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reword

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

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

Machine tools are complex products for used by industry to manufacture workpieces ready for use
or semi-finished products. Their environmental impact includes waste raw material, use of auxiliary
substances such as lubricants and other material flows as well as the conversion of electrical energy
into heat, the dissipation of heat to the atmosphere or heat exchange by fluids and eventually the use of
other resotirces such as compressed air.

—-

Based on relevance considerations, the ISO 14955 series is focussed on environmental impacts duf
the use phase.

ng

The perfomance 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. The energy supplied to the same machine tool can vary depending on|the
workpiece[manufactured and the conditions under which the machine tool is-eperated. Therefore,|the
environmental evaluation of a machine tool cannot be performed without considering of these aspects.
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Machine tools — Environmental evaluation of machine

tools —

Part 4:

Principles for measuring metal-forming machine tools
,, 5. O vergy

0 A/

and

of ¢nergy required to be adopted by persons undertaking the design,/ manufacture ang
metjal forming and laser processing machine tools in order to achieve reproducible datg
enefgy supplied under specified conditions. Furthermore, it provides methods for qua
enefgy supplied to components in order to assign their share to¢generalized machine tool f
desfribed in ISO 14955-1.

Alohg with ISO 14955-1 and ISO 14955-2, it covers all\significant energy requirements

evaluation
supply of
about the
ifying the
nctions as

"elevant to

hydjraulic (servo) and mechanical (servo) presses, turret punch presses and press brakes, pipe benders,

lasqr processing machine tools, when they are used‘as intended and under the conditions f
the|manufacturer. Examples of how to perform energy evaluation on metal-forming machirn
given in the annexes.

This document is applicable to machine teels which transmit force mechanically or trans
by laser light to cut, form, or work metalor other materials by means of dies attached to g

breseen by
e tools are

mit energy
r operated

by §lides, punches or beams as well"as*to lasers ranging in size from small high speed mafhine tools

profducing small work-pieces to large relatively slow speed machine tools and large work-p
document covers machine tools.whose primary intended use is to work metal, but which can
the|same way to work othermaterials (e.g. cardboard, plastic, rubber, leather, etc.).

ieces. This
be used in

It also applies to auxiliary devices supplied as an integral part of the machine tool and to machine tools

which are part of ansiAtegrated manufacturing system where the energy required is conj
thoge of machine teols working separately.

parable to

httached to

metatcutting by mittingdrittingorturning;
metal-cutting by oxygen or water cutting;

attaching a fastener, e.g. riveting, stapling or stitching;
bending or folding by folding machine tools;
straightening;

extruding;

drop forging or drop stamping;

compaction of metal powder;
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industry;

NOTE

working by pneumatic hammer;
working by pneumatic presses.

Mechanical servo presses are also known as servo electric presses.

2 Normative references

single purpose punching machine tools designed exclusively for profiles, e.g. used in the construction

The followj
constitutey
undated reg

ISO 14955
for energy-

ISO 14955
measuring

3 Termis and definitions

For the put
the followi

ISO and IE
ISO On

IEC El¢

3.1
press
machine tq

3.2

hydraulic
hydraulic
press (3.1)
hydraulic 1

[SOURCE: I
3.3

ing documents are referred to in the text in such a way that some or all of their con
requirements of this document. For dated references, only the edition cited applies.

1, Machine tools — Environmental evaluation of machine tools — Part 1: Design methodo
bfficient machine tools

2:2018, Machine tools — Environmental evaluation of machine tools—<— Part 2: Methods
pnergy supplied to machine tools and machine tool components

poses of this document, the terms and definitions given in ISO 14955-1 and ISO 14955-2
hg apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.or

ctropedia: available at http://www.electropedia.org/

press

Servo press

designed or_intended to transmit energy by linear movement between closing tools
heans

SO 16092-1:2017, 3.1.4, modified — The Note 1 to entry has been deleted.]

mechanical press

ol designed or intended to transmit energy to a tool/punch for the purpose of the worl
(e.g. forming or shaping) of metal or ether material worked in the same way between the tools

fent
For

ferences, the latest edition of the referenced document (including any amendments) applies.

ogy

for

and

1%2]

—-

ng

press (3.1) designed or intended to transmit energy from a prime mover to a tool/punch by mechanical
means using a clutch mechanism which transmits torque to impart motion of the flywheel to the slide

[SOURCE: I
3.4

S0 16092-1:2017, 3.1.2, modified — The Note 1 to entry has been deleted.]

mechanical servo press
press (3.1) designed or intended to transmit energy to a tool/punch by mechanical means using a servo
drive mechanism without clutch mechanism to generate torque to impart motion to the slide

[SOURCE: I

S0 16092-1:2017, 3.1.3, modified — The Note 1 to entry has been deleted.]
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double action press
press (3.1) containing a die cushion for deep drawing purposes

3.6

press brake
machine tool designed or intended to transmit energy to the moving part of the tools by hydraulic
means and/or mechanical means with or without using a servo drive mechanism, principally for the

pur

3.7
pip
ma
3.8
tur
typ
one
larg

3.9
lasg
mag
or @
con

[SO

pose of bending between narrow forming tools along straight lines

e bender

ret punch press

e of press (3.1) used to cut holes in material, which can be small and mapually opera
simple die set, or very large and NC controlled with a single or multi-station turret hol
er and complex die set

1 processing machine tool
hine tool in which (an) embedded laser(s) provide(s) sufficient energy/power to melt,
ause a phase transition in at least a part of the workpiege,»and which has the functional
pleteness to be ready-to-use

[JRCE: ISO 11553-1:2005, 3.2 modified — "machine® is substituted by "machine tool"]

31

slide/ram
main reciprocating press (3.1) member which-holds the tool/punch

[SOPRCE: ISO 16092-1:2017, 3.2.12]

3.1

beam
main reciprocating press brake'member which normally holds the punch on a down-stra

brake, and which normally hglds the die on an up-stroking press brake

[SOPURCE: EN 12622:2009,3.1.1]

3.12

die|cushion

accessory foradie which accumulates and releases, or absorbs, force as required in some
opefrations

[SOPRCE:'1SO 16092-1:2017, 3.2.6]

3.13

tool/die

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

EXAMPLE

moulds into which metal or plastic is forced.

3.14
moving bolster
movable plate carrying the tools or dies (3.13) and moving during tool change

© IS0 2019 - All rights reserved
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3.15

automation system

system for loading and/or unloading of workpieces by highly automatic means, reducing human process
intervention to a minimum

3.16

spacer

device to hold a space open [e.g. between slide and moving bolster or between slide and die cushion
(3.12)] on hydraulic or mechanical presses

3.17

regeneratjve circuit
shaft side ¢f a double action cylinder connected to the head side, so that fluid exiting the shaft'side is
added to the fluid entering the head side

3.18
total pow¢ér
power applied to a machine tool component at the feeding point of the machine toglicomponent

3.19
power loss$
loss of power applied to a machine tool component, mostly transferred toyheat (e.g. due to frictioh or
throttle logses)

3.20
inverter system
system gerjerating variable frequency to energize electric motors for variable speed, consisting of [line
reactor andl/or line filter and the inverter itself

3.21
dead centre
point at wljich the tool/punch, during its travel, is:

— either pearest/closest to the die (generally;’it corresponds to the end of the closing stroke), kngwn
as botfom dead centre (BDC);

— or furthest from the die (generally;it corresponds to the end of the opening stroke), known as|top
dead cpntre (TDC)

[SOURCE: ISO 16092-1:2017, 3:2,4]

4 Operating statesfor measurement procedure

4.1 Operatingstate OFF

The main gwitch shall be turned off during measurement.

4.2 Operating state MAIN SWITCH ON

Main switch and control voltage are turned on. The power measured is mainly the power applied to the
control system and includes the power applied in operating state OFF.

The power needed for air conditioning of the control cabinets depends on ambient conditions during
measurement.

4.3 Operating state AUXILIARY DRIVES ON

The auxiliary drives shall be turned on and the average power shall be measured over a time of at least
15 min. If auxiliary drives are used to charge accumulators for control pressure and an on/off-charging

4 © IS0 2019 - All rights reserved
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mode is used, the measurement shall be done at least for the time specified in the shift regime and at
least 5 charging cycles. If an auxiliary drive is charging an accumulator system, the measurement shall
cover at least five charging cycles.

The power measured includes the power applied to the control system when the main switch is on.
The difference to the applied power in operating state “MAIN SWITCH ON” is the power applied to the

aux

iliary drives.

In laser processing machine tools, the oscillator and the chiller are turned on and the warm-up is
performed until the heat generated by the oscillator and the heat dissipated by radiation/cooling is
balanced.

NOT

4.4

Thd
the

E The warm-up time can vary between different types of oscillators.

Operating state MAIN DRIVES ON

main drives shall be turned on and the average power shall be measuredyover a time s
shift regime.

Ift
a

e main drives are controlled by inverters (e.g. servo motor) and a rotating drive leads
vement (e.g. of the slide or die cushion), MAIN DRIVES ON is when main drives are poy

rotdtion speed zero.

Theg power measured includes the power applied when auxiliary drives are on. The differ

ap

4.5
Thd
diff}
Sys
4.6

As
med

The

4.7

Dusd
asa
sho

ied power in operating state AUXILIARY DRIVES ON is.the idling power applied to the m

Operating state READY TO RUN IN PRODUCTION MODE
power measured includes the power appliedito auxiliary functions, e.g. automation sy

brence to the applied power in operating state MAIN DRIVES ON is the power applied to :
ems.

Operating state PROCESSING

Lhis is the operating state the ‘machine tool is designed for, the energy shall be detd
jsurement at the system boundary.

efficiency factor shallbecalculated as described in Clause 5 for the different types of ma

Operating state TOOL CHANGE

separaté operating state and the energy supplied in this state shall be measured. This mq

pecified in

directly to
vered with

bnce to the
ain drives.

stems. The
iutomation

rmined by

Chine tools.

to the fact:that the tool change sequence is different from production cycle, TOOL CHANGE is seen

asurement

1ld be“done using tools/dies with a mass typical for the press size and agreed upon between

manufacturer and user.
Theenergy supplied during TOOL CHANGE may be determined using the methodology as d

ISO

4.8

14955-2.

Typical result of power measurement

Figure 1 shows the result of a power measurement supplied in different operating states.

© IS0 2019 - All rights reserved
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Key

B W N R X

5

5.1

Measuring

NOTE y
safety-relat

5.2

5.2.1 Ge

Examples for-hydraulic and mechanical presses are given in Annex A and Annex B.

5.2.2

YA -

operati
OFF

MAIN §
AUXILI
MAIN [

Evalu

Gen

Enel

1 2 3 4 5 6 7 X
hg states y  power [KW]
5 READY TO RUN ¥ PRODUCTION MODE
WITCH ON 6  PROCESSING
ARY DRIVES ON 7  TOOL CHANGE
RIVES ON

Figure 1 — Typical average power supplied in different operating states

ation of energy supplied to. different types of machine tools

eral
equipment installed shallnot reduce the level of safety of the machine tool[2I[21[3],

'his reduction can oecur, for example, by bypassing of interlocking guard(s), modifications in
bd control system orinstalling stroke-initiating devices in place of two hand control devices.

gy suppliédto presses

neral

System boundary

the

The energy flow at the system boundary during test-run shall be as close as possible to the energy flow
at the system boundary during production.

Figure 2 shows an example for the system boundary of a hydraulic (servo) and mechanical (servo) press.

© ISO 2019 - All rights reserved
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Key

Ul s W N

The
(eg
fun
ene
pro

5.2

As s
and
per
The

5.2

machine tool system boundary

machine tool component A, e.g. slide electrical energy

machine tool component B, e.g. die cushion compressed air

O© 0 N O

machine tool component C heat.exchange

machine tool component D
Figure 2 — System boundary of hydraulic (servo) and mechanical (servo) pres

system boundary during the test-run does not include energy required for dies and/or di
workpiece lifters, die heating in cure processes, die cooling in hot forming processes)
Ctions have a broad variety in terims of the type of energy required (e.g. electrical energy
gy, steam, die coolant, workpiece lubricant flow) and the amount. Die functions dep
ress and the die itself and noton the machine tool.

3 Shiftregime

therefore can/be-different for each machine tool and machine tool user (e.g. number of t¢
shift), a specific shift regime according to ISO 14955-2:2018, 5.2.2, can be set up for me
shift regimé-and the clustered shift regime shall be reported.

4 «Minimum measuring period

bES

P functions
These die
r, hydraulic
bnd on the

hift regimes are.dependent on the equipment (e.g. equipped with automatic or manual tpol change)

ol changes
hsurement.

Adafa it o ciiin g aiad to b Al ooty i d M g o cii ot can

The

1 1t a
TgCTaorc ICasS Ut ity PpCTIot 15 ChCOUSTCTvattUTT peT ot D UT iitg Hicas ot CIIcTre o oot oT

decided to

shorten the measuring period. In this case the energy supplied shall be extrapolated to match the
respective shift regime. The reason for the shortening shall be stated, e.g. observation of a repetitive
pattern or stabilization of power supplied after some time.

In a specific shift regime, the measuring periods for each operating state under stable conditions are at
least as given in Table 1.

Table 1 — Minimum measuring periods in specific shift regime

Operating state Measuring period
1: OFF 5 min
2: MAIN SWITCH ON 5 min

© IS0 2019 - All rights reserved
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Table 1 (continued)

Operating state Measuring period
3: AUXILLIARY DRIVES ON 10 min
4: MAIN DRIVES ON 10 min
5:READY TO RUN IN PRODUCTION MODE 10 min

6: PROCESSING: INTERMITTENT RUN

7: PROCESSING: CONTINOUS RUN
(Presses with automatic feeding only)

Qo

30 min and 10 cycles

30 min and 10 cycles

[2aPaVat SiFal & 0 S Fal ul

The measyring time in operating state processing shall be at least 30 min. If less than 10 ¢ycles
performed|during this time (e.g. in presses for curing processes), the measuring shall continue y
10 completfe cycles are performed.

