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reword

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.
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Introduction

Machine tools are complex products for industrial use to manufacture parts ready for use or semi-
finished products. The performance of a machine tool as key data for investment is multi-dimensional
regarding its economic value, its technical specification, and its operating requirements which are
influenced by the specific application. Therefore, the same machine tool can show quite different
energy supplied to the machine depending on the part which is manufactured and the conditions under
which the machine is operated. Therefore, the environmental evaluation of a machine tool cannot be
considered in isolation from these considerations.

ISO 14955-
with the in
in order td
weaknesse

ISO 14955
component
energetic 1

1 defines an analysis and evaluation procedure for machine tools based on functional-u
Lention of a unified approach. ISO 14955-1 enables simplified and general evaluation theth

define and assess the energetic behaviour and the individual energetic and/or efficig
s of a machine tool.

-2 defines the required parameters and procedures for machine tool afd machine
measurement, including required parameters which are relevant for the<assessment of]
hachine tool behaviour.

The reference scenario introduced in this part reflects the actual machine process in the field under |

knowledge
dependent
and relatec

The ISO 14
design and
document.

. The definition of the reference scenario and its measurementdelps to indicate applicat
improvement potential and the application of the methodélogy as defined in ISO 1494
| improvement measures for given industrially driven applications.

D55 series takes care of relevant environmental impacts during the use stage. Aside from
engineering of machine tools, the intended utilization of machine tools is addressed by
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An example of how to use this document is giveftin Annex A.

The results from applying this documenpt are influenced by the effect of user behg
manufacturing strategies during the use-phase. This document does not support the con
maghine tools.

2 |Normative references

The following documentsyare referred to in the text in such a way that some or all of th
conktitutes requireménts of this document. For dated references, only the edition cited 4

und

ISO
met

ISO
med

Scope

5 document supports the energy-saving design methodology according’te’ [SO 14955
hods for measuring energy supplied to machine tools and machine todl components
14955-2. This document addresses the environmental evaluation of machine tools dur
be based on reference scenarios. It contains an example for metal cutting machine tools.

bd on an individual reference scenario for the energy~aSsessment of machine too
gration of energy-efficiency aspects into machine tool dégsign.

5 document explains what needs to be measuredain line with ISO 14955-1 and IS

ated referencesthe latest edition of the referenced document (including any amendmen

14955-1:20%7, Machine tools — Environmental evaluation of machine tools — Parl
hodology for energy-efficient machine tools

14955=2:2018, Machine tools — Environmental evaluation of machine tools — Part 2: |
suring energy supplied to machine tools and machine tool components

-1 and the
defined in
ng the use

5 document defines a methodological approach to assess relévant machine tool operating states

s and the

D 14955-2.

thermore, it shows how a reference scenario for the measurement of the machine function
“processing”, according to ISO 14955-1, is evaluateds

viour and
parison of

Pir content
pplies. For
[s) applies.

1: Design

lethods for

DIN 8580:2003, Manufacturing processes — Terms and definitions, division

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14955-1, ISO 14955-2 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

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

[EC Electropedia: available at http://www.electropedia.org/
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reference part

workpiece with defined specification of geometry, material, size, geometric tolerances, surface quality
and defined related manufacturing procedure

Note 1 to entry: The reference part is a determined number of geometric elements in given composition and
dimension which are manufactured under defined operating states (see [8]).

3.2

reference scenario
individually defined manufacturing process, containing the definition of part handling and the
environmental conditions to achieve an individual reference part (3.1)

Note 1 to |entry: The reference scenario covers machine based and task-based scenarios acconding to
SO 14955-2:2018.

3.3
discrete pprt manufacturing
productior] process in which its output is individually countable, or identifiable by serial numbers, pnd
is measuraple in distinct units rather than by weight or volume

Note 1 to eptry: Term used in distinction to process manufacturing, e.g. of substances such as plastics, fpod,
beverages or pharmaceuticals.

34
mass production

large-scalg production
manufacturing of large quantities of standardized products, frequently utilizing assembly [line
technology

Note 1 to erjtry: Mass production refers to the process of ¢reating large numbers of similar products efficieptly.
Mass produftion is typically characterized by some type,of automation, as with an assembly line, to achieve high
volume, the|detailed organization of materials flow, careful control of quality standards and division of labotr.

3.5
tool
device for imparting a desired shape, form, or finish to a material

Note 1 to enfry: The desired shape can be achieved by different means, e.g. by material removal, forming, shaping.

3.6
shop floor| production
job shop
fabrication-outfit specializing in small quantities of custom-made parts, produced according to
customer gpecifications

Note 1 to erjtryx Usually, in shop floor production, there is no workpiece defined between machine tool builfer/
supplier an(r machine tool user at the time of machine tool acquisition.

Note 2 to entry: In shop floor production, time shares are strongly related to the specific production being
executed. A typical utilization of a machine tool in a shop floor production is 8 h/day for 5 days/week.

3.7

energy performance indicator

EnPI

measure or unit of energy performance, as defined by the organization

Note 1 to entry: EnPI(s) can be expressed by using a simple metric, ratio or a model, depending on the nature of
the activities being measured.

Note 2 to entry: See ISO 50006 for additional information on EnPI(s)[4],

Note 3 to entry: Examples for organizations are manufacturer, supplier and user.

2 © IS0 2020 - All rights reserved
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4 General approach for the environmental evaluation of machine tools

4.1 General

This clause describes the procedure for the environmental evaluation of machine tools according to
ISO 14955-1. This approach requires the measurement of all possible operating states of the machine

tool, including the reference scenario, as defined in Clause 6. Based on this assessment, relevant machine
too anarating ctatac can ha indicatad and accaccad and thao fuinctional ariantad analucic f\ncordlng to

OptTTtIITS ottt o Co o e IIrarco e T

1S0|14955-1 can be performed.

