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Foreword

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

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

As environmental impact is a common challenge for all products and as natural resources become
scarce, environmental performance criteria for machine tools have to be defined and the use of these
criteria has to be 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 depending on the part which is being manufactured and the condifions under
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sidered in isolation from these considerations.

ponents are objects of specific improvements keeping the application of|tlre system in
rovements are subject for quantification together with the overall system'design to achiev
N an improved environmental performance. The provisions and procedures specified in
14955 are also intended to allow the calculation of environmental iimprovements on a mu
1 and across different manufacturers/suppliers and users.

ed on alist of positive environmental features, which can be'bhuiltinto a machine tool, the pe
his product is intended to be evaluated in order tosquantify the environmental impg
eved over a defined period.

14955 takes care of relevant environmental impacts during the use stage. Aside from the
ineering of machine tools, the utilization of these products is also addressed.

hine tools as manufacturing devices might have a significant influence on the env
formance of the products being manufactured together with their final use stage. This as
reated very sensitively and might produce quite different results when an assessment is
oader definition of the system beundaries.

ch the machine is operated. Therefore, the environmental evaluation of a machinge t¢o] cannot be

5 part of ISO 14955 tries to overcome this deficiency by breaking down the machine tool fo machine
ponents which come closer to a functional unit for environmental evaluation. The machine
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Machine tools — Environmental evaluation of machine

to

ols —

Part 1:
Design methodology for energy-efficient machine tools

1
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Scope

5 part of ISO 14955 constitutes the application of eco-design standards to machine tools
al working numerically controlled (NC) machine tools.

5 part of [SO 14955 addresses the energy efficiency of machine tools dufing the use st

need a special treatment (e.g. according to ISO/TR 14062).

Ele

ents of eco-design procedure according to ISO/TR 14062 aréapplied to machine tools. R

restilts to users and suppliers and monitoring of results are‘defined.
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NOTI

gy supplied. It does not suggest a methodologyfor quantifying the result achieved due
niversal criteria. The result achieved in industrial application being machined workp

nded to be determined specifically for.each application or for a set of applications.

machine tool design. It does notsupport the comparison of machine tools. Also, this parto
s not deal with the effect pf'different user behaviours or different manufacturing strate
use phase.

uation of energy efficiency implies quantification of<the resources used, i.e. energy supp|
result achieved. This part of ISO 14955 provides.guidance for a reproducible quantificg

perties (e.g. material, shape, accuracy, surface quality), the constraints of production (e.g.
bize, flexibility), and other appropriate,parameters for the quantification of the result ac

s of environmentally’ relevant improvements and machine components, control d
ponents, and combinhations of machine components are given in two informative anney
al-cutting machine tools (Annex A) and one for metal-forming machine tools (Annex H

mainly for

hge, i.e. the

king life of the machine tool. Environmental relevant stages other than the use stage ajnd relative
acts other than energy supplied to machine tools are not within thé)scope of this part of

ISO 14955

eporting of

lied, and of
tion of the
to the lack
eces, their
minimum
hieved are

5 part of [ISO 14955 defines methads for setting up a process for integrating energy-efficiefcy aspects

F1SO 14955
bies during

f machine
es, one for
). Annex C

s, material\additive machine tools, and woodworking machine tools are currently not
rmative-annexes.

Certaln machining processes and spec1f1c machlne tools can allow 51gn1f1cant cha

envi

vides an examiple of application of the methodology. Other machine tools, e.g. laser-cuttipg machine

covered by

iges in the

application of

special press technology, hlgher performance of compressors by machmmg on precision form grinders.[3][3] The
environmental impact of such processes or machine tools might be less important compared to the environmental
impact of the machined workpieces and their application. These changes in the environmental impact of machined
workpieces are not subject of this part of ISO 14955 but might be important if different machining processes
or different machine tools have to be compared related to environmental impact of products. For instance, the
accuracy ofamachined workpiece mightbe 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, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.
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ISO 14021:1999, Environmental labels and declarations — Self-declared environmental claims (Type Il
environmental labelling)

ISO 14031,

Environmental management — Environmental performance evaluation — Guidelines

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

3 Term

s and definitions

LD

For the pu
apply.

3.1

delas | dodel de. P R o] ads- H H A fa¥al R V/ WaVala) 4l £all
PUSTS ULLIITLS UUTUITITIIL, LT LTS dlIU UCTTIIILIUIIS SIVEIT TN IOU/ TIN 17UV 4 d11IU LT TUTIUV

design andl development

set of proc
a product,

Note 1 to eq
to define dif

Note 2 to en

brocess, or system

ferent stages of the overall process of turning an idea into a product.

try: Product development is the process of taking a product idea from planning to market launch

review of the product, in which business strategies, marketing consideratiofis, research methods, and de

aspectsare
products or

Note 3 to e
termed Des

[SOURCE: I

3.2
environm

lised to take a product to a point of practical use. It includes impnovements or modifications to exis
processes.

htry: The integration of environmental aspects into product design and development may als
gn for Environment (DFE), eco-design, the environméntal part of product stewardship, etc.

S0 9000:2005, 3.4.4]

ent

surroundings in which an organization operates, including air, water, land, natural resources, fl

fauna, hun

ans, and their interrelation

Note 1 to enftry: Surroundings in this confext extend from within an organization to the global system.

[SOURCE: ]

3.3
environm
element of

Note 1 to ejf
environmer

[SOURCE: 1

SO 14001:2004, 3.5]

pntal aspect
an organizatioly's activities, products, or services that can interact with the environment

try: A significant environmental aspect is an environmental aspect that has or can have signifi
tal impact.

S0-14001:2004, 3.6]

ing

psses that transforms requirements into specified characteristics or into thé-specification of

try: The terms “design” and “development” are sometimes used synonymously and sometimes used

and
kign
ting

b be

ra,

Cant

3.4

environmental impact
any change to the environment, whether adverse or beneficial, wholly or partially resulting from an
organization’s environmental aspects

[SOURCE: I

SO 14001:2004, 3.7]
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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 5.2.3 of ISO 14040:2006).

[SOURCE: ISO 14040:2006, 3.1]

3.6

mo

typ
safd

Not

Not

for machine tools.

3.7
ope€
defi
pro
tha

Not
han

Not
magd

Not
am

Not
STA|
defi

Not
magd

Not
defi

3.8
eny
stat

feof operation
b of operating and controlling a machine tool, whereby different modes of operationaré
ty standards for machine tools

1 to entry: Examples for modes of operation are manual mode, automatic mode, and setting mo

e 2 to entry: Different machine activities require certain modes of operation as ldidydown in safet

rating state

ned combination of ON, HOLD, OFF, etc., states of mains, peripheral units, machine contr
Cessing unit, and machine motion unit including machine-agtivities when operating stz
n OFF

e 1 to entry: Peripheral units are for example units for maehine cooling, process cooling, workpi
ling, recyclables, and waste handling.

b 2 to entry: Machine processing units are for example main spindle of a turning machine, tool
hining centre, generator for electro-discharge midchine, slide of a press, and draw cushions of a p

3 to entry: Machine motion units are for example linear axes of a turning machine, linear and rg
ichining centre, and linear axes of a wirelelectro-discharge machine.

e 4 to entry: For measurement and\testing energy efficiency of machine tools, operating states

NDBY, EXTENDED STANDBY, WARM UP, READY FOR OPERATION, PROCESSING, and CYCLING|
hed. An example for such a definition for a metal-cutting machine tool is given in Table D.1.

hining or cycling, or complete test cycles.

e 6 to entry: Depending on the operating state and the machine activities, a mode of operation is
hed by relevant safety standards of machine tools.

ironmental claim
emént, symbol or graphic that indicates an environmental aspect of a product, a con

defined by

le.

y standards

bl, machine
te is other

bce and tool
spindle of a
ress.

tary axes of

uch as OFF,
have to be

e 5 to entry: Examples forsmachine activities are tool loading, workpiece loading, axes movements, waiting,

selected as

hponent or

pac

kaging

Note 1 to entry: An environmental claim may be made on product or packaging labels through product literature,
technical bulletins, advertising, publicity, telemarketing, as well as through digital or electronic media such as
the Internet.

[SOURCE: ISO 14021:1999, 3.1.3]

39

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

pro

cedures with assurance of data reliability

[SOURCE: ISO 14021:1999, 3.1.4]
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3.10

explanatory statement
any explanation which is needed or given so that an environmental claim can be properly understood by

a purchase
[SOURCE: I
3.11

1, potential purchaser, or user of the product

SO 14021:1999, 3.1.6]

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

[SOURCE: I

3.12

machine t
machine oy
handling, t

U 1402111999, 5.1.7]

pol function
eration (machining process, motion and control), process conditioning and cooling, workp
pol handling or die change, recyclables and waste handling, machine cooling/heating

Note 1to e

try: Any machine tool function may be realized by one machine component’or’by a combinatid

machine cofnponents. Some machine components may realize more than one machine opl function.

