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Foreword
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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.
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Introduction

This document describes the procedure for the determination of key performance indicators (KPIs) by
means of examples. The KPIs that are used are given in ISO 22400-2.
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TECHNICAL REPORT ISO/TR 22400-10:2

018(E)

Automation systems and integration — Key performan
indicators (KPIs) for manufacturing operations
management —

ce

perational sequence description of data acquisition

Scope

his document contains descriptions for the practical use for applying formulae as sped
SO 22400-2 for key performance indicators for production control and monitoring. This doct
intended to be applied in conjunction with the content of ISO 22400-2.

Normative references

he following documents are referred to in the text in suclr a way that some or all of their
onstitutes requirements of this document. For dated references, only the edition cited app!
ndated references, the latest edition of the referenced. document (including any amendments)

SO 22400-2:2014, Automation systems and integration — Key performance indicators (K
anufacturing operations management — Part 2::Definitions and descriptions
Terms and definitions

[SO and IEC maintain terminological databases for use in standardization at the following addr

[SO Online browsing pldtform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

ime in which-the work unit is planned to be out of operation
ote 1L.to.entry: Corresponds to “no production” as defined in ISO 22400-2.

2

ified in
iment is

content
ies. For
applies.

PIs) for

or the purposes of this document, the.terms and definitions given in ISO 22400-2 and the following apply.

£sses:

planned down time

PDOT

time, included in the planned operation time, in which the work unit is planned for no operation
the operation time period

s within

Note 1 to entry: ISO 22400-2:2014, Figure 3, gives a detailed overview of the used time lines for work units as

used for the ISO 22400 series.

3.3
work unit log
data recording of work unit events along with their time stamps

© ISO 2018 - All rights reserved
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4 KP

I calculation examples

4.1 Example setup

KPIs ar

e calculated for different scopes including work unit and production orders. The KPIs are

determined from the work unit log.

The exa
calenda

calendafda
KPIs can be calculated The scope of the KPI can be the work unlt the productlon order the worker etc

Each Pr

— PO1: POS 1/1 followed by POS 1/2;
— POZ: POS 2/1 followed by POS 2/2.

In the e

In the e;
The calqulation of the KPIs takes place in two steps.
a) Detprmine KPI elements.

The KPI elements can be determined based on the work unit logs

b) Cal

Theg KPIs can be calculated based on the KPI elements.

The det
unit, ho

42 K

From w

— Utilization efficiency;

— Setyip ratio;

— Tec

— Allqcation effigiency;
— Avalilability;

— Effqctiveness;

xample POS x/1 is always executed on work unit W1.

mple given in Tables 1 and 2 consists of two work units (W1 and W2) within a time period of one
r day. Two productlon orders (P01 and POZ) are executed in thls productlon area W1th1n this

bduction Order (PO) is composed of two Production Order Sequences (POS):

rample POS x/2 is always executed on work unit W2.

ulate KPIs.

hils are defined in “comments on the work unit logs”. The examples use “pieces” (Pcs) as iten
lvever, any kind of item unit can be usedt

—

PIs for work unit

brk unit scope the following KPIs can be determined based on the work unit logs:

hnical efficiency;

— Quality ratio;

— Overall equipment effectiveness index (OEE);

— Net

equipment effectiveness index (NEE);

— Scrap ratio;

— Rework ratio;

— Actual to planned scrap ratio;

— MTBF;
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— MTTF;
— MTTR;
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Direct energy consumption effectiveness;
Direct net energy consumption effectiveness;

Direct energy efficiency;

4,5m3 x 0,102 8 kWh/m3 + 0,45 m3 x 10 kWh/m3 + 4,5 kWh

Directnetenergyefficiency
Table 1 — Log of work unit 1
Determination of basics

APT [06:30 - 07:00] + [07:30 - 08:00] + [08:30 - 09:00] + 390 min

[09:30 - 10:30] + [15:00 - 17:30] + [18:00 - 19:00] +

[20:00 - 20:30]
AUST [06:00 - 06:30] + [10:30 - 11:00] + [14:30 - 15:00] + 120 min

[20:30 - 21:00]
ADET [08:00 - 08:30] + [19:00 - 19:30] + [07:00 - 07:30]\+ 150 1nin

[09:00 - 09:30] + [19:30 - 20:00]
TR [07:00 - 07:30] + [09:00 — 09:30] + [19:30,- 20:00] 90 mfin
PSDT [00:00 - 06:00] + [22:00 - 24:00] 480 Iinin
PDOT [12:00 - 12:30] + [17:30 - 18:00] 60 mjin
PBT 1440 min - PSDT - PDOT 900 llnin

1440 min - 480 min - 60 min
AUPT APT + AUST

390 min + 120 min 510 hin
AUBT APT + AUST + ADET)=

390 min + 120min + 150 min 660 in
GQ GQros 1/1 ¥ GRpos 2/1

450 Pcs + 6 Pcs 456 Rcs
5Q SQp0s'1/1 + SQpos 2/1

4Q Pcs + 2 Pcs 42 Pds
RQ RQpos 1/1 + RQpos 2/1

10 Pcs + 0 Pcs 10 Pgs
PQ PQpos 1/1 + PQpos 2/1

500 Pcs + 8 Pcs 508 IPcs
PSQ Planned scrap quantity in % x PQpos1/1 +

Planned scrap quantity in % x PQpos 2/1

59% x 500 Pcs + 25 % x 8 Pcs 27 P¢s
PEDIpos 1/1 0,42 KWh 0,42 KWh
PEDIpos 2/1 1,05 kWh 1,05 kWh
ADEC ADECpos 1/1 + ADECpos 2/1