In operating state processing, measurement shall be made on a cycling machine, fool. Interrupt

(e.g. by fai
measuring
10 % of thg

5.2.5 Ty

Due to the

this example reflects a typical deep drawing process on a double action downstroking press

upstroking
if processe
the princip

If an energ
performed

In order tg
state PRO(

4 A I 1.1
O, TUUL UITAINNUL L CULITPITIT LUUT UITAITET STHUTTILT

time requires a restart of the measurement. A total interruption time less than or equg
scheduled measuring time shall prolong the measuring period.

pical press cycle diagram

fact that deep drawing processes are one of the most.ruf processes on presses worldw

presses, slide stroke is upside down and formulae-are to be matched to this situation). H
5 other than deep drawing or other presses than:double action have different cycle diagrd
le of this cycle diagram remains valid.

y recovery/energy saving feature can beidisabled by the user, the measurement shal
having the energy recovery/energy saving feature engaged as well as disengaged.

ESSING, the press cycle shall be broken down in machine tool activities, see Figure 3.

obtain detailed information about-énergy supplied and energy efficiency in the operaf

are
ntil

ons

re) leading to a total time of measurement interruption longer than 10'% of the schedyled

I to

ide,
(on
ven
ms,

be

—

ng
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ks
— >
1 2 1345 6 1INt
CF A oo
—\
R
& >
1 2 13795 6 1t
Key]
S |slide stroke
SF |slide force
C |cushion stroke
CF |cushion force
t |[time
1 |machine tool activity 1: slide-waiting in TDC: Slide is waiting for start signal while workpiece is loaded
into die.
machine tool activity2;slide close: Slide is closing the die.
machine tool activity 3: forming: Slide is forming the workpiece and the cushion|is displaced
by the slide
4 |machinetool activity 4: embossing: Slide applies set-force in BDC and starts BDC dyvell time.
5 |machifietool activity 5: decompression: Decompression of press frame, die cushion and|slide
cylinder (hydraulic press)/gear and drive
mechanism (mpr‘hnnir‘n] pr‘pcc)
Decompression is not adjustable by the user.
6  machine tool activity 6: slide return: Slide moves back to TDC.
6a machine tool activity 6a: workpiece ejection: Die cushion lifts workpiece for unloading.

cc complete cycle

Y2 slide stroke between TDC and workpiece contact
Y3 distance the cushion is displaced

Y6 complete slide stroke

Figure 3 — Typical press cycle diagram with machine tool activities for a downstroking press

© IS0 2019 - All rights reserved 9
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5.2.6 Reference and test cycle for hydraulic (servo) presses in PROCESSING

The press shall be measured in intermittent run and continuous run (press with automatic feeding) for
a time period given in the shift regime, see Figure 4.

VIV

Key
1  TDC dwell time
t time

Figure 4 — Typical press cycles for hydraulic presses

Table 2 shows set-values for test cycle (if adjustable by the user, values in % are related'to nominal value).

Table 2 — Settings for test cycle of hydraulic presses

Machine tool Machine tool

P Q = S
compong¢nt activity aramete‘ro et-value

TDC dwell time for manual fed presses with a nominal cycle

time of lessthan 5's Ls

TDC dwell time for manualfed presses with a nominal cycle

time of equal or more than's s but less than 30 s 4s

Waiting in TDC (1)

TDC dwell time for mahual fed presses with a nominal cycle

time of equal or mere’than 30 s 8s

Closing (2) Closing stroke (Y12, % of nominal value) 60 %
Closing speed-(% of nominal value) 100 %
Slide Working (3) xork%ng stroke (Y3, % of (.:losing stroke) 20 %
orking speed (% of nominal value) 70 %
Foree (% of nominal value) 70 %
Presses with a nominal cycle time of less than 5 s 0,3s

BDC dwell timg-(4) | presses with a nominal cycle time of equal or more than

5sbutlessthan 30s 1s

Presses with a nominal cycle time of equal or more than 30 5|20 s

Return stroke (Y6, % of nominal value) 80 %
Retunn (6) -
Return speed (% of nominal value) 100 %
Die cushion stroke (Y3, % of nominal value) 80 %
Die cushion}(§)) |Die cushion force (% of nominal value) 80 %
Die cushion force (% of nominal value) 80 %
Automation Moving speed of all axis 80 %
system

The press cycle shall take into account the intended manufacturing process (e.g. stamping, forging,
curing) to allow realistic energy evaluation. If a press is designed for more than one manufacturing
process (e.g. stamping and curing), energy evaluation shall be done for all processes the press is
designed for.

On manually fed presses, the test cycle shall include the time needed for manual feeding (TDC dwell
time). On presses with automatic loading/unloading, the test cycle shall imply the operation of the
automation system and the TDC dwell time is depending on the cycle time of the automation system.

10 © IS0 2019 - All rights reserved
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If energy recovery/conservation means are selectable by the user, measurement shall be made with and
without energy recovery/conservation means active.

To allow repetitive measurement under reproducible conditions, the energy relevant process data shall
be documented in the report.

5.2.7 Reference and test cycle for mechanical (servo) presses in PROCESSING

Figure 5 shows typical press cycles for mechanical (servo) presses.

A

a) Continuous run @ 70 % SPM

b) Intermittent run @ 30 % SPM and/70 % speed

Key
1 |TDC dwell time
t time

Figure 5 — Typical press cycles for mechanical (servo) presses

The press shall be measured in continuotis run and intermittent run for a time period given jn 5.2.4.

Tables 3 and 4 show set-values for-test cycle (if adjustable by the user, values in % are|related to
noninal value).

Table-3 — Settings for test cycle of mechanical presses

l\gchlé;{g:t)l Parameter Set-value
Flywheel speed 70 %
TDC dwell time for intermittent run of presses with a 1s
Slide nominal SPM of equal or more than 12 SPM
TDC dwell time for intermittent run of presses with a 25
nominal SPM of less than 12 SPM
Stroke length o
adjustment Stroke length (Y6) 280 %
Die cushion force at 25 % cushion stroke
X 30 %
(% of nominal value)
) : o ;
Die cushion(s) Die cushlop force at 40 % cushion stroke 10 %
(% of nominal value)
Die cushion ejection speed 80 %
(if adjustable, % of nominal value) 0
Automation Moving speed of all axis 80 %
system

© IS0 2019 - All rights reserved 11
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Table 4 — Settings for test cycle of mechanical servo presses

Machine tool Machine tool
. . Parameter Set-value
component activity
TDC dwell time for intermittent run of presses with a 1
o nominal SPM of equal or more than 12 SPM
Waiting in TDC (1) - - - -
TDC dwell time for intermittent run of presses with a 25
nominal SPM of less than 12 SPM
) Closing stroke (Y2, % of nominal value) 70 %
Closing (2) - -
Slide Closing speed (% of nominal value) 100 %
) Working stroke (Y3, % of nominal value) 70 %
Working (3) - -
Working speed (% of nominal value) 70%
Return stroke continous run (Y6, % of nominal value) 100 %
Return (6) Return stroke intermittent run (Y6, % of nominal valug) 50 %
Return speed (% of nominal value) 100 %
Stroke length o
adjustment Stroke length (Y6) 280 %
Die cushion force at 25 % cushion stroke (% of nominal value) 30%
Die cushioij(s) |Die cushion force at 40 % cushion stroke (% of nominal value) 10 %
Die cushion ejection speed (if adjustable, % of nominal value) 80 %
Automation Moving speed of all axis 80 %
system

5.2.8 Usp of spacers instead of a die during test-run

Workpiecef being formed on presses covered by thisidocument require individual dies. These dies|are
made solely for this workpiece and are recycled or sold as soon as the production of this produgt is

stopped orj

The energy supplied to form a workpiece iS mainly depending on type of material (e.g. steel, stair;Less
steel, high plloy steel, aluminium), degree of shaping, workpiece temperature (e.g. hot/cold), fricti

the workpi

sourced out.

ce in the die (mainly influenced by tribology) and die wear.

of

If a test-rup for energy evaluation.is done using a specific die, it cannot be guaranteed that the same
measuremgnt condition can belfound for a repetitive measurement after a longer period of time [e.g.
practicable way to-achieve reproducible conditions for the test-run for energy evaluatidn is
to use spaders which allow~a-realistic (production) cycle.

one year).

NOTE

number of spacers installed depends on their size and force applied during test-run.

These spadersshall:

hese spacets-are mostly made out of solid steel blocks with top and bottom side machined. [The

11 Ll 1 1; o sl c 1
— allow atesttycreaccoramg to e rererence T Cycre;

— withstand all forces and velocities applied during measurement; and

— be kept at user site or be easy to rent or purchased in an acceptable time.

Figure 6 shows an example of a hydraulic or mechanical double action press with spacers installed.

12
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3
3
2
1, 11 1 2 1
(N P T P

L 4 |
[ 4 |
e D
L]
a) Slide at top dead centre b) Slide at bottom dead centrle
(end of closing stroke)
Key
1 |spacers for slide 3 slide
2 |spacer for die cushion 4\~ die cushion
Figure 6 — Example of a hydraulic or meclanical double action press with spacers ipstalled

If nl
dec
spa

The
rep

5.3

5.3
An
The

0 die cushion is installed in the press, springs can be used as spacers on presses V
bmpression feature. In other cases;the measurement shall be done with the slide force g¢

Cer(s).

technical data and dimensions of the spacer(s) shall be reported and given to the us
Foducible measurements at a later date.

Energy supplied to press brakes

1 General
bxamplefor a hydraulic press brake is given in Annex C.

type of press brakes dealt with in this document is driven by hydraulic means (inclug

Fith spring
nerated on

br to allow

ing hybrid

amic) and divact Alactric o
e ST eHeetereetHemeahs:

syste

5.3.2 System boundary

The energy flow at the system boundary during test-run test shall be as close as possible to the energy
flow at the system boundary during production, see Figure 7.

© IS0 2019 - All rights reserved
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7 1 1 9
1 1
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1 1
1 1
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8 1 1
1 1
1 1
1 1
! 1
I FP=———— 1 1
I 1 1 1
1 1 1 1
1 1 [
1 1 1 1
1 1 1 1
: 2 3 4 51 0. 1eS
1 1
6

Key

1  machink tool 6  system boundary

2 machinfe tool component A, e.g. beam 7  electrical energy

3 machinfe tool component B, e.g. back gauge 8 compressed air

4 machinfe tool component C, e.g. feed unit 9  heat exchange

5 machink tool component D

Figure 7 — System boundary of press brakes

The systemyh boundary during test-run does not include energy required for specific auxiliary funct
(e.g. follow-up device and support robot), automatic tool change systems and process accui
improvemeént devices (bending indicator, et€:):

5.3.3 Shjftregime

As shift regimes are dependent on/the equipment (e.g. NC unit, die layout and die equipment)
therefore, ¢an be different for each machine tool and machine tool user, a specific shift regime accorg
to ISO 149p5-2:2018, 5.2.2,.can be set up for measurement. The shift regime and the clustered {
regime shdll be reported,

ons
acy

hind,
ling
hift

ults
be

extrapolateé :
reasons for shortenmg are the observatlon of repetltlve pattern orofa stablllzatlon of power supp
after some time.

In a specific shift regime, the measuring periods for each operating state under stable conditions s
be at least as given in Table 5.

ical
lied

hall
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5.3

Figuire 8 shows a typical press brake cycle diagram.

Table 5 — Minimum measuring periods in specific shift regime

ISO 14955-4:2019(E)

Operating state Measuring period
1: OFF 5 min
2: MAIN SWITCH ON 5 min
3: AUXILLIARY DRIVES ON 10 min
4: MAIN DRIVES ON 10 min
5: READY TO RUN IN PRODUCTION MODE 10 min

6: PROCESSING: INTERMITTENT RUN

20 min and 100 cycles

formed.

7: TOOL CHANGE

1 complete tool change sequence

5 Typical press brake cycle diagram

measuring time in operating state PROCESSING shall be at least 20 min. If less than
performed during this time, the measuring shall continue until 100 complete;bending

100 cycles
cycles are

perating state PROCESSING, measurement shall be made on a cycling maehine tool. Inferruptions
by failure) leading to a total time of measurement interruption longer than 10 % of the
isuring time requires a restart of the measurement. Total interruption time shorter or
o of the scheduled measuring time shall prolong the measuring period.

scheduled
equal than

© IS0 2019 - All rights reserved
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_______ U | 1
on 1 1 1 1 1 1
>~ 1 1 1 1 1 1
1 1 1 1 1 1 )
| | | | | 1
1 . 2 31 4 150 6 o1 L
Key
S beam stfoke
t time
1 maching tool activity 1: waiting for start: Waiting for start signal while watkpiece is loaded into die.
2 maching tool activity 2: beam close: High speed descent (distance,Y.2).
3 maching tool activity 3: bending: Bending (distance Y3).
4 maching tool activity 4: pressing: Appliance of set-force and start of BDC dwell time.
5 maching tool activity 5: decompression: The decompression{shot adjustable by the user.
6 maching tool activity 6: return: High speed ascent (distance Y6).
cc complete cycle
Y2 beam stfoke between TDC
and wotkpiece contact
Y3 bending distance
Y6 complete beam stroke
Measuring donditions:
— Pressurjzation operation by spacef; etc.;
— 100 cycle operations;
— 20 min ¢peration time.
Figure 8 «+=Typical press brake cycle diagram with machine tool activities
5.3.6 Referénce and test cycle of hydraulic (servo)/mechanical (servo) press brake in
operatingistate PROCESSING

Figure 9 shows a typical test cycle of a hydraulic (servo)/mechanical (servo) press brake in intermittent
operation.
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Key
1 |TDC dwell time
t time

Figure 9 — Typical cycles of hydraulic (servo)/mechanical (servo) press brake (intermittent
operation)

Preps brake shall be measured by the intermittent operation of the time period shown in|the above-
stafled shift regime.