Note 2toe

Note 3 to e
energy supy

3.13
machine d

ry: Figure 7 shows an example relation between machine components and machine tool functio

htry: Machine tool functions may be used for identifying machine components (3.13) relevan
lied to the machine tool.

omponent

mechanica

3.14

, electrical, hydraulic, or pneumatic device of a machine tool, or a combination thereof

qualified ¢nvironmental claim

environm
claim

tal claim which is accompanied by an‘explanatory statement that describes the limits of

[SOURCE: IISO 14021:1999, 3.1.12]

3.15

self-declared environmental claim

environm

tal claim that is made, without independent third-party certification, by manufactur

importers,[distributors, retailers, or anyone else likely to benefit from such a claim

[SOURCE: ISO 14021:1999, 3.1.13]

3.16

machine tpol
mechanical device which is fixed (i.e. not mobile) and powered (typically by electricity and compreg
air), typically-used to fabricate metal components by the selective removal or mechanical deformat

ece

n of

1S.

for

the

ers,

sed
on

Note 1 to entry: Machine tools operation can be mechanical, controlled by humans or by computers. Machine tools
have also a number of peripherals used for feeding, safety, waste and chip removal, lubrication, 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

input

Note 1 to entry: Efficiency is defined as the relationship between the result achieved and the resources used

(IS0 9000:2

005, 3.2.15).
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Note 2 to entry: Statements of energy efficiency can be given e.g. in cycle per total energy supplied, in workpiece
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,tyflical profile
is ap shown in Figure 1, which gives the profile of an NC milling machine. The largest.imp4ct is in the
use|stage, and the largest contributor in the use stage is the energy supplied to the machine §ool. This is
the[result of many life cycle assessments for machine tools [11[41[5][Z] if the machine tool is ysed 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
90 —
80 —
70 —
60 —

[%] 50 —_—t
40 —

30 —

20 —

10 —

0 [ T T T T T

-10

Key
raw material 4 set-up
production 5 use
transport 6 recycling

Figure 1 — Example of an eco-profile for a milling machine

Therefare; this part of ISO 14955 concentrates on the environmental impact, and specificplly on the
pospibility of improving the 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 the use stage to change the
environmental impact might be of importance.

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.

© IS0 2014 - All rights reserved 5
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5.2 Goal and potential benefits

The goal of integrating environmental aspects into machine tool design and development is the reduction
of adverse environmental impacts of machine tools, especially the increase of energy efficiency during
the use stage of the average machine tool in an industrial manufacturing environment.

Benefits for the machine tool supplier/manufacturer and user may include the following:

5.3 Stra

Strategic d
machine to

5.4 Man

energy efficiency during use stage;

costre

duction in machine tools operations;

increa
stimul
enhan
attract
enhan
increa

improy

organi
deman
activit]

produ
in the
of the
criteri
optimz

ed competitiveness of the metal working sector;

htion of innovation and creativity;

cement of organization image and/or brand;

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

sed knowledge about the product;

red relations with regulators.

fegic considerations

onsiderations that are taken into account forpintegration of environmental aspects
ol design and development may include the following:

zational issues (e.g. competitor’s activities,” machine tools user’s needs, requirements
ds), organization’s environmental aspectsand impacts, activities of regulators and legislat
es of industry associations;

t-related issues such as early intégration (i.e. addressing the environmental aspects e
Hesign and development progess), functionality (i.e. how well the product suits the purg
machine tool user in terprs of usability, useful lifetime, productivity, accuracy, etc.), mj
h concept (i.e. considerdtion of all relevant impacts and aspects), and trade-offs (i.e. seel
1 solutions);

commuinication (e.g. ifiternal communication to employees on product-related environme

impact
on the
(perfo

s, training cofirses on environmental issues, programmes, and tools, site-specific imp
environment;.and feedback from employees), external communication on product proper
'mance and environmental aspects), and proper use of machine tool.

agément considerations

nto

and
or's,

hrly
ose
h1ti-
(ing

htal
hCts
ties

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
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.

© ISO 2014 - All rights reserved
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The integration of environmental aspects in machine tool design and management can be supported
by existing management systems, e.g. management systems according to ISO 14001 or ISO 9001. This
integration 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 overview of integrating environmental aspects into the design and development process of machine
tools is given in Figure 2.

NOTE Additional details are listed in ISO/TR 14062:2002, Clause 8. Eco-performance indicators, e.g.
accrrding to IS0 14031 might be rather nseful for fm'mnlaﬁng measurable targets and ’rr;mqurring the targets

into|specifications.

© ISO 2014 - All rights reserved 7
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Typical stages of the product design
and development process

Planning

Possible actions related to the
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.

Design ideas

Conceptual design

Design concept

Detailed design

Design solution

Testing/prototype

Feedback/continuous improvement

Prototype

Production
Market launch

Evaluate results against environmental targets, specifications and reference products

Product

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

Apply design approaches and finalize product specifications,
including life cycle considerations.

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

Publish communication materials on environmental aspects, but §se
and disposal of the product.
Consider possible environmental declaration and its requirement.

Consider and evaluate experiences, environmental aspects and

impacts
T

Production review

Figure 2 — Example of a generic model of integrating environmental aspects into the machine
tool design and development process (Source: ISO/TR 14062)

© ISO 2014 - All rights reserved
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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.

gnment is specific to each machine tool and corresponds to a transition from total energ
ne machine tool via machine tool functions and functional mapping to machine componen
cedure is shown in an example in 6.3 and results in identifying energy relevant machine c

6.4).

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

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

Sonte machine tools are equipped with internal compressors for pressurized air, hydraulic f1
for [lubricant supply; other machine tools use centralized supply units for these. When cd
maghine tool using internal compressor(s) with a machine tool using centralized su
conjparison shall be made on the same basis, i.e. forb6th machine tools including all suppli
aimj, system boundaries (see 6.2) shall be defined.

6.2 System boundaries

For
pro

evaluating the environmental impact of a machine tool, the machine tool is looked
duct(s) machined on the maching-tool (see also Clause 4).

In this part of ISO 14955, the energy efficiency of machine tools in the use stage is addressg
Clause 4), whereas different/forms of energy are looked at, e.g. electrical energy, pneuma
hyaltaulic energy.

In @
sha
Fig

rder to deal with the energy efficiency of a machine tool during the use stage, system |
1 be defined in such a way that a system that is capable of a machining process is cons
re 3). System‘houndaries are chosen in order to be able to measure energy flows with

machine tool and peripheral units are within the system boundaries. In general, electr
compfessed air are relevant energy inputs to the system. In some cases, air exchange is

onents. This

by supplied
F level. This
bmponents

and their
pressed by
irly.

d together

1id, and /or
mparing a
bplies, any
es. For this

at, not the

d (see also
tic energy,

boundaries
dered (see
reasonable

cal energy
arelevant

d O V O V W

boundaries, any treatment of contaminated air will need energy that has to be considered, if

arelevant
he system
relevant. If

a centralized lubrication system is applied, cooled and filtered lubricant will be an input to the system
and contaminated, hot lubricant will be an output; any energy used for lubricant treatment has to 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 do not have to be considered if it does not
represent a relevant energy flow across the system boundary.
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Machine tool | Contaminated ai1>
Cooted/ : ] ) Contaminated
filkered lubricant® : | Peripheral A || Peripheral B |:..... hot lubri cantc/ /

System boundary

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

5 to cases with centralized lubricant management only.

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

bralized functions of a machine tool

heral

brking machine tools cover a wide tange of different types, subtypes, and sizes, a machine
d by its functions (see Figure 4);which might be realized by different machine compone

a generalized approach for awide range of machine tools in order to evaluate environme
machine tools and the change of environmental impacts over time.

tool should be described by the functions machine operation (machining process, motion
ocess conditioningand cooling, workpiece handling, tool handling or die change, recycla
handling, and machine cooling/heating as shown in Figure 4, in relation to energy efficie
1se stage. These generalized functions cover the vast majority of machine toolsin a general
endent fromthe implemented machining process and/or design of the machine tool.

fool
nts.
htal

and
bles
ncy
zed
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Main machine functions

Machining (machining
— process, motion and
control)

Process conditioning and
cooling

—> Workpiece handling

—» Tool handling, or die change

Recyclables and waste
handling

“=» Machine cooling/heating

Figure 4 — Generalized functions of a machine tool in relation to energy efficiency, fiinctional
level, machine tool, and process independent

NOTE Thisdunctional description is a proposal to facilitate analysis and problem solving in relation to the
enefgy efficiengy of a machine tool during the use stage.

6.3]2 “Machine operation (machining process, motion and control)

This Tunction summarizes the target function of the machine tool, i.e. all energy supplied needed to
realize the primary machining process.

