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Foreword

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

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

The ISO 21919 series describes interfaces for automated machine tending of at least one computer
numerically controlled (CNC) machine by using a machine tending system. These interfaces are the

link between automated machine tending systems and machines used for production. The
machine tending is initiated by either the machine tending system or by the machine.

ISO 21919-1 gives an overview and defines the fundamental principles on how the interfa

automated

ces are set

up. It defines the necessary vocabulary and sets the syntax for the structure of signals. It distinguishes

between the safety interface, the control interface and project specific extensions.

Autpmated machine tending refers to the automatic loading or unloading of one or more
using a machine tending system.

EXAMPLE Examples for machines are machine tools, typically computer numerically contr
metfology co-ordinate measuring machines (CMM), 3D structured light scanner (3DSL), and X-ra
Examples for machine tending systems are robots, handling systems, gantrys, autonomous intellig
(AIY), and automated guided vehicles (AGV).

Autpmated machine tending is a substantial element in highly productive industrial eny
a complex endeavour. Necessary devices are complex systems by itself, are oftentime
ifferent suppliers and encounter each other at the production site first time. For a t
collpboration of all units a clear definition of the interfaces is indispensable. For manufacturi
such standardized interfaces at an international level haven'¥’béen defined yet.

Therefore, the definition of the interfaces often is project-specific from the scratch or ea
triefs to establish its in-house standards. These procedires cause great efforts, are prone to
henlce take a lot of time and manpower. As each intéxface is built individually and testing be
oftgn not possible, commissioning times exceed the planned ones. Machine builders, system

and production plant operators report these\issues being substantial obstacles for such :
projects.

achines by

lled (CNC),
y machines.
ent vehicles

ironments.
s provided
fouble-free
g systems

Ch supplier
failure and
forehand is
ntegrators
lutomation

Stapdardized interfaces lead to lean.c6ordination processes, give higher planning reliability, shorten

timps for commissioning and are less error-prone.

On the other hand, automatedsmachine tending systems can be very complex systems and
need to be flexible enough te‘allow an adaption to the requirements of individual projects.

Applications are ranging from simple parts removal to material flow dedicated complex
lings. It is noteworthythat the processing technologies of the machines are independent to th
and a majority of mdachine technologies can be integrated with the same standard.

re 1 and Figure 2 display the range of complexity of machine tending systems cove
[SO|21919 séries. Figure 1 shows an example of a simple automated machine tending system
of almachine tool loaded by a conveyor.

standards

production
e interface

red by the
consisting
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Figure 1 — Example of a simple automated machine tending system

Figure 2 shows an example of a complex production line with fiveccomputer numerically controlled
machine tdols tended by a loading gantry.

Figure 2 — Example of a complex production line loaded by a gantry

In general, |the)interfaces for automated machine tending are composed of:

— mechanical;
— control-related; and

— safety-related connections.

vi © IS0 2021 - All rights reserved
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Physical device control — Interfaces for automated
machine tending —

Part 2:
Safety and control interface

1

Thi
clag

Scope

s and/or conformance option. It describes the detailed functions of each, signal, deg

displays the timing interactions between signals in flow charts and shows exaniples for safe

and|

Thi
opt

2

The
con
und

ISO
for

ISO
Ovel

[EC
elec

3

safety-related functional relationships.

5 document defines three conformance classes and dedicated coriformance options. (i
ons consist of a number of signals to:

allow a flexible adaptation of the interface(s) to a project-specific scope of fun
simultaneously;

tie sets of signals tight enough to avoid unnecessary.eoordination efforts between supp
machine tending systems and machines.

Normative references

following documents are referred to'in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest editiagn of the referenced document (including any amendmen

13849-1, Safety of machinexy,— Safety-related parts of control systems — Part 1: Generd
lesign

21919-1, Automation systems and integration — Interfaces for automated machine tendiny
r'view and fundamental principles

62061, Safety-of machinery - Functional safety of safety-related electrical, electronic and pro
tronic contrel-systems

Terms and definitions

5 document deals with the safety interface and control interface. It allocates signals to a conformance

cribes and
y matrices

lasses and

Ctions and

liers of the

Pir content
pplies. For
[s) applies.

