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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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

As environmental impact is a common challenge for all products and as natural resources become
scarce, environmental performance criteria for machine tools need to be defined and the use of these
criteria specified.

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 tool depending on the part which is being manufactured and the
under which the machine tool is operated. Therefore, the environmental evaluation of aum
canpot be considered in isolation from these considerations.
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document proposes to analyse machine tools considering the delivered functions, i
light the commonalities in the huge variety of existing machine tool types.Machine tool c
realize the various functions are objects of specific improvements, keeping in mind the

he system under evaluation. These improvements are subject for quantification, togeth

Cified in this document is also intended to support environmental iffiprovements on a mu
1 and across different manufacturers/suppliers and users.

ed on a list of positive environmental features which“can be built into a machin
formance of the product is intended to be evaluated ‘in order to quantify the env
rovements achieved over a defined period.

5 document provides guidelines for the design{and engineering of machine tools wi
ironmental impact, focusing on the energy supplied during the use stage.

hine tools might have a significant influence on the environmental performance of the ma
ducts.
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INTERNATIONAL STANDARD

ISO 14955-1:2017(E)

Machine tools — Environmental evaluation of machine

tools —

Part 1:

Design methodology for energy-efficient machine tools

1 (Scope

Thif document constitutes the application of eco-design standards to machine" tools,
autpmatically operated and/or numerically controlled (NC) machine tools.

Thif document addresses the energy efficiency of machine tools during the'tUse stage, i.e. tl
life jof the machine tool. Environmentally relevant stages other than the(use stage and relev3
other than energy supplied to machine tools are not within the scope-and need special tred
according to ISO/TR 14062).

Elenents of eco-design procedure according to ISO/TR 14062 are applied to machine tools
of results to users and suppliers and monitoring of results até defined.

Evalluation of energy efficiency implies quantificationef the resources used, i.e. energ
and of the result achieved. This document provides.guiidance for a reproducible quantifica
enefgy supplied. It does not suggest a methodologyfor quantifying the result achieved due
of Yniversal criteria. The result achieved in industrial application being machined workp
properties (e.g. material, shape, accuracy, surface quality), the constraints of production (e.g
lot ize, flexibility) and other appropriate,garameters for the quantification of the result ag
intgnded to be determined specifically for.each application or for a set of applications.

Thif document defines methods for setting up a process for integrating energy efficiency a
machine tool design. It is not intended for the comparison of machine tools; also, this docume
dea] with the effect of differentitypes of user behaviour or different manufacturing strate
the[use phase.

List
con
exa

s of environmentally relevant improvements and machine tool components, control of m|
ponents and combiriations of machine tool components are given in Annex A. Annex B |
ple of applicdtion of the methodology.

NO1
env
Spe

E Certain machining processes and specific machine tools can allow significant cha
ronmental/impact of machined workpieces, e.g. material reduction for aluminium cans by af
ial press technology, higher performance of compressors by machining on precision form
[13],| Thesenvironmental impact of such processes or machine tools might be less important comp

mainly for

e working
nt impacts
tment (e.g.

Reporting

/ supplied,
tion of the
to the lack
eces, their
. minimum
hieved are

Spects into
nt does not
ries during

hchine tool
rovides an

iges in the
plication of
grinders[10]
ared to the

environimental impact of the machined workpieces and their application. These changes in the enjy

Fironmental

impact of machined workpieces are not subject of this document, but might be important if differen
processes or different machine tools are compared related to environmental impact of products. F

t machining
or instance,

the accuracy of a machined workpiece might be a significant parameter for the environmental impact of the
workpiece in its use stage, and any attempt to compare machine tools is intended to take this into account

necessarily.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c0b2880942ab8ea746329e3f324aa603

ISO 14955-1:2017(E)

ISO/TR 14062:2002, Environmental management — Integrating environmental aspects into product

design and development

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TR 14062 and
following apply.

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

the

S:

ISOO 1. 1 H ) Y lalal dotodede LL H Lol
i ITTe 0T UWOSIIG PldtiUNIILL avalldUIC dU LIttpPS. /77 VW VW W.1SU.UL 5 /UUD

— IEC Elgctropedia: available at http://www.electropedia.org/

31
design andl development

set of processes that transforms requirements into specified characteristics or into, the-Specification of

a product, process or system

Note 1 to erftry: The terms “design” and “development” are sometimes used synonymously and sometimes fised

to define different stages of the overall process of turning an idea into a product.

Note 2 to entry: Product development is the process of taking a product idéa from planning to market laynch

and review pf the product, in which business strategies, marketing considerations, research methods and de

Kign

aspects are| used to take a product to a point of practical use. It includes improvements or modifications to

existing prdducts or processes.

Note 3 to ehtry: The integration of environmental aspects inte/product design and development may als
termed design for environment (DFE), eco-design, the environmental part of product stewardship, etc.

3.2
environment

surroundings in which an organization operates, including air, water, land, natural resources, fl
fauna, humans and their interrelation

Note 1 to enftry: Surroundings in this context'extend from within an organization to the global system.
[SOURCE: SO 14001:2015, 3.2.1]

3.3

environmental aspect

element of|an organizatien’s’activities or products or services that interact or can interact with
environment

Note 1 to efjtry: A significant environmental aspect is an environmental aspect that has or can have signifi
environmerjtal impact.

[SOURCE: IISO-14001:2015, 3.2.2]

b be

pra,

the

Cant

3.4
environmental impact

change to the environment (3.2), whether adverse or beneficial, wholly or partially resulting from an

organization's environmental aspects (3.3)

[SOURCE: ISO 14001:2015, 3.2.4]
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3.5
life

ISO 14955-1:2017(E)

cycle

consecutive and interlinked stages of a product system, from raw material acquisition or generation
from natural resources to the final disposal

Note 1 to entry: The stages of a product’s life cycle are raw material acquisition, manufacture, distribution, use

and

disposal (introduction of ISO/TR 14062 based on ISO 14040:2006, 5.2.3).

[SOURCE: ISO 14040:2006, 3.1]

3.6
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3.8
env
stat
pac

feof operation
hod of operating and controlling a machine tool (3.16), whereby different modes of.op
ned by safety standards for machine tools

e 1 to entry: Examples for modes of operation are manual mode, automatic mode, setting'mode.

e 2 to entry: Different machine tool activities require certain modes of operation as laid dovy
dards for machine tools.

rating state
bination of ON, HOLD and OFF etc., settings of mains, peripheral units, machine tq
hine tool processing unit and machine tool motion units ineltding relevant machine tool

e 1 to entry: Peripheral units are, for example, units for machine tool cooling/heating, process c
kpiece and tool handling, recyclables and waste handling;

e 2 to entry: Machine tool processing units are, for example, main spindle of a turning machine, to
hchining centre, generator for electro-discharge mdchine, slide of a press, draw cushions of a pres

e 3 to entry: Machine tool motion units are, fori example, linear axes of a turning machine, linea
of a machining centre, linear axes of a wir€ electro-discharge machine.

4 to entry: Reference to operating stdtes (e.g. OFF, STANDBY, EXTENDED STANDBY, WARM UP,
CESSING, PROCESSING and CYCLING) requires definition of these states. An example for such a d|
btal-cutting machine tool is given in Annex C.

e 5 to entry: Examples forimachine tool activities are tool loading, workpiece loading, axes
ing, machine tool operatien/or cycling, or complete test cycles.

e 6 to entry: Depending on the operating state and the machine tool activities, a mode of operatio
efined by relevantsafety standards of machine tools.

ironmental claim

kaging

bration are

n in safety

ol control,
activities

bnditioning,
pl spindle of
S.

and rotary

READY FOR
efinition for

Inovements,

h is selected

ementysymbol or graphic that indicates an environmental aspect (3.3) of a product, a conponent or

Not

A4 e A - g | laa 1 a | pa | . 1 - 1ol 1 4l 1 <l l'
CI to ety AIrenviromrenrtarcrarmmnay e maae o proauctor packagimg ravers; tirougirpt ocauct literature,

technical bulletins, advertising, publicity, telemarketing, as well as through digital or electronic media such as
the Internet.