115 m3 x 0,102 8 kWh/m3 + 10,5 m3 x 10 kWh/m3 + 120 kWh + 246,28 kWh

© ISO 2018 - All rights reserved
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Table 1 (continued)

Calculation of KPIs
Utilization = APT/AUBT
efficiency
= 390 min/660 min = 59,09 %
Setup ratio = AUST/AUPT
= 120 min/510 min = 23,53 %
Technicp-efficierey——APTFHART+ADETS
= 390/(390 + 150) = 72,22%
Allocatipn efficiency = AUBT/PBT
= 660 min/900 min = 73,833%
Availabllity = APT/PBT
= 390 min/900 min = 43,33 %
Effectiveness = Effectivenesspos 1/1 + Effectivenesspos 2/1
= (PRIpos1/1 x PQpos 1/1 + PRIpos 2/1 PQpos 2/1) /APT
(0,3 min/Pcs x 500 Pcs + 30 min/Pcs x 8 Pcs)/390 min = 100,00 %
Quality yatio = (GQros 1/1 + GQpros 2/1)/(PQpos 1/1 + PQpos 2/1)
= (450 Pcs + 6 Pcs)/(500 Pcs + 8 Pcs) = 89,76 %
OEE = Availability x Effectiveness x Quality ratio
= 43,33 % x 100 % x 89,76 % = 38,89 %
NEE = AUPT/PBT x Effectiveness x Quality ratio
= 510 min/900 min x 100 % x 89,76 % = 50,86 %
Scrap rdtio = SQ/PQ
= 42 Pcs/508 Pcs = 8,27%
Rework]ratio = RQ/PQ
= 10 Pcs/508 Pcs = 197 %
Actual o planned = SQ/PSQ
scrap raftio
= 42 Pcs/27 Pcs = 155,56 %
MTBF = (AUST + APT4 TTR)/(Number(FE) +1)
= (120 min+ 390 min + 90 min)/(3 +1) = 150 min
MTTF = (AUST+ APT)/(Number(FE) +1)
=120 min + 390 min)/(3 +1) = 127,5 min
MTTR < TTR/(Number(FE) +1)
= 90 min/(3 +1) = 22,5min
Direct epergy = (PDEIpos1/1 x PQpos 1/1 + PDEIpos 2/1 x PQpos 2/1)/ADEC
consumption
effectivgness
= (0,42 kWh/Pcs x 500 Pcs + 1,05 kWh/Pcs x 8 Pcs)/246,28 kWh = 88,68 %
Direct net energy = PDElpos 1/1 x GQpos 1/1 + PDEIpps 2/1 x GQpos 2/1)/ADEC
consumption
effectiveness
= (0,42 kWh/Pcs x 450 Pcs + 1,05 kWh/Pcs x 6 Pcs)/246,28 kWh = 7930 %
4 © ISO 2018 - All rights reserved
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Table 1 (continued)
Direct energy = ADEC/PQ
efficiency
= 246,28 kWh/508 Pcs = 0,485 kWh/
Pcs
Direct net energy = ADEC/GQ
efficiency
= 246,28 KWh/456 Pcs = 0,540 kWh/
O
Table 2 — Log of Work unit 2
Determination of basics
APT = [12:00 - 12:30] + [13:00 - 14:00] + [14:30 - 15:00] + = 330 min
[16:00 - 16:30] + [18:00 - 19:30] + [20:00 - 21:30]
AUST = [11:30 - 12:00] + [16:30 - 17:00] + [17:30 - 18:00] + = 120 fin
[21:30 - 22:00]
ADET = [12:30 - 13:00] + [15:30 - 16:00] + [15:00 - 15:30] = 90 mjin
TR = [15:00 - 15:30] = 30 mjin
PSDT = [00:00 - 06:00] + [22:00 - 24:00] = 480 Iinin
PDOT = [14:00 - 14:30] + [19:30 - 20:00] = 60 mlin
PBT = 1440 min - PDBT - PDOT = 900 fin
1 440 min - 480 min - 60 min
AUPT = APT + AUST
= 330 min + 120 min = 450 hin
AUBT = APT + AUST + ADET
= 330 min + 120 minA4 90 min = 540 min
GQ GQpos 172 + GQpos 2/2
= 410 Pcs + 4-P¢s = 414 Hcs
5Q SQpros 1/2 + SQpos 2/2
= 30 Pcs+ 2 Pcs = 32 Pg¢s
RQ RQpos 1/2 + RQpos 2/2
= 10 Pcs + 0 Pcs = 10 P¢s
PQ PQpos 1/2 + PQpos 2/2
= 450 Pcs + 6 Pcs = 456 Kcs
PSQ Planned scrap quantity in % x PQpos 1/2 +
Planned scrap quantity in % x PQpos 2/2
= 5% x 450 + 25 % x 6 Pcs = 24 P¢s
PEDIpos 1/2 = 0,94 kWh = 0,94 kWh
EDIpoS 2/2 = Z2,J0KWh = Z,T0kWh
ADEC ADECpos 1/2 + ADECpos 2/2
= 210 m3 x 0,102 8 kWh/m3 + 18,7 m3 x 10 kWh/m3 + 222 kWh + = 444,47 kWh
6,6 m3 x 0,102 8 kWh/m3 + 0,66 m3 x 10 kWh/m3 + 6,6 kWh
Calculation of KPIs
Utilization = APT/AUBT
efficiency
= 330 min/540 min = 6L,11%
Setup ratio = AUST/AUPT
= 120 min/450 min = 26,67%