[ principles

y — Part 1:

grammable

For
app

ol el | PR | e I . L - . 1LCAO 2104041 1l
LIIC PUrpuscs Ul LIS UUCUIIICIIL, LT LTS AU UCTTIIILIUILS gIVEIT TN 1oV 4171771 dlIU LT

ly.

e following

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

3.1

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

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

emergency stop
function which is intended to

— avert arising or reduce existing hazards to persons, damage to machinery or to work in progress,

and

© IS0 2021 - All rights reserved
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— Dbe initiated by a single human action

Note 1 to en
[SOURCE: I

3.2
guard

try: ISO 13850 gives detailed provisions.
S0 12100:2010, 3.40]

physical barrier, designed as part of a functional unit to provide protection

[SOURCE: ISO 12100:2010, 3.27, modified — In the definition, "the machine" has been changed to "a

functional

4 Desci

4.1 Gen

For an extg
shall be de

— safety

— contro| interface.

Figure 3 sh

ry: A part family consists at least of one part.

ription of the interfaces

bral

nsive description of the interfaces for automated machine tending, the following interfaces
fined:

interface;

ows the principle setup of the interfaces.for automated machine tending.
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Interfaces for automated machine tending
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Figure 3 — P@lciple setup of the interface
W
4.2| Characteristics of the i Se ace
4.2{1 General C)C)
The signals are grou conformance classes and conformance options for a flexible adpptation of
thefinterface to the ct-specific sets of functions. Grouping allows individual characterization of the
intdrface while sil@ aneously meeting the requirements of this document.
For|the appli n of this document, one conformance class shall be selected, all desired conformance

optlons ¢ selected, and a project specific extension can be defined.

ipn shall be
d option are

selected.

When realizing the interface, the signals shall correlate in the way shown in the relevant flow charts in
Annex C.

4.2.2 Conformance class

4.2.2.1 General

With the selection of a conformance class a basic set of signals is selected in order to fulfil the task of
automated machine tending.

© IS0 2021 - All rights reserved 3
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The following conformance classes are available. Only one conformance class shall be selected.

Conformance class 1: Minimum set of signals.

— Conformance class 2: Extended set of signals.

Conformance class 3: Extended set of signals with process optimization.

4.2.2.2 Conformance class 1: Minimum set of signals

4.2.2.2.1

General

At conform
— safety
simple
simple

simple

The word
and that cl

Conformarj

4.2.2.2.2

The functign "simple unloading" serves the requirement-to unload one part from the machine.

See the corx

4.2.2.2.3

The functign "simple loading" serves the requirement to load one part to the machine.

See the cor

4.2.2.2.4

The functi¢n "simple conibined unloading and loading" serves the requirement to unload one part f:
e and thenl]oad another part after that. The time period between unloading and subseqyent
loading is ot defined,

the machin

However, t
area durin

ance class 1, the following functions can be realized:
of people;

unloading;

loading;

combined unloading and loading.

simple” indicates that there is no distinction between coherent and non-coherent tran
hmping functions are not handled via the interface.

ce class 1 is not applicable for machines that need coherent transfer.

Simple unloading

responding flow chartin Figure C.1.

Simple loading

responding flow chart in Eigure C.2.

Simple combined-unloading and loading

he reStriction applies that there shall be no machine movements required in the interferg

sfer

"fom

nce
can

b the'loading and unloading process. In this case, the automated machine tending system

3 1ilas il HYwS £,
remaln WlLlllll LITU ITILCTICTI CIIt U dI vd.

See the corresponding flow chart in Figure C.3.