6.3.2.1 Machining process

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

Typical 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.
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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.

Typical 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 cpntrol” summarizes the control of the machine, generally the numerical control, for autem

sequence

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

Typical cothponents for the function “machine control” are the numerical control systems, PLC, displ
sensors, ddcoders and encoders, lighting of the work space, frequency converters, yoltage transform
relays, and|touch probes.

6.3.3 Pr

This funct
the temper

the workpjeces within limits. Process conditioning may be seen-as a value-adding function in ord¢

achieveac
NOTE !

Typical ma

related to process coolant, cutting/forming fluid ceeler, die lubrication fluid cooler.

6.3.4 Wad

“Workpiec
workpiece
machine tg

Typical mz
handling r
handling”

workpiece

6.3.5 Tos

ntrol, monitoring systems, and measuring systems. “Machine control” may also‘contril

cess conditioning and cooling

atic
ute

ays,
ers,

on combines all cooling, heating, and conditioning that isprocess-related in order to Keep

ature and other relevant conditions of the working voluine, the tools, the fixtures, and

pnstant machining process, e.g. lubrication for grinding, die lubrication for presses.

rocess conditioning and cooling is sometimes combined with machine cooling/heating, see 6.3.9.

chine components for the function “process’ conditioning and cooling” are cooling pu

rkpiece handling

b handling” may consist of workpiece changing, workpiece grasping, workpiece clamp
handling, workpiece lifting;in-feed of raw material, and measuring of workpieces on
ol.

iIchine components-fer the function “workpiece handling” are pallet changer, workp
bbot, hydraulic ¢laniping devices, and pneumatic chucks. On forming machines, “workp
s mostly donelby destacker, centring stations, workpiece lifters in dies, workpiece eject]
handling devices (e.g. robots, gripper bar transfer systems), and stacker.

bl handling

| /or
r to

mps

ing,
the

ece
ece
or's,

“Tool handlifig” may consist of tool changing, tool grasping, tool clamping, tool storage, and probir1g of
tools on theTmachie:

Typical machine components for the function “tool handling” are turret of a turning machine, hydraulic
clamping devices, pneumatic chucks, tool changer, tool magazine, and system with compressed air to
clean tool holder.

6.3.6 Die change

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

6.3.7 Recyclables and waste handling

This function summarizes handling of chips or scrap, handling of cutting fluids including separation and
filtering, handling of dust and fumes, and handling of dirt.

Tyy

ical machine companents for the fiinction “recvclables and waste h;mdling" are a rhip conveyor or

SCrd

6.3

Thi
coo

8 Machine cooling/heating

5 function summarizes all cooling and heating that is independent of the mackinihg proces
ing/heating” does not add value to the machining process itself. Machine.caoling/heatin

Ip conveyor, filter systems, exhaust systems, and systems with compressed air for chiptjfansport.

5. “Machine
b is applied

in order to keep temperature within limits so that machine components are.not damaged oy distorted,

e.g.

top
wit

hin operational limits.

Typiical machine components for the function “machine cooling/heating” are fans, cooling

con

6.3
The

Lrol cabinet, water cooler, cooling pumps, and cooling fheating of guideways.

9 Subfunctions

generalized functions may be divided into@ubfunctions in order to detect relevant en

Figlire 5 shows one possible division into subfunctions.

NO1
leve

keep the temperature of the control cabinet within operational limits, keep the tempejrature of a
high-speed spindle within safety limits, keep the temperature of the machine tool within lim
revent any thermal influences on the kinematic structure of theimachine tool, keep oil tgmperature

lits in order

system for

brgy flows.

E Generalized functions might be-also called first-level functions (see Figure 4), subprocegses second-
|, third-level, etc. functions (see Figutré.5).
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Generalized machine
— functions
(1stlevel functions)

Subfunctions
(2rd Jevel functions)

Machining process

Machining (machining
— process, motion and —
control)

Motion

Process conditioning

Process conditioning and
cooling

\
Y Vv VvV VvV

|
|
Control ‘
|
|

Process cooling

—P> Workpiece handling

Tool change ‘

—» Tool handling or die change Tool'storage ‘

Recyclables and waste
handling

Machine cooling ‘

—» Machine cooling/heating Machine heating ‘

Figure|5 — Example of generalized machine tool functions and subfunctions in relation tc
enérgy efficiency (first- and second-level functions)

6.3.10 Machine toolfunctions and machine components

Sometimeg machine components fulfil several functions, e.g. a coolant system is used for machine cooling
(according|t6-6.3.8) and for process conditioning (according to 6.3.3). Then, the energy supplied to this
machine component can be assigned to dilferent 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 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, need corresponding time
in those operating states in order not to influence other operating states.
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Generalized machine .
— . Machine components
functions
Machining (machining — Control components M
> process, motion and ——]
control)

—4) Energy recovery module |<—

—Ci) Monitoring module |<—
Process conditioning and
—> el — 9 CNC Total <«

<i> Chip conveyor |<—

— Workpiece handling
4) Mist collector |<—
F‘ :I) Hydraulic-system |<—
N Tool hi?lilrilng or die J —4> Fluid\system |<—
Be ——<i> Spitidle cooling pump |<—
—4) Cooling fan |<—
Y Recyclables and waste L

handling

—<i> Fan energy recovery module |<—

—<i> CNC air-conditioning |<—

—»  Machine cooling /heating

—CI) Air compressor |<—

Flgure 6 — Example of assigning machine components to machine tool functions (functional
mapping) for a metal-cutting machine tool

Thi} functional fiapping finally has to be done quantitatively. An example is given in Figure 7 where the
qualntitative mapping is given in per cent (%) and where each line has to have a sum of 100 %.

© IS0 2014 - All rights reserved 15


https://standardsiso.com/api/?name=945196ecb55abb86655ab8615410cab2

ISO 14955-1:2014(E)

Machine tool
functions

Machine operation
(machining process,
motion and control)

and cooling
Tool handling,
or die change
handling

Machine
components

Process conditioning

Workpiece handling
Recyclables and waste

Mapping based on

Machine cooling/heating

Control components H 80% H H 10% H H 10% H
Energyrecovery module H 100% H ‘[ j’ H H

|

|
Monftoring module H 100% H ‘[ j’ H H ‘
ENC Total [ 100% || [ | | }
|

|

typical operating times

fpeomesor ||| ||
Mceoleaor || [ | oo

|
|
|
|
|
|
‘ Hydraulic system H : ]’ 80% H 20% H H
|
|
|
|
|
|

|
|
|
|
|
|
|
|

|
|
|
|
|
|
typical activation of hydrauliks ‘
|
|
|
|
|
|

Fluid system | [ 50% | | | 25% || 25%|

Spindle cooling pump H H H H H H 100% H

Goimgin ||| || g

Fan energy recovery module H H H H H H 100% H

CNC air-conditioning H H H H H H 100% H
Air| compressor H H 75% H H ” 25% H ‘ ’ typical use of pressurised air

Figure 7 — Example for quantitative functional mapping, data given in %

NOTE {Vhen mapping machine components to more than one generalized function, the determination of the
respective dhares may appear as an imprecise procedure. However, the assignment of machine components|to a
single generjalized function does not alow’an appropriate system analysis if machine components are linked yith
more than ¢ne generalized function, In'lack of measurement data and/or scientific grounds, an educated ghess
still gives a| better insight for the\system analysis than ignoring the complex dependencies between machine
componentg and generalized functions.

6.4 Relgvant machife tool functions and relevant machine components

6.4.1 Relevant machine tool functions

By examinirigbhe energy supplied for the different machine tool functions or subfunctions, the functiop(s)
most relevant for energy supplied during use stage of a machine tool shall be identified. Most relevant
functions for energy supplied to the machine tool are those sorted in descending order, which are on top
of this sorted list, and whose cumulative total accounts for at least 80 % of total energy supplied to the
machine.

NOTE The limit of 80 % is chosen due to available information and due to measurement uncertainties for
measurement of 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
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
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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
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 [4]). Even with such statistics available, it is
stillrequired to determine the total period over which the energy use is to be determined. A total period
of ulse or a total period of effective machining can be examples of functional units (according to 3.11) to
be ysed for this purpose.

0,25 —

0,2 —

0,15 —

[kW/h]

0,1 —

NN NN

0,05 —

N / / 7 l

total energy

machining (machinifig)process, motion, control)
process conditioning and cooling

workpiece handling

tool handling

recyclables and waste handling

N O U1 W N

madchine cooling

Figure 8 — Example presentation of profile of energy supplied to the machine tool when cutting
a specified test piece with specified machining parameters (turning of steel, cutting speed 180
m/min, feed speed 0,35 mm/rev, volume cut 1 564 331 mm3, cutting time 440 s)

6.4.2 Relevant machine components

The 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 Annexes A and B, 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.
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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).