Stable conditions are assumed if the difference of the average of the measured|valug
megsurement periods is not larger than 100 W or £5 % of the connected load (nominal powe
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Figiire 1 shows the general approach for the environmental evaluation of machine tool

infgrmation is given in 4.2 to 4.10. Clause 5 shows the results and further 'assessments bg
performed machine tool measurement.

over two

r).

5. Detailed
sed on the

NOTE
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Machi | selecti Docu mtion of
achine tool selection > generalinformation
Preparation =~ t——F———— S {t 77777777777777777
Measurement ¢
Measurement M01: Q\éocumentation of
—>\ average power value
OFF !
during OFF
Measurement MO2: Documentation of
OFF to STANDBY >  average power Yalue | —
and startup time t;, ..
Process- Measuhement M03: Documentation of
>
independent STANDBY average power value P,
Measurement MO4: Documentation of
SETUP / WARMUP > average power value P
and setup time tg, .
Measurement M05: N Documentation of
READY average power value P o
Individual £
machine tool Measurement M06: L averag]?eopcg‘;]neern‘sgflll%npo
reference scenario PROCESSING PROCESSING
according to Clause 6 and processing time tyyceoqg
Measurement M07: Documentation of
EMERGENCY STOP ] average power value P,
Process- [
mdependent Y
Documentation of
Measurement M08: Ly avera e power value P
STANDBY to OFF transition time®
from STANDBY to OFF t,,
Measurement =~ T ... ...
Analysis i __________________________
| i
Analysis and results ! Functional oriented (FO) |
according to ISO 14955-1 ' evaluation and further analysis .
| |
L S J

STANDBY is a stable state after machine tool is turned ON. This state can include heating on some
machine tools.

Figure 1 — General approach for the environmental evaluation of machine tools
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In 4.2 to 4.10, each step is explained in detail.

4.2 Step 1 — Documentation of general information

The following table shows the information that shall be given for the intended machine tool assessment.

Table 1 — General information

Information Description
Company Company and location where the machine tool is measured
. Person in charge of machine tool assessment and measurement service provider
Responsible person 1
(if different from company)
Machine topl manufacturer/ |Name and serial number indicating the type and configuration setup.of.the
model/seripl number machine tool
System boyndary According to ISO 14955-2:2018, Clause 6.
Nominal pqwer [kW] Nominal power [kW] as declared by the machine tool manufacturer
Temperatupe/humidit Indication of conditions during measurement.
d P y In order to proof stable conditions the values should®e'documented at least
uring megsurement ; :
every 30 min during the measurement
Date and tijne Date of performed measurement and duration-of the measurement
4.3 Step 2 - Measurement of machine tool state OFF — M01
4.3.1 Description
The powern, Pypr [KW], including all required externalimedia, e.g. compressed air, according to|the

system bouindary definition of the machine tool are méasured during OFF. The main switch is off. [The

measurem

NOTE ’
monitoring

4.3.2 Mg

Measurem

asurements

ent of power during-machine tool state OFF, as exemplified in Figure 2.

ent shall be performed when steady-state conditions are reached and should last for at lgast
300 s (default value). If this condition is not fulfilled, measurements shall last longer.

his measurement aims to indicate Ccompressed air leakage and/or active components during OFH e.g.
modules. This machine tool state is independent of the process.

© IS0 2020 - All rights reserved
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p A
POFF - ‘:Li
‘ >
tOFF t
Key
P power [KW]
t time [s]

Popd average power [kW] during machine tool state OFF

torr| measurement time [s] during machine tool state OFF

Figure 2 — Example of measurement of power during machine tool state OFF

4.3/3 Documentation

Table 2 shows the required values for maching\tool state OFF.

Table 2 — Required values for machine tool state OFF

Required value | Unit Description
Pogr kW | Average power during machine tool state OFF
¢ s Default value is 300 s. It is required to document the duration of the mepsurement,
OF even if it is equal to the default duration.

4.4| Step 3 — Measurement of transition from machine tool state OFF to STANDBY
(START) — MO2

4.4]1 Description

The power, Pgparr [KW], including all required external media, e.g. compressed air, aqcording to
the|system boundary definition of the machine tool is measured during the transition fjom OFF to
STANDBY. The main switch is turned from OFF to ON. The machine starts up until it reaches a steady
state (STANDBY). Pgragrt represents the average power value during machine tool start up. This
measurement does not contain axis reference or any movement of axis.

NOTE This measurement aims to indicate the required time for machine tool start-up and related component
activity. The duration of the start-up depends on the machine tool.

4.4.2 Measurements

Measurement of power during transition from machine tool state OFF to STANDBY, as exemplified in
Figure 3.

© IS0 2020 - All rights reserved 5
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p A

STANDBY

PSTART
P OFF :
‘ >
START t
Key
P pqwer [KW]
t tifne [s]
Porr average power [kW] during machine tool state OFF

Pgrarr  average power [KW] during transition from machine tool state OFF témachine tool state STANDBY
Pgranppy average power [kW] during machine tool state STANDBY
tstapr  dyration of transition from machine tool state OFF to machinetool state STANDBY

Figure 3 [— Example of measurement of power during transition from machine tool state OFF
to STANDBY.

4.4.3 Ddgcumentation

Table 3 shqws the required values for transgition from machine tool state OFF to STANDBY.

TalTle 3 — Required values for-transition from machine tool state OFF to STANDBY

Requiretll value | Unit Description

PgrarT kW | Average power during transition from machine tool state OFF to STANDBY

DPturation of transition from machine tool state OFF to STANDBY.
This duration depends on the machine tool.