4.2.2.3 Conformance class 2: Extended set of signals

4.2.2.3.1

General

At conformance class 2, all functions of conformance class 1 and the following can be realized:

— unloading with non-coherent transfer, with/without clamping function;

— unloading with coherent transfer;

© ISO 2021 - All rights reserved
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loading with non-coherent transfer, with/without clamping function;

loading with coherent transfer;

combined unloading and loading with non-coherent transfer, with/without clamping function;

combined unloading and loading with coherent transfer;
preparation of a part;

emptying;

NOTI
sign

4.2

Fun
req

See

4.2

Fun
unl

See

4.2

Fun
tol

See

4.2

Fun

functions of guard doors;
further status information.

E Conformance class 2 and conformance class 3 are typically implemented as,bus interf3
als are handled.

2.3.2 Unloading with non-coherent transfer, with/without clamping function

ction "Unloading with non-coherent transfer, with/without“clamping function"
1irement to unload a part from the machine at non-coherent transfer.

the corresponding flow chart in Figure C.4.

2.3.3 Unloading with coherent transfer

ction "Unloading with non-coherent transfer, with clamping function" serves the requ
bad a part from the machine at coherent transfer.

the corresponding flow chart in Figure C.5!

2.3.4 Loading with non-coherent transfer, with/without clamping function

ction "Loading with non-coherenttransfer, with/without clamping function" serves the r¢
ad a part from the machine.at non-coherent transfer.

the corresponding flow.chart in Figure C.6.

2.3.5 Loadingwith coherent transfer

ction "Loadifig'with coherent transfer” serves the requirement to load a part from the

ce as many

berves the

irement to

quirement

machine at

fixed transfer,

See|the coerresponding flow chart in Figure C.7.

4.212.3'6Combined unloading and loading with non-coherent transfer, with /without'clamping
function

Function "Combined unloading and loading with non-coherent transfer, with/without clamping

function" serves the requirement to unload a part from the machine at not fixed transfer and then load
another part to the machine. The time period between unloading and subsequent loading is not defined.

See

the corresponding flow chart in Figure C.8.

4.2.2.3.7 Combined unloading and loading with coherent transfer

Function "Combined unloading and loading with coherent transfer, with/without clamping function"
serves the requirement to unload a part from the machine at coherent transfer and then load another
part to the machine. The time period between unloading and subsequent loading is not defined.

©IS

02021 - All rights reserved
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See the cor

4.2.2.3.8

responding flow chart in Figure C.9.

Preparation of a part

Function "Preparation of a part" is used to inform the automated machine tending system at an early
stage that there is no part at the loading space of the machine or that the machine will complete

processing

4.2.2.3.9

shortly.

Emptying

Function "

Emptying
are no new

If the mac
tending sy

[ o n 4=l - dede 1 | 11 e 4] Jos
LITTPLY TS STIVES LIIT TTUUITTIHITIIU LU UITIUdU d11 Pdal LS 1T U LT AU ITITIT.

Can be requested from the automated machine tending system to the machine, e.g~if’th
raw parts.

stem. Automated machine tending system decides when the machine cafnbé unloaded

acknowledpges the request by setting its request for emptying. Up to this point, the machine s

request loa

See the cor

4.2.2.3.10

ding cycles.
responding flow chart in Figure C.10.

Function of guard doors

jere

hine needs to have all parts unloaded, it shall send a request to the autpmated macline

and
hall

The functigns of the guard doors serve the requirement to unlockthe guard door(s), if necessary. Here,

distinction)|
or to the m

shall be made whether the guard door is assigned to‘the automated machine tending sys
achine. It can also be differentiated if a request.fef’unlocking the guard door remains y

the guard dloor has actually been unlocked or if the requesthas prematurely been withdrawn.

Figure C.11
4.2.2.3.11

Conforman

4.2.2.4 (

4.2.2.4.1
At conforn]
proces

proces
withot

4.2.2.4.2

| differentiates between the two cases and'slfows the corresponding flow charts.