© ISO 2018 - All rights reserved
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Table 2 (continued)

Technical = APT/(APT + ADET)
efficiency
= 330 min/(330 min + 90 min) = 78,57 %
Allocation = AUBT/PBT
efficiency
= 540 min/900 min = 60,00 %
Availability = APT/PBT
= 330 min/900 min = 36,67 %
Effectiveness = Effectivenesspos 1/2 + Effectivenesspos 2/2
PRIpos 172 x PQpos 172 + PRIpos 2/2 x PQpos 2/2)/APT
(0,3 min/Pcs x 450 Pcs + 30 min/Pcs x 6 Pcs)/330 min =~95,45 %
Quality fatio = (GQpos 1/2 + GQpos 2/2)/(PQpos 172 + PQpos 2/2)
(410 Pcs + 4 Pcs) /(450 Pcs + 6 Pcs) = 90,79%
OEE = Availability x Effectiveness x Quality ratio
= 36,67 % x 95,46 % x 90,79 % = 31,78%
NEE = AUPT/PBT x Effectiveness x Quality ratio
= 450 min/900 min x 95,46 % x 90,79 % = 43,33 %
Scrap rdtio = SQ/PQ
= 32 Pcs/456 Pcs = 702%
Rework]ratio = RQ/PQ
= 10 Pcs/456 Pcs = 2,19%
Actual o planned = SQ/PSQ
scrap raftio
= 32 Pcs/24 Pcs = 133,33%
MTBF = (AUST + APT + TTR)/(Number (FE) +1)
= (120 min + 330 min + 80'min)/(1 +1) = 240 min
MTTF = (AUST + APT)/(Number (FE) +1)
= (120 min + 330unin)/(1 +1) = 225min
MTTR = TTR/(Number (FE) +1)
= 30 mip/(141) = 15 min
Direct epergy = (PDEtpos 1/2 x PQpos 1/2 + PDElpos 2/2 x PQpos 2/2)/ADEC
consumption
effectivgness
= (0,94 kWh/Pcs x 450 Pcs + 2,10 kWh/Pcs x 6 Pcs)/444,47 kWh = 98,00 %
Direct net energy. = (PDEIpos 1/2 x GQpos 1 + PDEIpos 2/2 x GQpos 2/2)/ADEC
consumption
effectiv¢neSs
= (094 kWh/Pcs x 410 Pcs + 2 10 kWh /Pcs x 4 Pcs) /444 A7 KWh = 88600
Direct energy = ADEC/PQ
efficiency
= 444,47 kWh/456 Pcs = 0,975 kWh/
Pcs
Direct net energy = ADEC/GQ
efficiency
= 444,47 kWh/414 Pcs = 1,074 kWh/
Pcs

6 © ISO 2018 - All rights reserved
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4.3 KPIs for production orders and production order sequences

From the production order scope the following KPIs can be determined based on the work unit logs:
— Utilization efficiency;

— Setup ratio;

— Technical efficiency;

Attoeationrratio-{Productionrorderretated);

+ Throughput rate (Production order related);

+ Effectiveness;

+ Production process ratio (Production order related);
+ Quality ratio;

+ Scrap ratio (Production order related);

+ Rework ratio (Production order related);

-+ Actual to planned scrap ratio (Production order related);
+ Fall off ratio (Production order related);

+ First pass yield (Production order related);

+ Direct energy consumption effectiveness;

+ Direct net energy consumption effectiveness;

-+ Direct energy efficiency;

+ Direct net energy efficiency.

o=

lorresponding to “work unit scope” the required basics for the production order or productign order
equence (planned time, actual time and logistical sizes) are determined by using the following table.
ased on these determindtipns the KPIs will be calculated by considering the event notifications and
essages from the workwhit log.

n

he First Pass Yield{FPY) is described by the relation of Good Quantity [GQ first evaluation] (Gpod Part

P]) to the Produced Quantity [PQ] within the evaluation period - related to the first test run for each
est piece. A eompleted reworking the FPY cannot be influenced in the second test run, as opposed to
uality ratiopthat increases with every successful "verification”.

o relatethe KPI for each piece it requires a process-related "Serialized/unique-based"” flow of groducts
in which only the first test run of the product is used for the evaluation. Reapplication of tesfing of a

reduct is no longer part of the calculation of a FPY, but improves the quality ratio. For the calgulation
of the FPY no differentiation takes place for "failed parts™ in rework or scrap made by the FPY. If the
piece identification is not possible, then the production order-related Good Quantity [GQ last operation]
the Good Quantity [GQ first test] be equated as Good Parts [GP].

The calculation example given in Tables 3 to 6 is based on the work unit log of work unit W1 and W2.
The quality indicators of the work unit W1 and W2 are determined for the evaluation period of the
calendar day.