LSTART s

4.5 Step4 — Measurement of machine tool state STANDBY — M03

4.5.1 Description

The power, Pgranppy [KW], including all required external media, e.g. compressed air, according to the
system boundary definition of the machine tool are measured during STANDBY. The machine tool is in
a steady state. The measurement should be performed in stable conditions for a time, tgranpgy, 0f 300 s
(default value). Measurement should be performed when stable conditions are reached, for a time,
tstanppy Of at least 300 s (default value). If none of these conditions are fulfilled, measurement shall
last longer.

NOTE This measurement aims to indicate the required average power during machine tool standby including
related component activity. This state is independent of the process.

4.5.2 Measurements

Measurement of power during machine tool state STANDBY, as exemplified in Figure 4.

6 © IS0 2020 - All rights reserved
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P

STANDBY

Key

Pgry
tsTA

4.5

Tabje 4 shows the required values for machinetool state STANDBY.

|
|
|
|
|
I
tSTAN DBY t

power [KW]

time [s]
ppy average power [kW] during machine tool state STANDBY
lpgy Measurement time [s] during machine tool state STANDBY

3 Documentation

Table 4 — Required:values for machine tool state STANDBY

Figure 4 — Example of measurement of power during machine tool state STANDBY

Required value | Unit Description
PorthnpBY kW | Average power during machine tool state STANDBY
¢ s Default value is 300 s. It is required to document the duration of the mepsurement
STANDBY even if it is equal to the default duration.
4.6| Step 5 — Measurement of machine tool state SETUP/WARMUP — M04
4.6J]1 Description

Thd
the

power, Pgpryp [KW], including all required external media, e.g. compressed air, aqg
system boundary definition of the machine tool is measured during the machine td

cording to
ol process

pre

bafation and/or warm up. This measurement includes all required activities for mz:

ichine tool

process preparation. This state can include machine tool-specific warm up times.

NOTE

This measurement aims to indicate required activities, e.g. moving of axes, fixing workpiece, cleaning

process area and/or warm up time. It shows the required average power during machine tool setup including
related component activity. This state depends on the machine tool, in some cases it depends also on the process.
Some machine tools do not require the machine tool state SETUP.

4.6.2 Measurements

Measurement of power during machine tool state SETUP, as exemplified in Figure 5.

©IS
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PSETUP
PREADY
PﬁTANDBY’ -
f 2
SETUP t
Key
P power [KW]
t time [s]
Pgranp-avefage power [KW] during machine tool state STANDBY
BY

Preapy avefage power [KW] during machine tool state READY
Pspryp  avefage power [KW] during machine tool state SETUP
tsgryp  Medsurement time [s] during machine tool state SETUP

Figure 5 — Example of measurement of powek during machine tool state SETUP

4.6.3 Ddcumentation

Table 5 shqws the required values for machine tool state SETUP.

Table 5 — Required values for machine tool state SETUP

Required value | Unit Description

Pspryp kW  |Average power during machine tool state SETUP

Duration during machine tool state SETUP. This duration depends on the machine

t S .
SETUP Yool and in some cases on the process as well.

4.7 Step 6 — Measurement of machine tool state READY — M05

4.7.1 Description

The power, Pppapy [KW], including all required external media, e.g. compressed air, according to the
system boundary definition of the machine tool is measured during the machine tool state READY. This
state represents the machine tool state just before processing. The process preparation, including warm
up, axis reference and setup activities are already done. The machine tool is ready for processing and
waiting for start signal. Measurement should be performed when stable conditions are reached, for a
time, topp of atleast 300 s (default value). If this condition is not fulfilled, measurements shall last longer.

NOTE This measurement aims to indicate the required average power during the machine tool state READY
including related component activity.

4.7.2 Measurements

Measurement of power during machine tool state READY.

8 © IS0 2020 - All rights reserved
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p A
P READY |
:
READY t
Key]
P power [KW]
t time [s]

Ppedpy average power [kW] during machine tool state READY
treaby measurement time [s] during machine tool state READY

Figure 6 — Example of measurement of powerduring machine tool state READY

4.7/3 Documentation

Table 6 shows the required values for machinetool state STANDBY.

Table 6 — Required values for machine tool state READY

Required value | Unit Description
Prdapy kW | Average power during machine tool state READY
¢ s Default value is 300 s. It is required to document the duration of the mehsurement
RERDY even if it is equal to the default duration.

4.8 Step 7 — Measurement of machine tool state PROCESSING — M06

4.8]1 Description

Thd powerl; Pprocessing [KW], including all required external media, e.g. compressed air, accoiding to the
system‘boundary definition of the machine tool is measured during the reference scenario agcording to
the|definition in Clause 6. This machine tool state represents the typical and individual mpchine tool
processing.

NOTE This measurement aims to indicate the required average power during machine tool processing
including related component activity. This machine tool state depends on the process.

4.8.2 Measurements

Measurement of power during machine tool state PROCESSING, as exemplified in Figure 7.

© IS0 2020 - All rights reserved 9


https://standardsiso.com/api/?name=5e7ae97c503e0988e78c5b3040086181

ISO 14955-3:2020(E)

PA

PROCESSING|

PRFADY
f »
tPROCESSlNG t
Key
P power [KW]
t time [s]
Preapy average power [kW] during machine tool state READY

Pprocessing | average power [kW] during machine tool state PROCESSING
tprocessing | measurement time [s] during machine tool state PROCESSING

Figure 7 — Example of measurement of power during machine tool state PROCESSING

4.8.3 Ddcumentation

Table 7 shdws the required values for machine toel.state PROCESSING.

Table 7 — Required values for machine tool state PROCESSING

Required value | Unit Description
Pprocessing kW  |Average power during machine tool state PROCESSING
LpROCESSING S Indivjdual’ duration of reference scenario

4.9 Step 8 — Measurement of machine tool state EMERGENCY STOP — M07

4.9.1 Description

The powern} Prgigp' [KW], including all required external media, e.g. compressed air, according to|the
system boyindary definition of the machine tool is measured during machine tool state EMERGENCY
STOP. Afte £ = 30 s in machine tool state STANDRY EMERGENCY STOP is initiated Measurement
should be performed during stable conditions in machine tool state EMERGENCY STOP for a time,
tgsTop Of atleast 300 s (default value).