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) sha

I be

considered as resources used.

6.6 Effidiency evaluation

Statementg of energy efficiency shall be given in result per energy supplied to the macliine tool, e.g. in

cycles per ¢nergy supplied, in workpieces per energy supplied.

Any statenjent of energy efficiency shall be accompanied with information on operating states, machine

activities, and environmental conditions during the test procedure. Measurefment uncertainties shquld

be stated with the test results.

7 Evaluation of design procedure for energy-efficienbmachine tools

In order to fulfil design procedures for energy-efficient machine‘toeols, as shown in Figure 9, the following

requirements shall be satisfied:

— the machine tool is described in its generalized functions or subfunctions, and machine compong¢nts
are asgigned to generalized functions or subfunctions according to 6.3;

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

— relevant function(s) is (are) assigned to-machine components (see 6.4.2);

— relevant machine components, theix control, and their combinations are compared to the state of
the art (see Annexes A and B) orto the previous generation of that machine component, control,
and/o1f combination (see Clause 8J;

— relevant machine compoments and/or function(s) are monitored (see Clause 8).

NOTE1 If a machine toolyunder investigation has other relevant environmental impact than the engrgy

supplied to fhe machine durihg use stage, this is not addressed by this part of ISO 14955. Other publications, §uch

as ISO/TR 14062, could be of guidance.

If declarations of.energy efficiency are made, requirements of ISO 14021 shall be fulfilled.
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Rep

v

Step 3 assign machine components to generalized machine
tool functions or sub-functions according to clause 6.3.9

'

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

Y

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

/

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

fa,

/

Step 7 optimize relevant machine components or subsystems,
their control and their combination (seé.Annex A and B)

|
R

Step 8 monitor relevant machine components according to
clause 8

- ~ 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
. desi thodology fi
. . : : esign methodology for
Step 2 describe generalized machine tool functions and & N
sub-functions according to clause 6.3 energy-efficient machine tpols
. according to1S0714935-1

Figur€-9 — Design methodology for energy-efficient machine tools

Reporting and monitoring of results

orting-and monitoring of results shall include one of the following options:

comparison with state of the art (e.g. qualitative comparison based on Annexes A and B];

)

— 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 component(s).

© IS0 2014 - All rights reserved
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If results are reported in the form of an environmental claim or a qualified environmental claim, the

following r

equirements 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 14021:1999, especially to topics such as evaluation of comparative claims,
selection of methods access of information (see Clause 6 of [SO 14021:1999), recovered energy (see 7.6

measureme
and local ¢
interpretati

t of the energy supplied to the machine tool. The energy saved would depend on the'factory loca
imate. In such cases, it is legitimate to include a qualifying statement to avaid’an over-simpl
on of any energy figures quoted.

20
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Annex A
(informative)

List of energy-efficiency improvements for metal-cutting machine

tools

TablJe A.T is a non-exhaustive checklist of energy-efficiency improvements for metal-cutting machine

tools. Although the measures are generally apt to improve energy efficiency, their impl¢mentation
shopld be considered within the given circumstances, the system design, the technologie§ used, and
thejapplication of the machine tool under investigation. Decisions about their implementatign might be
further subject to consideration of multiple criteria including functionality, standatrdization] reliability,
cost, and others.
Tjable A.1 — Well-tried design principles for machine components,control components, and
combinations of machine components for energy-efficient
metal-cutting machine tools
No. Feature for improvement Description
1 Overall machine concept
1-1; Minimization of moved masses
1-2 |Reduction of friction Reduction of frietion means less mechanical wear and higher quality
and also should lead to energy reduction; various types of|bearing
possible (zolling bearing, sliding bearing, hydrostatic beatfing, mag-
net beating); ecological aspect has to be considered by thg choice of
bearings as well.
1-3 Optimization of the electrical Gheck if the machine tool has been designed according to ¢ustomer
design requirements and operational range has been specified clpse to opti-
mal working point; avoid adding up spare capacities (avoigl oversiz-
ing/over-engineering).
1-4 Design for instant machining Provisions for automatic temperature compensation.
without warm-up
1-§ |Work piece clampinhg and tool Use best efficient technology.
clamping
1-6 Multi-spindle/multi-work pieces
machining
1-7 Complete machining all sides
1-4 Combination of various technolo- | Combination of technologies in one machine, one-time mopinting and
gies (turning + milling + laser + |adjusting may result in higher quality and higher yield antll also caus-
grindingreted Hgless-energy-constption:
1-9 |Axis clamping Usage of axis clamping instead of active motor brake (see 1-5).
1-10 |Redundantaxis High acceleration with short-stroke axis reducing acceleration for
long-range, heavy axis.
1-11 |Increase output Without utilization (production) or low output, the efficiency will be
degraded.
1-12 |Provide customer interaction to |Give the operator provisions to interact when he expects downtime.
reduce consumption of resources
1-13 |Tool change during running spin- | Provision to allow a tool change during running spindle to avoid
dle (milling machine tools used |deceleration and acceleration of spindle.
in a way to change tools very
frequently)
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Table A.1 (continued)

No. Feature for improvement Description

2 Drive units

2-1 |Regenerative feedback of The in-feed unit is capable to feed back the braking energy to the

inverter system (servo motor/ main power supply.
spindle)

2-2-1 |Use of energy-efficient motors Use of an energy-efficiency class according to IEC 60034-30 and size

for auxiliary units of the motors (IE/capacity).

2-2-2 |Use.of pnnrgy_nﬂ:iriphf motors Magnnfir fluxto be controlled on acyhr‘hrnnnnc motorstoreduce

for Intelligent magnetic flux losses.
confrol

2-3 |Use|of high-quality reducers - Use of gears sets quality as defined in International Standards
(ISO 1328).

- Use of low-friction seals.
- Optimize lubrication.

2-4 |Mags-free compensation of load |In case of vertical spindle, compensation of weight (mass) (e.g.

for yertical axes spring-type mounting).

2-5 |Use|of brake for non-moving axes | The feed axes that are not involved in the interpolation during the
part program are switched off (pulses deleted) and clamped by a
brake, swivel head or swivel table,and auxiliary axes.

2-6 |Invégrter system with highly effi- |Usage of inverter system withthighly efficient power device. Substji-

cier]t power device tuting line-connected motors by inverter motors.

2-7 |Higher voltage inverter systems |Higher voltage invertéf systems (e.g. 400 V) leads to a higher energy

(e.g| 400 V) to substitute 200V  |efficiency due to reduced ohmic losses.
systems (where applicable)

2-8 |DC yoltage link to balance the The DC voltage link balances the energy between different drives

enelgy between different drives |and may reduce the size of the in-feed unit.

Hydraulic systems

3-1 |Selgction of optimal drive sub- |- Different function sequences create the need for pump system

system (motor-pump system) which match the requirements profile.
- Power on demand depending on the load cycle.
- Select the correct size and type of motor and pump to avoid over
dimensioning and to operate the pump in the optimal efficiency
range.
- Temporary storage of hydraulic energy (e.g. accumulator charg-
ing operation) to achieve the best possible match between the purhp
drive and the load cycle and to compensate for demand peaks (pofen-
tial downsizing).
- Speed-controlled pumps allow pressure control with variable speed
instead of control valve
- Use switching valves with optimized technology
(e.g. alternative control via Pulse Width Modulation or use of low-
power solenoids when applicable).

3-2 |Reduce hydraulic losses/leakage |- Use displacement control systems instead of throttle control sys-
tems.

- Reduce internal leakage (e.g. seat valves in the accumulator charg-
ing unit or the clamping hydraulics).
- Consider distributed supply strategies.
- Apply leakage monitoring.
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Table A.1 (continued)

No.

Feature for improvement

Description

Match the pressure level to the
load cycle and to the different
actuators on the machine

- Pressure adjustment using adjustable pressure relief valves or zero-
pressure circulation.

- Use actuators which are designed to operate at the same pressure
level (less losses).

- Pressure adjustment using pressure-controlled drive systems (vari-
able speed drives, etc.).

Heanraccura intancifioee forindivgidual ottt orc vohich

requires

ot eI eI o e T oIt v reroro et oot O v et

higher pressure.

- On/Off or stand-by mode giving due consideration,to saf¢ty criteria.

3-4

Dimensioning of tubes and pipes

- Optimize the design of piping (length, diameter;etc.) and reduce

flow resistance.

Tubes and pipes cause friction losses and\thus energy lossgs. Finally,
the tube or pipe causes a pressure drop*which negatively affects the
energy balance of the machine tool.{Léngth, inner diametdr, flowrate,
and installation radius of tubes, pipes, and fittings shall b¢ optimized
to the application. Functions sHall'be identified and descriped where
this requirement is applicable:

Overall system

Optimization of total hydraulic system.