Further status functions

ce class 2 contains further signals' which provide information at the interface.
onformance class 3: Extended set of signals with process optimization

General
ance class 3, alifunctions of conformance class 2 and the following can be realized:
s optimizations at the combined unloading and loading with coherent transfer;

s optimizations at the combined unloading and loading with non-coherent transfer, w
It clamping function;

tem
ntil

th/

process optimizations, 1 pre-positioning by the machnine;

process optimizations, if clamping and releasing is executed in more than one step.

Process optimizations at combined unloading and loading

4.2.2.4.2.1 General

Description of pre-positioning by the automated machine tending system.

Figure 4 displays the principle coherence of different typical areas of machine and automated machine
tending system and its interactions.

© ISO 2021 - All rights reserved
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Key] C)O

range of automated @ine tending system
range of machine%\
interference reposition automated machine tending system

interfere@ ea
locati ransfer station

int&{kr'ence area preposition machine

o)

Figure 4 — Interference area at pre-positioning by automated machine tending system

N U1 A W N

Involved signals are AM_ENA_InIntfrArea, AM_STA_OutlntfrArea, AM_STA_OutlntfrAreaFixt, MA_
ENA_InIntfrArea, MA_ENA_InIntfrAreaPrePos, and MA_STA_OutlntfrArea. For definition of these
signals, see Annex A.

4.2.2.4.2.2 With coherent transfer
The process optimizations at the combined unloading and loading with coherent transfer function

unloads a part from the machine at coherent transfer and then load another part to the machine. The
time period between unloading and subsequent loading is not defined.

© IS0 2021 - All rights reserved 7
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In addition
concerning:

to conformance class 2, process optimizations (optimization of cycle time) are carried out

pre-positionings;

— preparation of unloading part(s).

See the corresponding flow chartin Figure C.13.

4.2.2.4.2.3

With non-coherent transfer, with/without clamping function

Function

Combined unloading and loading with non-coherent transfer, with/without clam}bing

function” JErves the requirement to unload apart from the machine at non-coherent transfer and then
load another part to the machine. The time period between unloading and subsequent loading is[not
defined.

In addition to conformance class 2, process optimizations (optimization of cycle time)are carried|out
concerning:

— pre-positionings;

— prepaifation of unloading part(s).

See the corresponding flow chartin Figure C.12.

4.2.2.4.3 |Process optimizations, if pre-positioning by machine

In conformance class 3, signals are provided for process optithiizations which require a pre-positionping
of the macl:ine. A process description shall be coordinated specifically to the project and depending on
the mechanical design.

4.2.2.4.4 |Process optimizations, if clamping and releasing is executed in more than one step

In confornjance class 3, signals are provided-for process optimizations which require clamping and

releasing i

and depengling on the mechanical desigh:

4.2.3 Co

4.2.3.1 (

The select
conforman
task.

The follow

n more than one step. A process'description shall be coordinated specifically to the prg

nformance options

feneral

on of a confermance option allows adding an additional scope of functions to the seleq
ce class.(The set of signals allocated to a conformance option is intended to fulfil a spe

ng.conformance options are available. Any desired conformance option can be selected.

ject

ted
rific

contro

loading access controlled by machine;

loading access controlled by automated machine tending system;
enabling device;

monitoring of communication;

tool life management;

central functions;

| signals for safety-relevant functions;

© ISO 2021 - All rights rese
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with parts data;
setup information;
machine panel;

part seat control.

IS0 21919-2:2021(E)

Table 1 shows if a conformance option contains safety-relevant and/or control-relevant signals.

Table 1 — Allocation of safety-relevant and control-relevant signals to conformance options

4.2

Thd
sha

Thd
fun

Har

4.2

The
ten

The

Conformance option

Safety-relevant signals

Control-relevant sigdals

Loading access controlled by machine

v

v

Loading access controlled by automat-
ed machine tending system

v

Enabling device

v

Monitoring of communication

Tool life management

Central functions

Control signals for safety-relevant
functions

With parts data

Setup information

Machine panel

Part seat control

NS RN AR A A S

| be provided at the interface.

sigr

3.2 Conformance option: Loading aecess controlled by machine

signals assigned to the conformance option "Loading access controlled by machine"”

conformance option "Loading access controlled by machine" includes signals with the
ctions required if a loading access is controlled by the machine.

dling the signals is ahalogous to the description and diagrams of the guard doors.