© ISO 2018 - All rights reserved 7
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Table 3 — POS 1/1 on work unit 1 time period [06:00 - 11:00]

Determination of basics
APT = [06:30 - 07:00] + [07:30 - 08:00] + = 150 min
[08:30 - 09:00] + [09:30 - 10:30]
AUST = [06:00 - 06:30] + [10:30 - 11:00] = 60 min
ADET = [08:00 -08:30] + [07:00 - 07:30] + [09:00 - 09:30] = 90 min
TTR = [07:00 - 07:30] + [09:00 - 09:30] = 60 min
PDOT = =—0-mim
AUPT = APT + AUST
= 150 min + 60 min = 210 min
AUBT = APT + AUST + ADET
= 150 min + 60 min + 90 min =800 min
PQ = PQpos1/1
= 500 Pcs = 500 Pcs
GQ = GQpros1/1
= 450 Pcs = 450 Pcs
RQ = RQpos1/1
= 10 Pcs = 10 Pcs
SQ = SQros1/1
= 40 Pcs = 40 Pcs
PEDI = 0,42 kWh = 0,42 kWh
ADEC = 115m3 x 0,102 8 kWh/m3 + 10,5 m3 x40 kWh/m3 + 120 kWh = 236,82 kWh
Calculation of KPIs
Utilizatijon = APT/AUBT
efficiengy
= 150 min/300 min = 50,00%
Setup ratio = AUST/AUPT
= 60 min/210 min = 28,57 %
Technicgl efficiency = APT/(APT +ADET)
= 150 min/(150 min + 90 min) = 62,50 %
Effectiveness = PRI xPQ/APT
0,3\Pes/min x 500 Pcs/150 min = 100,00 %
Quality fatio ={GQ/PQ
450 Pcs/500 Pcs = 90,00 %
Direct energy = PDEI x PQ/ADEC
consumption
effectivgness
= 042 kWh/Pcs x 500 Pcs/236 82 KkWh = 8867 %
Direct net energy = PDEI x GQ/ADEC
consumption
effectiveness
= 0,42 kWh/Pcs x 450 Pcs/236,82 kWh = 79,81 %
Direct energy = ADEC/PQ
efficiency

8 © ISO 2018 - All rights reserved
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Table 3 (continued)

= 236,82 kWh/500 Pcs = 0,474 kWh/
Pcs

Direct net energy = ADEC/GQ
efficiency

= 236,82 kWh/450 Pcs = 0,526 kWh/

Pcs
Table 42— POS 2/Ton work unit I time period [14:30- 21700]
Determination of basics

APT = [15:00 - 17:30] + [18:00 - 19:00] + [20:00 - 20:30] =" 240 min
AUST = [14:30 - 15:00] + [20:30 - 21:00] = 60 mlin
ADET = [19:00 - 19:30] + [19:30 - 20:00] = 60 mlin
I'TR = [19:30 - 20:00] = 30 mjin
PDOT = [17:30 - 18:00] = 30 mfin
AUPT = APT + AUST

= 240 min + 60 min = 300 min
AUBT = APT + AUST + ADET

= 240 min + 60 min + 60 min = 360 min
PQ = PQposz2/1

= 8Pcs = 8 Pcs
GQ = GQpros2/1

= 6 Pcs = 6 Pcs
RQ = RQpros2/1

= 0Pcs = 0 Pcs
5Q = SQpos2/1

= 2 Pcs = 2 Pcs
PEDI = 1,05 kWh = 1,05 kWh
ADEC = 4,5m3x0,102 8 kWh/m3 + 0,45 m3 x 10 kWh/m3 + 4,5 kWh = 9,46 kWh

Calculation of KPIs

[Jtilization = APT/AUBT
pfficiency

= 240 min/360 min = 66,671 %
Setup ratio = AUST/AUPT

= 60 min/300 min = 20,00 %
Cechnical = APT/(APT + ADET)
pfficiency

= 240 min/(240 min + 60 min) = 80,00 %
Effectiveness = PRIxPQ/APT

30 Pcs/min x 8 Pcs/240 min = 100,00 %
Quality ratio = GQ/PQ
6 Pcs/8 Pcs = 75,00 %

Direct energy = PDEI x PQ/ADEC
consumption
effectiveness

= 1,05 kWh/Pcs x 8 Pcs/9,46 kWh = 88,79%

© ISO 2018 - All rights reserved 9
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Table 4 (continued)

Direct net energy = PDEI x GQ/ADEC
consumption
effectiveness

= 1,05 kWh/Pcs x 6 Pcs/9,46 kWh = 66,60 %
Direct energy = ADEC/PQ
efficiency

= 9,46 kWh/8 Pcs = 1,183 kWh/

FcS

Direct net energy = ADEC/GQ
efficiengy

= 9,46 kWh/6 Pcs = 1,577'kWh/

Pcs
Table 5 — POS 1/2 on work unit 2 time period [06:00 - 17:00]
Determination of basics
APT = [12:00 - 12:30] + [13:00 - 14:00] + = 150 min
[14:30 - 15:00] + [16:00 - 16:30]

AUST = [11:30 - 12:00] + [16:30 - 17:00] = 60 min
ADET = [12:30 - 13:00] + [15:30 - 16:00] + [15:00 - 15:30] = 90 min
TTR = [15:00 - 15:30] = 30 min
PDOT = [14:00 - 14:30] = 30 min
AUPT = APT + AUST

= 150 min + 60 min = 210 min
AUBT = APT + AUST + ADET

= 150 min + 60 min + 90 min = 300 min
PQ = PQpos 1,2

= 450 Pcs = 450 Pcs
GQ = GQpos1/2

= 410 Pcs = 410 Pcs
RQ = RQpos1/2

= 10 Pcs = 10 Pcs
SQ = SQpaS1,2

=,30-Pcs = 30 Pcs
PEDI Z-0,94 kWh = 0,94 kWh
ADEC = 210 m3 x 0,102 8 kWh/m3 + 18,7 m3 x 10 kWh/m3 + 222 kWh = 430,59 kWh