Pneumatic systems

Optimized compressed air
system with minimum losses
(differentiation between sealing
air and pneumatic drives)

Allow for differentkind of measures:
- Single master\switch-off.
- Individuakswitch-off capability for specific modules.

- Intelligent shut down procedures.

On-demand operation

Check if all branches of pneumatic circuits need to be pregsurized in
all'operating states of the machine tool. If not, consider m¢asures to
switch these branches off.

Leak

Leak indicator, on demand monitoring.

One of the main avoidable causes of energy dissipation is lpakage

in pressure piping and tubes. Leakage and condition moniforing
systems as part of the control system of the machine tool ghall be
implemented in order to easily locate leakage and eliminate leakage
directed.

Functions shall be identified and described where this requirement
is applicable.

4-1-3

Reduction of dead volume (V¢yt)

Distance between valve and cylinder shall be kept as shorf as pos-
sible. Long tubes are dead volumes which cause a major lops of
energy in each switching cycles as they have to be pressurjized and

exhausted This amountofcompressed airwill he wasted
r

Functions shall be identified and described where this requirement
is applicable.

4-1-4

Directed switch-off of not needed
branches.

It shall be verified if all branches of pneumatic circuits need to be
pressurized in all modes of the machine tool. If not, take measures to
switch these branches off in order to prevent energy losses caused by
unneeded volume.

Functions shall be identified and described where this requirement
is applicable.
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Table A.1 (continued)

No. Feature for improvement Description

4-1-5 |Dimensioning of tubes and pipes |[Optimize the design of piping (length, diameter, etc.) and reduce flow
resistance.

Tubes and pipes cause friction losses and thus energy losses. Finally,
the tube or pipe causes a pressure drop which negatively affects the
energy balance of the machine tool. Length, inner diameter, flowrate,
and installation radius of tubes, pipes, and fittings shall be optimized
to the application.

Functions shall be identified and described where this requiremeft
is applicable.

4-1-6|Corfect layout of pneumatic Pneumatic drives, e.g. cylinder forces, shall not be oversizéd,

driyes Unneeded air consumption and thus loss of energy were the result.
The layout of the pneumatic system and its componénts shall be tgi-
lored to suit of the machine tools need.

4-1-7 |Reduction of pressure The interaction of pressure supply reduction.to machine tool perfpr-
mance shall be verified. (Depending on the application, 1 bar redulc-
tion can resultin up to 10 % increased gffieiency).

The reduction of pressure shall nothave any negative influence o
the correct function of the machinefFunctions shall be identified and
described where this requireméntis applicable.

4-2 |Dir¢cted switch off Check if all branches of pneumatic circuits need to be pressurized|in
all operating states of the machine tool. If not, take measurementq to
switch these branches off!

4-3 |Optjmize cylinder force for the

reqpired function.

4-4 |ISO[4414 shall be applied

4-5 |Sealing air When larger lots of sealing air (P < 0,2 MPa) are needed (more thap
0,3 m3/min), a small low-pressure compressor or similar means
usually gives a much better efficiency than compressed air from a
pressure-reducing regulator.

Ele¢tric systems
5-1 |Minjimize energy losses in power |Usage of high-efficiency transformer or voltage-proof converters
supplies instead of conventional transformers (e.g. controlled switching
power for auxiliary power 24 V).

5-2 |Conjverter with power factor cor- | Power factor in the in-feed unit for feed operation and regenerative

recfion feedback saves energy losses.

5-3 |Thermal management regarding |Optimized concept for thermal management of the control cabinef:

control caURyet 1. Minimization of waste heat.
2. If waste heat is not avoidable, it has to be dissipated (air cooling or
Water coolingJ; ToT TEUSE Of thermal energy, water 1s given a prefer-
ence compared to air; further use of waste heat has to be checked/
discussed with customer.
3. Controlled ventilation (fan).
6 Cooling lubrication system
6-1 |Discontinuous operating pumps, |Active mode of cooling lubricant system depends on demand.
adjustable pressure for cooling
lubrication, controlled flow rate
6-2 |Minimal quantity lubrication Consider energy consumption of compressed air.
(MQL) when advantageous
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Table A.1 (continued)

No. Feature for improvement Description
7 Cooling system
7-1 |Thermal management of Optimized concept for thermal management of all machine tool com-
machine tool and all components |ponents regarding the following:
(cooling devices, etc) 1. Minimization of thermal power losses.
2. If thermal power loss is not avoidable, it has to be dissipated by air
or water cooling; for reuse of thermal energy, water is given a pref-
arancecomnparedtoair- furthor rouco ofthormal anoray qus to be
) = ks o =24
checked/discussed with customer (e.g. via standardized iIterface).
3. Controlled ventilation (fan).
7-2 | Apply direct cooling of com- Temperature controlled.
ponents depending on process
(cooling at the source)
7-3 Demand-dependent cooling e.g. substituting line-connected motors\hy inverter motors
7-4 Consideration of applied subsys- |To obtain the maximum possible energy savings, it is oftenp not suf-
tems with regard to synergies ficient to only look at the individual'components and modyles that
are used for the individual funetions. In addition, it has be|checked
if it is possible to extend thé use of a supply unit (e.g. hydraulic), par-
ticularly during idle periods where other machine functiops could be
supplied or driven by, it
In addition to the increase in the total efficiency of the sugply unit
due to the impraoyed utilization, a complete drive unit can pe omitted
(e.g. generatien of high-pressure coolant) and a large partof the pre-
vious energyrequirement saved (avoidance of electrical, mechanical,
and voluraetric losses).
8 Peripheral devices
8-1 |Demand depending controlled |Active mode of oil mist exhaust system depends on operatfing mode.
peripherals (devices, e.g. mist
extraction and chip conveyor)
9 Guidance for energy-efficient
use
9-1 |Optimization of work piece Work piece processing by simulation off-machine; avoidarice of
processing by simulation off- inefficient operating time; use also possible in conceptual phase of
machine; avoidanee of inefficient |machine tool production.
operating time Non-productive time can be minimized if a simulation envjironment
is provided for virtual setup allowing for simulative exclugion of pos-
sible collisions and simulative optimization of tool paths.
9-2 |Minimize non-productive time |Without utilization (production) the efficiency will be degraded.
10 Control systems
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Table A.1 (continued)
No. Feature for improvement Description
10-1 |Control parameters for different |A method for minimising energy consumption by adapting control
operating conditions parameters to the active type of processing is provided. The type
of method can follow different concepts or a combination of these
concepts:

A) Static Methods for manual selection of a parameter set of control
parameters (e.g. including velocity limits, acceleration limits, feed
forward, and feedback control coefficients) according to a target

applicationfe.a-different parameter setsfor roughing and finishing)
application{egdifferent parameter setsforroughin andt ng).

B) Dynamic Methods for automated adaptation of control paranyeters
to process conditions on a dynamic basis (e.g. by applying adaptiv|
feed control, advanced position control).

1%

C) Methods by adapting control parameters based on'\energy-
efficiency commands in the part program (e.g. STEP-based, such als
roughing, finishing, boring, thread cutting).

A provision to configure conditions for automatic switch over
between different operating conditions.

10-2 |Autpmatic operating state A method for automated by switchingofoperating states to differpnt
switching levels is provided. Possible operatifg states are the following:
- Switched off;

- Standby, ready to be started\(mains on, controls running, auxiliafy
and peripheral units stopped);

- Halted, ready for preduction (auxiliary and peripheral units run-
ning);

- Production.
The methodshould apply different states automatically with respgct

to the current machining situation, order schedule, and user prefejr-
ences.

10-3 |Optjmization of manufacturing |Provision of motion control features for minimization of energy
profess depending on manufac- _4usage (e.g. time-optimized manufacturing vs. energy-efficient mapu-
turing conditions facturing, accuracy-optimized manufacturing vs. energy-efficient
manufacturing).

10-4 |Recprding or monitoringof
current energy consumption
tog¢ther with energyyrelevant
profluction data
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Annex B
(informative)

List of energy-efficiency improvements for metal-forming machine

tools

TabJesB.Tand B.Z are non-exhaustive checklists of energy-efficiency improvements for hydrailic presses

(Tal
are
givg
und

ble B.1) and mechanical servo presses and mechanical presses (Table B.2). Although-thg
generally apt to improve energy efficiency, their implementation should be considered
n circumstances, the system design, the technologies used, and the application*of the m
er investigation. Decisions about their implementation might be further subject to consi
multiple criteria including functionality, standardization, reliability, cost, andcothers.