[SOURCE: ISO 14021:2016, 3.1.4]

39

environmental claim verification
confirmation of the validity of an environmental claim (3.8) using specific predetermined criteria and

pro

cedures with assurance of data reliability

[SOURCE: ISO 14021:2016, 3.1.5]
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3.10

explanatory statement

explanation which is needed or given so that an environmental claim (3.8) can be properly understood
by a purchaser, potential purchaser or user of the product

[SOURCE: ISO 14021:2016, 3.1.7]

3.11

functional unit

quantified performance of a product system for use as a reference unit in a life cycle (3.5) assessment
study

[SOURCE: ISO 14021:2016, 3.1.8]

3.12
machine tpol function
machine tpol operation (machining process, motion and control), process conditioning, workpjece
handling, tpol handling or die change, recyclables and waste handling, machine tool¢eoling/heatin

Uy

Note 1 to erJtry: Any machine tool function may be realized by one machine tool complbnent or by a combination
of machine fool components. Some machine tool components may realize more than‘enie machine tool functign.

Note 2 to erjtry: Figure 7 shows an example of the relationship between machine’tool components and machine
tool functiops.

Note 3 to erftry: Machine tool functions may be used for identifying machine tool components (3.13) relevant for
energy supjjlied to the machine tool.

3.13
machine tpol component
mechanical, electrical, hydraulic, or pneumatic device.6f’a machine tool (3.16), or a combination thefeof

3.14
qualified ¢nvironmental claim
environmental claim (3.8) which is accompanied by an explanatory statement (3.10) that describes|the
limits of thie claim

[SOURCE: ISO 14021:2016, 3.1.15]

3.15
self-declared environmental¢laim
environmental claim (3.8) tHatis made, without independent third-party certification, by manufacturifers,
importers,|distributors,f'etailers or anyone else likely to benefit from such a claim

[SOURCE: ISO 14021:2016, 3.1.16]

mechanical-devicewhichisfixed {i-enetmobile}and poweredfypicallyr byelectricity and compredsed
air), typically used to process workpieces by selective removal/addition of material or mechanical
deformation

Note 1 to entry: Machine tools operation can be mechanical, controlled by humans or by computers. Machine
tools may have a number of peripherals used for machine tool cooling/heating, process conditioning, workpiece
and tool handling (workpiece feeding excluded), recyclables and waste handling and other tasks connected to
their main activities.

3.17
energy efficiency
relationship between the result achieved and the resources used, where resources are limited to energy

Note 1 to entry: Efficiency is defined as relationship between the result achieved and the resources used
(IS0 9000:2015, 3.7.10).

4 © IS0 2017 - All rights reserved
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Note 2 to entry: Statements of energy efficiency can be given e.g. in cycles per total energy supplied, in workpieces

per energy supplied. If machining of test pieces is involved, specification of workpiece machining and quality of
workpiece are part of the definition of the result.

4 Restriction to energy efficiency during use stage

For the environmental impact of a machine tool, different stages of the product life cycle shall be
investigated: acquisition of raw material for the machine tool, manufacturing of the machine tool,
transportation of the machine tool, installation of the machine tool, use of the machine tool, and
recycling of the machine tool (for more details on life cycle assessment, see ISO 14040).

If the environmental impacts are compared in the different stages of a machine tool, the,tygical profile
is ap shown in Figure 1, which gives the profile of a NC milling machine. The largest impact i in the use
stage, and the largest contributor in the use stage is the energy supplied to the machine tool{ This is the
resfilt of many life cycle assessments for machine tools[8][11][12][14] if the machine tool is ujsed for 8 h
a day/5 d a week or more, which is typical for the use of machine tools in an industrial marufacturing
envjironment.
— 100
S
= 80
2
g 60
I
2 40
(5]
E 20
o
=
é 0 [ —
=10
1 2 3 4 5 6
Life cycle stages
Key
raw material 4  set-up
production 5 use
transport 6 recycling
Figphre T — Typical environmental impacts during life cycle stages for an NC milling mdchine tool

Therefore, ISO 14955 concentrates on the evaluation and improvement of machine tool energy efficiency
during the use stage.

If the machine tool is not used in a typical industrial manufacturing environment, a complete life
cycle assessment, e.g. according to ISO 14040, might be needed in order to identify the relevant
environmental impacts. Measures other than increasing energy efficiency during use stage to change
the environmental impact might be of importance.

© IS0 2017 - All rights reserved 5
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5 Integrating environmental aspects into machine tool design and development
(design procedure for energy-efficient machine tools)

5.1 General

This is the application of ISO/TR 14062 for achieving energy-efficient machine tools in the use stage.

5.2 Goal and potential benefits

The goal of
of adverse
the use sta

Benefits fo
— energy
— costre

— potent

components;

— increa
— stimul
— enhan
— attract
— enhan
— increa

— improy

5.3 Stra

Strategic g
machine to

— organj
demarn
activit

— produ
in the

integrating environmental aspects into machine tool design and developmentis the reduc

nvironmental impacts of machine tools, especially the increase of energy efficiency duf

e of the average machine tool in an industrial manufacturing environment.

I the machine tool supplier/manufacturer and user may include the following:
efficiency during use stage;

duction in machine tools operations;

ial cost reduction of machine tool components, e.g. by downsizing of drives and elec

ced competitiveness of the metal working sector;

htion of innovation and creativity;

fement of organization image and/or brand;

ion of financing and investment, particularly from environmentally conscious investors;
fement of employees’ motivations;

sed knowledge about the product;

red relations with regulators.

fegic considerations

onsiderations that ate ‘taken into account for integration of environmental aspects
ol design and develgpment may include the following:

zational issues, (e.g. competitor's activities, machine tools user's needs, requirements
ds), organization's environmental aspects and impacts, activities of regulators and legislaf]
es of industry associations;

t-related issues such as early integration, (i.e. addressing the environmental aspects e
Hesign and development process), functionality (i.e. how well the product suits the purp

tion
ng

—

tric

nto

and
or's,

hrly
ose

of the

) de 1 - de L A - . el 1ol e | dnn . dngen). l :
III4AUIIIC TUUL USTI I LCTIILIS U US4dUIIIL Y, USTIUL HIITUILIC, PIrOUULLIVILY, dLtUuldly, CTLL.], U tl‘

criteria concept (i.e. consideration of all relevant impacts and aspects), and trade-offs (i.e. seeking
optimal solutions);

— communication (e.g. internal communication to employees on product-related environmental
impacts, training courses on environmental issues, programmes, and tools, site-specific impacts
on the environment, and feedback from employees), external communication on product properties
(performance and environmental aspects), and proper use of machine tool.

5.4 Management considerations

Top management support and action should enable effective implementation of procedures and
programmes to integrate environmental aspects in design and development of machine tools, including

© ISO 2017 - All rights reserved
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allocation of sufficient financial and human resources and time for the tasks involved. An effective
programme should engage those involved in product design and development, marketing, production,
environment, procurement, service personnel, and machine tool users. More detailed aspects on the
multidisciplinary approach are given in ISO/TR 14062:2002, 6.5.

Details on how to formalize management's commitment and how to establish the organization's
framework to integrate environmental aspects into machine tool design and development are given in
ISO/TR 14062:2002, 6.2.

The integration of environmental aspects in machine tool design and management can be supported
by existing management systems, e.g. management systems according ISO 14001 or ISO 9001. This
intggration can also influence the supply-chain management; for details, see ISO/TR 14062:2002, 6.6.

5.5 Machine tool design and development process

An pverview of integrating environmental aspects into the design and development process jof machine
tools is given in Figure 2.

NOTE Additional details are listed in ISO/TR 14062:2002, Clause 8. Eco-performance indfcators, e.g.
accqrding to ISO 14031, might be rather useful for formulating measurable targets and transferring the targets
into|specifications.

© IS0 2017 - All rights reserved 7
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Typical stages of the product design Possible actions related to the
and development process integration of environmental aspects

Get facts, prioritize according to benefits and feasibility, align with
organization strategy, consider environmental aspects, life cycle
thinking, formulate environmental requirements, analyse external
factors, choose appropriate environmental design approaches, check
chosen approach against the basic issues, make environmental
analysis of a reference product.