Some machine tool users use the machine tool state EMERGENCY STOP when a machine tool is not
operating. In such cases the machine tool state EMERGENCY STOP is relevant and shall be measured.

NOTE This measurementaims to indicate the required average power during machine tool state EMERGENCY
STOP (ESTOP) and related component activity. This machine tool state does not depend on the process.

4.9.2 Measurements

Measurement of power during machine tool state EMERGENCY STOP, as exemplified in Figure 8.
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PSTANDBY
PESTOP )
Key]
P power [KW]
t time [s]

Ppoilop  average power [kW] during machine tool state ESTOP
Psranppy average power [kW] during machine tool state STANDBY

Higure 8 — Example of measurement of power during machine tool state EMERGENCY STOP
(ESTOP)

4.9)3 Documentation

Tabje 8 shows the required values for machine tool state EMERGENCY STOP (ESTOP).

Table 8 — Required valueés-for machine tool state EMERGENCY STOP (ESTOP)

Required value | Unit Description
Pedrop kW | Average power during machine tool state EMERGENCY STOP
¢ s Default value is 300 s. It is required to document the duration of the mehsurement
Estop even if it is equal to the default duration.

4.1D Step 9 — Measurement of transition from machine tool state STANDBY to OFF — M08

4.10.1 Desegription

The avérage power, Py [KW], including all required external media, e.g. compressed air, agcording to
the[system boundary definition of the machine tool, is measured during the transition from machine
tool state STANDBY to OFF. After ¢; = 30 s the machine tool is switched off according to the typical
switch off procedure as indicated by the machine tool manufacturer. The machine tool SWITCH OFF
ends when stable conditions are reached at t,. The transition from STANDBY to OFF lasts the time tgy
that is defined as t, - t;. Py represents the average power value including all external media during
the machine tool switch off. This measurement is independent of the process.

NOTE This measurement aims to indicate the required time for machine tool switch off and related
component activity. The duration of the switch off depends on the machine tool. This machine tool activity
depends on the machine tool.

© IS0 2020 - All rights reserved 11
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4.10.2 Measurements

Measurement of power during transition from machine tool state STANDBY to OFF, as exemplified in
Figure 9.

L /AN e~ — — — — m .
PSTAN DBY |
T

PSWO
POFF
Key
P pqwer [kW]
t titne [s]
Popp average power [kW] during machine tool state OFF
Pswo ayerage power [kW] during transition from machine toel-state STANDBY to machine tool state OFF

Pcranppy average power [kW] during machine tool state STANDBY
t, er]d of transition from machine tool state STANDBY4o machine tool state OFF

Figurd 9 — Example of measurement of power during transition from machine tool state
STANDBY to OFF (SWO)

4.10.3 Ddcumentation

Table 9 shqws the required valyes for transition from machine tool state STANDBY to OFF (SWO).

Table T — Required values for transition from machine tool state STANDBY to OFF (SWO)

RequireJl value | Unit Description
Pswo kW  |Average power during transition from machine tool state STANDBY to OFF
¢ s Individual duration of transition from machine tool state STANDBY to OFF.
SWo tswo =t — t1.
swo=la~h

5 Machine tool analysis for environmental evaluation

5.1 General

Based on the given information and performed measurements on all required machine tool operating
states, and resulting EnPI values, the assessments in 5.2 shall be carried out.
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5.2 Average machine tool performance

5.2.1 General

The average machine tool performance indicates the estimated energy supplied according to the time
shares of the given machine tool operating states. The shares are defined based on one production year.

The evaluation of the operating state shares shall be based on an individual share of operating states
that represent the actual usage of the machine tool including OFF, STANDBY, etc. If the individual share
of operating states is not known, neither by the machine tool user nor the manufacturer, the operating

-._-. p—able 10 be-used ho ed-blroced Q oA RIR-—H1ay

Tabje 10 shows default time shares of operating states which result from numerous measurements in
the|workshop and production field. These shares shall be used if an individual time|sharg cannot be

defined or is unknown.

Table 10 — Default time share of operating states

OTHERS
PROCESS- [EMERGEN-| (transient
OFF STANDBY SETUP READY ING CYSTOP | pperating
states)
Shdre per year 5% 15 % 10 % 5% 60 % 5% 0%
SOFF SSTANDBY SSETUP SREADY | SPROCESSING SESTOP So
Shgre value per year =0,05 =0,15 =0,1 ~0,05 =0,6 =0,05 =0

Sor: Share value of machine tool state OFF per year

npey: Share value of machine tool state STANDBY per year
Ssefup: Share value of machine tool state SETUP per year

Srehpy: Share value of machine tool state READY pex year

cessing: Share value of machine tool state RROCESSING per year
Skstop: Share value of machine tool state ESTOP per year
So: | Share value of machine tool state OTHERS per year

Basgd on different knowledgg, different pre-knowledge, an educated guess or on different mpchine tool
appllications different individual time shares may be defined.

5.2/2 Approach

Figlire 10 shows.the procedure for the selection of the machine tool operating state share ogtion.
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Evaluation of share
of operating states

Share of

Use default share

operating states

of operating states
from table 10

is known

Use individual share
of operating states

.

Document share
of operating states:
Serw S S S

OFF’ “'STANDBY’ “"SETUP’ " READY’

SPROCESSING' SESTOP’ S0

Figure 10 — Approach for the evaluation of operating states

5.2.3 Esfimated energy supplied

Based on the defined share of ;the operating states, Formula (1) can be calculated. It indicates|the
estimated pnergy supplieddorone production year. This value and related calculation of the operafing
state sharq shall be docufnented.