Calculation of KPIs

Utilizatijon = APT/AUBT
efficiendy

= 150 min/300 min = 50,00%
Setup ratio = AUST/AUPT

= 60 min/210 min = 28,57 %
Technical = APT/(APT + ADET)
efficiency

= 150 min/(150 min + 90 min) = 62,50 %
Effectiveness = PRIxPQ/APT

0,3 Pcs/min x 450 Pcs/150 min 90,00 %

10 © ISO 2018 - All rights reserved
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Table 5 (continued)
Quality ratio = GQ/PQ
410 Pcs/450 Pcs 91,11 %

Direct energy = PDEI x PQ/ADEC
consumption
effectiveness

= 0,94 kWh/Pcs x 450 Pcs/430,59 kWh 98,24 %
Direct net energy = PDEI x GQ/ADEC
Consumption
effectiveness

= 0,94 kWh/Pcs x 410 Pcs/430,59 kWh 89,50 %
Direct energy = ADEC/PQ
pfficiency

= 430,59 kWh/450 Pcs 0,957 kWh/

Pcs

Direct net energy = ADEC/GQ
pfficiency

= 430,59 kWh/410 Pcs 1,050 kWh/

Pcs
Table 6 — POS 2/2 on Work unit 2 time period [17:30 - 22:00]
Determination-of basics

APT = [18:00 - 19:30] + [20:00 - 21:30] 180 min
AUST = [17:30 - 18:00] + [21:30 - 22{00] 60 mlin
ADET = 0 min
['TR = 0 mif
PDOT = [19:30 - 20:00] 30 mfin
AUPT = APT + AUST

= 180 min +®0'min 240 min
AUBT = APT +AUST + ADET

= 180 min + 60 min + 0 min 240 min
PQ =_PQpos2/2

=-6 Pcs 6 Pcs
GQ = GQros2/2

= 4 Pcs 4 PcH
RQ = RQposz2/2

= 0Pcs 0 Pcs
5Q = SQpos2/2

= 2 Pcs 2 Pcd
PEDI = 2,10 kWh 2,10 kWh
ADEC = 6,6 m3 x 0,102 8 kWh/m3 + 0,66 m3 x 10 kWh/m3 + 6,6 kWh 13,88 kWh

Calculation of KPIs

Utilization = APT/AUBT
efficiency

= 180 min/240 min 75,00 %
Setup ratio = AUST/AUPT

= 60 min/240 min 25,00 %

© ISO 2018 - All rights reserved
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Table 6 (continued)

Technical = APT/(APT + ADET)
efficiency

= 180 min/(180 min + 0 min) = 100,00 %
Effectiveness = PRIxPQ/APT

30 Pcs/min x 6 Pcs/180 min = 100,00 %
Quality ratio = GQ/PQ
4-Pes/6-Pes =—66;67%

Direct energy = PDEI x PQ/ADEC
consumption
effectivgness

= 2,10 kWh/Pcs x 6 Pcs/13,88 kWh = 90,78 %
Direct net energy = PDEI x GQ/ADEC
consumption
effectivgness

= 2,10 kWh/Pcs x 4 Pcs/13,88 kWh = 60,52%
Direct energy = ADEC/PQ
efficiengy

= 13,88 kWh/6 Pcs = 2,313 kWh/

Pcs

Direct njet energy = ADEC/GQ
efficien¢y

= 13,88 kWh/4 Pcs = 3,470 kWh/

Pcs

Based oh the data of the single production order sequence or the work unit log the order-related actudl
times and KPIs can determined. This is shown in Takles 7 and 8.

Tablq 7 — Production order-related actual times and KPIs PO1 in conjunction with POS1/1