Planning

cts

Designideas
5

|

v araatC T e Sttt S g a St e v H Ot tar tatr g et S S Pt tat oSt T CreTreeePproa

Brainstorm, conduct life cycle oriented analyses, formulate
measurable targets, develop design concepts and apply
Conceptual design results from analysis of a reference product.

Design concept

b

Apply design approaches and finaliZe product specifications,
including life cycle considerations:

Detailed design

+

+

+

Design solution

Verify speeifications by testing prototypes and review life cycle
considerations for prototype.

Feedback/continuous improvement

Testing/prototype
+
3 Prototype
Publish communication materials on environmental aspects, but use
4 . and disposal of the product.
Production Consider possible environmental declaration and its requirements.
q Market launch
&
Product

Consider and evaluate experiences, environmental aspects and
impacts.

Production review

NOTE Source: ISO/TR 14062.

Figure 2 — Example of a generic model of integrating environmental aspects into the machine
tool design and development process
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6 Machine tool and machine tool functions

6.1 General

The functional description of a machine tool (see 6.3) shall identify which machine tool function(s)
are relevant for energy supplied to the machine. The functional description of machine tools is general
and independent from the design of the machine tool, and independent from the machining process
implemented. Generalized functions of a machine tool, as given in 6.3, allow a general approach for

identifying relevant energy flows of machine tools.

For

Thik

sup
con
reld

Imp
dur
by v

Oftg
wit

d DPCLifiL lllabllillc tUU}, t}lC 1ua\,]uiuc tUU} fuut,tiuua D}la}]l ]LIC aboigucd tU lllab}lillc tUU} Cy
assignment is specific to each machine tool and corresponds to a transition from ‘¢
plied to the machine tool via machine tool functions and functional mapping- %o m4
ponent level. This procedure is shown in an example in 6.3 and results in, identify
vant machine tool components (see 6.4).

ortant parameters for this observation are the operating states of theZmachine too
ption in time, the accuracy of machined parts, and productivity of the machine tool, e.g
vorkpieces per hour. When comparing machine tools, these parameters shall be defined

b, measurement of power instead of energy is carried out. In these cases, times defing
n operating states shall be taken into account.

Sonpe machine tools are equipped with internal compressor§ fof pressurized air, hydraulic f

for
ma
con
aim

6.2

For
env
Cla

ISO

lubricant supply; other machine tools use centralisedsupply units for these. When cc
hine tool using internal compressor(s) with a machine tool using centralised su
parison shall be made on the same basis, i.e. for6th machine tools including all suppli
system boundaries (see 6.2) shall be defined.

System boundaries

evaluating the environmental impact of a machine tool the machine tool is looked a

Clatyise 4).
14955 addresses the energyefficiency of machine tools in the use stage.

rder to deal with the gnergy efficiency of a machine tool during the use stage, system boun
efined in such a waythat a system that is capable of a machining process is considered (se
em boundaries dre'chosen in order to be able to measure energy flows with reasonable ef

machine tooland peripheral units are within the system boundaries. In general, electr
compressed air are relevant energy inputs to the system. In some cases, air exchange i
it and feroutput. In cases where liquid heat exchangers are applied, heat exchange can bg
Fgycinput and/or output of the system. If there is no mist filtering system within {

mponents.
tal energy
ichine tool
ing energy

and their
expressed
[learly.

d together

uid and/or
mparing a
bplies, any
es. For this

[ only. The

ironmental impact of product(s)machined on the machine tool is not taken into account (see also

Haries shall

e Figure 3).
fort.

cal energy
a relevant
arelevant
he system

ndarles any treatment of contamlnated air will need energy that shall be con51dered if

relevant. If
the system

and contammated hot 1ubr1cant will be an output any energy used for lubrlcant treatment shall be
considered, if relevant. Input of raw parts, new tools, new lubricant, auxiliary substances and output
of machined parts, used tools, chips and any other aspects shall not to be considered if it does not
represent a relevant energy flow across the system boundary.
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Electrical energy

Compressed air

Cooled/filtered lubricant®

Air exchange

Heat exchange®

Machine tool

Contaminated air®

a  Applie
b Applie
¢ Applie

F

0

§

6.3 Gen

6.3.1 Ge|

As machin
described
a generaliz
impacts an

A machine

Peripheral A Peripheral B Contaminated hﬂ}i%ant“

System boundafy

5 to cases with liquid heat exchangers.
5 to cases without internal mist filtering.

5 to cases with centralized lubricant management only.

sure 3 — System boundaries related to relevant’energy flows of a machine tool

bralized functions of a machine tool

neral

e tools cover a wide range of different types, subtypes, and sizes, a machine tool shal
by its functions, which mighfibe realized by different machine tool components. This all
ed approach for a wide fange of machine tools in order to evaluate their environme
d its change over time.

tool should be deséribed by the following functions:

— machine tool operation (machining process, motion and control);

— proces

— workp

s conditiening;

jece handling;

— tool hg

| be
DWS
htal

ndling or die change;

— recyclables and waste handling;

— machine tool cooling/heating

as shown in Figure 4, in relation to energy efficiency during the use stage. These functions cover the
vast majority of machine tools in a generalized view, independent from the implemented machining
process and/or design of the machine tool.

10
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Main machine tool
functions

Machine tool operation
—»  (machining process,
motion and control)

—>»  Process conditioning

—»|  Workpiece handling

L Tool handling or
die change

3
L | Recyclables anbo

waste handling

N

L » Ma tool
cm$n /heating

0.

Fighire 4 — Generalized functions of amachine tool in relation to energy efficiency at functional
level, machine tool and process independent

NOTE This functional description is a proposal to facilitate analysis and problem solving in relation to the
enefgy efficiency of a machinetoel during the use stage.

6.3{2 Machine tool eperation (machining process, motion and control)

“Mdchine tool opération” summarizes the target function of the machine tool, i.e. all energy supplied
neefded to realizé the primary machining process.

6.312.1 Machining process

“M4chining process” summarizes the realization of the machining processes, e.g. cutting veloc]ty, electro-
discharge process, laser beam for a cutting machine, process force, and working stroke of a press.

Typical machine tool components for the function “machining process” are the main spindle of a turning
machine, the tool spindle of a machining centre, the generator of an electro-discharge machine, and the
slide of a press.

6.3.2.2 Machining motion

“Machining motion” includes motions needed during machining a workpiece except machining
process motions (see 6.3.2.1). Examples for “machining motion” are feed motion of a turning machine,
positioning motion of a rotary table, feed motions of a laser cutting machine, and closing and opening of
a press.

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=c0b2880942ab8ea746329e3f324aa603

ISO 14955-1:2017(E)

Typical machine tool components for the function “machining motion” are linear and rotary axes of
a machining centre with their drives and power supply systems, rolling and sliding guideways, ball
screws, bearings, gears, couplings, belts, pulleys, and axis clamping.

6.3.2.3 Machine control

“Machine control” summarizes the control of the machine, generally the numerical control, for automatic
sequence control, monitoring systems, and measuring systems. “Machine control” may also contribute

to non-machining functions, e.g. tool handling.

Typical m

PLCs, displays, sensors, decoders and encoders, lighting of the work space, frequency conver
voltage trajnsformers, relays, and touch probes.

6.3.3 Pr

“Process ¢
in order to

fixtures anpd/or the workpieces within limits. Process conditioning may be (séen as a value adc

function in

for pressed.

NOTE j

Typical machine tool components for the function “process conditioning” are cooling pumps relate

] . ] E ] E . « ] . ],, ] . ] ]

pcess conditioning

bnditioning” comprises all cooling, heating, and other conditioning that'iS process-reld
keep the temperature and other relevant conditions of the working velume, the tools,

order to achieve a constant machining process, e.g. lubrication fer’grinding, die lubrica

rocess conditioning is sometimes combined with machine tool<€opling/heating (see 6.3.8).

ms,
ers,

ted
the
ling
[ion

i to

process coplant, cutting/forming fluid cooler, die lubrication fluid cooler.