Tlable B.1 — Well-tried design principles for machine components,control compone
combinations of machine components for energy-efficient

hydraulic presses

P Imeasures

within the

hchine tool
deration of

nts, and

parameters

No. Features for improvement Description
Overall machine concept
1-1] |Minimization of moved masses Moved masses have'to be accelerated and the energy requirgd for accel-
eration is dependent on the mass (E = 1/2-m-v2). Even if somg part of the
energy is recovered during braking, this recovery is with anlefficiency
factor belowil. The best way to reduce energy needed for acgeleration is
mass redaction.
1-2| |Reduction of friction Reduction of friction means less mechanical wear and highef quality
and\also should lead to energy reduction; various types of bgarings
possible (rolling bearing, sliding bearing, hydrostatic bearinjg, magnet
bearing); ecological aspect has to be considered by the choide of bearing
as well.
Reduction of speed-dependent friction should be optimized with
respect to the characteristic of the chosen drive technology.
1-3] |Optimization of the pwerall machine Check if the machine tool has been designed according to cugtomer
design requirements; operational range been specified close to optimal work-
ing point; avoid adding up spare capacities (over sizing).
1-4 |Counterbalafice system for vertical |Counterbalancing systems reduces the potential energy in vertical mov-
axes ing systems. Additional reduction of accelerating and decelerating.
1-5 |Highly efficient cushion Cushions are needed for restraining material flow. Without ¢nergy effi-
ciency means the energy required is mostly transferred into|heat.
Use cushion control system with low-energy consumption of regenera-
tive feedback
1-6 |Useregenerative circuit for differ- |Reduction of pressure drop on control valves.
ential cylinders
1-7 |Die clamping Choose a clamping system with the best efficient technology.
2 Drive units
2-1 |Regenerative feedback of inverter |The in-feed unit is capable to feed back the braking energy to the mains
system (e.g. servo motor, AFE- tech- |power supply.
nology)
2-2 |Optimization of the dynamic Option to limit the acceleration in the set point signal results in a better

exploitation of the motors’ efficiency. In this case, the overload capabil-

ity of the motor is not utilized.
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Table B.1 (continued)

No. Features for improvement Description

2-3 |Optimization of installed motor Select motor operating close to optimum of efficiency factor, oversizing

power and overloading creates energy losses.

2-4 |Use of energy-efficient motors Use of an energy-efficiency class according to IEC 60034-30 and size of
the motors (IE/capacity).

2-5 |Provide most efficient drive system |Provide most efficient drive system for operating conditions in which
the machine tool is mostly working. Compare energy efficiency of dif-
ferent types of drive systems (e. g. direct pump drive for processes with
shorteveletHreseenmatordrive for processesrithdonseveletime).
See also 3-1.

2-6 |Use ¢f multi-pressure accumulator |Multi-pressure accumulator systems reduces pressure drop between

systém for main axis accumulator and actuator.

2-7 |Use ¢f energy-efficient pump-motor |Either pump principle and sizing in combination with theelectrical

unit motor influences the efficiency of the unit. Pump prin¢iple, size, and
speed shall be selected so that the pump system operdtes near to its
optimum efficiency for as long as possible. See alse 3-1.

2-8 |Direft coupled energy-storing drive |Direct coupled energy storage support (e.g¢flywheel) may reduce

syst¢ms for main drives installed power of main motors.

2-9 |Indifect coupled energy-storing Indirect energy storing drive systems such as electrically coupled fly-

driv¢ systems for main drives wheel, capacitor banks, etc. reduces,load peaks.

2-10 |Intelligent drive management Intelligent drive management turns off energy consumers (e.g. electiic
motors) when not needed.

2-11 |Highlly efficient power devices for  |Usage of inverter systemwith highly efficient power device. Substityt-

invefter systems ing line-connected mat0rs by inverter motors.

3 Hydraulic systems

3-1-1|Selegtion of the optimal drive sub-

systém (motor-pump system)

3-1-2 Differentfunctions/sequences create the need for pump systems whjch
matchthe required profile (pump combinations, e.g. high pressure/lpw
pressure, variable or fixed-displacement pumps).

3-1-3 Pewer on demand depending on the load cycle (constant speed in intpr-
mittent operation, variable speed (pole change, speed control/regulg-
tion with servo motors or asynchronous motors).

3-1-4 Select the correct size pump to avoid over-dimensioning, and operat¢
the pump in the optimal efficiency range.

3-1-5 Temporary storage of hydraulic energy to achieve the best possible
match between the pump drive (e.g. accumulator charging circuits) 4nd
the load cycle, and to compensate for demand peaks (so that drives apnd
pumps with a lower output rating can be used).

3-2 |Matdh the pressure level to the load

cyclg and‘to the different actuators
on the machine

3-2-1 Pressure adjustment using adjustable pressure relief valves or zero-
pressure circulation.

3-2-2 Use actuators which are designed to operate at the same pressure level
(no pressure reduction losses).

3-2-3 Pressure adjustment using pressure-controlled drive systems (e.g. vari-
able speed drives, adjustable-pressure variable capacity pumps).

3-2-4 Use pressure intensifiers for individual actuators which require higher
pressure.

3-2-5 On/Off or stand-by mode, giving due to consideration to safety criteria.

3-3 |Reduce hydraulic losses

3-3-1 Use displacement control systems instead of throttle control systems.
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Table B.1 (continued)

No. Features for improvement Description

3-3-2 Reduce internal leakage, for example, through the use of seat valves in
the accumulator charging circuit or the clamping hydraulics.

3-3-3 Optimize the design of the hydraulic lines and reduce hydraulic resist-
ance.

3-3-4 Consider distributed supply strategies.

3-3-5 Use of pilot-operated valves with low-pilot oil consumption.

3 R\,du\.\, PUVVLI \,UllDullllJt;Ull UIT

solenoid operated valves

3-4-1 Use pulse valves (with detent) which only draw powerduring switching.

3—4]—2 Reduce power consumption by using valve connectors with puilt-in
automatic reduction of holding current.

3-4-3 Reduce power consumption for valve actuation.

Reduce power consumption by using valves with 8 W solenojds when
applicable. The possible use of low Watt solenoids is depend¢nt on the
function because of reduced switching forces.

3-§ |Leakage monitoring Internal leakage (e.g. loose fittings in reservoir, worn valvesfor pumps)
leads to energy dissipation.dseakage monitoring detects exc¢eding flow.

3-4 |Low flow resistance Avoid losses caused by flpw'resistance e.g. by choosing valvd dimension
and spring characteristics in respect to optimized pressure firop.

3-7 |Highly efficient auxiliary pressure |Avoid pressure reliefvalves or pressure reducing valves for pres-

generation sure adjustment;@enerate pressure at appropriate level e.g. py speed
controlled pumps, pumps with variable flow, discontinuously operating
pumps (see'3-1).

3-4 |[Warm-up cycle End watm-up cycle as soon as possible, use actual oil tempeijature to
contfol warm-up. If applicable, change to hydraulic heating ihstead of
electrical heaters with respect to start temperature.

3-9 |Oil temperature Operate in optimal temperature range. Select oil viscosity gijade suit-
able for the expected ambient temperature range.

3-10 |Oil cooling Use water cooling instead of air cooling. Water cooling is mofe efficient
and warm water may be used in facility for other purposes.

3-11 |ISO 4413 shall be applied

4 Pneumatic systems

4-1 |Optimized compressed air system

with minimmuhwlosses (differentia-
tion betweén sealing air and pneu-
maticdrives)

Single master switch-off.

Individual switch-off capability for specific modules.

Intelligent shut down procedures.

Leak indicator, on demand monitoring.

One of the main avoidable causes of energy dissipation is leakage in

pressure piping and tubes. Leakage and condition monitoring systems
as part of the control system of the machine tool shall be implemented
in order to easily locate leakage and eliminate leakage directed.

Functions shall be identified and described where this requirement is
applicable.
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Table B.1 (continued)

No. Features for improvement Description

4-1-5|Reduction of dead volume (Vcyt) Distance between valve and cylinder shall be kept as short as possible.
Long tubes are dead volumes which cause a major loss of energy in each
switching cycles as they have to be pressurized and exhausted. This
amount of compressed air will be wasted.

Functions shall be identified and described where this requirement is
applicable.

4-1-6 | Directed switch off of not needed It shall be verified if all branches of pneumatic circuits need to be pres-

brangehes: strized-at-modes-of- the-machine-teolH-not-take measuresto-switch
these branches off in order to prevent from energy losses caused by
unneeded volume. Functions shall be identified and describedwherd
this requirement is applicable.

4-1-7 |Dimg¢nsioning of tubes and pipes Optimize the design of piping (length, diameter, etc.) and peduce floy
resistance.

Tubes and pipes cause friction losses and thus energy-losses. Finally,
the tube or pipe causes a pressure drop which effects negatively to the
energy balance of the machine tool. Length, ifinér diameter, flow-rate¢,
and installation radius of tubes, pipes, and fittings shall be optimized to
the application. Functions shall be identified and described where thiis
requirement is applicable.

4-1-8 | Corrpct layout of pneumatic drives |Pneumatic drives shall not be ovetsized. Unneeded air consumption pnd
thus loss of energy were the result. The layout of the pneumatic syst¢m
and its components shall be tailored to suit of the machine tools need.
Functions shall be identified and described where this requirement is
applicable.