NOTE In shop flper(production, power supplied related to non-productive machine tool states can haje a
strong impgct on total energy demand. If available, automatic machine tool switch-off shall be applied [and

reported.

SC I ratnind +S("T‘AT\H‘\D\/ CTANDRY +S(‘E"T‘Tln SETLID +SDI:‘AI'\‘I READN
T O+t > > SETOT SETOT READY as

i J*(365*24) 1)

TN Y TN Y

P,

is the estimated energy supplied for one production year under the given circum-

is the average power during machine tool state OFF in kW;

is the average power during machine tool state STANDBY in kW;

E=
* %
+SpROCESSING  FPROCESSING T SESTOP

where

E

stances in kWh;

Popp

PgraNDBY

Pserup

14

is the average power during machine tool state SETUP in kW;
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PRrEADY is the average power during machine tool state READY in kW;
Pprocessing 1S the average power during machine tool state PROCESSING in kW;

Prstop is the average power during transition from machine tool state STANDBY to ma-
chine tool state ESTOP in kW;

Py is the average power during machine tool state OTHERS in kW;
SOFF is the share value of machine tool state OFF per year;

SSTANDBY is the share value of machine tool state STANDBY per year;
SSETUP is the share value of machine tool state SETUP per year;

SREADY is the share value of machine tool state READY per year;

SPROCESSING is the share value of machine tool state PROCESSING per yéar;
SESTOP is the share value of machine tool state ESTOP per year;
So is the share value of machine tool state OTHERS per year.

The time share per year value is the average time share calculated on a full year of average production,
so it can be directly derived from measures of an average/production day only for a prg¢duction of
365 days, 24 h/day. Otherwise, the measures shall be scaled taking into account non-operdtive times.
Becpuse Formula (1) computes energy supplied estimated for one full production year, the $tate of the
maghine tool when the production plant is not operative, even if the power supplied to the mpchine tool
is 0]kW, shall be taken into account.

EXAMPLE 1

— Mass production with 365 days/year produetion

— P shifts/day (= 16 h/day) operational times

— Bh/day non-operative times with machine tool in OFF

Durfng the operative times (X6 h/day), the measured time share per year are the ones of Table 1D: OFF 5 %,
STAINDBY 15 %, SETUP 10 %, READY 5 %, PROCESSING 60 %, EMERGENCY STOP 5 %.

Thefefore, the real shareper year of non-operative times to be used for Formula (1) is: OFF=1/3+2/3*0J05 = 36,6 %.
As dn example, the resulting time share according to Table 10 for PROCESSING = 2/3*0,6 = 0,4 = 40 %.

EXAMPLE 2
— Phop fleexproduction with 220 days/year production

— [L shift/day (= 8 h/day) operational times

— 16 h/day non-operative times with machine tool in OFF

During the operative times (8 h/day), the measured time share per year are the ones of Table 10: OFF 5 %,
STANDBY 15 %, SETUP 10 %, READY 5 %, PROCESSING 60 %, EMERGENCY STOP 5 %. The machine tool is in OFF
for 16 h/day and for 145 days/year (365 - 220).

The resulting time shares according to Table 10 for this example are: OFF 81 %, STANDBY 3 %, SETUP 2 %,
READY 1 %, PROCESSING 12 %, EMERGENCY STOP 1 %.

5.2.4 Calculation of relevant operation states

Based on the measurement values, the relevant operating states can be defined. Relevant operating
states show a high time share or energetic relevance. Furthermore, relevant operating states shall be
analysed with the functional oriented analysis (FO) according to ISO 14955-1.
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For the default share of operating states, the relevant operating state(s) during machine tool use phase
can be defined according to Table 11.

Table 11 — Relevant parameters for the calculation of supplied energy for the default share of
operating states

OTHERS
PROCESS- |[EMERGEN-| (transient
OFF STANDBY | SETUP READY ING CYSTOP | operating
states)
Share per yea¥ 5-0% 159 10-0% 5-0% 60-U% 506 0-%
Share valug per year :SSF(I;S SS:TANlDBY SEETUP S:RSAOD%( SPR(;CESSING iE(S)T(())E j%
Measured dverage
power, P, pgr Pogr Psranpsy Psgrup Preapy | Pprocessing|  Prstop Py
operating dtate
) Eprocess-
Calculated pupplied Eopp = ESTANDBYi Esgrup i EREADYi ING = Egstop j Eq=
energy, £, ger P *g Psranppy Psgrup Preapy Ppgo- Prstop P ¥ ¢
operating state per OFF_ JOFF | g *1 s * | s * N1 s * 0.9
P g p * 365 %24 | STANDBY SETUP READY CESSING ESTOP 365 * 24
year 365*24 | 365*24 | 365*24 |SppocHssing | 365 * 24
* 365 * 24

The calculgted energy, E, per operating state per year shows which operating state is relevant. Basedl on
this relevapce, the functional oriented analysis according ISO 14955-1 shall be performed.