6.3.4 Workpiece handling

“Workpiecg handling” may include workpiece changing, workpiece grasping, workpiece clamping,
workpiece[lifting, in-feed of raw material, and measuring of workpieces on the machine tool.

Typical machine tool components for the funetion “workpiece handling” are pallet changer, workpjece
handling rpbot, hydraulic clamping devices,/and pneumatic chucks. On forming machines, “workpjece
handling” {s mostly done by destacker, €entring stations, workpiece lifters in dies, workpiece ejectiors,
workpiecefhandling devices (e.g. robots, gripper bar transfer systems), and stacker.

6.3.5 Topl handling

“Tool handling” may includéetool changing, tool grasping, tool clamping, tool storage, and probing of
tools on thg machine.

Typical mdchine toolycomponents for the function “tool handling” are turret of a turning machine,
hydraulic [clamping devices, pneumatic chucks, tool changer, tool magazine, and system with
compressefd ait to clean tool holder.

6.3.6 Die change

“Die change” may include die and automation tooling transport to/from interconnection points
into the machine tool, die clamping, die storage, preparation of tooling for automation systems,
coupling/decoupling of energy needed for, e.g. part forming in hydro-forming processes or auxiliary die
functions, such as lifters, coupling/decoupling of die lubrication supply.

Typical machine tool components for the function “die change” are moving bolster or die cart, die
pusher/puller, die clamps (hydraulic or electric or electro-hydraulic or hydro-pneumatic or magnetic),
manually operated mono-couplings, and automatically operated docking systems equipped with multi-
couplings and/or electric plugs.
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7 Recyclables and waste handling

“Recyclables and waste handling” summarizes handling of chips or scrap, handling of cutting fluids
including separation and filtering, handling of dust and fumes, and handling of dirt.

Typical machine tool components for the function “recyclables and waste handling” are a chip conveyor
or scrap conveyor, filter systems, exhaust systems, and systems with compressed air for chip transport.

6.3.

8 Machine tool cooling/heating

“Machine tool cooling/heating” summarizes all cooling and heating that is independent of the

hining process. “Machine tool cooling/heating” does not add value to the machining précess itself.

ma
“Mdchine tool cooling/heating” is applied in order to keep temperature within limits, sosthpt machine
too] components are not damaged or distorted, e.g. keep the temperature of the contfol cabinet
within operational limits, keep the temperature of a high speed spindle within"safety limits, keep
the|temperature of the machine tool within limits in order to prevent any thermal influences on the
kingmatic structure of the machine tool, keep oil temperature within operatiénal limits.

Typiical machine tool components for the function “machine tool cooling/heating” are fans, cooling
system for control cabinet, water cooler, cooling pumps, and cooling/heating of guideways.

6.3/9 Subfunctions

The generalized functions may be divided into subfunctionis’ifl order to detect relevant engrgy flows.
Figlire 5 shows one possible division into subfunctions.

NOTE Generalized functions might be also called firstdevel functions (see Figure 4), subprocegses second-
leve], third-level, etc. functions (see Figure 5).
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Generalized machine tool
— functions
(1stlevel functions)

Subfunctions
(2rd Jevel functions)

Machining process

Machine tool operation
—> (machining process, I
motion and control)

Motion

Process cooling/heating

Y VvV VvV VvV

|
|
Control ‘
|
|

P Process conditioning |- Other conditioning

—P> Workpiece handling

Tool change ‘

—» Tool handling or die change Tool'storage ‘

Recyclables and waste
handling

Machine tool cooling ‘

— Ma.chme tO(.)l Machine tool heating ‘
cooling/heating

Figure[5 — Example ofgeneralized machine tool functions and subfunctions in relation tg
energy efficiency (first- and second-level functions)

6.3.10 M4dchinetool functions and machine tool components

Sometimeq machine tool components fulfil several functions, e.g. a coolant system is used for machine
tool cooling{according to 8)-and-for process—conditioning {according to6.3.3 e
supplied to this machine tool component can be assigned to different generalized machine tool
functions or subfunctions. Figure 6 gives an example of such assignments for a metal-cutting machine
tool. Similar mapping can be performed for a metal-forming machine tool. For such a mapping, the
operating states of the machine tool and/or the specific test cycle shall be considered.

Significant exchange of energy in some operating states, e.g. during warm up, needs a defined time
period in those operating states.
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Generalized )
machine tool functions Machine tool components
) ; %C:) Spindles and axis
Machine tool operation
—} (mar‘hining pracess, o f:W Monitoring module
ti d control
motion and control) L5 CNC components
—P Process conditioning
0—<:> Chip\conveyor
— P Workpiece handling
—O Mist collector
950 Hydraulic system
»%(:D Fluid conditioning system [«—};
[ Tool handling or : :
P> die change \( WC:D Spindle cooling pump
- "—(:) Cooling fan
[ Recycla@nd |
» wastecl;éndling
Ca .»—Q)Fan energy recovery modulel(—-
V. +-O  CNC air-conditioning
_)?“ Machine tool N
cooling/heating
4><:> Air compressor

Figure 6 — Example of assigning machine tool components to machine tool functions

(functional mapping) for a metal-cutting machine tool

|<_.

This functional mapping finally shall be done quantitatively. An example is given in Figure 7, where the
quantitative mapping is given in per cent (%) and where each line shall have a sum of 100 %.
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Machine tool functions

g o = on
R E £ 3 T oo o0
g s & S = 0 o g = S £
Q= o = < £ oo w o S w
et E <= 5 5 o £ P
§ E = 8 E E E 23 ﬁ E ED Mapping based on
v = = 17 = - > 0 3 =
£5 ¢ 3 = ERs g3 S’
G- 3 5 e z 3 S
s & g & =
=
Spindles and axis 80% 10% 10% typical operating times
Monitoring modnle 100%
3 CNC components 100% N -_
§ Chip conveyor 100% _C
g LS
s Mist collector 100% A
38 Hydraulic system 80% 20% typical activation of hydraulics
§ Fluld conditioning system 50% 25% 25% A~V
£ Spindle cooling pump 100% I\
§ Cooling fan 100% P N
= Fan ¢nergy recovery module 100% ~\
(NC air-conditioning 100% _'t
Air compressor 75% 25% , C | typical use of pressurised air
Figuyre 7 — Example for quantitative functional mapping, data given in per cent (%)
NOTE {Vhen mapping machine tool components to more_than one generalized function, the determination
of the resppctive shares may appear as an imprecise precedure. However, the assignment of machine [tool
componentg to a single generalized function does not allow an appropriate system analysis if machine [tool
componentg are linked with more than one generalized function. In lack of measurement data and/or scientific
grounds, an educated guess still gives a better insight for the system analysis than ignoring the complex
dependenci¢s between machine tool components:and generalized functions.
6.4 Relgvant machine tool functions and relevant machine tool components
6.4.1 Relevant machine tool functions
By examirling the energy _supplied for the different machine tool functions or subfunctions, [the
function(s) most relevantfor energy supplied during use stage of a machine tool shall be identified.
Most relevant functionS-for energy supplied to the machine tool are those - if sorted in descending
order - which are ontep-of this sorted list and whose cumulative total accounts for at least 80 % of tptal
energy supplied to:the machine.
NOTE he“timit of 80 % is chosen due to available information and due to measurement uncertainties§ for
measuremeht0f energy or power.

Energy supplied to the machine tool shall be measured. During the design phase, energy supplied to the
machine tool might be also calculated or simulated. A profile of the energy supplied to the machine tool
as shown in Figure 8 can be used for presenting the results of this examination. Such profiles shall be
presented together with a statement on the operating state(s) and/or the test cycle of the machine tool
under test and/or the test piece machined; operating state(s) and test cycles and/or workpieces shall be
specified by standards or shall be agreed upon between manufacturer/supplier and user of machine tool.

For comparisons, operating states and test cycles or test pieces shall be comparable, including additional
parameters such as environmental conditions, operating times, and accuracy of test piece.