Setqvalues for test cycle are given in Table 6 (if adjustable by thé user, values in % are|related to
nominal value):

Table 6 — Settings for test cycle of hydraulic (servo)/mechanical (servo) press biakes

l\gz;l:ri:;i;?:tﬂ P:\lr\\@l?eter Set-value
High speed descent §peed (2) 100 %
High speeq descent stroke (Y2) 3504
(% of nominal stroke)
Bending speed (3) 70 %
Bending-stroke (Y3) 10 mm
Beam Ascent speed 100 %
Ascent stroke Y6
Force (4) 50 %
BDC dwell time 0,5s
TDC dwell time 2s
Backgauge etc. |Moving speed of all axis 100 %
NOTE The’test cycle is done using a spacer without a bending plate in order to achieve reproducible

conglitions:

If th i i ANU

ally fed to pquired for
feeding the workpiece (TDC dwell time).

If the press brake is equipped with automatic workpiece-feed-units, the test cycle shall include the
operation of the automatic feed-unit (feeding workpiece). And an operating time of automatic feed-unit
becomes the dwell time (waiting time), which is dependent on ability of the automatic feed-unit.

If an energy recovery/energy saving feature can be disabled by the user, the measurement shall be
performed having the energy recovery/energy saving feature engaged as well as disengaged.

To allow repetitive measurement under reproducible conditions, the energy relevant process data shall
be documented in the report.
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5.4 Energy supplied to pipe benders

5.4.1 General

An example for a pipe bender is given in Annex F.

5.4.2 System boundary

The energy flow at the system boundary during test-run test shall be as close as possible to the energy
flow at the system boundary during production, see Figure 10.

! ! )
7 9
: N
1 }
1 L]
1 1
1 1
1 1
8 1 1
1 1
1 1
1 1
| 1
1 1
1 P ————- P
1 1 1 1
1 1 1 1
1 1 !
1 1 1 1
1 1 1 1
: 2 3 4 S .
1 1
6
Key
1  machink tool 6  system boundary
2 maching tool component A 7  electrical energy
3 maching tool component B 8 compressed air
4 machinfe tool component C 9  heat exchange
5 machinje tool component D

Figure 10 — System boundary of pipe benders

5.4.3 Shjft regime

As shift regimes-are dependent on the equipment (e.g. NC unit, die layout and die equipment) and,

therefore, ¢an be different for each machine tool and machine tool user, a specific shift regime according

to ISO 149EE 2:201Q C 2 9 oo hao cat i £or pnaaciraraant Tho chift vogiyaa and +tha oclactarad chift
UUUUUUUU > be-set-u rement—rt eghn ehastered

Ty Ty < T PToTrThicoot T TC=oTIre oy c—orrorec

regime shall be reported.

5.4.4 Minimum measuring period

The default measuring period is the observation period. Based on monitoring of measuring results
during the measurement, the measuring period may be shortened and the energy supplied shall be
extrapolated to match the respective shift regime. The reason for the shortening shall be stated. Typical
reasons for shortening are the observation of repetitive pattern or of a stabilization of power supplied
after some time.

In a specific shift regime, the measuring periods for each operating state under stable conditions are at
least as given in Table 7.
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Table 7 — Minimum measuring periods in specific shift regime

Operating state Measuring period
1: OFF 5 min
2: MAIN SWITCH ON 5 min
3: AUXILLIARY DRIVES ON 10 min
4: MAIN DRIVES ON 10 min
5: READY TO RUN IN PRODUCTION MODE 10 min
8: PROCESSING 5 cycles

In d

(e.g
med
10 4

5.4

The
on ¢

Isuring time requires a restart of the measurement. A total interruption time lessithan
0 of the scheduled measuring time shall prolong the measuring period.

5 Testcycle

ach tube), see Table 8 and Figure 11.

Table 8 — Settings in test cycle forpipe benders

perating state PROCESSING, measurement shall be made on a cycling machine tool; IntIerruptions
by failure) leading to a total time of measurement interruption longer than 10 %.0f thg scheduled

pr equal to

minimum measuring periods in specific shift regime is 5 cycles (i.e.five tubes, with mulgiple bends

Material/process Parameter ‘\\‘ Settings
— Carbon-steel pipe for machine-tool structure,
or, if different, the standard pipe material for
the tested machine, e.g."copper spcclsl peo1lsl, 1,03B1Z]
Tesk material — or other material?agreed upon between
manufacturer and'user
Pipe diameter 100 %
Pipe thickness EZ fgitnggotz/?;lfethe noinal
(L) Feedlength 200 mm
Benlding process (A) Bending angle 90°
(5 hends for each tube) tR) Rotation between successive bends 90°
Bending radius 2 * diameter
The adopted bending tools (e.g. mandrel, wiper dies) and the actual bending torque (measyred by the

magq

If tH

hine drive}shall be reported.

technologies shall be tested and documented.
Fig i i ° -

e maching tool can adopt different bending strategies (e.g. draw bending, compression b

© IS0 2019 - All rights reserved
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5.5 Energy supplied to turret punch presses

5.5.1 Geperal O
S

An examplp for a turret punch press is given in Annex D@

The type of turret punch press dealt in this standard;&%riven by electric means.
xO

5.5.2 System boundar . N~
y y \Q

N
The energy flow at the system boundary dg%ng test-run test shall be as close as possible to the engrgy
flow at the[system boundary during p@u’ction, see Figure 12.
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machine tool system boundary

machine tool component A, e.g. frame electrical energy

machine tool component B, e.g. press drive compressed air

O© 0 N O

machine tool component C, e.g. turret heat.exchange

machine tool component D, e.g. transfer table

Figure 12 — System boundary of turret punch presses

3 Shiftregime

hift regimes are dependent on thie;equipment (e.g. NC unit, sheet loader and unloader) an
be different for each machine tool and machine tool user, a specific shift regime ac
14955-2:2018, 5.2.2, may.be set up for measurement. The shift regime and the clug
me shall be reported.

4 Minimum measuring period

default measuring period is the observation period. Based on monitoring of measur
ing the meastirement, the measuring period may be shortened and the energy suppli
rapolatedto match the respective shift regime. The reason for the shortening shall be stat
bons for-shortening are the observation of repetitive pattern or of a stabilization of pow
r some time.

1 therefore
cording to
tered shift

ing results
bd shall be
ed. Typical
b1 supplied

cincificchift vagivan tha ot g i Ao o Ao h oot g ctatrn i das crobhlo Ao d

In

gy\,\,xln\, STITTC T CETIC,tHCIIICOSUT TS PpCTTOUS TUT CatiT UptTatiirgStatt HhRaer-Stanre-cota

be at least as given in Table 9.

Table 9 — Minimum measuring periods in specific shift regime

Operating state Measuring period
1: OFF 5 min
2: MAIN SWITCH ON 5 min
3: AUXILLIARY DRIVES ON 10 min
4: READY TO RUN IN PRODUCTION MODE 10 min and 1 sheet
6: PROCESSING 10 min
7: TOOL CHANGE 1 complete tool change cycle

© IS0 2019 - All rights reserved
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The measuring time in operating state PROCESSING shall be at least 10 min. If less than 1 sheet is
processed during this time, the measuring shall continue until 1 sheet is processed completely.

In operating state PROCESSING, measurement shall be made on a cycling machine tool. Interruptions
(e.g. by failure) leading to a total time of measurement interruption longer than 10 % of the scheduled
measuring time requires a restart of the measurement. Total interruption time shorter or equal than
10 % of the scheduled measuring time shall prolong the measuring period.

5.5.5 Reference and test cycle for turret punch presses in operating state PROCESSING

Figure 13 shows a fvpir;\l turret plm(‘h press cycle dingrnm

R
R1

R2

T 4

R ram
R1 ram upper end
R2 ram loyer end

X-axis dctive

Y-axis active

X

Y

T  T-axis active
t time

1  machine tool activity 1: STANDBY - waiting for the start signal of axes

2 machine tool activity 2: die positioning - T-axis is rotated for setting the die into the punch centre
3

machine tool activity 3: workpiece positioning - X-axis and Y-axis move for setting the workpiece to processing
position

4 machine tool activity 4: punching - ram descends and processes punch holes, then moves to upper end

Figure 13 — Typical turret punch press cycle diagram with machine tool activities
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Simultaneous positioning of X-axis and Y-axis, and ram descent and rise after completion of both axis

positions, shall be performed.

The specification of a recommended test piece used during measurement is given in Table 10. If
the specification is not met, set values and other relevant data shall be documented [see Clause 6

prescriptions d) and j)].

Table 10 — Recommended specification of test piece used in test cycle of turret punch presses

Property

Value

(@

Teslt material

SPCCI3], DCo1lel, 1,033[7Z1

Shdet thickness

1 mm or 2 mm

@)

O

V4

@)
o

©

1000

@)

XX

L A Y 4

Shdet size 1000 mm x 1 000 mm
Patftern Pattern according to Figure 14
Cuf{shape 30 mm round
Number of processed holes 144
Pit¢h (X, Y staggered array) 50 mm
1000
150 50
30

2 s | e

2 Y /O\ /O\ /®\ /O\ /O\ /O\ /O\

" o

& O O O O O 0O O

O
@
o
o
o
®
O\

F X XXX

@)
(O]
o
o
@)
o
@)

(@)
@)
@)

© O O O
© O O O
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O
O

O

/O\
O o/lo o o0 ©

4

O\

L4
A Y

olO0 O O O

ol O0 O O O O
©0lO0 O O O O
0|0 O 0O O O
©0lO0 O O O O
0|0 O 0O O O
|0 O 0O O O

o)
o)
(@)
@)
@)

@)
@)
@)
O

L P Al R 4

©
o 0

ke

‘o

o)
e
o
o
o
»

™

Key
S first cut (start of cycle)

E lastcut (end of cycle)

Figure 14 — Processing pattern for turret punch presses
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5.6 Energy supplied to laser processing machine tools

5.6.1 General

An example for a laser processing machine tool is given in Annex E.

5.6.2 System boundary

The energy flow at the system boundary during test-run test shall be as close as possible to the energy
flow at the system boundary during production, see Figure 15.

' ! )
7 9
: N
1 }
1 L]
1 1
1 1
1 1
8 1 1 10
1 1
1 1
1 1
| 1
1 1
1 P ————- P
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
: 2 3 4 s| . .
1 1
6
Key
1  machink tool 6  system boundary
2 maching tool component A, e.g. frame 7  electrical energy
3 machink tool component B, e.g. oscillator 8 compressed air
4 machinje tool component C, e.g. chiller 9  heat exchange
5  machink tool component 10 cutting gas

Figure 15—~System boundary of laser processing machine tools

5.6.3 Shjft regime

As shift regimesiare depending on the equipment (e.g. NC unit, sheet loader and unlader) and therefore
can be different for each machine tool and machine tool user, a specific shift regime according to
150 14950 a5 ean-besebuptormeasttement—heshibresineandthe clisteradshibradine

measurement—The-shiftregime-and-the-€l d-shiftre
shall be reported.

5.6.4 Minimum measuring period

The default measuring period is the observation period. Based on monitoring of measuring results
during the measurement, the measuring period may be shortened and the energy supplied shall be
extrapolated to match the respective shift regime. The reason for the shortening shall be stated. Typical
reasons for shortening are the observation of repetitive pattern or of a stabilization of power supplied
after some time.

In a specific shift regime, the measuring periods for each operating state under stable conditions shall
be at least as given in Table 11.
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At least five or more cooling cycles of the chillers shall be measured for the chiller aver

med

In operating state PROCESSING, measurement shall be made on a procéssing machine tool. Int

(e.g
med
10 ¢

5.6

PRQCESSING
Figlire 16 shows a typical reference and test cycle for laser processing machine tools.
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Table 11 — Minimum measuring periods in specific shift regime

Operating state Measuring period
1: OFF 5 min
2: MAIN SWITCH ON 5 min
3: AUXILLIARY DRIVES ON (oscillator warm up) 15 min
4: MAIN DRIVES ON 10 min
5: READY TO RUN IN PRODUCTION MODE 10 min
6: PROCESSING 10 min and 5 test pieces

chiller repeats ON and OFF according to coolant fluid temperature for eeoling of the

by failure) leading to a total time of measurement interruptionxlonger than 10 % of thqg
isuring time requires a restart of the measurement. A totalinterruption time less than
o of the scheduled measuring time shall prolong the measudring period.

5 Reference and test cycle for laser processingmmachine tools in operating state

measuring time in operating state PROCESSING shall be at least 10 min. If less,thgn five test
es are processed during this time, the measuring shall continue until five test pieces arg processed
conjpletely.

oscillator.
age power

isurement. If less than that, processing shall be continued until reaching\five or more codling cycles.

erruptions
scheduled
por equal to
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e tool activity 1: STANDBY

e tool activity 2¢Xaxis and Y-axis positioning - processing head is set horizontally to processing s

machin

e tool actiyity 3: Z-axis descent - processing head descents to the position of processing above workp
e tool.activity 4: piercing - making a hole at the start position of cutting with laser beam

e tool activity 7: Z-axis return - processing head moves up

tart

iece

Figure 16 — Typical laser processing machine tool cycle diagram with machine tool activities

Feed rates for X-, Y- and Z-axis and laser output power shall be set at maximum of machine tool
specification.

The specification of a recommended test piece used during measurement is given in Table 12 and the
set values for the test cycle in Table 13. If the specification is not met, set values and other relevant data
shall be documented [see 6 d) and j)].

26
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Table 12 — Recommended specification of test piece used in test cycle of laser processing

machine tools
Material/process Parameter Settings
Test material Type SPcclal, pco1lel, 1,033(2
o . . .
Sheet thickness 230 % of maximum cutting thickness
or 1,0 mmor 1,2 mm
Pattern Pattern (a)
Sheet thickness < 3,2 mm
Cut shape 20 mm square

Number of prnrnccnr‘ holes

80

Perimeter cutting

880 mm x 530 mm

Sheet thickness 230 % of maximum cutting thicknes
Pattern Pattern (b)
Shdet thickness > 3,2 mm Cut shape 30 mm round
Number of processed holes 18
Perimeter cutting 380 mm x 380/mm
Pit¢h (X, Y, staggered array) 50 mm

Thd
doc

NOT
pro
the

umented.

