould indicate based on statistic methods asfoon as
possible if the producti@process will produce the product according to th committed
quality specificatio

The measuremen&kas to be done in regular time steps or after specified qulantity inter-
vals with smak@)mples (1-25).

A procest’j usually called capable if the Cp > 1,33.

O. @be calculated based on a confidence factor from the standard deviation,
,d“aQe ding on the inspection sample size.
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Table 23 — Critical process capability index

KPI description

Content

Name Critical process capability index (Cpk)

ID

Description The critical process capability index (Cpk) is the relationship between the dispersion of a
process and the upper or lower specification limit (USL, LSL) and its average of averages
( ; )- The method compares the range between the upper or lower specification limit and
its averages and the 30 process dispersion.

Scope Product, work unit, characteristic, and series of measurements

Formula = A = A
Cpku=(USL- x)/(3* 0 );Cpri=(x -LSL)/(3* O)
Cpk = Min (Cpku, Cpkl)

Unit of measufe N/A

Range A
Min: >0, Cpk approaches 0 if O approaches infinite.
Max: infinite

Trend The higher, the better

Context

Timing On-demand, periodically, real-time

Audience Operator, supervisor, management

Production mgthodology Discrete, batch, continuous

Effect model diagram See Figure A.20

Notes The critical process capability index should indicate based on statistic methods as sqon

as possible if the production process will produce the product according to the comnjit-
ted quality specifications.

The measurementhas to be done in regular time steps or after specified quantity intpr-
vals with small samples (1-25).

A procesg-sisually called capable if Cpk > 1,33.

A

O will be calculated based on a confidence factor from the standard deviation,
depending on the inspection sample size.
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Table 24 — Comprehensive energy consumption

KPI description
Content
Name Comprehensive energy consumption
ID
Description Comprehensive energy consumption is the ratio between all the energy consumed in a
production cycle and the produced quantity (PQ)
Scope Product, equipment
Formula e=E/PQ=(>Mi*Ri+Q)/PQ
where
e: unit energy consumption of an equipment,
E: comprehensive energy consumption,
Mi: actual consumption of certain kind of energy (kilowatt hour)
Ria: conversion coefficient of certain kind of energy
Q: algebraic sum of effective energy exchanges with the environment
Unitlof measure Joule / (number of units) or amount
Range Min: 0 Joule / (number of units) or amount
Max: product specific
Trend The lower, the better
Congext
Tim|ng On-demand, periodically
Aud|ence Operator, supervisosmanagement
Proquction methodology Discrete, batch, centinuous
Effeft model diagram See Figure A.2XK
Notgds Indicatorsto measure the consumption of energy are used by enterprises fpr energy

savings, environmental protection, and cost reduction. Even though energy
sidered-as a form of raw material, it helps to evaluate the consumption of e

digtirict indicators.

Enhergy consumption is an important factor impacting the production costg

profits.

National laws and regulation have to be considered and may require additi

calculation on energy consumption.

can be con-
hergy using

and company

nal KPI

a

unit|
qua

The conversion coefficient Ri is used to unify the measurement modes of different energy types, by which a certa
eneillgy can be changed into standard quantity, e.g. the unit of Ri for water is standard quantity per ton of refrigeration; for ¢
of Riis standard quantity.per kilowatt-hour. The comprehensive energy consumption indicator is used with a collectio
htity conversion tablesswhich are unique for different industries

n kind of
lectricity the
h of standard
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Table 25 — Inventory turns

KPI description

Content

Name Inventory turns

ID

Description Inventory turns is specified as the ratio of the throughput (TH) to average inventory.
Itis commonly used to measure the efficiency of inventory, and represents the average
number of times the inventory stock is replenished or turned over.

Scope Stock

Formula Inventory turns = TH / average inventory

Unit of measu|

re

Time unit

Range Min: 0 time unit
Max: product specific
Trend The higher, the better
Context
Timing On-demand, periodically
Audience Operator, supervisor, management

Production m

pthodology

Continuous

(Inventory turns is typically a Level 4 KPI ip-diserete and batch manufacturing)

Effect model ¢

iagram

See Figure A.22

Notes

The specification of indicators for inventory is quite important in the process indust
where production is organized basedwon inventory. How long the product is stored m
affect the quality and cost.

The four types of inventory are‘described below.

1) Raw materials (RM): The materials that are changed into finished goods through the

production.