It is recommended to measure power instead of energy, so that the statistical duration of time spent in
the different operating states (according to 3.7) can be taken into account. For this purpose, however, a
time study is required. For this purpose, time studies compiling statistical distributions of time spent
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in the respective states can be used as statistics that are based on observations of machine tools in
industrial use environments (e.g. according to Reference [11]). Even with such statistics available, it
is still required to determine the total period over which the energy use is to be determined. A total
period of use or a total period of effective machining can be examples of functional units (according to
3.11) to be used for this purpose.

A

0,25

0,2

0,15

0,1

Energy (kWh)

1 2 3 4 5 6 7
Total energy and share of €nergy per function

Key)

1 [total energy

2 |machine tool operation (machining process, motion and control)
3 |process conditioning

4 |workpiece handling

5 [tool handling

6 [recyclables and waste handling

7 |machine tool cooling

NOTE Machining parameters are:
turrling of steel, cutting speed 180 m/min, feed speed 0,35 mm/rev, volume cut 1 564 331 mm3, cutting time 440 s.

Fighre 8 — Examplepresentation of profile of energy supplied to the machine tool whien cutting
a specified test piece with specified machining parameters

6.42 Relevant machine tool components

Thg most relevant functions and the components related to these are the first targets for improvement
related to energy efficiency of machine tools. They should be furthermore evaluated in respect of their
value added to the machining process, their relative improvement potential through measures such as
listed in Annex A, their state as compared to the state-of-the-art, and the impact of modification of the
component on the machine tool as a whole.

6.5 Result achieved

For the evaluation of energy efficiency, quantification of the “result achieved” is a prerequisite. It shall
be quantified by observation (e.g. unit ON or OFF), by counting (e.g. number of tool changes), by time
measurement (e.g. cycle time, machining time), or by other measurements (e.g. feed speed of axis, or
flow and pressure of lubricant supplied).
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When measuring of energy efficiency includes machining of workpieces, the machining time, workpiece
accuracy, and any other workpiece characteristics produced by the machining process shall be defined.
Workpieces not complying with the requirements shall not be counted as result achieved, but the
energy assigned to these workpieces (e.g. energy content in material, energy content to pre-machining)
shall be considered as resources used.

6.6 Efficiency evaluation

Statements of energy efficiency shall be given in result per energy supplied to the machine tool, e.g. in
cycles per energy supplied, in workpieces per energy supplied.

Any staten;
tool activit
should be s

7 Desig

In order t
following 1

the m
comp

funct
releva
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and/or

releva

NOTE1 1
to the mach|
ISO/TR 140

NOTE 2
procedure,

18

ent of energy efficiency shall be accompanied with information on operating states, ma
ies, and environmental conditions during the test procedure. Measurement uncertai
tated with the test results.

n procedure for energy-efficient machine tools

b fulfil design procedures for energy-efficient machine tools, as shown in Figure 9,
equirements shall be satisfied:

hchine tool is described in its generalized functions or subfunctions, and machine
ents are assigned to generalized functions or subfunctions;according to 6.3;

Il(s) relevant for energy efficiency during the use stage.are identified (see 6.4.1);

ht function(s) is (are) assigned to machine tool components (see 6.4.2);

nt machine tool components, their control, and their combinations are compared to the st
art (see Annex A) or to the previous generation of that machine tool component, cont
combination (see Clause 8);

ht machine tool components and/or function(s) are monitored (see Clause 8).
If a machine tool under investigation has other relevant environmental impacts than energy supg
ne tool during use stage, this is.not addressed by this document. Other standards or reports, suq

b2, could be of guidance.

['he methodology for energy efficient machine tools according to Figure 9 is a definition of the de
ot an evaluation of machine tools.

chhine
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- ~ 1 1
PR relevant environmental impact: T~al 1 eventually special treatment of
-2 energy consumption during use phase? _ = =—=1 machine tool, e.g. accordingto 1
T~ (see Clause 4) -7 : ISO/TR 14062 :
= ~ -~ - - _ - - - - L o oo oom oo o e e e e e e = o e o a4
= ~ \If - -
1
Y

design methodology for
energy-efficient machine tpols
according to1S0°14935-1

Step 2 describe generalized machine tool functions and
sub-functions according to 6.3

v

Step 3 assign machine components to generalized machine
tool functions or sub-functions according to 6.3

'

Step 4 identify machine tool function(s) relevant for energy
consumption during use phase according to 6.4.1

'

Step 5 map relevant machine tool function(s) to machine
components according to 6.4.2

/

Step 6 compare relevant machine components or subsystems,
their control and their combination with a previous'generation

.

/
Step 7 optimize relevant machine components or subsystems,
their control and their combination (seé.Annexes A and B)
<
i
Step 8 monitor relevant machine components according to
Clause8

Figure 9 — Design methodology for energy-efficient machine tools

8 |Reporting and monitoring of results

Reporting and monitoring of results shall include one of the following options:

— comparison with the state-of-the-art (e.g. qualitative comparison based on Annex A);

— comparison with previous generation of machine tool of similar functionality (performance,
productivity, accuracy);

— monitoring of results, including parameters covering higher productivity, higher accuracy, higher
functionality of new generation machine tools.

Principally, the evaluation is done by the machine tool manufacturer. This enables the manufacturer
to monitor their individual improvements with special attention to the most relevant machine tool
function(s) and machine tool component(s).
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If results are reported in the form of an environmental claim or a qualified environmental claim, the
following requirements shall be fulfilled:

— the claimant shall be responsible for evaluation and provision of data necessary for the verification
of the claim;

— prior to making the claim, evaluation measures shall be implemented to achieve reliable and
reproducible results necessary to verify the claim.

More details are given in ISO 14021, especially to topics such as evaluation of comparative claims,
selection of methods, access of information (see ISO 14021:2016, Clause 6) recovered energy (see
ISO 14021:

NOTE

measuremeht of the energy supplied to the machine tool. The energy saved would depend on the'factory location
and local climate. In such cases, it is legitimate to include a qualifying statement to avoid’gan over-simplfstic
interpretation of any energy figures quoted.
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Annex A

(informative)

List of energy efficiency improvements for machine tools

Table A.1 is a non-exhaustive checklist of energy efficiency improvements for machine tools. Although

the easures-are ganaralliz ant o HBProve-eRerais aFF.mcmmy thairimnlamantation chaould bha
NN A ) Sl J J

onsidered

rrrecrot eyt TICT oty T CO-TTIIT
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) 1 34

within the given circumstances, the system design, the technologies used, and the applicqtion of the

maghine tool under investigation. Decisions about their implementation might be further

subject to

conkideration of multiple criteria including functionality, standardization, reliability; cest, and others.

“X”[in column “A” of Table A.1 indicates applicability for metal-cutting machine’téols, in colymn “B” for

hydiraulic presses, in column “C” for mechanical servo presses and mechani¢al presses and

in column

“D”|for woodworking machine tools (different technologies of woodworking'machine tool tgchnologies

arelconsidered).

Table A.1 — Well-tried design principles for machine tool compenents, control components and

combinations of machine tool components for energy-efficient machine tools

A: metal-cutting machine tools, B: hydraulic presses, C:me

chine toolé

c@dlcal (servo) presses, D: woodworking ma-

No Feature for improvement

Descrlptlep

A

B [C |D

1 Overall machine concept

S

1-1 Minimization of moved masses

If masses are accelerated, the energy required
depends on the mass (E = 1/2*m*v2). Even if
some part of the energy is recovered during
braking, energy is supplied and recovered
with an efficiency factor below one. The best
way to reduce energy needed for acceleration
is mass reduction.

X

1-2 Reduction of friction

Reduction of friction means less mechanical
wear and higher quality and also should lead
to energy reduction; various types of bearings
possible (rolling bearing, sliding bearing, hy-
drostatic bearing, magnet bearing); ecological
aspect is considered by the choice of bearing
as well.

Reduction of speed-dependent friction should
be optimized with respect to the characteris-
tic of the chosen drive technology.

X

Optimization of the overall ma-

Check if the machine tool has been designed

X

chine design

according to customer requirements and
operational range has been specified close to
optimal working point; avoid adding up spare

capacities (avoid oversizing/over-engineering).