Set-value R ' Unit
L Output kW
Piercing
) Duty %
Oscillator
) Output kW
Cutting
Duty %
Cutting speed m/min
Tool path
1 test piece procesging time S

E Tool path for c¢utting the same shape, that is, three-dimensional (X, Y, Z) trajectory
essing head, is possiblein several ways. Therefore, the patterns of Figures 17 and 18 alone canndt determine
Fool path due to effect of NC program and control specifications.

Figlire 17 shows.aprocessing pattern (a) for laser processing machine tools.

Table 13 — Set-values for test cycle of laser processing machine tools to be reported

NC program should be saved.for later repetition of the test procedure and the tool path should be

pbf the laser

© IS0 2019 - All rights reserved
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O
/N 7N 2 N7 N /N 7N

-
| = E—
/S ON /4 N /N Z N /N /N /N v

Key
S first cut (start of cycle) E™ last cut before perimeter cutting

Figure 17 —Processing pattern (a)

Figure 18 dhows a processing pattern ¢b)-for laser processing machine tools.
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Key

first cut (start of cycle) E last cutbefore perimeter cutting
Figure 18 — Processingpattern (b)
Energy supplied to auxiliary devices
1 System boundary

over a broad selection of auxiliary-dévices, the system boundaries of these devices shall
rding to the specific device and\mieasurement shall be done either simultaneously or sy
h the machine tool measurement. The system boundary for each auxiliary device u
hine tool or being integratpart of the machine tool shall be documented. See Figure 19.

E Auxiliary devices, being active in operating state processing are mostly automation
kpiece handling. Today,these automation systems are typically robots, gripper bar transfers, fee

be defined
hchronized
sed on the

Kystems for
der systems

or fgrging manipulators:The type of automation system provided is depending on the produced workpieces.
2 i
5 A R LI 7
- 1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 I
- 3 75 T
1 2 1
1
Key
1 system boundary 5 electrical energy
2 auxiliary device of a machine tool 6 compressed air
3 axisA 7  heat exchange
4 axis B
Figure 19 — System boundary of an auxiliary device of a machine tool
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To avoid an excessive complexity of measurement, measurement at the system boundary is sufficient
for auxiliary devices. The energy supplied shall be added to the energy supplied to the other machine
tool components.

5.7.2 Shift regime

As auxiliary devices are linked to the machine tool, the shift regime of these devices corresponds to the
shift regime of the machine tool.

5.7.3 Pneumatic energy and heat exchange measurement

Methods fdr measuring pneumatic energy and heat exchange shall be in accordance with
[SO 14955{2:2018, Annex B.

6 Reporting
The measufrement report shall contain the data and information shown as follows!
a) Tech:ilial data of the machine tool:

1) manufacturer;

2) machine tool type;

3) serial number;

4) yepr of construction;

5) mechanical details (e.g. slide dimensions, maxie weight);

6) rated electrical power, main drive(s) power, auxiliary drive(s) power;

7) rated pneumatic pressure and flow; and

8) type of operating fluid;
b) Technical data of auxiliary devices:

1) rated electrical power;@and

2) rated pneumatic pressure and flow;

¢) Envirgnmental conditions during measurement;

d) Test piece specification (if test piece is processed during test run) or statement, that no test pieg¢e is
procegsed during test run;

e) Shift regithe and clustered shift regime;

f) System boundary of machine tool;

g) System boundary of auxiliary devices;

h) List of measuring points;

i) Specification of measurement devices (e.g. brand, measurement uncertainty);

j)  Testcycle including all energy relevant settings in operation state processing;

k) Test cycle of machine tool including all energy relevant settings in operation state tool change;

1) Testcycle of auxiliary devices including all energy relevant settings in operation state processing;
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m) Number of cycles run in continuous mode;

n) Measurement results related to the operating states and machine tool activities including all
energies supplied at the system boundary of the machine tool;

o) Measurement results related to the operating states including all energies supplied at the system
boundary of auxiliary device(s) (e.g. automation system, moving bolster);

p) Measurement resultin machine tool cycles per total energy supplied.
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Annex A
(informative)

Hydraulic presses

A.1 Exal "p!e efa dezﬁrnstreking hydran“r nress (double action nrncc\

T pProoD auUtiIcC actIUiTr proeouy

Figure A.1 shows an example of a hydraulic double action press.
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SDmL__JS 16
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16
13 [
iF
14
12
L L

Key]
1 [framé 9 lower die
2 |slide 10 workpiece (blank)
3 main cylinder 11 hydraulic manifold shde
4 moving bolster 12 main pump drive unit
5 die cushion 13 hydraulic die cushion manifold
6  die cushion cylinder 14 auxiliary pump drive(s)
7  upper die 15 cooling drive unit
8 drawing ring 16 moving bolster drive unit

Figure A.1 — Example of a hydraulic double action press
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A.2 Power measurement

A.2.1 Power measurement at slide

A.2.1.1 Hydraulic presses

A.2.1.1.1 General

An example of slide hydraulic for a hydraulic press is given in Figure A.2.

Key

O N O U1 W DN

The

A MS2
Z+, ) 3z[{[§vw i<]
A+

ol 4 7

L

jM<S4 MS3
S 6 7 P
S oyt Fn iq
B1 Z-, e
s/ A- LT
slide cylinder head side Z+  slide cylinder port head side
prefill Z-  slide cylinder port shaft side
main unit head side A+ slide cylinder area head side
decomlression unit A-  slide cylinder area shaft side
main cylinder shaft side P connection to pressure source
press safety MSx pressure measuring points
slide refurn unit B1 position sensor
slide dgwn unit

Figure A.2 — Example of a slide hydraulic for a downstroking press

flow cgn be'¢alculated with Formulae (A.1) and (A.2):

Q=v*h

_as

V=
At

where

34

1)

(A.2)
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3
Q is the flow to/out of the cylinder {2]

S

A is the cylinder area (4+ A-) [m2];

v is the slide speed {2} ;

As

S

ISO 14955-4:2019(E)

is the path travelled during measuring interval given by position sensor B1 [m];

At isthe measuring interval [s].

Thd
effi
ove

An

Key

W N = T W

following formulae are to calculate the power applied to the machine tool canipongnt and the
ciency factor related to the machine tool component in the press cycle. The.power |applied to

Fcome seal and guide friction is part of the power applied to the slide cylindef:

bxample of typical slide power in a cycle of a hydraulic press is given in Figure A.3.

y 4 S o

P "

- i B AN~
T T : : 1 T )
1 2 3 5 6 1 t
slide stroke P actual power
time Y stroke respectively power
machine tooKaetivity 1: power during restin TDC 4  machine tool activity 4: power during enbossing
machine£ool activity 2: power during slide close 5 machine tool activity 5: power during
machine tool activity 3: power during forming decompression
6

machine tool activity 6: power during slfde return

A.2.1.1.2 Power during restin TDC (MT activity 1)

Figure A.3 — Example of slide power during a cycle of a hydraulic press

In this machine tool activity, no power is transferred to or from the slide. The measured power is the
power required for idling and the energy efficiency factor is zero.

A.2.1.1.3 Power during slide descent (MT activity 2 to 4)

In this calculation, slide descent includes the power measurement at machine tool activities 2 (slide
close), 3 (forming) and 4 (embossing). The given formulae are valid for all three machine tool activities.

© IS0 2019 - All rights reserved

35


https://standardsiso.com/api/?name=aad45d4defe89efcd5107fe2f28109a6

ISO 14955-4:2019(E)

Power applied to the slide is calculated with Formulae (A.3) to (A.5):

PITotalHeadDesc. = PMs1 * A+*Vpesc.

PSlelHeadDesc. =Pms2 ¥ A+*Vpegc.

PSlelShaftDesc. =DPmsa ¥ A—=*Vpesc,

(A.3)

(A4)

(A.5)

where

Pgi1otal
Psicyn
Psicyist

Pmsx

A+

A_
VDesc.

P sicylshattd
shaft side,

required p
measured

HeadDesc.

badDesc.

aftDesc.

is the total power applied to the slide head side system [W];
is the total power applied to the slide cylinder head side [W];

is the total power applied to the slide cylinder shaft side [W];

is the pressure measured at the measuring point x [Pa];
is the slide cylinder area head side [m?];

is the slide cylinder area shaft side [m?];

is the actual slide velocity during descent (¥2 in Table 2) [m} .

S

sc 1s the loss of power at the slide shaft side>If energy recovery is provided for the dlide

the output power of the energy recovery system can be subtracted from Pg)cyispafipesc.- [[he

The total l¢ss of power during descent is calciitated with Formula (A.6):

pwer for displacing the die cushion during forming is generated by the slide and part of{the
bower applied to the head side.

PSlerLossDesc. = PSlTotalHeadDesc. +PSlelShaftDesc. +PSlShaftDescRec0V. +PCuTota1HeadDisp. (f2.6)
where

Pgipwrilosspesc: is thetotal power loss during slide descent [W];

Pgitotalieadpese: . \is'the total power applied to the slide head side system [W];

PgicyistaftDese: is the total power applied to the slide cylinder shaft side [W];

Pgishardp&recor 1S the total power recovered from the slide shaft during descent [W];

PeytotalHeadpisp: 1S the total power applied to the cushion cylinder head side during displacement,

36

see also A.2.2 [W].
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A.2.1.1.4 Power during decompression (MT activity 5)

The energy released during decompression was brought in the slide during embossing (MT activity 4).
The recoverable average power is calculated with with Formula (A.7):

PSlelDecomp. =

where

Thd
dur]

Ife
the

A.2
Thd

((Po_Msz2 ~P1ms2” )* v+ +(p0_MS42 ~P1wsa’ ) *V_)*ﬁ

23 tDecomp.

(A7)

PSICleecomp'
Po_Mms2
P1_Ms2
Po_Ms4
P1_Ms4

tDecomp.
V+

V-
B

is the power generated by the slide during decompression [W];

is the pressure before decompression of slide cylinder head side [Pa];
is the pressure after decompression of slide cylinder head side{Pa];
is the pressure before decompression of slide cylinder shaft‘side [Pa];
is the pressure after decompression of slide cylindershaft side [Pa];
is the decompression time [s];

is the oil volume at slide cylinder head side{m?];

is the oil volume at slide cylinder shaftside [m3];

is the compressibility (e.g. mineral oil f=7*1071° [é} ):

oil volume, V;, should also include the oil'volume in the pipes and manifolds that changes i
ing decompression.

hergy recovery is provided for de¢ompression, the integration of power measured at th
recovery system reflects theiamount of energy recovered.

1.1.5 Power during slide return (MT activity 6)

power applied to.the slide is calculated with Formulae (A.8) to (A.11):

PgTotalShaftRéR.= PMs3 * A~ * VReturn

PsicyishaftRet. =PMs4 * A=*VReturn

[S pressure

e output of

(A.8)

(A9)

PSICylHeadRet. — PMS2 ~ AT~ VReturn

P, SIPwrLossRet. = P, SITotalHeadRet. T P, SlTotalShaftRet.

where

Pg TotalHeadret. 1S the total power applied to the slide head side system [W];

Pg1Totalshaftret. 1S the total power applied to the slide shaft side [W];

PsicyishaftRet.

is the total power applied to the slide cylinder shaft side [W];

© IS0 2019 - All rights reserved
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Pgicyieadret. 1S the total power applied to the slide cylinder head side [W];

PqipwrLossret. 1S the total power loss during return [W];

PMsx is the pressure measured at the measuring point x [Pa];
A+ is the slide cylinder area head side [m?];
A- is the slide cylinder area shaft side [m2];
r 11T —I
VReturn is the actual slide return velocity {—J .
S

Pgicyieadrd. Is the loss of power at the slide head side. If energy recovery is provided for the slide Head

side, the oytput power of the recovery system can be subtracted from Pgcyeadret-

The differ¢nce between Pgipoaishairet. a0 Psicyishafiret. 1S the loss of power at the’ slide shaft pide

manifold(s) during return.

A.2.1.2 Hydraulic servo presses

A.2.1.2.1 |General

An exampl of slide hydraulic for a hydraulic servo press is givenin Figure A.4.

MS2

2
LI EF@)
Z+, 1
A+

Key

3a
3
\ \ \
5 ¥ \

MS4 4a
4
A >
Z_’ |_| P, cos ¢
A_

prefill

4 drive unit shaft side

slide cylinder head side Z+ slide cylinder port head side

Z- slide cylinder port shaft side

drive unit head side A+ slide cylinder area head side

3a inverter system head side A-A.7 slide cylinder area shaft side
p connection to pressure source

4a inverter system shaft side
5 main cylinder shaft side

press safety

MSx pressure measuring points
B1 position sensor
P, cos values measured by inverter

Figure A.4 — Example of a slide servo drive hydraulic for a downstroking press
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flow can be calculated as given in Formulae (A.1) and (A.2).

The following formulae are to calculate the power applied to the machine tool component and the
efficiency factor related to the machine tool component in the press cycle.

A.2.

1.2.2 Power during rest in TDC (MT activity 1)

In this machine tool activity, no power is transferred to or from the slide. The measured power is the
power required for idling and the energy efficiency factor is zero.