3.3 Conformance option: Loading access controlled by automated machine tendin

signals assigned to the conformance option "Loading access controlled by automate
ling system" in Annex A shall be provided at the interface.

conformance option "Loading access controlled by automated machine tending syster
al® with the belonging functions which are required if a loading access is controlled by the

n Annex A

belonging

g system

d machine

h" includes

automated machine tending system.

Handling the signals is analogous to the description and diagrams of the guard doors.

4.2.3.4 Conformance option: Enabling device

The signals assigned to the conformance option "Enabling device" in Annex A shall be provided at the
interface.

The conformance option "Enabling device" includes signals with the belonging functions which are
necessary for operating the system in enabling mode.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9701ae712f31bedcf6f377d40b66045b

ISO 21919-2:2021(E)

4.2.3.5 Conformance option: Monitoring of communication

The signals assigned to the conformance option "Monitoring of communication” in Annex A shall be
provided at the interface.

The conformance option "Monitoring of communication” includes signals with the belonging functions
which are necessary for the monitoring of communication. Each functional unit sends a binary signal
to the interface with a pulse of 1 Hz. The other functional unit evaluates this signal and detects if the
communication is disturbed or alright.

See the corresponding flow chartin Figure C.14.

4.2.3.6 (

The signal
the interfa

The confoy
are necess

4.2.3.7 (

The signal
interface.

The confor
provided b
informatio

4.2.3.8 (

The signals
shall be pr

The confo
belonging

4.2.39 (

4.2.3.9.1
Signals of t
— signalj

prepat

h of the machine.

onformance option: Tool life management
assigned to the conformance option "Tool life management” in Annex A shall bé&)provide

CE.

hry for the tool life management.
onformance option: Central functions
assigned to the conformance option "Central functions" in-Annex A shall be provided at

mance option "Central functions" includes signals with the belonging functions which
y the automated machine tending system for one opmore machine(s) and the relevant st:

onformance option: Control signals for.safety-relevant functions

assigned to the conformance option control signals for safety-relevant functions in Ann
bvided at the interface.

Fmance option dontrol signals for safety-relevant functions includes signals with
unctions which are used aswa‘Supplement to the safety-relevant interface.

onformance option:With parts data

General
he conformance option "With parts data" are divided into:
for controlling data handling;

ation data and parts data.

d at

mance option "Tool life management" includes signals with the belonging’functions which

the

are
tus

bx A

the

4.2.3.9.2

Signals for controlling data handling

The signals assigned to the conformance option "With parts data" in Annex A shall be provided at the

interface.
See the cor

NOTE

responding flow charts in Figures C.15 to C.21.

with the part. Ideally, the physical transfer of a part and the data transfer take place at the same time.

10
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4.2.3.9.3 Preparation data and parts data

4.2.3.9.3.1 Signal names and content of preparation data and parts data

This document determines the signal names of the container for the preparation data and parts data. It
defines the belonging signals for controlling the container as well. This document does not determine

the content of the container for the preparation data and parts data.

The contents of the required preparation data and parts data depends on the specific project. It can be

very different and is therefore not standardized within this document.

Examples of information concerning preparation data and parts data:
— |part reference number:

— parttype;

— part family;

— |part state;

— |part-1D;

— |operation index;

— |cycle time - target value;

— |cycle time - actual value;

— |processing progress;

— |measurement and correction data;

— |clamping process on spindle x;

— |production date;

— |change positons of the machine;

— |washing program number;

— |clamping device ntmber, type, and opening width;

— |maximum spé€edof the workpiece spindle.