and POS1/2
Determination of basics
AOET = Endtime pospp1y2 — Starttime pospo1,/1
= [17:00] -([06:00] = 660 min
GQ GQposuy/2
= 410PCs = 410 Pcs
SQ SQpos 171+ SQpros 1/2
= 40 Pcs+ 30 Pcs = 70 Pcs
RQ RQpos 1/1+ RQpos 1/2
= 10 Pcs + 10 Pcs = 20 Pcs
PQ PQpos1/1
= 500 Pcs = 500 Pcs
PSQ Planned scrap quantity in % x PQ pos1/1 +
Planned scrap quantity in % x PQ pos 1/2
= 5% x 500 Pcs+5 % x 450 Pcs = 48 Pcs
GP Complies with GQ because there is no serialization to identify a
first pass
410 Pcs = 410 Pcs
IP Complies with PQ because there is no serialization to identify a
first pass
500 Pcs = 500 Pcs
12 © ISO 2018 - All rights reserved
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Table 7 (continued)
ADEC ADECpos 1/1 + ADECpos 1/2
115 m3 x 0,102 8 kWh/m3 + 10,5 m3 x 10 kWh/m3 + 120 kWh + 667,41 kWh
210 m3 x 0,102 8 kWh/m3 + 18,7 m3 x 10 kWh/m3 + 222 kWh
PEDIpos 1/1 0,42 kWh 0,42 kWh
PEDIpos 1/2 0,94 KkWh 0,94 kWh
Calculation of KPIs
Allacation ratia (ALIRT o ATIRT SY/AQET
““““““““““““ A Cro T POSPOT/ T+ oo TP OSPOT/ )7 ro =t
600 min/660 min 90,91 %
Chroughput rate PQ/AOET
450 Pcs/660 min 0,71 Pcs/min
Production (APT pospo1/1 + APT pospo1/2)/AOET
process ratio
(150 min + 150 min)/660 min 47,62 %
Quality ratio GQ/PQ
410 Pcs/500 Pcs 82,00 %
Scrap ratio SQ/PQ
70 Pcs/500 Pcs 14,00 %
Rework ratio RQ/PQ
20 Pcs/500 Pcs 4,00 Mo
Actual to planned SQ/PSQ
scrap ratio
70 Pcs/48 Pcs 145,83 %
Fall off ratio (PQ-GQ)/PQ
(500 - 410 Pcs)/500 Pcs 18,00 %
First pass yield GP/IP
410 Pcs/500.Pcs 82,00 %
Direct energy (PDEIpos 14 PQpos 1/1 + PDEIpos 1/2 x PQpos 1/2)/ADEC
Consumption
pffectiveness
(0,42’ kWh/Pcs x 500 Pcs + 0,94 kWh/Pcs x 450 Pcs) /667,41 kWh 94,84 %
Direct net energy PDEIpos 1/1 x GQpos 1/1 + PDEIpos 1/2 x GQpos 1/2) /ADEC
Consumption
pffectiveness
(0,42 kWh/Pcs x 450 Pcs + 0,94 kWh/Pcs x 410 Pcs)/667,41 kWh 86,00 %
Direct energy ADEC/PQ
efficiency:
667,41 kWh/450 Pcs 1,483 kWh/
Pcs
Direct net energy ADEC/GQ
efficiency
667,41 kWh/410 Pcs 1,628 kWh/
Pcs
© ISO 2018 - All rights reserved 13
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Table 8 — Production order-related actual times and KPIs PO2 in conjunction with POS2/1

and POS2/2
Determination of basics
AOET = Endtimepos 2/2 - Starttime pos 2/1
= [22:00] - [14:30] = 450 min
GQ GQpos2r2
= 4 Pcs = 4 Pcs
SQ SQpos2/1 + SQpos 2/2
= 2Pcs+2Pcs = 4,Pcs
RQ RQpos 2/1 + RQpos 2/2
= 0Pcs =" 0 Pcs
PQ PQpros 2/1
= 8Pcs = 8Pcs
PSQ Planned scrap quantity in % x PQpos 2/1 +
Planned scrap quantity in % x PQpos 2/2
= 25% x 8Pcs+25% x 6 Pcs = 4 Pcs
IP Number of pieces being tested on both production’sequences (serial
number S01 bis S08)
= 8Pcs = 8Pcs
GP Number of pieces that are good on both production sequences in the
first round without reworking (serialnidmber S01)
= 1Pcs = 1Pcs
IP pos 21 Number of pieces that have been’tested
(serial number S01 to S08)
= 8Pcs = 8Pcs
GP pos 21 Number of pieces being’good in the first round
(serial number S01,S05, S07, S08)
= 4 Pcs = 4 Pcs
IPpos 2/ Number of pieces that have been tested
(serial number S01, S02, SO5, S06, S07, S08)
= 6PcsS = 6 Pcs
GP pos 2)2 Numiber of pieces being good in the first pass
(serial number S01, S06)
= 2 Pcs = 2 Pcs
ADEC ADECpos 2/1 + ADECpos 2/2
= 4,5m3 x 0,102 8 kWh/m3 + 0,45 m3 x 10 kWh/m3 + 4,5 kWh + = 23,34kWh
6,6 m3 x 0,102 8 kWh/m3 + 0,66 m3 x 10 kWh/m3 + 6,6 kWh
PEDIpos 2/1 = 1,05 kWh = 1,05 kWh
PEDIpos 22 = 2,10 kWh = 2,10 kWh
Calculation of KPIs
Allocation ratio = (AUBTpos2/1 + AUBTpos 2/2)/AOET
= 600 min/450 min = 133,33 %
Throughput rate = PQ/AOET
= 6 Pcs/450 min = 0,01 Pcs/min
Production = (APTpos2/1 + APTpos 2/2)/AOET
process ratio
= (240 min + 180 min)/450 min = 93,33%

14 © ISO 2018 - All rights reserved
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Table 8 (continued)
Quality ratio GQ/PQ
4 Pcs/8 Pcs = 50,00 %
Scrap ratio SQ/PQ
4 Pcs/8 Pcs = 50,00 %
Rework ratio RQ/PQ
0 Pcs/8 Pcs = 0,00 %
Actual to planned SQ/PSQ
scrap ratio
4 Pcs/4 Pcs =~133,33 %
Fall off ratio (PQ-GQ)/PQ
(8 -4 Pcs)/8 Pcs = 50,00 %
First pass yield GP/IP
P02 1 Pcs/8 Pcs = 12,50 %
First pass yield GP/1P
POS2/1 4 Pcs/8 Pcs = 50,00 %
First pass yield GP/IP
POS2/2 2 Pcs/6 Pcs = 33,33 %
Direct energy (PDEIpos 2/1 x PQpos 2/1 + PDEIpos 2/2 ¥ RQpos 2/2)/ADEC
Consumption
effectiveness
(1,05 kWh/Pcs x 8 Pcs + 2,10 kWh/Pcs x 6 Pcs)/23,34 kWh = 89971 %
Direct net energy (PDEIpos 2/1 x PQpos 2/1 + PREYpos 2/2 x PQpos 2/2) /ADEC
Consumption
effectiveness
(1,05 kWh/Pcs x 6 Rcs'+ 2,10 kWh/Pcs x 4 Pcs)/23,34 kWh = 62,98 %
Direct energy ADEC/PQ
efficiency
23,34 kW8 Pcs = 2,918 kWh/
Pcs
Direct net energy ADEC/GQ
efficiency
23,34 kWh/4 Pcs = 5,835 kWh/
Pcs
4.4 KPIs forworker
An impertant indicator is the worker efficiency. It provides information on the ratio of job-related work
of the workers in relation to the total attendance of workers.
! n"n‘/\ring the anrripfinn ofthe work unit ]ng the Fn”nuring status arein p]:\rn