2) Consumables (€)' The materials of which the quantity or quality is changed durin
the productioiy e.g. a catalyst. (Consumables are specified in detail in IEC 62264-1.)

3) Crib apd finished goods inventory (FGI): The stock point at the end of a routing is
either a crib inventory location or finished goods inventory. Crib inventories are use
to gather different parts within the plant before further processing or assembly. For
inSgaiice, a routing to produce gear assemblies may be fed by several crib inventorieq
containing gears, housings, crankshafts and so on. Finished goods inventory is wher
end items are held prior to shipping to the customer.

4) Work in process inventory (WIP)a: The inventory between the start and end point]
a product routing is called Work in process (WIP). Since routing begin and end at sto|
points, WIP is the entire product between, but not including, the ending stock points
Although in colloquial use WIP often includes crib inventories, a distinction is made
between crib inventory and WIP for clarification.

h

5 of
Ck

a WIJ
This inventor

inventory as.specified in VDMA 66412-1 is that material which is assigned to the production order and is not for the s{]
y is normallylocated in the production area.

bck.
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Table 26 — Finished goods ratio

KPI description
Content
Name Finished goods ratio
ID
Description The finished goods ratio is the ratio of the good quantity produced (GQ) to the consumed

material (CM).
Scope work unit, product, defect types
Formula Finished goods ratio=GQ /CM
Unitjof measure % )\b‘

N

Range Min: 0% (]9

Max: 100% 0.,

7V
Trend The higher, the better (\Q
NJ
Congext ﬂb‘
. L . 4
Tim|ng On-demand, periodically, real-time ,-\(1/
Aud|ence Operator, supervisor, management O\k)
-~
Production methodology Batch, continuous 5\\
Effeft model diagram See Figure A.23
N

Notgs In the process industry, e.g. oil 1 g and chemicals, “consumed materialf’ is usually

used in the denominator to calctdate the related KPIs. In some industrial pjocesses,

input can be less than the o a\t because of losses during processing (i.e. the sum of

losses and product equal um of consumed material on a mass basis). flowever,

some processes measureconsumed material and/or produced product on Jome basis

other than mass, su@@ the numerical value of produced product may bq greater
value of consumed material. This KPI range value assurjies a mass

than the numerica
basis for quantitiest Many chemical and physical changes occur during prodluction, and

product yiel fluctuation and uncertainty. It is therefore difficult to calfulate and
measure the-output as required for the quality ratio (see Table 11).
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Table 27 — Integrated goods ratio

KPI description

Content

Name Integrated goods ratio

ID

Description The integrated goods ratio is the relationship of the produced quantity of integrated
goods (IGQ) to the consumed material (CM).

Scope Work unit, defect type

Formula Integrated goods ratio =1GQ /CM

Unit of measufe %

Range Min: 0%
Max: 100%

Trend The higher, the better

Context

Timing On-demand, periodically, real-time

Audience Operator, supervisor, management

Production mgthodology Batch, continuous

Effect model diagram See Figure A.24

Notes Products in the process industry are closelyrelated to each other since partial amoupts

of a specific quantity of finished goods at a(particular grade or quality can be converfed
to another product with a different grade.or quality. For example, if the quality of a
product has not reached a higher le¥€l"A,” it can be sold as a product with a lower quplity
level “B.” Then the ratio of products of level “B” increases as the ratio of products of I¢vel
“A” declines. Therefore, KPIs ar€'ealculated from the view of all related products, e.g|the
level “A” and level “B” productssmentioned above. In this case, the KPI “integrated go¢ds
ratio” is used instead of “finished goods ratio”.

Since “integrated goods™represents the quantity of all products during production, if
is important to make sure that all products are measured in the same unit, or can be
converted to the sapte unit. A list of conversion coefficients can be used to unify the
measurementitedes of different products.
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Table 28 — Production loss ratio

KPI description
Content
Name Production loss ratio
ID
Description The production loss ratio is the relationship of quantity lost during production (PL) to
the consumed material (QM).
Scope Work unit, defect type
Formula Production loss ration =PL / CM
Unitjof measure % )\b‘
N
Range Min: 0% (19
Max: 100% .
2}
Trerd The higher, the better (\Q
N\J
Congext ﬂb‘
Tim|ng On-demand, periodically, real-time ,-\(l/v
Audjence Supervisor, management O\k)
7
Production methodology Batch, continuous 5\\
Effeft model diagram See Figure A.25 </
Notds

focus is on loss, where:

A
Typically scrap and reworking & measured in the process industries. [nstead, the

o Integrated goo io + Lossratio=1
. Loss ratio = P@duction loss ratio + Storage and

. Transpo?ggn loss ratio + Other loss ratio

For these calc ns the following apply.

inp.ut. \O

. .\{~ Storage and transportation loss: the quantity lost during storageland trans-
)g’cion, e.g. inventory lost during an inventory calculation or material lopt during

-

f'\@ ters.

vement from one place to another.
L]

\
P?&iuction loss: for quantity lost during production, calculate asjoutput minus

Other loss: the quantity lost due to extraordinary incidents, e.g. patural disas-
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Table 29 — Storage and transportation loss ratio

KPI description

Content

Name Storage and transportation loss ratio

ID

Description The storage and transportation loss ratio is the relationship of the quantity of loss dur-
ing storage and transportation (STL) to the consumed material (CM).

Scope Work unit, defect type

Formula Storage and transportation loss ratio =STL / CM

Unit of measufe

% a X

N
Range Min: 0% q/Q
Max: 100% .
2}
Trend The higher, the better (\Q
N\J
Context ﬂb‘
Timing On-demand, periodically, real-time ,-\(l/v
Audience Operator, supervisor, management O\k)
7
Production mgthodology Batch, continuous 5\\
O

Effect model diagram

See Figure A.26 &

N
Notes See also production loss ratio (see M_%&Q
\\‘
Table 30 — Other loss ré&k
\0;
KPI description . %
Content . \Q)®
Name Other loss ratio A
1D al \U
Description The other Epatlo is the relationship of the quantity of loss not related to production,
storage (r't sportation (OL) to the consumed material (CM).
Scope Wor&u‘n.it, defect type
A J
Formula p‘% loss ratio = OL / CM
N
Unit of measufe %
Range % " Min: 0%
S Max: 100%
-~
Trend /)0 The higher, the better
Context . 3
A\J
Timing :\) On-demand, periodically, real-time
Audience e ?*\ Operator, supervisor, management

Production m 3@aogy

Batch, continuous

Effect model diagram

See Figure A.27

Notes The other loss ratio evaluates loss that is not occurred during production, storage, or
transportation. See also production loss ratio (see Table 28)
32 © ISO 2014 - All rights reserved
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Table 31 — Equipment load ratio

KPI description
Content
Name Equipment load ratio
ID
Description The equipment loss ratio considers the produced quantity (PQ) in relation to the equip-
ment production capacity (EPC).
Equipment production capacity is either “rated” or “maximum:”
. Maximum equipment production capacity: the upper limit value of production
demarcated before the equipment delivery.
. Rated equipment production capacity: the upper limit value of pjoduction
promised the stable operation of the equipment.
Scoyje Work unit
Forthula Equipment load ratio = PQ / EPC.
Unitjof measure %
Range Min: 0%
Max: 100%, > 100% if more is produced than(specified as the rated equipmfnt produc-
tion capacity.
Trend The higher, the better.
Avalue > 100% may indicate a qudlity'issue (see notes)
Confext
Tim|ng On-demand, periodically
Audjence Supervisor, management

Production methodology

Batch, continuous

Effeft model diagram

See Figure A28

Notg¢s

Production capacity and the load rate of equipment are important indicato
facturingenterprise.

Theléquipment load ratio is an indicator to reflect the production state of e
and'production efficiency. It helps to reflect the technical performance and|
equipment and by researching the usage of equipment. The value of equipn]
impacts the production costs and ultimately the profit level.

Avalue > 100% may indicate an issue as is possible to impact the security g
of equipment when the produced quantity is above the rated equipment pr
capacity. There is also a lower limit of equipment load rate for some equipn]
which it cannot produce anymore.

s in a manu-

uipment
utilization of
ent load rate

nd reliability
duction
ent, below
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Table 32 — Mean operating time between failures

KPI description

Content

Name Mean operating time between failures (MTBF)

ID

Description The mean operation time between failures is calculated as the mean of all time between
failure measures (TBF) for a work unit for all failure instances (FE).

Scope Work unit

Formula liz‘

TBF b‘
MTBF = -~—— Q'\
FE +1
) : : 9 V

Unit of measufe Time unit A’

Range Min: 0 b‘Q\)
Max: infinite a

Trend The higher, the better

N

Context ) \%

Timing On-demand, periodically (@)

Audience Supervisor, management {\<(

Production mgthodology Discrete, batch, continuous QV

Effect model diagram See Figure A.29 c\\\.\

Notes Mean operating time between fai e\s (MTBF) is an indicator of expected system relj-
ability calculated on a statisti sis from the known failure rates of various compg-
nents of the work unit.