1-4 Design for instant machining with-

out warm-up

Provisions for automatic temperature com-
pensation.

1-5 Workpiece clamping

Eliminate or minimize energy required to
maintain workpiece clamping.

1-6 Tool unclamping

Minimize energy to unclamp the tool.
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Table A.1 (continued)

chine tools

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-

No.

Feature for improvement

Description

B

C

Multi-spindle/multi-workpiece
machine tools

Depending on the application, consider mul-
ti-spindle or multi-workpiece machine tools.
One-time mounting, shared auxiliary units
and lower part transfer time could deliver
higher energy efficiency, compared to several
independent machine tools.

1-8

Minimizing the number of reclamp-
ing

Reduction of non-productive time increases
energy efficiency.

X

1-9

Combination of various processing
technologies

Combination of various processing technolo-
gies in one machine tool, one-time mounting
and adjusting may result in higher quality
and higher yield and also causing increased
energy efficiency (consider e.g. “turning and

milling”, “milling, boring and edge banding”).

1-10

Axis clamping

Usage of axis clamping instead of acfive
motor brake.

1-11

Redundant axis

High acceleration with shortsstroke axis re-
ducing acceleration for loiig-range, heavy axis.

1-12

[ncreased productivity

Without utilization (preduction) or low out-
put, the efficiency willbe degraded, e.g. maxi-
mize productivityby adaptive optimization of
cutting parameters.

X

1-13

Provide customer interaction to
reduce consumption of resources

Give the operator provisions to intervene
when he expects downtime, e.g. button to
activate standby condition.

1-14

Tool change during running spindle

Proyision to allow a tool change (e.g. boring
head) during running spindle to avoid decel-
eration and acceleration of spindle (milling
machine tools used in a way to change tools
very frequently).

X

1-15

Reduce tool changing

Consider allowing multi-profile tools or dif-
ferent tools mounted on the same spindle (e.g.
double shaft).

X

1-16

Counterbalance system for verti-
cal axes

Counterbalancing systems reduce the poten-
tial energy in vertical moving systems. Addi-
tional reduction of accelerating and decelerat-
ing (consider e.g. spring-type mounting).

X

1-17

High efficient cushion

Cushions are needed for restraining material
flow. Without energy efficiency the energy
required is mostly transferred into heat.

Minimize energy transferred into heat by
using a cushion control system with low-ener-
gy consumption or regenerative feedback.

1-18

Use regenerative circuit for differ-
ential cylinders

Reduction of pressure drop on control valves.

1-19

Die clamping

Choose clamping system with best efficient
technology. Prefer passive clamping systems
(consider e.g. spring loaded clamping, electric
clamping, magnetic clamping).

1-20

Handling technologies

Use of handling robots and/or automated
handling devices to optimize non-production
and setup time.

22
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Table A.1 (continued)

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-
chine tools
No. Feature for improvement Description A B [C |D
2 Drive units
2-1 Regenerative feedback of inverter |The in feed unitis capable to feed back the X |X |X |X
system (e.g. servo motor, spindle, |braking energy to the main power supply.
active front end technology (AFE))
2-2 Motors
2-2-1 Use of energy efficient motors Use of an energy efficiency class accordingto |X4 K (X |X
IEC 60034-30 and the motor size (IE/capaci-
ty), or use of variable reluctance motors.
2-2-2 Use of magnetic flux control Magnetic flux to be controlled in order tore-" |X X
duce losses, e.g. on asynchronous motors:
2-3 Use of high-quality reducers — Use of gear sets quality as definedin X X X
[SO 1328
— Use of low-friction seals
— Optimize lubrication
2-4 Use of brake for non-moving axes  |Axes that are not invglved in the interpolation |X X
during the part prégram are switched off
(pulses deleted)*and clamped by a brake.
2-5 Highly efficient inverter Use of invertenhwith highly efficient power X X [X [X
device.
2-6 Higher voltage systems (e.g. 400 V) |Higher*voltage systems (e.g. 400 V) lead X X
to substitute 200 V systems (where |to higher energy efficiency due to reduced
applicable) ohmic losses.
2-7 DC voltage link to balance the ener-{\The DC voltage link balances the energy X X
gy between different drives between different drives and may reduce the
size of the in-feed unit.
2-4 Optimization of the dynamic pa- Option to limit the acceleration or speed in the |[X |K (X |X
rameters set point signal results in a better exploitation
of the motors' efficiency or speed optimiza-
tion according to the process. In this case,
the overload capability of the motor is not
utilized.
2-9 Optimizatienof installed motor Select motor operating close to optimum of X K X |X
power efficiency factor, oversizing and overloading
creates energy losses.
2-10 Ptoyide most efficient drive system | Provide most efficient drive system for oper- X X
ating conditions in which the machine tool is
mostly working. Compare energy efficiency of
different types of drive systems (consider e.g.
C‘lil CLt lJLlllllJ C‘ll iVC fUl Pl ULCS3CS W lt}l D}lUl t
cycle time, accumulator drive for processes
with long cycle time); see 3-1.
2-11 Use of multi-pressure accumulator |Multi-pressure accumulator systems reduc- X X
system for main axis es pressure drop between accumulator and
actuator.
2-12 Direct coupled energy storing drive | Direct coupled energy storage support may X
systems for main drives reduce installed power of main motors (con-
sider e.g. flywheel).
2-13 Indirect coupled energy storing Use energy-storing drive systems to reduce X |X
drive systems for main drives power peaks (consider e.g. electrically coupled
flywheels, capacitor banks).
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Table A.1 (continued)

chine tools

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-

No.

Feature for improvement

Description

2-14

Intelligent management of drives

Intelligent management of drives turns off
energy users when not needed (consider e.g.
electric motors).

2-15

Minimization of spare capacity/
customer specific layout of invert-

Select an appropriate inverter:

— selectinverter close to motor size;

rsvustam
Yot

— oversizing can create energy losses.

Hydraulic systems

AN

Selection of the optimal drive sub-
system (motor-pump system)

3-1-1

Different functions/sequences create the need
for pump systems which match the require*
ments profile (pump combinations, e,g=high
pressure/low pressure, variable orfixed-dis-
placement pumps).

X

3-1-2

Power on demand dependingon-the load cycle
(constant speed in intermittént operation,
variable speed (pole chafige/speed control/
regulation) with serveimotors or asynchro-
nous motors).

X

3-1-3

Select the correct'size and type of motor and
pump to avoid over dimensioning and to oper-
ate the pumpiin the optimal efficiency range.

X

3-1-4

Temporaty storage of hydraulic energy to
achieviethe best possible match between the
pump drive and the load cycle and to compen-
sateé for demand peaks (potential downsizing)
(consider e.g. accumulator charging operation).

3-1-5

Speed-controlled pumps and variable dis-
placement pumps allow pressure control with
variable speed instead of control valve.

X

3-2

Match the pressure levielto the load
cycle and to the different actuators
on the machine toel

3-2-1

Pressure adjustment using a variable dis-
placement pump, speed controlled pump or
zero-pressure circulation.

X

3-2-2

Use actuators which are designed to operate
at the same pressure level (no pressure reduc-
tion losses)

X

3-2-3

Pressure adjustment using pressure-con-
trolled drive systems (consider e.g. variable
speed drives, adjustable-pressure variable
capacity pumps).

3-2-4

Use pressure intensifiers for individual actua-
tors which require higher pressure.

X

3-2-5

On/Off or standby mode, giving due consider-
ation to safety criteria.

X

3-3

Reduce hydraulic losses/leakage

3-3-1

Use displacement control systems in place of
throttle control systems.

X
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Table A.1 (continued)

chine tools

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-

No. Feature for improvement

Description

A

3-3-2

Reduce internal leakage (consider e.g. seat
valves in the accumulator charging unit or the
clamping hydraulics).

X

3-3-3

Optimize the design of the hydraulic lines and
reduce hydraulic resistance.

X

Consider distributed supply strategies.

Use of pilot operated valves with low pilot oil
consumption.