4.2{3.9.3.2 < Use of preparation data and parts data

belgriging control signals. The selection of possibilities depends on the specific project.

Fig$re 5\gives an overview of possibilities for the use of preparation data and parts d

hta and its

© IS0 2021 - All rights reserved
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Automated machine tending system

Preparatio

n data Preparation data

Fig

a) Forun
Preparatio

They can b
machine t¢g

Parts data
unloading

b) For lo:
Preparatio

They can b
machine t¢g

| [
| [
| 1
| H N [

| AM_REQ_ | | AM_REQ_ | | AM_REQ_ |
| . . 1 . — . . — .
| automated | PrepUnldPart01 | Parts data | 1 | Partsreference SRS | PrepLodPart01 | | TraPartDat01 |
| |machine tending| ;T R N I number machine tending| ;77 R, H
| system - - I MA DAT system
| PartData01 11 - -
| MA_DAT_ | 1 | ReqdRefNum01 MA_DAT_

Preparation data Preparation data

| | PrepData01 P I PrepData01 P Parts data
| machine 11 machine LI
P 1 AM DAT T T T ToorT e K AM_DAT Data0-
I MA_REQ. ! Prepl_)ataal ! MA_REQ P MA_REQ ! ! MA_REQ ! Prepl_)ataal PartData01
: | PrepUnldPart01 | UnldPart01 | : : iPrepNextRefNumj | PrepLodPart01 i
O o b R S S
| [
| [

Loading process

ire 5 — Overview of possibilities for the use of preparation data and parts data

loading process
I data are used for controlling the logistic processes for unloading:

e provided by the machine to the automated machine tending system or by the automg
nding system to the machine. Typically, only one directien is used.

are taken over by the automated machine tending.system from the machine during
process.

hding process
I data are used for controlling the logisticprocesses for loading.

e provided by the machine to the automated machine tending system or by the automg
nding system to the machine. Typically, only one direction is used.

ted

the

ted

em,

the

are
the

Parts datalare information which the @utomated machine tending system transfers to the machine
during thelloading.

The parts jeference number is transferred from the machine to the automated machine tending syst
when the machine takes over the-selection of a parts reference number.

4.2.3.10 (onformance-option: Setup information

The signal§ assignedt6 the conformance option "Setup information" in Annex A shall be provided af
interface.

The conforimanece option "Setup information" includes signals with the belonging functions which
necessary kefepert-thesetup-state{setupfor-thepartsfamiltysocorforrewerlg-ef-amachine—te
automated machine tending system.

4.2.3.11 Conformance option: Machine panel

The conformance option "Machine panel” consists of a subset of signals of the basic buttons of a

functional

unit's panel. The state of these signals is provided at the interface.

The signals assigned to the conformance option "Machine panel” in Annex A shall be provided at the

interface.

The conformance option "Machine panel” includes signals with the belonging functions which provide

informatio

12

n about using the buttons (hardware or soft key) of a control panel.
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3.12 Conformance option: Part seat control

The signals assigned to the conformance option "Part seat control” in Annex A shall be provided at the
interface.

The conformance option "Part seat control” includes signals with the belonging functions which are
necessary for part seat control.

See

4.3

the corresponding flow chart in Figure C.22.

Safety interface

4.3

Thd
whi

Par
reld

main switch, guard(s) and emergency stop.

4.3

In principle, an area is considered hazardous concerning‘tunctional safety if it can be a

hun
via
ems

Mainly, it can be distinguished between loading>access open and loading access closed. A m

aut
ord
Thi
wit

4.3

The
uni
par

1 General

safety interface between machine(s) and automated machine tending system determi
ch are necessary for keeping personal safety.