4-1-9|Redyction of pressure The interaction of ptessure supply reduction to machine tool perfor-
mance shall be ve¥ified. (Depending on the application, 1 bar reductipn
can resultin upto 10 % increased efficiency).

The redugtion of pressure shall not have any negative influence on
the correct function of the machine. Functions shall be identified and
desc¢ribed where this requirement is applicable.

4-2 |Direfted switch off €heck if all branches of pneumatic circuits need to be pressurized in
all operating states of the machine tool. If not, take measurements tg
switch these branches off.

4-3 |Optimize cylinder force for the

requlired function.

4-4 |ISO 4414 shall be applied

4-5 |Overall system Optimization of total pneumatic system

5 Elecfric systeins

5-1 |Avoiflancesenergy losses of power |Avoid power losses in the transformer by use of e.g. voltage-proof cop-

supplies verter, controlled switching power supply for 24 V control voltage

5-2 Hig efficiencv transformer Load requirement of amachine toolisnot constant dnring the r‘yr‘]p
Therefore, it is more efficient to install transformers optimized on low
Fe-losses instead of transformers optimized on low Cu-losses.

5-3 |Apply the simultaneity factor when |Avoid oversizing of power supply leads to lower absolute energy losses.

designing the power system Avoid overload as well.

5-4 |Converter/inverter with power fac- |Power factor in the in-feed unit for feed operation and regenerative

tor correction feedback saves power losses.

5-5 |Thermal management regarding Optimized concept for thermal management of the control cabinet:

control cabinet

5-5-1 Minimization of waste heat;

5-5-2 If waste heat is not avoidable, it has to be dissipated (air cooling or
water cooling);

30 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=945196ecb55abb86655ab8615410cab2

ISO 14955-1:2014(E)

Table B.1 (continued)

No. Features for improvement Description
5-5-3 Controlled ventilation (fan);
5-5-4 Low-maintenance air conditioner (no air filter) and thermostatic air
conditioning with open-door-shutoff.
Die cooling/lubrication system
6-1 |Thermal management of all cooling |Optimized concept for thermal management of all cooling devices:

devices including cooling device for
machine tool and/or its modules

Minimization of thermal power losses;

If thermal power loss is not avoidable, it has to be dissipated|by air or

water cooling; for reuse of thermal energy has to he'checked)/discussed
with customer;

6-1-3 Controlled ventilation (fan).

6-2 |Apply direct cooling of components |Temperature controlled

depending on process
6-3 |Apply demand depending cooling E.g. substituting line-connected motors by inverter motors, fempera-
ture-controlled coolant water flow
Machine Tool lubrication system
7-1 |Lubrication flow depending on Active mode of cooling @ndMubrication system. E.g.:
demand . . .
- discontinuous operating pumps
- controlled flowrate
- adjustable pressure

7-2] |Low flow rate for lubrication pump |Install nofPmore than sufficient pump flow and distributor ifstead of

orifices
Peripheral devices
8-1 |Controlled peripheral devices Active mode of devices, dependent on mode of operation
such as mist extraction, and scrap
conveyor.
Guidance for energy-efficient use
9-1 |Optimization of werk-piece process- |Workpiece processing by tryout off-machine; avoidance of infefficient
ing by die tryout operating time; use also possible in conceptual phase of machine tool
production.

9-2 |Provision$toreduce scrap produc- |Die monitoring, in-process control, optimized use of raw material, mini-

tion mize waste, zero-defect production.

9-3 |Provide customer information to Training of operators leads to energy-sensitive handling of the machine

redlice consumption of resources tool.

9-3-TInformation to user on energy-effi- |Give the operator information e. g. how to interact when he gxpects

cient use of the machine e.g. on/off [downtime.
programming of auxiliary devices
(users manual, instruction)

9-3-2|Information to user on optimized Means for optimization of movements of multiple axis systems (feeders,

movements of axis robots) to follow energy-optimized moving curves

9-3-3|Information to user on usable Provide information about type of exergy carrier (e.g. water) and tem-

exergy perature of medium to choose optimal means for recovery.

9-4 |Minimize non-productive time Without utilization (production) or low output the efficiency will be
degraded. Means of improving output may be automatic die change
systems, condition monitoring to prevent component failures, good
diagnostic for quick trouble shooting etc.

9-5 |Optimize productivity by reducing |Animproved productivity reduces the portion of required basic load

cycle time per part
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Table B.1 (continued)

No. Features for improvement Description
10 Control systems
10-1 |Energy optimized default setting possible operating conditions -energy levels- e.g.:
for operating condition -energy .
level- (customer specific drive man- |~ switched off
agement) - standby - ready to be started (mains on, controls running, auxiliary
and peripheral units stopped)
- halted - ready for production (auxiliary and peripheral units running)
- production
possible means depending on mode of operation:
- screen saver for operating terminal and lighting
- intelligent drive management
10-2 |Automatic operating state switch- |Switching between different operating states helps, drive managemeht
ing to choose most efficient mode.
10-3 |Recdrding or monitoring of current |The knowledge of the machine energy consumption under different
energy consumption together with |operating conditions helps the user to folloaw.ISO 50001.
energy relevant production data
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Table B.2 — Well-tried design principles for machine components, control components and
combinations of machine components for energy-efficient
mechanical servo presses and mechanical presses

(ISO 1328).
- Use of low-friction seals.

- Optimize lubrication.

No. Feature for Improvement Description

1 Overall machine concept

1-1 |Minimization of moved masses Moved masses have to be accelerated and the energy required for
acceleration is depending on the mass (E = 1/2-m-v2). Even if some
part of the energy is recovered during braklng, this recovery is with
alrl \,fflbl\,ll\,y fa\,\_ul bblUVV L Th\a b\.«ol VVCI_y LU I k,uu\,\. bll\alE y needed
for acceleration is mass reduction.

1-2 Reduction of friction Reduction of friction means less mechanical wearand higher quality
and also should lead to energy reduction; various'types of bearing
possible (rolling bearing, sliding bearing, hydrostatic beafing, mag-
net bearing); ecological aspect has to be cofisidered by thg choice of
bearing as well.

Reduction of speed dependent frictjen should be optimizgd in
respect to the characteristic of chosen drive technology.

1-3 Optimization of the overall Check if the machine tool has been designed according to customer

machine design requirements; operational range been specified close to optimal
working point; avoid adding up spare capacities (oversizing)

1-4 Counterbalance system for verti- |Counterbalancing systems reduces the potential energy in vertical-

cal axes moving systems. Additional reduction of accelerating and|decelerat-
ing.

1-§ |Highly efficient cushion Cushions aredieeded for restraining material flow. Witholit energy
efficiency means the energy required is mostly transferrgd into
heat.

Use cushion control system with low-energy consumptioi or regen-
erative feedback.
1-6 Die clamping €hoose a clamping system with the best efficient technolqgy.
Drive units

2-1 |Regenerative feedback of inverter | The in-feed unit is capable to feed back the braking energy to the
system (e.g. servo moator, AFE- main power supply.
technology)

2-2 Optimizationofthe dynamic Option to limit the acceleration in the set point signal resylts in a

parametefs better exploitation of the motors’ efficiency. In this case, the over-
load capability of the motor is not utilized.

2-3 Mininlization of spare capac- Select an appropriate motor:

;cl}(l)/tcotis;tomer specific layout of - select motor operating close to optimum of efficiency fagtor;
-oversizing and averloading can create energy losses
2-4 |Minimization of spare capac- Select an appropriate inverter:
}ty/customer specific layout of - select inverter close to motor size;
inverter system
- oversizing can create energy losses.

2-5 |Optimized axis servo motors Optimized regarding energy efficiency.

2-6 |Use of energy-efficient motors for |Use of an energy-efficiency class according to IEC 60034-30 and size

auxiliary units of the motors (IE/capacity).

2-7 |Use of high-quality reducers - Use of gears sets quality as defined in International Standards
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Table B.2 (continued)

No. Feature for Improvement Description

2-8 |Inverter-controlled motors for Substitution of line-connected motors by inverter motors.

auxiliary units

2-9 |Indirect coupled energy-storing |Use of energy-storing drive systems to reduce cyclic power peaks.

drive systems for main drives

2-10 |Optimization of installed motor |Select motor operating close to optimum of efficiency factor; over-

power sizing and overloading creates energy losses.

2-11 |Useof pnnrgy_nﬂ:iriphf motors Declaration of nhprgy-nffir‘innr‘y class and size of the motors (IFI/
capacity).

2-12 |Use|of energy-efficient pumps Different pump principles lead to different pump efficienciés:.

2-13 |Intqlligent drive management Intelligent drive management turns off energy consumeérs {e.g. elgc-
tric motors) when not needed.