Use of manifolds with low pressure drops.

3-4 Dimensioning of tubes and pipes

Optimize the design of piping (lengthsdiame-
ter, etc.) and reduce flow resistance:

Tubes and pipes cause frictionlosses and thus
energy losses. Finally, the tube.or pipe causes
a pressure drop which negatively affects the
energy efficiency of themachine tool. Length,
inner diameter, flow<ate, and installation
radius of tubes, pipes, and fittings to be
optimized to the'dpplication. Functions to be
identified and-described where this require-
ment is applieable.

X

3-15 Increase energy efficiency on sole-
noid operated valves

Use“pulse valves (with detent) which only
draw power during switching.

X

Use valve connectors with built-in automatic
reduction of holding current, e.g. Pulse Width
Modulation.

X

Use valves with 8 W solenoids when applica-
ble. The possible use of low Watt solenoids is
depending on the function, because of reduced
switching forces.

X

3-6 Leakage monitpring

Internal leakage leads to energy losses.
Leakage monitoring detects exceeding flow
(consider e.g. loose fittings in reservoir, worn
valves or pumps).

3-7 Low flow resistance

Avoid losses caused by flow resistance (con-
sider e.g. by choosing valve dimension and
spring characteristics in respect to optimized
pressure drop).

3-8 High efficient auxiliary pressure
generation

Avoid pressure relief valves or pressure
reducing valves for pressure adjustment, gen-
erate pressure at appropriate level (consider
e.g. speed controlled pumps, pumps with var-
iable flow, discontinuously operating pumps),
see 3-1.

3-9 Warm-up cycle

End warm-up cycle as soon as possible, use
actual oil temperature to control warm-up. If
applicable change to hydraulic heating instead
of electrical heaters in respect to start tem-
perature.

X
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Table A.1 (continued)

chine tools

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-

No.

Feature for improvement

Description

A

3-10

Oil temperature

Operate in optimal temperature range. Select
oil viscosity grade suitable for the expected
ambient temperature range.

X

3-11

0il cooling

Use water cooling instead of air cooling. Water
cooling is more efficient and water may be

usedin facilitu for athaor nurnacac Rocavuaring
b b J L ekl M O

X

cooling energy can be used for floor heating,
warm water supply, etc.

Overall system

Optimization of total hydraulic system, e.g.
amount of required oil.

Pneumatic systems

%

e \ &

Optimized compressed air system
with minimum losses (differen-
tiation between sealing air and
pneumatic drives)

4-1-1

Single master switch-off.

4-1-2

Individual switch-off capability for specific
modules.

4-1-3

Intelligent shut down procedures.

4-1-4

.eakage prevention

Leak indicator, on(ddemand monitoring.

One of the main‘avoidable causes of poor
energy effieciency is leakage in pressure piping
and tubes, Leakage and condition monitoring
systens as part of the control system of the
machine tool to be implemented in order to
easily locate leakage and eliminate leakage.

4-1-5

Reduction of dead volume

Distance between valve and cylinder should
be kept as short as possible. Long tubes are
dead volumes which cause a major loss of
energy in each switching cycles as they are
pressurized and exhausted. This amount of
compressed air will be wasted.

X

4-1-6

Directed switch off-ef not needed
branches.

Check if all branches of pneumatic circuits
need to be pressurized in all operating states
of the machine tool. If not, consider to switch
these branches off in order to prevent energy
losses caused by not needed volume.

4-1-7

Dimensioning of tubes and pipes

Optimize the design of piping (length, diam-
eter, etc.) and reduce flow resistance. Tubes

ad pIPes Cause (TICTIoN [0SSES and tius
energy losses. Finally, the tube or pipe causes
a pressure drop which negatively affects the
energy balance of the machine tool. Length,
inner diameter, flow rate, and installation
radius of tubes, pipes, and fittings should be
optimized to the application.

4-1-8

Correct layout of pneumatic drives

Pneumatic drives, e.g. cylinder forces, should
not be oversized. Less needed air consump-
tion and thus less use of energy are the result.
The layout of the pneumatic system and its
components should be tailored to suit the
machine tools need.

X
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Table A.1 (continued)

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-
chine tools

No. Feature for improvement Description A B [C |D

4-1-9 Reduction of pressure The interaction of pressure supply reduc- X |X |X |X
tion to machine tool performance should be
verified. (Depending on the application, 1 bar
reduction can result in up to 10 % increased
efficiency). The reduction of pressure should
not have any negative influence on the correct
function of the machine tool.

4-7 Optimize cylinder force for the XK IX X
required function

4-3 Sealing air When larger lots of sealing air (P < 0,2 MPa) [X
are needed (more than 0,3 m3/min), a/sfnall
low-pressure compressor or similaf-méans
usually gives a much better efficiency than
compressed air from a pressure-reducing

regulator.
4-4 High efficiency cleaning blowers Optimized design of cleaniing blowers reduces X
need for air supply.
4-1 Switch off cleaning blowers when |Direct switch off,ef.not needed cleaning blow- X
not needed by the process ers prevents air pressure supply losses when
cleaning is not\needed.
4-4 Optimized position of sensors Optimizedposition of sensors avoids using X
sensor:cleaning blowers.
4-7 Overall system Optimization of total system after optimiza- |[X |K [X |X
tion-of subsystems.
5 Vacuum systems Q)
5-1 Use of energy-efficient vacuum Different pump principles lead to different X X
pumps pump efficiencies. Dry claw pumps are more
efficient than rotary vane vacuum pumps.
5-2 Use of speed controlled vacuum Self-optimized rotation of pump motor ac- X X
pumps (with invertér) cording to the vacuum request (with help of a
vacuum meter).
5-3 Optimized vacuuwm control on Manage different vacuum areas on workpiece |X X
workpiece-support support.
6 Electr}"@ﬁems
6-1 Minimize energy losses in power Usage of high-efficiency transformer or volt- |X |X [X [X
supplies age-proof converters instead of conventional

transformers (consider e.g. controlled switch-
ing power for auxiliary power 24 V).

6-2 High efficiency transformer Load requirement of a machine tool is not con- X [X
stant during the cycle. Therefore, it is more
efficient to install transformers optimized on
low Fe-losses instead of transformers opti-
mized on low Cu-losses.

6-3 Apply the simultaneity factor when |Avoiding oversizing of power supply leads to X |X |[X
designing the power system lower absolute energy losses. Avoid overload
as well.
6-4 Converter/inverter with power Regenerative drives can be used to correct X |X |X |X
factor correction the supply line power factor, reducing related

power losses

6-5 Thermal management regarding
control cabinet
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chine tools

A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-

No. Feature for improvement Description A

6-5-1 Minimization of waste heat, e.g. use of high X
efficient components.

6-5-2 If waste heat is not avoidable, it is dissipated [X
(air cooling or water cooling). For reuse of
thermal energy water is given a preference
nnmpr)rnd toair Euv‘flﬁar use ofaasta lanqt 1S
checked/discussed with customer.

6-5-3 Use controlled ventilation (fan) when applica- |X
ble.

6-5-4 Use low maintenance air conditioner (no air  {X
filter) and thermostatic air conditioning with
open-door-shutoff.

6-6 [Lighting systems

6-6-1 Use of energy efficient lighting systems. X

6-6-2 Automatic switch off of lighting systems when |X
not needed.

6-7 Overall System Optimization of overall system after optimiza- | X
tion of subsystems.

g N\

7 Process heating system &\)

7-1 Automatic switch off of infrared
lamps according to the process

7-2 Automatic switch off of hot air jet to | Switch to-]6w consumption mode instead of
low consumption mode according |switching.off allows fast reach of working
to the process tempetature.

7-3 Automatic switch off of glue pot Switch to low consumption mode instead of
heating to low consumption mode {switching off allows fast reach of working
according to the process temperature.

7-4 [nstant process heating system Consider e.g. usage of laser technology for

edge-banding.

7-5 Automatic switch of platestheating |Switch to low consumption mode instead of
system to low consumption mode |switching off allows a quick return to the pro-
according to the proeess cessing temperature.