A.2

In t
clog
acti

Pow

122 DRDoxvar dissia o clida doacoas EAMT ookt D ko AN

P Sy -~rye ) LI UVWUILI UuUuIl llls SIIUC ULCOCULIIU [l'l LI dUCL1V lb_y - LU TJ

his calculation, slide descent includes the power measurement at machine tool activit
e), 3 (forming) and 4 (embossing). Formulae (A.12) and (A.13) are valid for all thtee m
vities.

ber applied to the slide is calculated as follows:

es 2 (slide
hchine tool

PsicyiHeadDesc. = Pus2 * A+*V (A.12)

PSlelShaftDesc. =PMsq ¥FA—*V (A.13)
where

Pgicyiteadnesc. 1S the total power applied to the slide cylinder head side;

Pgicyishattpesc. 1S the total power applied to the slide cylinder shaft side [W];

PMsx is the pressure measured at the measuring point x [Pa];

A+ is the slide cylinder @area head side [m?];

A- is the slide cylinder area shaft side [m2];

. . . |m
v is the actual slide velocity [—} .
s

Pg1dishafipesc. 1S thedess of power at the slide shaft side. If energy recovery is provided fgr the slide
shaft side, tk_le output power of thg recovery system can be subtracted frorr_l Pgicyishattpesc.- THfe required
power for displacing the die cushion during forming is generated by the slide and part of thg measured
power appli€dyto the head side.
The total\loss of power during descent is calculated with Formula (A.14):

PSlerLossDesc. - PSlTotalHeadDesc. "‘PSITotalShaftDesc. _PCuTotalHeadDisp. (A.14)
where

PgipwrLossDesc. is the total electrical power loss during slide descent [W];

Pgitotalneadpesc. 1S the total electrical power applied by the slide inverter system, head side [W];

Pgitotaishafipesc. 1S the total electrical power applied by the slide inverter system, shaft side [W];

Peytotalteadnisp. 1S the total electrical power applied to the cushion inverter, head side during dis-

placement [W].
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NOTE During energy recovery, the value of Pgj1qtaishaftbesc. 1S SUpposed to be negative.

A.2.1.2.4 Power

during decompression (MT activity 5)

The energy released during decompression was brought in the slide during embossing (MT activity 4).
The recoverable average power is calculated with Formula (A.15):

PSlelDecomp. =

((Po_Msz2 _pl_MSZZ)*V++(p0_M542 ~P1wss’ )*V_)*ﬁ

2% z'LDecomp.

(A.15)

where

PSlelD bcomp*
Po_ms2
P1_ms2
Po_ms4
P1_Msa

tDecom} .

V+

V-

B

The oil volyime, V, should also include the oi}velume in the pipes and manifolds that changes its presg

is the power generated by the slide during decompression [W];

is the pressure before decompression of slide cylinder head side [Pa];
is the pressure after decompression of slide cylinder head side{Pa];
is the pressure before decompression of slide cylinder shaft side [Pa];
is the pressure after decompression of slide cylinder shaft side [Pa];
is the decompression time [s];

is the oil volume at slide cylinder head side §m®];

is the oil volume at slide cylinder shaft’side [m3];

is the compressibility (e.g. minexal oil f=7* 10710 [%} ).

during decpmpression.

If energy recovery is provided for décompression, the integration of power measured at the outpy

the recovely system reflects the atnount of energy recovered.

A.2.1.2.5 |Power during slide’return (MT activity 6)

The power|applied to theslide is calculated with Formulae (A.16) to (A.18):

ure

t of

16)

PsicyisHafiRet. ZRMs4 * A~ *VReturn (A
PSlelH b 2dRet. = Pps2 FA+* Voo (A
P SIPwrLossRet. — P SlTotalHeadRet. +P SITotalShaftRet. (A

where

Pgicyishaftret.
Pgicyiteadret.

PSlerLossRet.

40

is the total hydraulic power applied to the slide cylinder shaft side [W];
is the total hydraulic power applied inverter system head side [W];

is the total electrical power loss during return [W];

17)

18)
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Pg1TotalHeadRet. is the total electrical power applied inverter system head side [W];
Pg1TotalShaftRet. is the total electrical power applied inverter system shaft side [W];
PMsx is the pressure measured at the measuring point x [Pa];
A+ is the slide cylinder area head side [mZ2];
A- is the slide cylinder area shaft side [m2];

|
VReturn is the actual slide return velocity (Y6 in Table 2) [?J .

The difference between Pgypqaishafiret. a0 Psicyishafiret. 1S the loss of power at the slide shaft gide system
durfng return. The difference between Pgcyiyeadret. a1d Pgirotaleadret. 1S the 10s5-0f power pt the slide
heafd side system during return.

A.2.l2 Power measurement at die cushion

A.2{12.1 Die cushion without energy recovery

An e¢xample of a die cushion hydraulic without energy recoveryis given in Figure A.5.

MK

B1 MS1
MS2
1 1LX X
Z-, A- 4

2
MS3 >ﬁ| - | U

—
7+, A+ 3 | iy

m@n

L
Key
1 |die cushion cylinder head side Z+ die cushion cylinder port head side
2 |di€eushion cylinder shaft side Z-  die cushion cylinder port shaft side
3 lpressure controlunit A+ die cushion cylinder area head side
4  eject/retract unit A-  die cushion cylinder area shaft side

p connection to pressure source

MSx pressure measuring points

B1 position sensor
Figure A.5 — Example of a die cushion hydraulic without energy recovery

The flow can be calculated as given in Formulae (A.1) and (A.2).
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Die cushion power can be measured during the complete press cycle and not only during the
displacement of the die cushion. The power of a die cushion resting in its final position is zero due to the
fact that the velocity is zero.

During forming (MT activity 3), the die cushion is displaced by the slide and generating its force.

The power loss is calculated with Formulae (A.19) to (A.21):

PcuTotalHeadDisp. =PMs3 * A+*V (A.19)

PCuTotalShaftDisp. =Pms1 “ATFV (A]20)

PCuPowerLossDisp. = PCuTotalHeadDisp. +PCuTotalShaftDisp. (A 21)

where

Peytotajtieadnisp. 1S the total power applied to the head side during displagement [W];

Peytotajshaftpisp. 1S the total power applied to the shaft side during di$placement [W];

PcypowprLosspisp. 1S the total power loss during displacement [Wf;

PMsx is the pressure measured at the measuring.point x [Pa];
A+ is the die cushion cylinder area head side [m?2];

A- is the die cushion cylinder area shaft side [m?2];

v is the actual die cushion yelocity [?} .

During slide return (MT activity 6) the die cushion lifts the processed workpiece (MT activity 6a).

If no regenerative circuit is provided, the power applied to the die cushion is calculated With
Formulae (|A.22) and (A.23):

PCqurqossLift.:pM51*A+*V+pMSZ*A_*V (A 22)

If a regengrative circuitis provided (Z+ hydraulically connected to Z-), the power applied to the|die
cushion is falculated~as follows:

PCqurqossLift. =DPmMs1 >k(A—'__V_)*V'"(pMSZ —DPwMms1 )*A_*V (A}23)

where

PcupwrLossLift. 1S the total power lost during lifting of die cushion [W];

PMsx is the pressure measured at the measuring point x [Pa];
A+ is the die cushion cylinder area head side [m?];
A- is the die cushion cylinder area shaft side [m?];
. . . . m
v is the actual die cushion velocity [—} .
s
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An example of a die cushion hydraulic with energy recovery is given in Figure A.6.

1 |

B1 S+ P
21 ——/I\_<] 3a
Z-, A- 3
MS3 >ﬁ| \
1 N
Z+, A+ Ly Pcoso
Key]
die cushion cylinder head side Z+ die cushion-cylinder port head side
die cushion cylinder shaft side Z- die cushion cylinder port shaft side
die cushion drive system A+ diecushion cylinder area head side|
3a |die cushion drive inverter unit A- die cushion cylinder area shaft sidg
P connection to pressure source
MSx pressure measuring points
B1 position sensor
P, cos ¢ values measured by inverter

The flow can be calculated as givenin,Formulae (A.1) and (A.2).

Die| cushion power can be measured during the complete press cycle and not only
displacement of the die cushion: The power of a die cushion resting in its final position is zer

Figure A.6 — Example of a, die cushion hydraulic with energy recovery

fact that the velocity is zero.

Duiling forming (MT activity 3), the die cushion is displaced by the slide and generating its f¢

The power loss iscalculated with Formulae (A.24) to (A.26):

PeuTotalffeadpisp. = PMs3 * A+*V

PCuTotalShaftDisp. =Pms1 *A—*V

PCuPowerLossDisp.

where

PCuTotalHeadDisp.
PCuTotalShaftDisp.

PCuPowerLossDisp.

© IS0 2019 - All rights reserved

= PCuTotalHeadDisp. +PCuTotalShaftDisp. _PCuRecoveryDisp.

is the power applied to the head side during displacement [W];

is the power applied to the shaft side during displacement [W];

ring th
due to the

rce.

(A.24)

(A.25)

(A.26)

is the power recovered, measured at the inverter system during displacement [W];
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PCuRecoveryDisp.

Pmsx

A+

A-

During slid
power app

A.3 Formulae for energy calculation for a hydraulic press cycle (downstroking

press)

A3.1 Ge

The given
comparabl

They are t
tool compa
cylinder) a
(see 5.2.5)

These exar
Formulae fi

A.3.2 M4

Due to the
slide or die

A.3.3 Mg

The slide d
slide move

The nascer

chine tool activity 2::Slide close
escent is perfornied by gravity. The fluid flow out of the lower cylinder is controlling
ment.
t potential\energy is calculated with Formula (A.27):
Wsiclose :FMovingWeight *SSlClose (A

5-4:2019(E)

is the power loss during displacement [W];

is the pressure measured at the measuring point x [Pa];
is the die cushion cylinder area head side [mZ2];

is the die cushion cylinder area shaft side [m?2]

m—ll

is the actual die cushion velocity [—
s

ereturn (MT activity 6) the die cushion lifts the processed workpiece (MT activity 6a):
ied to the die cushion can be measured at the inverter system.

neral

formulae are examples valid for hydraulic presses as shown ifVA.1 and other presses V
b functionality.

p calculate the energy required for changing the level of potential energy in the ma

hd the efficiency factor for the machine tool activities according to the typical press diag

hples do not include formulae for components of auxiliary devices (e.g. automation syste
pr components with similar physical principles can be used to calculate the energy requi

fact that neither the slide nor, the die cushion is moving, no energy transferred to or from
cushion. The efficiency facters of press components are zero.

c
nent (e.g. slide descent and return, charging and discharging of the oil spring in a hydrjlulic

The values can be used for Wy ryqiyity in the energy calculation according to ISO 14955-%.

chine tool activity 1: Slide is waiting in TDC for start signal while die is loaded

The

vith
ine

"aIm
D

ms).
red.

the

the

27)

where

Wsicios

R is the nascent potential energy [Ws];

Furovingweight 1S the force created by the weight of the moving parts [N];

SsSiClose

44

is the slide path between TDC and material contact [m].
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The energy efficiency factor in this machine tool activity is calculated with Formula (A.28):

NsiClose = Wswsw (A.28)
ysBoundMTa

where

NsiClose is the energy efficiency factor for slide closell;

Wsiclose is the nascent potential energy [Ws];

WsysBoundmta IS the energy supplied at the system boundary for this machine tool actifity [Ws].
NOTE For "slide close" on upstroking presses, see "slide return".
A.3l4 Machine tool activity 3: Forming
Thg workpiece is formed by the slide and held by the die cushion which is werking as blankholder. The
reqfiired slide force (mainly the addition die cushion force and force required for workpiece forming) is
genprated by fluid pressure.
Theg energy supplied is calculated with Formulae (A29) and (A.30):

WEorming = FForming * SForming (A.29)

Frorming = Fworkpiece + Fiecushion (A.30)
whgre

Wrorming is the energy supplied during forming [Ws];

Frorming is the average force'of slide during forming [N];

SForming is the slide path between material contact and BDC [m];

Fivorkpiece is the average force of the workpiece [N];

Fpiecushion is\the average force of the die cushion [N].
If np workpiece istused during test procedure the force of the workpiece is zero, Fyokpiece = P-
The energy efficiency factor in this machine tool activity is calculated with Formula (A.31):

i = @31
where

MPorming is the energy efficiency factor for forming(];

Weorming is the energy supplied during forming [Ws];

WsysBoundmta 1S the energy supplied at the system boundary for this machine tool activity [Ws].

If no energy recovery during forming is provided (e.g. energy recovery at die cushion), the energy
supplied during forming Wg,.yipng is converted into heat.
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A.3.5 Machine tool activity 4: Embossing

During embossing the programmed slide force is applied for the BDC dwell time programmed in the
die data. The slide stroke is close to zero, but elongation of press frame and compression of hydraulic
spring is relevant for the energy supplied.

The energy supplied is calculated with Formula (A.32):

SElongation + SCompression
WEmbossing =Fslige *[ 2 (A.32)
where
Wembobsing is the energy supplied during embossing [Ws];
Fglide is the programmed value of slide force [N];
SElongafion is the frame elongation [m];
SComprdssion is the calculated path of compression (oil spring) [m].
The energy efficiency factor in this machine tool activity is calculated with’Formula (A.33):
WEmbossing
MEmbossing :W— (A]33)
SysBoundMTa
where
MEmbosking is the energy efficiency factor for embossingli];
Wembobsing is the energy supplied during embossing [Ws];

Wsyspofinamea 1S the energy supplied at tite system boundary for this machine tool activity [Ws].

A.3.6 MJ4chine tool activity 5: Decompression

In this phgse the slide, die cushion(s) and press frame are decompressed. The nascent energy eqpals
energy at the end of the embessing phase. Without means for regeneration, this energy is converted
into heat.

During dedompressing0f'spring-loaded dies in die cushions, the energy released from the die cushion
can be recqvered.

A.3.7 Mg4chine-tool activity 6: Slide return

The slide if feturning to TDC driven by hydraulic fluid. A counterbalance system reduces the endrgy
supplied.

The energy supplied is calculated with Formula (A.34):

WSlideReturn = (FMovingWeight - FCounterbalance ) *SSlideReturn (A.34)

where
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WslideReturn 1S the energy supplied during slide return [Ws];

FMovingWeight
FCounterbalance

SslideReturn

is the force created by the weight of the moving parts [N];
is the average force created by the counterbalance system [N];

is the slide path between TDC and BDC [m].