It represents the expect @@of the operating time between failures@(see IEC 60050
191).1tisa statistical@ roximation of how long a work unit should last before failuge.

MTBF numbers a)@ually stated in terms of hours.
The indicatpré%alculated in each work unit. Every time a failure happens, a new TBF is

obtained@ culate the MTBF.
The MTBFis the sum of MTTR and MTTF.
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Table 33 — Mean time to failure

KPI description

Content

Name Mean time to failure (MTTF)

ID

Description The mean time to failure is calculated as the mean of all time to failure measures (TTF)
for a work unit for all failure instances (FE).

Scope Work unit

Formula i=FE

2. TTE C

_ it
I FE +1 K Q
Unitjof measure Time unit (.\: )
Range Min: 0 b‘Q\)
Max: infinite a
Trerd The higher, the better O)
Confext ) \%v
Tim|ng On-demand, periodically e )
Audjence Supervisor, management (\<(
Production methodology Discrete, batch, continuous . QV
Effeft model diagram See Figure A.30 c\\\.\

Notg¢s

Mean time to failure ( }) is an indicator of expected system reliability
a statistical basis fr e known failure rates of various components of th

It represents the@)ectation of the time to failure (see IEC 60050-191).
MTTF is usei’f@both non repaired items and repairable items.
Itis equ,k'@ent to MTBF in case of a non-repairable work unit.
MTgbwmbers are usually stated in terms of hours.
N
t

indicator is calculated in each work unit. Every time a failure happens,
ained to calculate the MTTF.

alculated on
e work unit.

anew TTF is

N
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Table 34 — Mean time to repair

KPI description

Content

Name Mean time to repair (MTTR)

ID

Description Mean time to repair (MTTR) is the average time that an item required to restore a failed
component in a work unit.
The mean time to repair is calculated as the mean of all time to repair measures (TTR)
for a work unit for all failure events (FE).

Scope Work unit N

Formula i=FE '\W

Y TTR, (19

MTTR = ~— a\v
FE +1 (\Q’

Unit of measufe

O
Time unit nb‘

Min: 0 3 )id

Range
Max: infinite . O\O
Trend The higher, the better ’5\\ =
Context &
Timing On-demand, periodically {-)Q\
Audience Supervisor, management ‘\\‘
Production mgthodology Discrete, batch, continuous . N
Effect model diagram See Figure A.31 Qow

~
Mean time to repair (MTTR)is the average time that an item required to restore a

Notes
failed componentin a w@ nit. It represents the expectation of the time to repair (see
IEC 60050-191). \)
MTTR numbers ax@sually stated in terms of hours.
The indicatoyis'calculated in each work unit. Every time a failure has been restored, j
new TTW ained to calculate the MTTR.
LN
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Table 35 — Corrective maintenance ratio

KPI description
Content
Name Corrective maintenance ratio
ID
Description The corrective maintenance ratio considers the corrective maintenance time (CMT) in
relation to the total maintenance expressed as the sum of corrective maintenance time
(CMT) and planned maintenance time (PMT).
Scope Work unit
Forrpula Corrective maintenance ratio = CMT / (CMT + PMT)
Unifof measure %
Range Min: 0%
Max: 100%
Trend The lower, the better
Congext
Tim|ng On-demand, periodically
Aud|ence Supervisor, management
Proquction methodology Discrete, batch, continuous
Effeft model diagram See Figure A.32
Notgs The corrective maintenance ratig reveals the magnitude of corrective taskf within all
maintenance activities performed in a work unit. This ratio shows the lack pf system
reliability and should be inimized.
This ratio gives the idea®f the time spent in corrective tasks on work units|compared
with the whole mainténance time.
The lower the ratio the better.
It should be<remarked that excessive preventive maintenance would have the same effect
on the ratio by increasing the overall maintenance function.
7 |Conformance
To e compliant with the requitements of this part of ISO 22400, the KPI elements of a KPI shall conform
to the relevant specificatiomin-Clause 5 and the KPI shall conform to the description in Clauge 6.
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Annex A
(normative)

Effect models

A.1 Paragmeter-indicatormateix———— 0000000000000

Table A.1 provides a parameter-indicator matrix.