8 Cooling/lubri/c@ﬁ/system

8-1 Thermal management of all cooling |Optimized concept for thermal management
devices ificluding cooling device for |of all cooling devices regarding the following:
machin€ tool and/or its modules

8-1-1 Minimization of thermal power losses. X

8-1-2 H-thermalpowerlossisnetaveidableitis X
dissipated by air or water cooling. For reuse
of thermal energy, water is given a preference
compared to air. Further reuse of thermal
energy is checked/discussed with customer
(consider e.g. standardized interface).

8-1-3 Use controlled ventilation (fan) when applica- |X
ble.

8-2 Temperature controlled components|Apply direct cooling of components depending |X
on process (cooling at the source).
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A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-
chine tools
No. Feature for improvement Description A B [C |D
8-3 Demand-depending cooling Apply demand-depending cooling (consider X |X [X
e.g. substituting line connected motors by in-
verter motors, temperature controlled coolant
water flow, etc.).
8-4 Consideration of applied subsys- To obtain the maximum possible energy sav-  |X
tomowzith rngqrd o cynnv‘gioc uﬂgc’ itic often nni— anFu‘lnni— o r\n]" look attha
individual components and modules thatare
used for the individual functions. In addition, it
should be checked if it is possible to extend the
use of a supply unit (e.g. hydraulic), particux
larly during idle periods where other nfachine
functions could be supplied or drivemby it.
In addition to the increase in the'tgtal efficien-
cy of the supply unit due to theimproved uti-
lization, a complete drive ufitcan be omitted
(e.g. generation of high-pressure coolant) and
alarge part of the previeus energy require-
ment saved (avoidance of electrical and me-
chanical losses).
8-1 Lubrication pumps Active mode of\cooling and lubrication system,
depending on'demand:
8-3-1 Use of diScontinuous operating pumps. X K |X |X
8-3-2 Use of‘controlled flow rate. X K (X [X
8-3-3 Useof adjustable pressure. X K X |X
8-3-4 Install not more than sufficient pump flow X K |X
and distributor instead of orifices.
8-4 Minimal quantity lubrication (MQL) | Use of MQL when applicable and advantageous. | X X
9 Chip and dust extraction hp\das
9-1 Optimized design of-ehip and dust |With optimized design pressure drop can be X
extraction hoods reduced and hood efficiency increased.
9-2 Automatic magagement of gate Closing of gate valves of unused units allows X
valve of each-extraction hood ac- energy savings.
cording to-the process
10 Othe@bn)lps
1041 Use of'energy efficient pumps Different pump principles lead to different X K X |X
pump efficiencies.
1042 Use of energy efficient pump-mo- |Pump principle and sizing in combination X K X |X
tor units with the electrical motor influences the ef-
fieieney-ofthe-unit—Pump-prineciple-sizeand
speed to be selected so that the pump system
operates near to its optimum efficiency for as
long as possible; see 3-1.
11 Other peripheral devices
11-1 Optimized control of other peripher- | Consider control of peripheral devices X |X |X |X
al devices according to the process |depending on operating state, e.g. chip and
scrap conveyor, mist extraction system, and
markers.
12 Guidance for energy efficient use
12-1 Optimization of workpiece process-
ing
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A: metal-cutting machine tools, B: hydraulic presses, C:mechanical (servo) presses, D: woodworking ma-
chine tools

No. Feature for improvement Description A B [C D

12-11 Workpiece processing by simulation off-ma- |X X
chine; avoidance of inefficient operating time;
use also possible in conceptual phase of ma-
chine tool design.

Non-productive time can be minimized if a
oiululatiuu CIIV ;.l UlllllCllt iD Pl UV 1dcd fUl \4 ;.l tu
al setup allowing for simulative exclusion of
possible collisions and simulative optimiza-
tion of tool paths.

12-1-2 Workpiece processing by tryout off-machine; X X
avoidance of inefficient operating time; use
also possible in conceptual phase of machine
tool design.

12-2 Provisions to reduce scrap produc- |Die monitoring, in-process control, optimised X |X X
tion use of raw material - minimize waste; zero
defect production.

12-3 Provide customer information to
reduce consumption of resources

12-3-1 Information to user onenergy efficientuse of (X |X |X [X
the machine tool (e.g on/off programming of
auxiliary devices by user manual and training)

Provide operator information, e.g. how to
intervene when downtime is expected.

12-3-2 Information to user on optimized movements |X |X |X [X
of axis-Means for optimization of movements
of multiple axis systems, (e.g. feeders, ro-

bots) to follow energy optimized trajectories;

see 12-3-1.

12-3-3 Provide information to the user on recovera- |[X [X (X [X
ble heat power (e.g. flow rate and temperature
of medium).

12-4 Minimize non-productive time Without utilization (production) or low output|X |X [X [X

the efficiency will be degraded. Means of
improving output may be automatic die/tool
change systems, condition monitoring to pre-
vent component failures, good diagnostic for
quick trouble shooting, etc.

12-5 Optimize productivity by reducing |An improved productivity reduces the portion |X |X [X [X
cycle.time per part of required basic load per part.
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No.

Feature for improvement

Description

A

B

C

D

13

Control systems

13-1

Control parameters for different
operating conditions

A method for increasing energy efficiency
by adapting control parameters to the active
type of processing is provided. The type of
method can follow different concepts or a

combination afthaca concantc-
P

A) Static Methods for manual selection of a pa-
rameter set of control parameters (e.g. includ:
ing velocity limits, acceleration limits, feed
forward, and feedback control coefficients)
according to a target application (consider

e.g. different parameter sets for roughing and
finishing).

B) Dynamic Methods for autemated ad-
aptation of control parameéters to process
conditions on a dynamig-basis (consider e.g.
applying adaptive fe€d control, advanced
position control),

C) Methods bysadapting control parameters
based on energy efficiency commands in the
part program (consider e.g. STEP-based, such
as roughiing, finishing, boring, thread cutting).

A provision to configure conditions for auto-
matic switch over between different operating
conditions.

1342

Energy optimized default settirng
for operating condition -energy
level- (customer specific drive
management)

possible operating conditions -energy levels-:
— switched off

— standby - ready to be started (mains on,
controls running, auxiliary and peripheral
units stopped)

— halted - ready for production (auxiliary
and peripheral units on)

— production possible - means depending on
mode of operation

— screen saver and lighting for control panel
— intelligent drive management

— etc.

X

13-3

Automatic operating state switching

Switching between dilferent operating states
helps drive management to choose most effi-
cient mode.

X

13-4

Optimization of manufacturing
process depending on manufactur-
ing conditions

Provision of motion control features for
minimization of energy supplied (consider e.g.
time-optimized manufacturing vs. energy-ef-
ficient manufacturing, accuracy-optimized
manufacturing vs. energy-efficient manufac-
turing).

13-5

Recording or monitoring of energy
supplied together with production
data

The knowledge of the energy supplied to the
machine tool under different operating condi-
tions (e.g. workpieces/kWh) helps the user to
implement energy management systems.

X
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Annex B
(informative)

Example of how to apply the methodology on a machine tool

Specific machine tool under test:

— machife type: 5-Axis machining centre;

— axis trpvel: X: 1 000; Y: 1 000; Z: 800 mm;

— machipe mass: 14 000 kg;

— spindl¢ power: 35 kW nominal;

— auxiligry machine accessory: integrated tool changer.

The follow|ng steps refer to the design methodology as shown in Figure 9.

Step 1: Supplied energy during use phase is the most relevant.environmental impact

Step 2: Describe generalized machine tool functions and subfunctions

— Machine tool operation: spindle and axis; 230 V AC and 24V DC supply

—

— Procegqs conditioning: interior and exterior lubrieant supply, re-cooling of lubrication, air convecfion

by misft extraction
— Workpiece handling: manual loading — No-machine tool function

— Tool handling or die change: tool changer, hydraulic clamping

—n

— Recyclpbles and waste handlingt.chip purging, chip conveyor, chip filtering, seal air, mist extraction

— Machine tool cooling/heatifig: lubricant supply, electrical cabinet cooling
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