The energy efficiency factor in this machine tool activity is calculated with Formulae (A.35):

WQIGAan—uv-n

whére

TISlideReturn —

MslideReturn

WSysBoundMTa

is the energy efficiency factor for slide returnlll;

(A.35)

WslideReturn is the energy supplied during slide return [Ws];
Wsysoundmta 1S the energy supplied at the system boundary forthis machine tool actfivity [Ws].
NOTE For "Slide return” on upstroking presses, see "Slide close".

A3l

Duiing slide return, the workpiece is ejected by die cushion(s).

Thd

wh¢

A4

An example©fifunctional mapping for a hydraulic double action press is given in Table A.1.

8 Machine tool activity 6a: Workpiece ejection

required energy for workpiece lifting (on all types of presses) is calculated with Formul
WEjection :FMovingWeightDieCushion >kSForming

re

WeEjection is the-energy supplied during ejection [Ws];

FMovingWeightDieCushion is the force created by the weight of the moving parts [N];

SForming is the slide path between material contact and BDC [m].

Quantitative functional mapping for a hydraulic double action press

h (A.36):
(A.36)

© IS0 2019 - All rights reserved
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Table A.1 — Example for quantitative functional mapping

a2 Including PLC and CNC modules. \(\@
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Annex B
(informative)

Mechanical presses

B.1 Examnle of a downstroking mechanical nress (double action nress)
! a6 HOXIR e

ITIZYO TP re-o VIO H e caiircar proootuauvaurecactrotrpg i |

Figlire B.1 shows an example of a mechanical double action press.
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%) 16 2 -
L
1]
11
9] 19
VAN 10 18
OO s 5 s S
- [ | 6 |
17
13
|_|| 14
[N
Key
1 frame 11 workpiece (blank)
2 slide 12 main drive unit
3 eccenttfic or link drive 13 hydraulic die cushion manifold
4 clutch gnd brake 14 auxiliary pump drive(s)
5 movingbolster 15 cooling drive unit
6  die cushion 16 gearbox lubrication
7  die cushion cylinder 17 clutch and brake drive unit
8 upper die 18 moving bolster drive unit
9 drawing ring 19 counterbalance system
10 lower die

Figure B.1 — Example of a mechanical double action press

B.2 Power measurement

B.2.1 Power measurement at slide

B.2.1.1 General

An example of a drive unit and counterbalance system for a mechanical (servo) press is given in
Figure B.2.
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o
o 1
C .
2 ;
= - !
5
~J
\ L] MS1
P, cos |
u ¢
L1
—
£ 3
e
i
Key
1 |main switch MS1 pressure measSuyring point
2 |inverter unit for main drive u voltage medsuring point
3 |control pressure drive unit, e.g. for clutch and brake i currentmeasuring point
4 |counterbalance cylinder
5 |counterbalance accumulator system

Thd
may

Figure B.2 — Drive unit and counterbalancessystem for a mechanical (servo) pr

main drive unit may consist of one or moresmotors, the control pressure unit for clutch
7 consist of one or more motor-pump combination with or without inverter.

As power is transferred from the main drive to the slide without any other than mechanical

pow

Ifp
invg

Thd

Thd

ber to or from the main drive(s) isthe' relevant power.

bwer and power factor is measured by the inverter and the given values are the input p
brter, these values can be usged.

power required for operating the clutch and brake is mainly determined by:
friction in the clutch/while clutch is engaged;

the power required for shifting;

the powernrequired for generating the control pressure.

powerTequired for covering the friction in the clutch, the gearbox and the drive mechan

of t

€SS

and brake

means, the

bwer of the

ism is part

hépower applied to the main drive.

The power required for shifting the clutch and brake is based on power measurement of the control
pressure unit.

The given formulae are to calculate the energy supplied to the machine tool excluding auxiliary devices
(e.g. automation systems) and the efficiency factor related to the machine tool in the machine tool

acti

vities during the complete cycle.

An example of typical slide power in a cycle of a mechanical servo press is given in Figure B.3.

© IS0 2019 - All rights reserved
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YA s
| pigh
1
Key

slide stfoke
time

actual power

stroke respectively power
machin tool activity 1: power during rest in TDC machine tool activity 4: power during embossing

machin tool activity 2: power during slide close machine’tool activity 5: power during decompresgion

W N R T W
o Ul B < T

machin tool activity 3: power during forming machine tool activity 6: power during slide returp

Figure B.3 — Example of slide poweriira mechanical servo press cycle

B.2.1.2 Power during rest in TDC (MT activity 1)

In this maghine tool activity, no power is‘transferred to or from the slide. The energy efficiency fagtor
is zero.

B.2.1.3 Power during slide close (MT activity 2)

The power|applied during slide close is to accelerate the slide and to overcome the friction in the press
drive systgm and displace the counterbalance system. The measured power is the power applied tofthe
main drivelinverter unit.

The power|applied-to'the slide is calculated with Formulae (B.1) and (B.2):

Psicntrgat 5 Pms1 * AcntrBal. * V(losing (B-1)

PsiTotalclose = PsiTotalinvclose ~ PsicntrBal. (B.2)
where

PgcntrBal. is the total power applied to the counterbalance system [W];

Pg11otalClose is the total electrical power applied to the slide during close [W];

Pgitotalinvclose 1S the total electrical power applied to the main drive inverter unit [W];
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PMsx is the pressure measured at the measuring point x [Pa];

AchtrBal. is the counterbalance cylinder area [m2];

VClosing is the actual slide closing velocity (Y2 in Table 4) {—} .
S

B.2.1.4 Power during forming and embossing (MT activity 3 and 4)

ion and the
b is formed

lied to the
sp. Shall be

subfracted from the slide power [see Formulae (B.3) and (B.4)].

Psicntral. = Pms1 ™ AcntrBal. *V (B.3)

PSlTotalForming = PSlTotalInvClose _PSlCntrBal. _PCuTotalHeadDisp. (B.4)
whgre

PgicnirBal. is the total electrical power appliéd to the counterbalance system [W];

PgitotalForming 1S the total electrical power-applied to the slide during forming [W];
Pgirotalinvciose 1S the total electrical pewer applied to the main drive inverter unit [W];

Peytotalteadnisp. 1S the total electrical’ power applied during die cushion displacement [W];

PMsx is the arithmetic average of the pressure of the counterbalance system|[Pa];
AcntrBal. is the cdunterbalance cylinder area [m?];
. . . m
v isthe actual slide velocity [—} .
s

B.2|1.5 Power-during decompression (MT activity 5)

The energy. stored in the elongation of press frame and distortion of drive system is relieyed during
decpmpression. The power measured at the inverter system does not reflect the power transferred to
an ipternal energy storage system (e.g. flywheel, powercaps, etc.); this energy is calculated bl following
the rules and formulae for the specific energy storage system.

B.2.1.6 Power during slide return (MT activity 6)

The power applied to the slide is calculated with Formulae (B.5) and (B.6):

PsicntrBal. =Pwms1 * AcntrBal, *V (B.5)
PSlTotalRet. = PSlTotalIanet. + PSlCntrBal. (B-6)
where

© IS0 2019 - All rights reserved 53


https://standardsiso.com/api/?name=aad45d4defe89efcd5107fe2f28109a6

ISO 14955-4:2019(E)

PgicnirBal. is the total electrical power applied to the counterbalance system [W];
PgiTotalRet. is the total electrical power applied to the slide during slide close [W];

Poirotalimvret 1S the total electrical power applied to the main drive inverter unit [W];

Pums1 is the pressure measured at the measuring point x [Pa];
AcnirBal. is the counterbalance cylinder area [m?];
r 11T —I
v is the actual slide velocity L—J .
S

B.2.2 Power measurement at die cushion

B.2.2.1 Die cushion without energy recovery

An examplE of a die cushion hydraulic without energy recovery is given in Figure\B.4.

K \

B1 MS1
] _j< MS2 5
ZOA- 4 iﬂ

2
MS3 >ﬁ| : | ST

Z+ A+ ' LT
! 3 oy
L

Key

1 die cushion cylinder head-side Z+  die cushion cylinder port head side
2 die cushion cylinder shaft side Z-  die cushion cylinder port shaft side
3 pressuie control unit A+ die cushion cylinder area head side
4  eject/r¢tract unit A-  die cushion cylinder area shaft side

P connection to pressure source

MSx pressure measuring points

B1 position sensor
Figure B.4 — Example of a die cushion hydraulic without energy recovery

The flow can be calculated with Formulae (B.7) and (B.8):

0=v*4 (B.7)
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As
v=—o B.8
AL (B.8)
where
Q m’
is the flow to/out of the cylinder | — |;
s
A is the cylinder area (A+ A-) [mZ2];
[ is the die cushion velocity {2} ;
s
\s is the path travelled during measuring interval given by position senso1’B1 [m];
\t is the measuring interval [s].
Die| cushion power can be measured during the complete press cfycle and not only fduring the

displacement of the die cushion. The power of a die cushion resting in\its'final position is zer¢ due to the

fact that the velocity is zero.
Duijing forming (MT activity 3), the die cushion is displaced by the slide and generating its fg

Theg power loss is calculated with Formulae (B.9) to (B.11):

whegre

PCuTotalHeadDisp.

PCuTotalShaftDisp.

PCuTotalHeadDisp. =PMs3 * Aty
PcuTotalShaftbisp. = PMms1 ¥ A—*V

PCuPowerLossDisp. = PCuTotalHeadDisp. +PCuTotalShaftDisp.

PCuPowerLossDisp.

is the total power applied to the head side during displacement [W]
is the total power applied to the shaft side during displacement [W]

is the total power loss during displacement [W];

PMsx is the pressure measured at the measuring point x [Pa];
A+ is the die cushion cylinder area head side [m?];

A= fsthedtecushioncytimderareastaftside e ;

14

. . . . m
is the actual die cushion velocity [—} .
S

rce.

(B.9)

(B.10)

(B.11)

During slide return (MT activity 6) the die cushion lifts the processed workpiece (MT activity 6a).

© IS0 2019 - All rights reserved
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If no regenerative circuit is provided, the power applied to the die cushion is calculated with

Formula (B.12):

_ * * * *
PeupwrLossLift. =PMs1 A+ v+pysy *A-*v

(B.12)

If a regenerative circuit is provided (Z+ hydraulically connected to Z-), the power applied to the die
cushion is calculated with Formula (B.13):

PeupwrLossLift. =Pms1 (A+=A=)*v+(pysz —Pus1 ) * A=V (B.13)
where
PcupwilossLire. 1S the total electrical power lost during lifting of die cushion [W];
PMsx is the pressure measured at the measuring point x [Pa];
A+ is the die cushion cylinder area head side [mZ2];
A- is the die cushion cylinder area shaft side [m?];
v m
is the actual die cushion velocity {—} .
S
B.2.2.2 Die cushion with energy recovery
An examplp of a die cushion hydraulic with energy recovery’is given in Figure B.5.
S
amm |
B1 XMt p
21 —_< 3a
Z-, A- 3
MS3 >ﬁ \,
1 p X
Z+, A+ Ly Pcoso
Key
1 die cushion‘cylinder head side Z+ die cushion cylinder port head side
2 die cushion’ cylinder shaft side 7— die cushion cylinder port shaft side
3 die cushion drive system A+ die cushion cylinder area head side
3a die cushion drive inverter unit A- die cushion cylinder area shaft side
P connection to pressure source
MSx pressure measuring points
B1 position sensor
P,cosg values measured by inverter

Figure B.5 — Example of a die cushion hydraulic with energy recovery

The flow can be calculated as given in Formulae (B.7) and (B.8).
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Die cushion power can be measured during the complete press cycle and not only during the
displacement of the die cushion. The power of a die cushion resting in its final position is zero due to the
fact that the velocity is zero.

During forming (MT activity 3), the die cushion is displaced by the slide and generating its force.

The power loss is calculated with Formulae (B.14) to (B.16):

PCuTotalHeadDisp. =pwms3 ¥A+*V

whére

PCuTotalHeadDisp.

PCuTotalShaftDisp.

PCuRecoveryDisp.

Pmsx

A+

A-

Duiling slide return (MT activity 6) the die cushion lifts the processed workpiece (MT activ
power applied to the die(cushion can be measured at the inverter system.

B.3 Formulaé for energy calculation for a mechanical press cycle
(downstroking press)

B.3l1 .General

Thd given formulae are examples valid for a mechanical press as shown in B.1 and other pr

HCuTotalShaftDisp. =PMs1 *ATFV

PCuPowerLossDisp. = PCuTotalHeadDisp. +PCuTotalShaftDisp. _PCuRecoveryDisp.

PCuPowerLossDisp.

is the total electrical power applied to the head side during displacem
is the total electrical power applied to the shaft'side during displacem

is the total electrical power recovered,/measured at the inverter sys
displacement [W];

is the total electrical power loss during displacement [W];
is the pressure measured at the measuring point x [Pa];

is the die cushion cylindef’area head side [m?];

is the die cushion cylinder area shaft side [m?2];

is the actual die cushion velocity {—} .
s

(B.14)

(B.15)

(B.16)

ent [W];
ent [W];

fem during

ty 6a). The

esses with

comparable functionality.

They are to calculate the energy required for changing the level of potential energy in the machine
tool component (e.g. slide descent and return, charging and discharging of the oil spring in a hydraulic
cylinder) and the efficiency factor for the machine tool activities according to the typical press diagram
(see 5.2.5). The values can be used for Wypaciivicy in the energy calculation according to ISO 14955-2.

These examples do not include formulae for components of auxiliary devices (e.g. automation systems).
Formulae for components with similar physical principles can be used to calculate the energy required.
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B.3.2 Machine tool activity 1: Slide is waiting in TDC for start signal while die is loaded

Due to the fact that neither the slide nor the die cushion is moving, no energy transferred to or from the
slide or die cushion. The efficiency factors of press components are zero.