5.2.5 Rejevant values

The EnPI

specific opprating states should be mentioned, respectively documented.

alues in Table 12 shall be collected and\documented where applicable. Non-existen

Table 12 — Relevant performance indicators to be documented

[ or

Required value | Unit Description
Popp kW  |Average power during machine tool state OFF
¢ s Default value is 300 s. It is required to document the duration of the measuremg¢nt
OFF even (fitis equal to the default duration
PgrarT kW  |Averdge power during transition from machine tool state OFF to STANDBY
" s Duration of transition from machine tool state OFF to STANDBY.
START This duration is machine tool dependent
PgranDBY KW  |Average power during machine tool state STANDBY
¢ s Default value is 300 s. It is required to document the duration of the measurem¢nt
STANDBY even if it equal to the default duration
Pserup KW _ [Average power during machine tool state SETUP
tsETUP s Duration during machine tool state SETUP. This duration depends on the process
Preapy kW  |Average power during machine tool state READY
¢ s Default value is 300 s. It is required to document the duration of the measurement
READY even if it is equal to the default duration
PprocEssING kW  |Average power during machine tool state PROCESSING
EPROCESSING s Individual duration of reference scenario
Prstop kW  |Average power during machine tool state EMERGENCY STOP
¢ s Default value is 300 s. It is required to document the duration of the measurement
ESTOP even if it is equal to the default duration
Pswo kW  |Average power during transition from machine tool state STANDBY to OFF
16 © IS0 2020 - All rights reserved
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Table 12 (continued)

Required value

Unit

Description

tswo s Individual duration of transition from machine tool state STANDBY to OFF
Eopr kWh |Calculated energy for one year required during machine tool state OFF
EsraNDBY kWh |Calculated energy for one year required during machine tool state STANDBY
Esgrup kWh |Calculated energy for one year required during machine tool state SETUP
Ergapy kWh |Calculated energy for one year required during machine tool state READY
EpRrocEssING kWh |Calculated energy for one year required during machine tool state PROCESSING
B KWh Calculated energy for one year required during machine tool state EMERGENCY
ES[rop STOP

Calculated energy for one year required during machine tool state OTHER,
E, kWh e .

e.g. manufacturer or user specific machine tool states
B KWh Calculated estimated energy for one year based on stated/time shares of the

operating states

5.2]6 Functional oriented analysis

Figlire 11 shows the approach for the functional oriented evaluationtaccording to ISO 14955
relgvant operating states.

© IS0 2020 - All rights reserved
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Functional oriented (FO)
evaluation according to
[SO 14955

Perform measurements

(MUT - MUB]J according to
4.3t04.10

Share of
operating states
can be defined?

Use default time share
of operating states
(according to Table 10)

Define share of operating states
according to 5.2

v

Select rele@$
operatinthhte(s)

Perform functional oriented (FO)
evaluation according to
ISO 14955-1 based on

relevant operating state(s)

Figure 11 — Approach for the functional oriented (FO) evaluation according to ISO 14955-1

based on relevant operating states

Based on relevant machine tool functions, relevant machine tool components can be definded that shall

be measured individually as per ISO 14955-1:2017, 6.4.

18
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6 Machine tool reference scenario

6.1 General

Machine tools represent an assemblage of different machine tool components (e.g. spindles, guideways,
drives, fans, motors) with individual configurations and specific applications. The individual energetic
machine tool behaviour and related specific energy efficiency optimization measures are primary
dependent on the machine tool configuration, machining process and application, active components
and their control, machine tool operating states sequence, manufacturing environment, and individual
handling.

Metal-cutting machine tools, their configuration and their application are highly indi
het¢rogeneous. It is therefore obvious that a definition for a standardized reference partorpa
a defined geometry and material properties is cumbersome. A given reference part is’alwa
or indirectly related to a specific machine tool and can therefore be manufactured under

con
too
rea
ene
can
dis4
intd
ind

Sanpple shift regime as mentioned in ISO 14955-2:2018,)5.2.2 and 5.2.3, can indicate an

ma
dep
ind
ap
sce
refe
mag

In 1
sca
wol
req
Stu
and
to d
rep
obs

It i
cus

ditions on one machine tool, whereas it is not intended to be manufactured-on a differe
and related machine tool configuration. Certain machine tool - workpieee combinati

gy efficiency optimization measures based on an unrealistic or ynecommon machining
be wrong, leading to an indication of an energetic efficieney/inefficiency and/oj
dvantage/advantage for certain applications. For this reason, @standardized reference

1strial environments.

hine tool use. It can be concluded that reference parts, as well as reference scenarios a
endent on the target and individual machine tgol and related configuration and shall

ication-dependent reference scenario formetal-cutting. The definition of individua
arios should ensure that a typical machining process as represented in industry is ass
rence scenario of the machine tool represents the intended value adding process fo
hine tool. This document is not meant to be used for machine tool comparison.

arge scale production with discrete part manufacturing, the process variance is lim
e production machine tools.are commonly designed to manufacture a certain workpie
kpieces of similar geometric complexity. The workpiece complexity, workpiece materig
1ired machining operations and related process parameters on each machine tool 3
lies/research/measureéments on metal-cutting machine tools show that, especially in

aerospace processes (mass production), the variety of a target machining processes
ne or a few similar processes. This means that a defined customer-specific machining

erved onmgéchine tool in mid and shop floor production.

seenythat sometimes machine tool manufacturers/suppliers have limited access to
fomer application (e.g. part size, materials, cutting forces, process programming). On th

yidual and
ocess with
ys directly
optimized
ht machine
ns are not

istic, common or useful in industrial applications. Energy assessments‘and related indjcations for

hpplication
energetic
part is not

nded in this document as it can not reflect a realistic metdl-cutting machine tool application in

unrealistic
Fe strongly
be defined

vidually as well. This document focuses on.the definition of an individual and machine tool and

reference
essed. The
the given

ted. Large
Ce or set of
| property,
re similar.
hutomotive
is limited
process is

resentative 6f<this application and can be selected. A higher flexibility/process variability can be

the actual
b user side,

the

m(ppr“rpd parts and related nppli(‘n‘rinnq are known_ but there is limited knnwlpdgp of th

 given and

possible machine tool configuration.

NOTE 1

cooling, internal and external exhauster, handling features.

NOTE 2

Example for manufacturing environment definition can contain information on the temp

moisture of the environment.

NOTE 3

Example for the large-scale production is the automotive industry.
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6.2 General structure

6.2.1 General

The definition of a reference scenario can be described in two parts:

— acommon definition that is valid independent from the machine tool, process and application;

— aspecific and individual definition which requires specific parameterization.