— Worker/Operator OP1 is working on work unit 1 from 06:00 to 14:00 hours.

— Worker/Operator OP2 is working on work unit 1 from 14:00 to 22:00 hours.

— Worker/Operator OP3 is working on work unit 2 from 06:00 to 14:00 hours.

— Worker/Operator OP2 is working in parallel on work unit 1 from 14:00 to 22:00 hours.

The attendance time of multiple work unit operator OP2 is allocated proportionally to both of the two
work units, the multi-work unit operator operates two work units. The respective production order
related time or the total attendance is cut into halves in those cases. See Tables 9 to 11.

© ISO 2018 - All rights reserved
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Table 9 — Log of operator 1

Determination of basics

= End time gpq - Start time gp1 - PDOT opq

= [14:00] - [06:00] - [00:30] = 450 min
APWT = (AUBTpos1/1) OP1

= 300 min = 300 min

Calculation of KPIs

Worker ffficiency = APWT/APAT

= 300 min/450 min = 66,67 %
Worker efficiency OP1:
APAT (QP1) =
[6:00 - 12:00] + [12:30 - 14:00] =
360 mir] + 90 min = 450 min
APWT ((W1) =
[06:00 {06:30 AUST] +
[06:30 {07:00 APT] +
[07:00 {07:30 TTR] +
[07:30 408:00 APT] +
[08:00 { 08:30 ADET] +
[08:30 {09:00 APT] +
[09:00 {09:30 TTR] +
[09:30 {10:30 APT] +
[10:30 {11:00 AUST] =
30 min + 30 min + 30 min + 30.1in + 30 min + 30 min + 30 min + 60 min + 30 min = 300 min
Worker |efficiency OP1 =, ARWT/APAT = 300 min/450 min = 66,67 %

Table 10 — Log of operator 2
Determination of basics

APAT = End time gp2 - Start time gp2 - PDOT gp2

= [22:00] - [14:00] - [00:00] = 480 min
APWT = (AUBTpos 1/2 + AUBTpos 2/2) op2

= 450 min = 450 min

Calculation of KPIs

Worker efficiency = = APWT/APAT

= 450 min/480 min =93,75%
Worker efficiency OP2:
APAT(OP2) =
[14:00 - 14:30 W1] + [14:30 - 17:30 W1+W2] +
16 © ISO 2018 - All rights reserved
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[17:30 - 18:00 W2] + [18.00 - 22:00 W1+W2] =
30 min + 180 min + 30 min + 240 min = 480 min
APWT(W1+W2) =

[14:30 - 15:00 W1 AUST + W2 APT] +

[15:00 - 16:00 W1 APT] +

16:00—16:30- WL APT + W2 ADPT] 4

TOTOo TOT vy T

16:30 - 17:00 W1 APT + W2 AUST] +
17:00 - 17:30 W1 APT] +

17:30 - 18:00 W2 AUST] +

18:00 - 19:00 W1 APT + W2 APT] +

[

[

[

[

[19:00 - 19:30 W1 ADET + W2 APT] +
[19:30 - 20:00 W1 TTR] +

[[20:00 - 20:30 W1 APT + W2 APT] +
[20:30 - 21:00 W1 AUST + W2 APT] +
[21:00 - 21:30 W2 APT] +

[21:30 - 22:00 W2 AUST]

30 min + 60 min + 30 min + 30 min + 30 min%*30 min + 60 min + 30 min + 30min + 30 min + 30 min +
0 min + 30 min = 450 min

Worker efficiency OP1 = APWT/APAT =450 min/480 min = 93,75 %

Table 11 — Log of operator 3

Determination of basics
APAT = Endtime gp3 - Start time gp3 - PDOT op3
£ ]14:00] - [06:00] - [00:00] = 480 min
APWT = (AUBTpos 1/2) op3
= 150 min = 150 min
Calculation of KPIs
Worker efficiency = APWT/APAT
= 150 min/480 min = 31,25 %
Worker efficiency OP3:
APAT(OP3) =

[06:00 - 14:00] = 480 min
APWT(W2) =

[11:30 - 12:00 AUST] +
[12:00 - 12:30 APT] +
[12:30 - 13:00 ADET] +

© ISO 2018 - All rights reserved 17
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[13:00 - 14:00 APT] =
30 min + 30 min + 30 min + 60 min = 150 min

Worker efficiency OP3 = APWT/APAT = 150 min/480 min = 31,25 %

18
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Annex A
(informative)

Example: Work unit data recording for KPI calculation

11\.1 Abbreviations for examples

A.1.1 General

FOS x/y Production order sequence (POS) y within production orderx

Wz Work unit z

OPa Operator a

§nn Serial number nn

§erial number Unambiguous identifier for serialization-of ‘pieces

Test cycle Number of testing passes. ,1“ means(thdt the piece has passed testing as

»acceptable®, in one pass.