B.3.3 Machine tool activity 2: Slide close

The slide descents by a main drive system overcoming the friction in the drive system. Mechanical drive
characteristic, driven by motor or flywheel, determine the slide movement. If a counterbalance system
is provided, the main drive system shall overcome the counterbalance force additionally.

The energly brought to the slide is stored in the counterbalance system and is calculated+with

Formula (B.17):

WSlideClose = (FMovingWeight _FCounterbalance )*SSlideClose (B}17)
where
Witidediose is the energy required for slide close [Ws];

FuMovingweight is the force created by the weight of the moving partsN];

Feountebbalance 1S the average force created by the counterbalanee system [N];

SSlideClése is the slide path between TDC and materiakoontact [my].

The energy efficiency factor in this machine tool activity is:éalculated with Formula (B.18):

Wers
_ SlideClose
TslideClose = w. (B{18)
SysBoundMTa
where
NslideClbse is the energy efficieney factor for slide closell;
Wslidediose is the nascentpetential energy [Ws];

Weyspoinamta 1S the energy supplied at the system boundary for this machine tool activity [Ws].

NOTE For "Slide close" . on-upstroking presses, see "Slide return”.

B.3.4 Mgdchine tooVactivity 3: Forming

The workpiece sisoformed by the slide while the die cushion creates a counter force to work gs a
blankholddr,-The required slide force (mainly the addition of die cushion force and force required for
Workpiece Fnrming) is gpnprnfpd by ﬂyv\rhpp] or servo motaor torque

The energy supplied is calculated with Formulae (B.19) and (B.20):

WForming = FForming 8 SForming (B.19)

FForming ZFWorkpiece +FDieCushi0n (B.ZO)

where
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Weorming is the energy supplied during forming [Ns];

Frorming is the average force of slide during forming [N];

SForming is the slide path between material contact and BDC [m];

Fyorkpiece is the average force of the workpiece [N];

Fpiecushion is the average force of the die cushion [N].
If no workpiece is used during test procedure the force of the workpiece is zero, Fyy, «piece = 0-
The energy efficiency factor in this machine tool activity is calculated with Formula (B.21}:

MForming =WWF°$i“g (B.21)

SysBoundMTa

where

NMForming is the energy efficiency factor for forming[l;

Weorming is the energy supplied during forming [Ws];

Wsysounamta S the energy supplied at the system boundary for this machine tool actjvity [Ws].
If nb energy recovery during forming is provided (e.genergy recovery at die cushion), the energy
supplied during forming WFOrming is converted into heat.
B.3l5 Machine tool activity 4: Embossing
Duijing embossing, the (programmed) slide~force is applied to the press which leads to thgd maximum
elofgation of the press frame and a distortion of the drive mechanism in the cycle.
The energy supplied is calculated with*Formula (B.22):

WEmbossing = Fslide * SElongation (B.22)
wh¢re

Wembossing is the energy supplied during embossing [Ws];

Fglige is the average force of slide [N];

SElongation is the elongation of the frame and distortion of drive unit [m].
The énergy efficiency factor in this machine tool activity is calculated with Formula (B.23):

MEmbossing = MZEmﬂ (B.23)

ysBoundMTa

where

NEmbossing is the energy efficiency factor for embossing[];

Wembossing is the energy supplied during embossing [Ws];

WsysBoundMTa is the energy supplied at the system boundary for this machine tool activity [Ws].
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B.3.6 Machine tool activity 5: Decompression

In this phase the stress in slide drive mechanism, die cushion and press frame is relieved. The nascent
energy is the energy stored in the system at the end of the embossing phase. On mechanical presses
with flywheel, the energy is transferred into the flywheel; on mechanical servo presses, the energy is
transferred into the provided energy storage system (e.g. powercaps or electrically driven flywheel).

During decompressing of spring-loaded dies in die cushions, the energy released from the die cushion
can be transferred into the slide energy storage system.

The nascent energy is calculated with Formula (B.24):

WSlide[ ecomp. — WSlideInVDecomp. + AVVEnergyStorage (Bf24)
where
Wsiiderfecomp. is the energy transferred to the energy storage system [Ws];

Wsliderhvbecomp. 1S the energy by integration of power over time [Ws];

AWgpe is the energy transferred to the energy storage systém [Ws].

gyStorage
B.3.7 Mdchine tool activity 6: Slide return

If a counterbalance system is provided, the slide is returning to, TDC driven by counterbalance system.
In other cafes, the energy is supplied by the main drive system.

The nascerjt energy is calculated with Formulae (B.25) and{B.26):

WSlideF eturn — (FCounterbalance _FMovingWeight )* SSlideReturn (Bf25)
where

WslideReturn is the energy suppliéd during slide return [Ws];

FuMovindweight is the force created by the weight of the moving parts [N];

Feountekbalance is the average force created by the counterbalance system [N];

SSlideRekurn istheslide path between TDC and BDC [m].

Ws)ideReturn
TslideR¢turn = W (Bf26)
SysBoundMTa

where

NslideReturn is the energy efficiency factor for slide returnl];

WslideReturn is the energy supplied during slide return [Ws];

WsysBoundMTa is the energy supplied at the system boundary for this machine tool activity [Ws].
NOTE For "Slide return” on upstroking presses, see "Slide descent".

B.3.8 Machine tool activity 6a: Workpiece ejection

During slide return, the workpiece is ejected by die cushion(s).
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The required energy for workpiece lifting (on all types of presses) is calculated with Formula (B.27):

WEjection = FMovingWeightDieCushion * SForming (B.27)
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where

WeEjection is the energy supplied during ejection [Ws];
FMovingWeightDieCushion 1S the force created by the weight of the moving parts [N];

SForming is the slide path between material contact and BDC [m].

B.4 Quantitative functional mapping for a mechanical double action press

An examplp of functional mapping for a mechanical double action press is given in Table B.T

Table B.1 — Example for quantitative functional mapping

2 Includirjg PLC and CNCmo

&
v
%&
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Annex C
(informative)

Hydraulic press brakes

IO I P IC-UT o It

Figuire C.1 shows an example of a down-stroking hydraulic press brake.

- ———c=-x----
Ii
13§ 8 11
12
9 l—ll_l
u
1
10
Key
1 |frame 8 beam
2 |press cylinder 9  tools
3 |electrical switch gear cabipneét 10 bed
4 |foot pedal 11 side safeguard
5 |workpiece suppert 12 light curtain
6 |backgauge 13 control panel
7 |hydraulie’syStem

Figure C.1 — Example of a downstroking hydraulic press brake

C.2 Power measurement at a hydraulic press brake

C.2.1 General

An example of a press brake hydraulic with energy recovery is given in Figure C.2.

© IS0 2019 - All rights reserved



https://standardsiso.com/api/?name=aad45d4defe89efcd5107fe2f28109a6

ISO 14955-4:2019(E)

MS2

2 O MS1
P
Z+1 3 iq
1
A+
4
A LT
MS4 MS3
6 7 P
f— o
| e oIt iﬂ
Z_ () (i}
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I
Key
1 beam cylinder head side Z+  beam cylinder port head’side
2 prefill Z-  beam cylinder portshaft side
3 main uhit head side A+ beam cylinder-afea head side
4 decomlression unit A-  beam cylinder area shaft side
5 beam cylinder shaft side P connectioh'to pressure source
6  press bfeak safety MSx pressure measuring points
7  beam return unit B1 position sensor
8 beam dpwn unit

The flow ¢

Q=v*|

Qis

A

Figure C.2 — Example of a beam hydraulic for a downstroking press brake

hn be calculated with Formulae (€:1) and (C.2):

3
the flow to/out of the cylinder [m——‘ ;

S

C.1)

£.2)

A isthe cylinder area (4+, A-) [m2];

is the beam velocity [

m
— |’
S

As is the path travelled during measuring interval given by position sensor B1 [m];

At is the measuring interval [s].

The following formulae are to calculate the power applied to the machine tool component and the
efficiency factor related to the machine tool component in the press cycle. Power applied to overcome
seal and guide friction is part of the power applied to the beam cylinder.
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An example of typical beam power in a cycle of a hydraulic press brake is given in Figure C.3.

Y A B b
1 P (L
I -
T T : : |: T T >
1 2 3 "4 5. 6 ¥ t
Key]
B |beam stroke P actual pewer
t [time Y strokerespectively power
1 |machine tool activity 1: power during restin TDC 4  maghine tool activity 4: power during pyessing
2 |machine tool activity 2: power during beam close 5 _ machine tool activity 5: power during
3 |machine tool activity 3: power during bending decompression
6  machine tool activity 6: power during b¢am return
Figure C.3 — Example of beampower during a cycle of a hydraulic press brake

C.2{2 Power during rest in TDE{MT activity 1)
In this machine tool activity,me~power is transferred to or from the beam. The measured ppwer is the
power required for idling and the energy efficiency factor is zero.
C.2|3 Power duringslide descent (MT activity 2 to 4)
In this calculatipnybeam descent includes the power measurement at machine tool activities 2 (beam
cloge), 3 (bending) and 4 (pressing). The given formulae are valid for all three machine tool activities.
Power applied to the beam is calculated with Formulae (C.3) and (C.5):

PSlTotalHeadDesc. =PMs1 * A+#y (C'3)

PsicylHeadDesc. = Pms2 *A+#V (C4)

PSlelShaftDesc. =PMsq ¥FA—*V (C.5)
where
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PqiTotalneadnese. 1S the total electrical power applied to the beam head side system [W];

PgicyiHeadDesc. is the total electrical power applied to the beam cylinder head side [W];
Pgjcyishaftbesc. is the total electrical power applied to the beam cylinder shaft side [W];
PMsx is the pressure measured at the measuring point x [Pa];

A+ is the beam cylinder area head side [m?];

A- is the beam cylinder area shaft side [m?];

v is the actual beam velocity [?} .

Pgicvishafipesc 1S the loss of power at the beam shaft side. If energy recovery is provided for the b¢am
sha%’t side, [e.g. recovery to the grid, by accumulator, the output power of the energy-recovery sysfem
can be subfracted from Pg;cyishaftpesc.

NOTE Iuring energy recovery, the value of Pgjcyishaftpesc. IS Supposed to be negative.

The total l¢ss of power during descent is calculated with Formula (C.6):

PSlerLossDesc. = PSlTotalHeadDesc. +PSlelShaftDesc. _PSlShaPcDescRecov. (F-6)

where

Pgipwrilosspesc. is the total electrical power loss during beam descent [W];
Pgitotalieadpese. 1S the total electrical power applied to the beam head side system [W];

PgicyishafiDesc. is the total electrical power applied to the beam cylinder shaft side [W];

o~
—

PSIShaijSCReCOV. is the total electrical power recovered from the beam shaft during descent [V

C.2.4 Power during decompression (MT activity 5)

The energy released during decompression was brought in the beam during pressing (MT activity 4).
The recovdrable average power’is calculated with Formula (C.7):

((Po_Msz2 ~P1ms2” )*V ++(p0_MS42 ~P1mss )*V —)*ﬁ

PsicyiDgcomp. = 2% Epecomn, (€.7)
where

PgicyiDecomp. is the power generated by the beam during decompression [W];

Po Ms2 is the pressure before decompression of beam cylinder head side [Pa];

P1 Ms2 is the pressure after decompression of beam cylinder head side [Pa];

Po Ms4 is the pressure before decompression of beam cylinder shaft side [Pa];

P1 Ms4 is the pressure after decompression of beam cylinder shaft side [Pa];

thecomp. is the decompression time [s];
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V+ is the oil volume at beam cylinder head side [m3];

V- is the oil volume at beam cylinder shaft side [m3];

B is the compressibility (e.g. mineral oil f=7* 10710 {PL} ).
a

The oil volume, V, should also include the oil volume in the pipes and manifolds that changes its pressure

during decompression.

If ehergy recovery is provided for decompression, the integration of power measured atth

therecovery system reflects the amount of energy recovered.

C.2{5 Power during beam return (MT activity 6)

Power applied to the beam is calculated with Formulae (C.8) and (C.11):

PsiTotalShaftRet. = PMs3 ¥ A—*V
PsicyishattRet. =Pmsa *A—*V
PsicyiHeadRet. = PMms2 ¥ A+*V

PSlerLossRet. = PSlTotalHeadRet. + PSlTotalShaftRet.

~

[E—)

where
PitotalShaftRet. is the total electridal power applied to the beam shaft side [W];
Pgicyishaftret. is the total electrical power applied to the beam cylinder shaft side [W];
PgicylteadRet. is totalelectrical power applied to the beam cylinder head side [W];
PgpwiLossRet. isthetotal electrical power loss during return [W];
PgirotalHeadRet. is’the total electrical power applied to the beam head side [W];
PMsx is the pressure measured at the measuring point x [Pa];
A+ is the beam cylinder area head side [m?];
A= is the beam cylinder area shaft side [m2];
v is the actual beam velocity {?} .

E output of

(€.8)

(C9)

(C.10)

(C.11)

Pgicyiteadret. 1S the loss of power at the beam head side. If energy recovery is provided for the beam head

side, the output power of the recovery system can be subtracted from Pgcy1peadret.-

The difference between Pgryaishattret. a0 Psicyishafire, 1S the loss of power at the beam shaft side

manifold(s) during return.
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C.3 Formulae for energy calculation for a hydraulic press brake cycle
(downstroking press)

C.3.1 General

The given formulae are examples valid for a hydraulic press brake as shown in C.1 and other press
brakes with comparable functionality.