2-14 |Use|of energy-efficient pump- Either pump principle and sizing in combination with the electricpl

motor units motor influences the efficiency of the unit. Pump/principle, size, ajnd
speed shall be selected so that the pump system operates near to|its
optimum efficiency for as long as possiblé.See also 3-1.
2-15 |Highly efficient power devices for |Usage of inverter system with highly efficient power device. Substi-
invgrter systems tuting line-connected motors by inverter motors.
Hydraulic systems
3-1 |[Seldction of the optimal drive
subpystem (motor-pump system)

3-1-1 Different function segliences create the need for pump systems
which match the requirements profile (pump combinations, e.g. High
pressure/low pressure, variable or fixed-displacement pumps).

3-1-2 Power on demand depending on the load cycle [constant speed in
intermittentoperation, variable speed (pole change, speed contrgl/
regulationwith servo motors or asynchronous motors)]

3-1-3 Seléctithe correct size pump to avoid over dimensioning, and opef-
ate the pump in the optimal efficiency range

3-1-4 Temporary storage of hydraulic energy to achieve the best possibje
match between the pump drive (e.g. accumulator charging circuitfs)
and the load cycle, and to compensate for demand peaks (so that
drives and pumps with a lower output rating can be used).

3-2 |Match the pressure level to the

load cycle and to the.different
actyators on thesmachine

3-2-1 Pressure adjustment using adjustable pressure relief valves or zefo-
pressure circulation.

3-2-2 Use actuators which are designed to operate at the same pressurg
}CVC} (llU }Jl CoouIrcT1 cdu\.tiuu }UDDCD).

3-2-3 Pressure adjustment using pressure-controlled drive systems (e.g.
variable speed drives, adjustable-pressure variable capacity pumps).

3-2-4 Use pressure intensifiers for individual actuators which require
higher pressure.

3-2-5 On/Off or stand-by mode, giving due consideration to safety criteria.

3-3 |Reduce hydraulic losses

3-3-1 Use displacement control systems in place of throttle control sys-
tems.

3-3-2 Reduce internal leakage, for example, through the use of seat valves
in the accumulator charging circuit or the clamping hydraulics.
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Table B.2 (continued)

No. Feature for Improvement Description

3-3-3 Optimize the design of the hydraulic piping and reduce hydraulic
resistance.

3-3-4 Consider distributed supply strategies.

3-3-5 Use of pilot-operated valves with low-pilot oil consumption.

3-4 |Reduce power consumption on

solenoid-operated valves

3-4-T Use pulse valves (with detent] which only draw power dufing
switching.

3-4-2 Reduce power consumption for valve actuation.

Reduce power consumption by using valve connectors with built-in
automatic reduction of holding current.

3-4-3 Reduce power consumption by using valyes with 8 W soldnoids
when applicable.

The possible use of low Watt solenoids is depending on thg function,
because of reduced switching forces.

3-3 |Leakage monitoring Internal leakage (e. g. loose fiftings in reservoir, worn valyes or
pumps) leads to energy losses. Leakage monitoring detec{s exceed-
ing flow.

3-6 Low flow resistance Avoid losses causedby flow resistance e.g. by choosing vallve dimen-
sion and spring characteristics in respect to optimized pressure
drop.

3-7 Highly efficient auxiliary pres- Avoid pressure relief valves or pressure reducing valves fpr pressure

sure generation adjustment, generate pressure at appropriate level e.g. by|speed con-
trolled-pumps, pumps with variable flow, discontinuously] operating
pumips (see 3-1).

3-8 |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 with respect to start temperature.

3-9 Oil temperature Operate in optimal temperature range. Select oil viscosityf grade
suitable for the expected ambient temperature range.

3-10 |Oil cooling Use water cooling instead of air cooling. Water cooling is more effi-
cient and water may be used in facility for other purposeIRecover-
ing cooling energy can be used for e.g. floor heating or wajrm water
supply.

3-11 |ISO 4418;shall be applied

4 Pneéumatic systems

4-1 ““JOptimized compressed air sys-  |Allow for different kind of measures:

tem with minimum losses (differ-
entiation 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.
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Table B.2 (continued)

No.

Feature for Improvement

Description

4-1-4

Leak indicator, on demand monitoring.

One of the main avoidable causes of energy dissipation is leakage

in pressure piping and tubes. Leakage and condition monitoring
systems as part of the control system of the machine tool shall be
implemented in order to easily locate leakage and eliminate leakage
directed.

Functions shall be identified and described where this requirement

is applicable.

4-1-5

Reduction of dead volume (Vcut)

Distance between valve and cylinder shall be kept as short as post
sible. Long tubes are dead volumes which cause a major 1dss,of
energy in each switching cycles as they have to be pressurized and
exhausted. This amount of compressed air will be wasted.

Functions shall be identified and described where-this requirement
is applicable.

4-1-6

Dirgcted switch off of not needed
branches.

It shall be verified if all branches of pneumatic circuits need to be
pressurized in all modes of the machine‘toel. If not, take measurep
to switch these branches off in order toprevent from energy lossq
caused by unneeded volume.

172]

Functions shall be identified and'described where this requirement
is applicable.

4-1-7

Dinjensioning of tubes and pipes

Optimize the design of piping (length, diameter, etc.) and reduce
flow resistance.

Tubes and pipes cause friction losses and thus energy losses. Finally,
the tube or pipe.Gauses a pressure drop which effects negatively

to the energy balance of the machine tool. Length, inner diameter
flow-rate, and installation radius of tubes, pipes, and fittings shal] be
optimized-to the application.

Functions shall be identified and described where this requirement
is applicable.

4-1-8

Correct layout of pneumatic
drivyes

Pneumatic drives shall not be oversized. Unneeded air consumption
and thus loss of energy were the result. The layout of the pneumatic
system and its components shall be tailored to suit of the maching
tools need.

Functions shall be identified and described where this requirement
is applicable.

4-1-9

Reduction of pressure

The interaction of pressure supply reduction to machine tool per-
formance shall be verified. (Depending on the application, 1 bar

reduction can result in up to 10 % increased efficiency). The reduf-
tion of pressure shall not have any negative influence on the corrg¢ct
function of the machine.

Functions shall be identified and described where this requirement
is applicable.

4-2

Directed switch off

Check if all branches of pneumatic circuits need to be pressurized in
all operating states of the machine tool. If not, take measurements to
switch these branches off.

4-3

Optimize cylinder force for the
required function

4-4

ISO 4414 shall be applied

4-5

Overall system

Optimization of total pneumatic system

Electric systems
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Table B.2 (continued)

No. Feature for Improvement Description
5-1 |Avoidance of energy losses of Avoid power losses in the transformer by use of e.g. voltage-proof
power supplies converter, controlled switching power supply for 24 V control volt-
age.

5-2 High-efficiency transformer Load requirement of a machine tool is not constant during the cycle.
Therefore, it is more efficient to install transformers optimized on
low Fe- losses instead of transformers optimized on low Cu- losses.

5-3 |Apply the simultaneity factor Avoid oversizing of power supply leads to lower absolute energy

when designing the power sys- losses. Avoid overload as well.
tem

5-4 Converter/inverter with power |Power factor in the in-feed unit for feed operationfand regenerative

factor correction feedback saves power losses.

5-3 |Thermal management regarding |Optimized concept for thermal management-of'the contrgl cabinet:

control cabinet

-3-1 Minimization of waste heat.

-3-2 If waste heat is not avoidable, it has,to be dissipated (air cpoling or
water cooling); for reuse of thermal energy, water is giver a prefer-
ence compared to air; further{use of waste heat has to be fhecked/
discussed with customer-

-3-3 Controlled ventilation‘{fan).

-3-4 Low-maintenance.aiy‘conditioner (no air filter) and thernjostatic air
conditioning with open-door-shutoff.

6 Die cooling/lubrication system

6-1 Thermal management of all Optimized,concept for thermal management of all cooling|devices:

cooling devices including cooling
device for machine tool and/or its
modules

6-1-1 Minimization of thermal power losses.

6-1-2 If thermal power loss is not avoidable, it has to be dissipafed by air
or water cooling; for reuse of thermal energy, water is given a prefer-
ence compared to air; further reuse of thermal energy has to be
checked/discussed with customer.

6-1-3 Controlled ventilation (fan).

6-2 |Apply direct-cooling of compo- Temperature controlled.

nents depending on process
6-3 Apply-demand depending cooling |E.g. substituting line-connected motors by inverter motofs, tem-
perature controlled coolant water flow
Lubrication system
7-1 Lubrication flow depending on Active mode of cooling and lubrication system. E.g.
demand . . .
- discontinuous operating pumps
- controlled flow rate
- adjustable pressure

7-2 Low flow rate for lubrication Install not more than sufficient pump flow and distributor instead of

pump orifices.

8 Peripheral devices
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