Air Consumed compressed air;
Number of dm3, which have'been consumed within the time period directly on
the work unit.

(as Consumed Gas; Number of m3, which have been consumed within the timd period
directly on the work unit.

Electricity Consumed Electricity; Number of kWh, which have been consumed withir| the
time period directly on the work unit.

A.1.2 Time type

APT Actual production time
AUST Actual unit setup time
ADET Actual unit delay time
TTR Time to repair

ADOF Actual-unit-down-time
PSDT Planned shut down time
PDOT Planned down time

PBT Planned busy time

A.2 Comments on the work unit log

The work unit log serves as a basis for the presentation of sample calculations for the particular KPI
elements and KPIs. It refers to the period of a calendar day for two work units with limited capacity.
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These two work units run by two production orders on the same day. In doing so, each of the two
production orders is using both work units during two production order sequences. A production order
sequence is intended as a manufacturing step to be performed on a work unit. Thus, the production
order sequence specifies the successive manufacturing steps within a production order.

The two work units are independent one from the other. This means that eventual stops or speed losses
of one work unit do not influence the other work unit.

In this example the production order sequence 1 is assigned to work unit 1 and the production order
sequence 2 is assigned to work unit 2. Thus, in this example each production order sequence is assigned
to a different work unit.

In thesg examples, production order 1 is processed with two production order sequences, one-afte
the othg¢r: POS1/1 is executed on work unit 1 and POS2/1 starts on work unit 2 only when®0S1/1 i
completed. Differently, production order 2 is processed with two production order sequences partiall
overlapped in time: POS2/1 is executed on work unit 1 and POS2/2 starts on work unit 2while POS2/
is still heing processed. Many other combinations can also be possible but will nog,be considered i1
these examples.

- o~ J] TS

The ovefrlap of the first and second production order sequences of the second production order (P02
is showpn for demonstrating the effect on the allocation ratio or production process ratio. The firs
productiion order refers to a big lot production, while the second productioh order represents a smal
lot. Only the second production order has serialized items.

— T

In order to allow an easy traceability for the calculations an idé€alized grid of 30 minutes has bee}
introdufed as basis for the particular time periods during the operating time, i.e. time bucket for thi
specificlexample has been set to 30 minutes. In reality, the time periods of the logs are correspondin
with the actual recorded time stamps.

15 1= s

The qudntities given always refer to the corresponding entry of that particular time period. Whel
referring to processed quantities, fractional numberhas been rounded up.

=J

Actual ynit down times for both work units are ¢isible between the first and second production order

The basfis for calculation is a 3-shift modelwith the early, late and night shift with shift change time
06:00, 14:00 and 22:00. The night shift is' defined as no production time (planned shut down time
period fpr both work units.

1°2]

The firdt production order is of-aiominal amount of 500 pieces. The second production order has a
nominal amount of 8 pieces, but'with serial numbers.

The firgt production order“has a planned runtime per item (PRI) of 200 pieces per hour, or time pef
item of 0,3 minutes. The second production order has planned time per item (PRI) of 2 pieces per hou
or a timp per item of30"minutes.

=

The setiip time i5.30 minutes.

Time tofrestofation (TTR) is included in the actual unit delay time (ADET)

In this exampte; theptanmed scrap quartity {PSQjis computed for each production order Sequence; 1e.
for each manufacturing step, and the computation is performed after the completion of the processes,
i.e. PSQ is computed on the actual number of units entering each manufacturing step, not on the planned
number of units entering the manufacturing step or on the number of units entering the entire process.
This difference is significant for production orders composed of multiple production order sequences,
as itis shown in this example. For all production order sequences in the first production order (POS1/1
and POS1/2), PSQ is set at 5 % while or all production order sequences in the second production order
(POS2/1 and P0OS2/2), PSQ is set at 25 % The rework quantity exits from the process, which means that
subsequent work is not performed on the work units involved in this example.

The planned energy consumption per item and work unit production order is given in Table A.1 as a
virtual example.
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Table A.1 — Log for work unit W1

Production order| Compressed air Gas Electrical PDEI
sequences dm3 m3 energy (KWh)
(KWh)
POS1/1 200 0,02 0,2 0,2x0,1028+0,02x10+0,2=0,42
POS 1/2 400 0,04 0,4 0,4x0,1028+ 0,04 x10+0,4=0,94
POS 2/1 500 0,05 0,5 0,5x0,1028 + 0,05 x 10+ 0,5=1,05
POS 2/2 1000 0.10 1.0 1.0x01028+010x10+1.0=2,10

I|n this example the first production order has planned energy consumption per item (PDEI).0f 1,
The second production order has planned energy consumption per item (PDEI) of 3,15 kiWk'exd
dalculated average for setup time, tear down time and any delay time.

A.3 Log for work unit W1

To calculate the actual direct energy consumption (ADEC) it has to be considered that thd
donsumption has been measured per time period thus it has to be converted to aupnit related basis

B6 kWh.
luding a

energy
in kWh.

© ISO 2018 - All rights reserved
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A.4 Log for work unit W2
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A.5 Log for work unit W1 for energy calculation
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