They are to calculate the energy required for changing the level of potential energy in the machine

tool component

cylinder) a
diagram (s
ISO 14955

These exarj
Formulae fi

C.3.2 Mg

Due to the
factor of pr

C.3.3 Mg
The beam ¢

The initial

(e.g. beam descent and return, charging and discharging of the oil spring in a hydra

ee 5.3.5). The values can be used for Wyrycqyiry in the enery calculation accordin
2.

hples do not include formulae for components of auxiliary devices (e.g. automation syste
pr components with similar physical principles can be used to calculate the¢nergy requi

chine tool activity 1: Beam is waiting in TDC for start signal while die is load

fact that the beam is not moving, no energy is transferred to or frofrthe beam. The efficig
ess brake components are zero.

chine tool activity 2: Beam close

energy stored in the beam mass is calculated with'¥Formula (C.12):

ulic
ake

P

lescents by gravity. The fluid flow out of the lower cylinder is controlling the beam movemjent.

Wsiclose = FMovingWeight *SSlClose (Cl12)
where

Wsiclose is the initial energy stored in the beam mass [Ws];

FyMovingweight is the force created by the weight of the moving parts [N];

SS1Close is the beam.path between TDC and material contact [m];
The energy efficiency factor.inthis machine tool activity is calculated with Formula (C.13):

|74
_ SiClose
Nsiclosd = w. (Cl13)
SysBoundMTa

where

NsIClose tStheenergy efftctency factor for beam ciosett;

Wsiclose is the initial energy stored in the beam mass [Ws];

WsysBounamta IS the energy supplied at the system boundary for this machine tool activity [Ws].
NOTE For "Beam close" on upstroking press brakes, see "Beam return".

C.3.4 Machine tool activity 3: Bending

The workpiece is held by the operator or the work support and formed by the beam equipped with
tools. The required beam force (in relevant of workpiece thickness, tensile strength, length and v-width
of tools) is generated by fluid pressure.
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The energy supplied is calculated with Formulae (C.14) and (C.15):

WBending :FBending *SBending (C.14)
where

Wgending is the energy supplied during bending [Ws];

Fgending is the average force of beam during bending [N];

SBending is the beam path between material contact and BDC [m].

The energy efficiency factor in this machine tool activity is calculated as follows:

WBending
MBending =7, (C.15)
enems WSysBoundMTa
whgre
MBending is the energy efficiency factor for bendinglll;
Wgending is the energy supplied during bending [Ws];

WsysBoundMta is the energy supplied at the system boundary for this machine tool actjvity [Ws].

C.3}5 Machine tool activity 4: Pressing

Duiling pressing, the beam force is generated by elongation of the press brake frame by beam positioning
and applied for the programmed processing time. Elongation of press brake frame and compression of
hydjraulic spring are relevant for the energysupplied.

The energy supplied is calculated with Formulae (C.16) and (C.17):

SCompression
WPressing =Fg * SElongation +# (C.16)
whgre
Whressing isthe energy supplied during pressing [Ws];
Fg is the average force of beam [N];

SElongation is the frame elongation [m];

SCotnnression is the calculated path of compression (oil spring) [m].

The energy efficiency factor in this machine tool activity is calculated as follows:

WPressing
Npressing = We o (C17)
SysBoundMTa
where
Mpressing is the energy efficiency factor for pressingli];
Whressing is the energy supplied during pressing [Ws];

WsysBoundmta 1S the energy supplied at the system boundary for this machine tool activity [Ws].
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C.3.6 Machine tool activity 5: Decompression

The initial energy stored in the cylinder head is equal to the energy at the end of the bending phase.
Without means of regeneration, generated energy on the cylinder head is converted into heat by the
decompression unit.

C.3.7 Machine tool activity 6: Beam return
The beam is returning to TDC driven by hydraulic fluid.

The energy supplied is calculated with Formulae (C.18) and (C.19):

WsiRet. :FMovingWeight *SSIRet. (C}18)
where
WiiRet. is the energy supplied during beam return [Ws];

FuMovingweight 1S the force created by the weight of the moving parts [N];
SSIRet. is the beam path between TDC and BDC [m].

The energy efficiency factor in this machine tool activity is calculated as follows:

Wir
LD e — d19)
SysBoundMTa
where
NSIRet. is the energy efficiency factor for beam returnlll;
WiiRet. is the energy supplied during beam return [Ws];

—_

Wsyspofinamea 1S the energy supplied at'the system boundary for this machine tool activity [Ws].

NOTE For "Beam return” on upstroking press brakes, see "Beam close".

C.4 Quantitative functional mapping for hydraulic press brakes

An examplp of functional\mapping for a hydraulic press brake is given in Table C.1.
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Table C.1 — Example for quantitative functional mapping

Including PLC and CNC modules.

© IS0 2019 - All rights reserved 71


https://standardsiso.com/api/?name=aad45d4defe89efcd5107fe2f28109a6

ISO 14955-4:2019(E)
Annex D
(informative)

Turret punch presses

nle of 2 servonunching nress
D.1 Exappleofaservo punchin o press

Figure D.1 shows an example of a servo punching press (AC servo direct twin drive punching press)
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|17
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@rERE |
9 10
/ 14
J
16 1 13
Key
1 frame 10 ram drive motor
2 slide 11 X-axis motor
3  carriagg 12 Y-axis motor
4  clamp T3—TF-axisTotor
5 fixed table F 14 chain
6 fixed table R 15 striker and ram
7  moving table F 16 NC-console
8 moving table R 17 workpiece
9 turret

Figure D.1 — Example of AC servo direct twin drive punching press
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D.2 Power measurement at a turret punch press

D.2.1 General

An example of a typical drive unit for a servo punching press is given in Figure D.2.

1
©  —— YWl
| g 3 T M
—- o~ A\
e— —~  — 9 =
~y N N
u |
AN
N\ P, cos @
Key
inverter system u voltage measuring@eint
line filter and line reactor i current measuring point
inverter (with power measurement feature) P, cosp values measured by inverter

Figure D.2 — Example of a drive unit for a serve punching press
The power of motors driving components through mechanical transmissions, such as ram, X-pxis, Y-axis
and| T-axis, is usually relevant.
If the inverter provides a measure of the input powér and phase angle, those values may be ysed.

An gxample of typical power in a cycle of a turret,punch press is given in Figure D.3.
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ram
ram upper end
ram loyer end
X-axis qctive
Y-axis active

T-axis dctive

time

actual power

complete punching cycle

machine tool activity 1: STANDBY - waiting for the start signal of axes

machine tool activity 2: die positioning - T-axis is rotated for setting the die into the punch centre

machine tool activity 3: workpiece positioning - X-axis and Y-axis move for setting the workpiece to processing
position

machine tool activity 4: punching - ram descends and processes punch holes, then moves to upper end

Figure D.3 — Example of power in a servo punching press
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D.2.2 Power for standby (MT activity 1)

In this activity, the macine is waiting for a start signal. No axis is transmitting power. Measured power

is idling power and the energy efficiency factor is zero.

D.2.3 Power for die positioning (MT activity 2)

In this activity, for setting the die into the punch center, T-axis is rotated. This operation will act only the

first time, if there is no alteration in the die. The measured power is the power applied to the T-

measured power is the power applied to the X-axis motor and Y-axis motor (the numbers
refdr to Figure D.1).

D.2.5 Power for punching (MT activity 4)

Descending ram-axis by drive motor (10), and processing punch holes-into workpiece (17) t
die|And, the ram which moves down to the lower end, and then mgves up to the upper end
prepare for the next work movement. The measured power is the, power applied to the ram d
(th¢ numbers in brackets refer to Figure D.1).

D.3 Formulae for energy calculation for a servo punching press

D.3.1 General

The calculation formula obtained in this clause*conforms to the servo punching press as sh
and| punch presses with the same elements; (€.g. number of ram drive motor, X- and Y-axis dri
and pinion or ball screw).

D.32 Machine tool activity 1: Standby

axis motor.

axis motor
fation. The
n brackets

hrough the
in order to
rive motor

bwn in D.2,
en by rack

X-axis, Y-axis and ram are in‘the state which waits for start signal without movement, and no power

tramsmission to X-axis, Y-axisjand ram. Each energy efficiency factor is zero.

D.3.3 Machine toolactivity 2: Die positioning

The state wherethe’ die on the turret is rotated with T-axis motor and positioned to specifi
(angle) in advance.

bd position

The energy-required to set T-axis in position as specified in advance is calculated with Formulae (D.1)

and (D2)s

Wt =Ttpce. *Ot1ace. T ITFriction *©T T 1TDec. * P TDec.

Or1 =O1pcc. T OrUni. T+ OTpec.

where
W is the energy required for T-axis positioning rotation [Ws];
Trpce. is the torque required for T-axis acceleration [Nm];
Orace. is the rotation angle which moved at the time of T-axis accelerationll];
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TTFriction

@T
TTDec.

@TDec.

@TUni.

is the friction torque when moving the T-axis rotating part at uniform velocity, depending
on the weight of the machine components linked to the T-axis, e.g. turret (9) and die [Nm];

is the rotation angle which requires T-axis positioning[ll;
is the torque required for T-axis deceleration [Nm];
is the rotation angle which moved at the time of T-axis decelerationll];

is the rotation angle which moved at the time of T-axis uniform velocity[2l.

The energy efficiency factor in this machine tool activity is calculated with Formula (D.3):

w
Ny =p———— (p-3)
W SysBoundMTa
where
nr is the energy efficiency factor at the time of die positioninglI;
W is the energy required for T-axis positioning rotation [Ws];

Wsysohndmta 1S the energy supplied at the system boundary forthis machine tool activity [Wy].

If a regenerative drive is adopted, deceleration energy of T-axis can be partially recovered.

D.3.4 Mgdchine tool activity 3: Workpiece positioning

The state where the workpiece is positioned to specified position in advance with X-axis motor and

Y-axis motgr.

The energy required to set X-axis in position as specified in advance with Formulae (D.4) to (D.7):

Wy =Wxace. * Wxuni. + Wxpec. (P-4)

Wxace |~ (FXACC. +FyFriction )*SXACC. (b.5)

Wxuni. [F FxFriction *Sxuni. (p.6)

WXDec. = (FXDeC. _FXFriction ) >l<SXDec. ( )-7)

where

Wy is the energy required for X-axis positioning [Ws];

Wy ace. is the energy required for X-axis acceleration [Ws];

Fyace is the force required for X-axis acceleration [N];

Fypriction 1S the friction force when moving the X-axis, depending on the weight of the machine
components linked to the X-axis, e.g. carriage (3), clamp (4), workpiece (17) (numbers
in brackets see Figure D.1) [N];

Sx Ac. is the distance covered by the X-axis during acceleration [m];

Wxuni. is the energy required for X-axis uniform movement [Ws];
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is the distance which moved at the time of X-axis uniform movement [m];
is the energy required for X-axis deceleration [Ws];
is the force required for X-axis deceleration [N];

is the distance which moved at the time of X-axis deceleration [m].

The energy required to set Y-axis in position as specified in advance with Formulae (D.8) to (D.11):

Wy =Wypee Wy +Wypeo (D.8)
Wyace. =(Fyace. + Fyweight ) *Syace. (D9)
Wyuni. = Fyweight * Syuni. (D.10)
Wypec. =(Fypec. ~ Fyweight * Sypec. (D.11)
whgre
Wy is the energy required for Y-axis positioning fWs;
Wyace. is the energy required for Y-axis acceleration [Ws];
Fypce. is the force required for Y-axis acceleration [N];
Fyweignt s the friction force when moving the Y-axis, depending on the weight of tle machine
components linked to the Y-axis, e.g. weight linked to the X-Axis, X-axis drive unit, slide
(2), moving table F (7), moving table R (8) (numbers in brackets see Figure D{1) [N];
SyAce is the distance coveried by the Y-axis during acceleration [m];
Wy tni is the energy reguired for Y-axis uniform movement [Ws];
SYUni is the distanee which moved at the time of Y-axis uniform movement [m];
Wypec is the.energy required for Y-axis deceleration [Ws];
Fypec isthe force required for Y-axis deceleration [N];
SyDec. is the distance which moved at the time of Y-axis deceleration [m].
The enérgy efficiency factor in this machine tool activity is calculated with Formula (D.12):
Nxy = WWX;WY (D.12)
SysBoundMTa
where
nxy is the energy efficiency factor at the time of workpiece positioningl1l;
Wy is the energy required for X-axis positioning [Ws];
Wy is the energy required for Y-axis positioning [Ws];
WsysBounamta IS the energy supplied at the system boundary for this machine tool activity [Ws].
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In the case that each motor has a regeneration system, deceleration energy of the X-axis and Y-axis can
be recovered.

D.3.5 Machine tool activity 4: Punching

The striker driven by the ram moves down and performs punching, and then moves up to upper end.

The energy required for punching is calculated with Formula (D.13):

WPunching = FPunching * SPunching

(D

13)

where

WPunc}
FPunchi

SPunchi

The energy

nPunch
where

NPunchi
WPunc}

WSysBo

In case thg
down and

D.4 Quantitative functional mapping for a servo punching press

An exampl

ing is the energy required for punching [Ns];
hg  is the force required for punching [N];
g is thelength which punching power generates (shear length) [m];

NOTE Shear length varies with the clearance of punch and die;material and tool sh

efficiency factor for punching is calculated with Formula (D.14]:
e = WPunching (D
W.
SysBoundMTa

o is the energy efficiency factor at the.@ime of punching[l;
ing is the energy required for punching [Ws];

L ndMTa 1S the energy supplied at thé'system boundary for this machine tool activity [Ws]

ram drive motor has regeneration system, deceleration energy of the ram at the tim
1p can be recovered.

b of functionalkimapping for a servo punching press is given in Table D.1.

hpe.

14)

e of
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Table D.1 — Example for quantitative functional mapping

Including PLC and CNC modules.
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Annex E

(informative)

Laser processing machine tools

E.1 Exampleofalaserp

Figure E.1|l shows an example of a laser processing machine tool (flying optics laser praeces

machine tqol).
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10 —— |

T-OCTCOUTEY

TITOr CITTIITCCOUUT

=15

10

T 14

Key

frame

X carriage

Y carriage
Z-axis
processing head
oscillator

X optical path

O N O U1 D W

Y optical path

Figure E.1 — Example of a flying optics laser processing machine tool
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11 Y-axis motor
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