Individual and process information shall be documented, it can be documented not publically. The

elements afe explained in detail in Figure 12.

Preparation according to
ISO 14955-1 and -2

Machine tool is known,
reference scenario
needs to be defined

Machine-based

Y

assessment

A

(Machine tool builder)

<

Task-based asse@ent
(Machine toéi\ er)

Define reference scenari ISO 14955 assessment
according to Clause, C based on
6 typical machining process
A .
LD |
S

1SO 14955-3

Figure 12 — General description of the application and definition of the reference scenario

The reference scenario should include the definition of time shares of operating states (see 5.2.2).

20

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=5e7ae97c503e0988e78c5b3040086181

ISO 14955-3:2020(E)

6.2.2 Preparation

The preparation should follow the information as indicated in ISO 14955-1:2017, Clauses 6 and 8, and
ISO 14955-2:2018, Clauses 4 to 9, with the definition of possible analysis features, required system
boundaries and required energy forms as well as measurement procedure and remarks.

6.3 Guide for the definition of the reference scenario

The reference scenario represents a typical machine tool activity in use. The used materials, tools,
parameters and related NC program and processmg duratlon reflect the typlcal and intended

Information on typical process
is known for given machine tool
(e.g. customer)

The machine tool features
are adequately represented
in the reference process

Workpiece répresents
typicaluse
on given machine tool

NC program and process
paramters represent
best industrial knowledge

Resulting workpiece fulfills
production related
requirements
(quality, time, cost)

Process is documented:
NC program, tools,
workpiece, clamping, etc.

Figure 13 — Guideline for the definition of a reference scenario
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6.4 Definition of a reference scenario

6.4.1 General

The reference scenario represents an individually defined manufacturing process containing the
definition of a specific procedure, part handling, material used, tools used, conditions and environment
to achieve an individual and specific workpiece. It represents the typical value adding application on
the given metal-cutting machine tool. The reference scenario describes the machine tool activity in a
reproducible way.

The deflnl |r\n r\F 3 rnFﬂrnhl‘o c{‘nnarIn c]’\nu]r] ]"\n Y\nl‘Fr\rmnr] IY\ ]lnﬂ U\nf]'\ f]'\n FnhﬁfInY!al mapr\lng

according to ISO 14955-1 and in cooperation between the machine tool manufacturer/supplier and|the
machine tdol user. The assignment of a reference scenario benefits the user by a precise assessment of
the target jnachining process and the manufacturer/supplier, by detailed information on the actualfuse
in order td identify an appropriate and optimized machine tool configuration. System bodndary pnd
relevant erlergy forms are already defined in [SO 14955-1 and ISO 14955-2.

Figure 14 shows an example for a reference scenario.

>
t
Key
P power [kW]
t time [s]
1 STANDBY or other operating.states than PROCESSING (may be included in the reference scenario)
2 PROCE$SING (included‘inthe reference scenario)

Figure 14 —JIndication of the reference scenario within the machine tool processing

The definitiém of the reference scenario defines the machine tool activity during the operating state
processing. The reference scenario is defined by the machine tool manufacturer, the machine tools user,
or by agreement between the manufacturer/supplier and the user, and represents a typical machine
tool application for the given machine tools and related configuration. If the machine tool manufacturer
cannot specify a representative reference scenario on the given machine tool and machine tool
configuration, a machine tool user specific reference scenario in coordination with the machine tool
user shall be defined.

Based on the selected reference scenario, general and process specific information according to 6.7
shall be given. The measurement of the machine tool according to ISO 14955-1 and ISO 14955-2 can be
performed.

For the definition of a reference scenario, the requirements and aspects in 6.4.2 to 6.4.5 shall be
satisfied.
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2 Machining process

In discrete part manufacturing, and especially in large scale production, specific machining
processes are assigned to selected machine tools. The knowledge of the machine tool user for the
intended machining process, in procurement and retrofit, is generally given. Therefore, not only
the type of the manufacturing process is known, but also the range of process parameters (e.g. feed
speed, torque, rotational speed, generator power of EDM, properties and complexity of workpiece,
cooling requirements), machine tool activity and used NC programs. Settings of the programmable
logic controller (PLC) influence the manufacturing process as well. For this reason, the machine tool
manufacturer/suppller needs to consult machme tool users and define a machine tool and configuration

6.4
Inr
by {
In 1
stoy

6.4

In 1

parpmeters and workpiece used and/or set of materialssed and workpiece geometries arg
themachine tool user.

6.4|5 Variation of process parameters

Thg manufacturer can set low, medium and high application. Those levels should rep
parpmeter sets in low, middle and high and be further used for unknown but assumec
applications.

Anyf exceptions shall be handled by the machine tool manufacturer in cooperation with the m

use
Thd

is unknown or not present;-the reference scenario shall be defined based on low, mediuy

pro

6.5

Thd
intd
ope

the interest of machine tool user and manufacturer/suppller to define the reference S¢C
target application.

3 Tools

elation to the machining process, the quantity, type and quality of the toolsiised is gener
he machine tool user. This is valid for the purchasing and the machine tool configura

age) are known as well and shall be used for the definition of the teference scenario.

4  Workpiece material and process parameters

elation to the known machining processes, their sharé, the tools used and the relat

. The reference scenario shall*be defined in accordance to the specific quantity of proce
most common material-and tools for the typical machining process shall be used. If the

Cess parameter sets; These parameter sets represent low, medium and high duty operati

Major machine tool operating states

machinetool operating states with a significant share of energy according to 5.2.4 shd
accountto setup a useful reference scenario, at least PROCESSING and STANDBY ar¢
ratihg states.

rmation. It
enarios for

hlly known
[ion phase.

elation to the tools used, the required preconditions (e.g. cooling réguirements, tool handling and

ed process
known by

resent the
customer

achine tool
ssed parts.
hpplication
h and high
hNS.