Table A.1 — Parameter-indicator matrix
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Key Performance Indicators

location efficiency
_ttilisation efficiency

OEE-Index
NEE-Index

Worker efficiency
Jvailability

Ilocation ratio
T hroughput rate

E flectiveness
[Quality ratio
PBetup rate

T echnical efficiency
Production process ratio
\ctualto planned scrap ratio

First pass yield
IScrap ratio
Rework ratio

- all-offrate

Jachine capability index

Critical machine capability index

Critical process capability index

Process capability index

Jiean operationtime between failures

JMeantime to failure

orrective maintenance ratio

Planned busy time (PBT)

4

‘| 7| Meantime to repair

Planne
dtime

Planned run time per unit (PRTU)

D _

(&

Actual personnel work time
(APWT)

N °
3
p

Actual unit processing time
(AUPT)

N

Actual unit busy time (AUBT)

Actual order execution time
(ACET)

lp)

Actuzl personnel attendance time
(APAT)

Real time

Actual production time (PT)

Actual unit delay time (DET)

Actual unit setup time (AUST)

Scrap quantity (SQ)

,\A
e

Planned scrap quantity (PSQ)

Good quantity (GQ)

3
D

Rework quantity (RQ)

&

Produced quantity (PQ)

Logistical quantities

Produced quantity (PQ) \
in the first operation orocess

Good part (GP) \E

Inspected pan (IF) .\t -

Average of averages N

Upper specification limit (USL) 1

Quality numbers

Standard deviation { &) .Q

Lower specification limit (USL) .~

Estimated deviation,

Availabiity (;‘\'J .

Effectiyehess.

Performance
Indicators
L

Tme to failure

Operating time between failures

Time to repair

Failure event

Corrective maintenance time

Maintepance temms

Preventive maintenance time

A.2 Organizational terms

A.2.1 Production order sequence (POS)

The order sequence (production order position) specifies the successive manufacturing steps within a

production order.

NOTE These are usually numbered subsequently (usually in steps of ten).
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A.2.2 Work process (WOP)

The work process specifies a method of manufacturing (e.g. drilling, turning, hardening). Each
production order sequence is assigned to a work process.

A.2.3 Working group (WG)

The working group serves to organize responsibility and authority in the production area. Every
employee in production can be assigned to one working group.

A.2.4 Workplace (WP)

The workp

A.2.5 Pr

The produ

pduction order (PO)

manufactulring of a product.

A.2.6 Operation cluster (0C)

An operati
operation
configurat

A.3 Effe

lace is a logical unit of production, which may be manual, semi-automatic or fully automgtic.

'tion order includes the necessary production order sequences and the ordexquantity forjthe

bn cluster can be a work unit, a workstation or a group of it; or’a work centre or a site. [The

Clusters are specified hierarchically. An operation cluster~is within a hierarchical levgl a

Figures A.1

The arrow

on of one or more work centres up toa site.

ct model diagrams
to A.32 provide effect model diagrams.

5 defined in Table A.2 are used in all the figures in this annex.

Table A.2 — Effect model diagram key

Axfrow Definition
results, throughise of a formula, in a KPI
e — .-.
includes(a 1:1 relationship)
________ . has (i.e. is booked or entered)
L consists of (a 1:n relationship)

40

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=12667727fe6c82a98ba1e07ac72be34f

IS0 22400-2:2014(E)

I Worker efficiency |+._.._.._.._.._.._.._.._.._.i

i
jmrmrmmmsamsnm s -v{ Actual personnel sltendance lime l—l

I
.- -.-I Actsal personnel work time |— A
£

:>[ P'md.ll:lliiunclrdar ] [ Area |— : b‘
L B

---@@-- --------------------------------------------------- -[ Actual order execution time ]—

\% |  Opetion sequence | [ Werk unit .
% [ Operation sequence Vigerk umal e : :
Operalion seguence Wokunit  fee-e--s '-'—--.{ Actual unit busy time ]- e

Figure A.2 — Allocation ratio
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Figure A.3 — Throughput rate <<
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I Utilization efficiency |..._.__.._.._.._.._.._.._.._..

..............

—bl Opération sequénce I—I Wurl-:run'rl Iv----:----b-{ Aciual Ffd, : ﬁvlirna
: QY
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N4
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% Figllrp A 6 — Qverall eq“ipment effectiveness index
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Net equipment effectiveness IHE_E] index

Jo-- =

| R

Actual unit processing time }— I
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-
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e
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*
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