11 be taken
necessary

©IS

DROCLCCINC
I INUGULJOJTINVU

Represents the actual machine tool use and target value adding application (no air cut). The
machine tool operating state processing starts with the start of the NC program and ends with the

end of this NC program.
STANDBY

The operating state STANDBY of a machine tool shall only be included within the reference scenario
if this state is related to the value adding of the intended application. For instance, the operating

state STANDBY can be given in automated or manual workpiece handling or for cool
workpiece conditioning.
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— other operating states

Other machine tool operating states shall be included in the reference scenario if they are required
for the target machine tool application.

6.6 Relevant test scenarios

The evaluation of test scenarios, machine-based or task based, as defined in ISO 14955-2:2018, Clause
5, is covered by the definition of a reference scenario (see Figure 13). All possible scenarios include
different machine tool operating states, such as OFF, STANDBY, READY, SETUP and PROCESSING. The

definition

fthe reference scenarigasperformedin the gperating state processingisrepresented-in all
)t T S g =] T

possible mpchine tool test scenarios.

6.7 Documentation of reference scenario

The reference scenario shall be adequately defined and reproducible under the same cénditions. It shall
be documented. The required information can be further divided into general information and procgss-
and applicgtion-dependent information. All necessary information to perform the reference scenarfo is

required.

NOTE Iif the reference scenario is not public, it is handled confidentially between the machine tool user|and
manufacturer.

The followfng general information shall be documented. It does not/dépend on the process and on|the

application]:
— machi]:
— machi

— related

— measurement conditions according to ISO 14955-1 and ISO 14955-2.

e tool type, brand, model and serial number;
e tool configuration;

machining process according to DIN 8580;
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Annex A
(informative)

Example for grinding machine tool

NOTE
proyide any real case values or applications.

Tabje A.1 gives an overview of the machine tool under investigation.

Table A.1 — General information overview

The following example is based on a real measurement. The informations are anonymizegl and do not

Information

Description

Corhpany

Examplecompany, Examplestreet 1, 8005 Ziitich, Switzerland

Redponsible person(s)

Mr. M. Tool (machine tool responsible)
Mr. A. Measurement (measurement pfoyider)

Ma¢hine tool manufacturer
Moflel

Serjal No.

Yedlr of installation

Example manufacturer,
Cylindrical grinding machine ggg)
20162000002,

2016

System boundary

According to ISO 14955<2:2018, Clause 6, including electrical energy and com-

pressed air supply

Nominal power [kW]

120

Temperature / humidity
duiling measurement

Temperature-and humidity were monitored as follows:

08:00 ams-25,1 °C at 26,1 %

08:30 am+25,1 °C at 24,7 %

09:000am: 25,2 °C at 23,9 %

09:30"am: 25,5 °Cat 23,7 %

10:00 am: 25,7 °C at 23,7 %

10:30 am: 25,8 °Cat 23,9 %

11:00 am: 25,5°C at 24,3 %

Delta: <+1 K; <5 %-influences of temperature can be neglected

Datle and time

2017-11-30/8:00 am—11:00 am

A.2 Measured machine tool states

TabjeA.2 shows the measured machine tool states of the machine tool under investigation.

Table A.2 — Measurement machine tool states

Name Description
OFF Machine tool "OFF", Main switch OFF, compressed air supply valve open
OFF —» STANDBY System startup by main switch OFF to ON until stable conditions
STANDBY Machine tool in STANDBY
SETUP/WARMUP ;/r\:::rmulég(?rfsrnachine tool according to machine tool manufacturer
READY Machine tool ready for processing
PROCESSING Processing according 6.2, reference scenario xyz-123

© IS0 2020 - All rights reserved
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Table A.2 (continued)

Name

Description

EMERGENCY STOP

EMERGENCY STOP

STANDBY - OFF

Shut down of machine tool according to machine tool manufacturer
instructions

A.3 Measurements

A.3.1 Measurementefmachinetoolstate OFF—MO41
Figure A.1 shows the measurement of power during machine tool state OFF.
P

0,05 /

0,04 | QN

0,03 s :L )

>
0,02 | Z,
4 JURTRI L dui [T |L|In_1.1|‘nm I I.\ ‘l d ““ml. DMk y ‘\I JIHI |
0,01 JFI MTA TREH TR AN N T IR TSy ITITN | ”1 N 'WH"' [V
0 S S . PRSP RSR R R S
0 25 50 75 100 125 150 175.~200 225 250 275 300t
Key
P power [kW]
t time (s
Figure A.1 — Measurement/of power during machine tool state OFF
Table A.3 shows the measurement values for machine tool state OFF.
Table A.3=Measurement values for machine tool state OFF
Requined value Unit Description
Popr kw 0,012 5 kW (average)
torr S 300s

A.3.2 Mgasurement of machine tool state OFF to STANDBY (START) — M02
Figure A.2 shows the measurement of power during machine tool state OFF to STANDBY.
26 © IS0 2020 - All rights reserved
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Key
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Figure A.2 — Measurement of power during machine toelstate OFF to STANDI

Table A.4 shows the measurement values for machine tool state @FF to STANDBY.

Table A.4 — Measurement values for machine tool state OFF to STANDBY

Required value

Unit

Description

PSTART

kW

1,52 kW (average)

tsTART

S

90 s

A.3.3 Measurement of machine tool'state STANDBY — M03

Figlire A.3 shows the measurementof;power during machine tool state STANDBY.

P
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0
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Figure A.3 — Measurement of power during machine tool state STANDBY

25 50 75 100 125 150 175 200 225 250 275 300t

Table A.5 shows the measurement values for machine tool state STANDBY.
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