L of the realization of the safety interface is the definition of a safety matrix to clarify the

hes signals

functional

tionships between machine and automated machine tending system depending on the status of

2 Principle approach and concept

hans and hazardous actions (e.g. movement) of a functiohal unit occurs. Access to an area
a guard and/or a loading access. Hazardous actions depend on the status of main
rgency stop of the functional unit.

mated machine tending system form a ceiimon emergency stop area, if the loading acd
oes not exist. If the loading access is clesed, each functional unit forms its own emergency
5 approach allows maximum flexibilitiy in operating the functional units while being fully
h safety requirements.

3 Matrix for safety-related functional relationships

matrix in Figure 6 follows the concept in 4.3.2 to maximize flexibility in operating the
s (FU) and should be)realized. Then, no further project-specific definitions between
[ners are necessary.

ccessed by

is possible
witch and

chine and
ess is open
 stop area.

compliant

functional
the project
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Cause (Action, trigger event):

FU Description Loading access closed Loading access open

Emergency stop activated 1 1

Guard open 1 1

Main switch off 1 1

Automated
machine tending
system

mergency stop activated 1 1

Guard open 1 1

Machine

Main switch off 1 1

Reaction:

Pescription

STOP Yes?® | Yes®| Yes?| No | No | Noc| | Yes?| Yes® | Yes? | YesP | Yes® | Yes®

Automated
machine tending
system

STOP No | No [WNo |Yes?|Yes®|Yes?| |Yes®|Yesb<|Yes®|Yes®|Yes®|Yes?

Machine

1 true
a  Stop-category according to EN 60204+1:2019, 9.2.2.

b Safety-¢riented stop function (PLr='c); unexpected start (PLr = d).
¢ Ifrequifed for safety reasons:

d  Status ¢f main switch is nota dedicated signal at the interface.

Figure 6= Principle matrix of safety-related functional relationships

Figure 7 illlustrates an example system configuration on which the above shown matrix can be appljed.

14 © IS0 2021 - All rights reserved
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A
o SWl-A \
0, (19(1’
E'\?)
GlM 1 \ V (i\'

Key S\\%
1 machine

2 automated machine tending system QQ

ES,}y emergency stop button machine Q

ES,|, emergency stop button automated machine tending sy&\m

SWyy main switch machine %)

\

SW{, main switch automated machine tending syst(g\
G, interlocking guard machine Q)
Gyp interlocking guard automated machine '67}1ng system
LD,|y loadingaccess machine \{‘

O

2\
Flgul:ecf Example system configuration

S

Othler matrices for safety-rg@d functional relationships can be realized, e.g. if an activated emergency
stop button, shall bring the automated machine tending system and the machine to STOP. In this
casg¢, an individual m of safety-related functional relationships shall be defined by the project

parfners. %

Depending on t@ﬂndividual project, definition, implementation and realization of the safety matrix
shall be agr@?ﬁetween the project partners in cooperation with the system operator.

Annex E ws simplified examples for safety matrices for dedicated system configurations

)

4.3.

In the case of comprehensive safety-related parts of control systems (SRP/CS), distribution of the PFHD
value is carried out between the participants at a ratio of 1:2 between access level (signal detection) and
exit level (signal evaluation), in order to enable a verification for the functional safety by two individual
calculations. Other agreements can be made depending on the specific project.

Calculation of the performance of the control (SRP/CS) shall be carried out in accordance with
ISO 13849-1 or IEC 62061.

Figure 8 shows an example on how to distribute PFHD values.

© IS0 2021 - All rights reserved 15
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Overall safety function

Input
e.g. emergency stop
button

Output

e.g. motion of valve

| Logic | Output Input Logic

PFHD-verification e. g. of machine
max. allowed PFHD value for PL=d is 3,33 x 107

\Y

Individual calculation at input level Individual calculation at output level

PFHD-verification e. g. of automated machine tending system
max. allowed PFHD value for PL=d is 6,66 x 107

Figure 8 — Example on how to distribute PFHD values

4.4 Conf

The contrd
flow chart

'rol interface

l-related interface describes signals and data with their functions as well as)the belong

which are transferred for the parts transport between automated machinetending sys

and machine.

5 Exten

5.1 Gen

Depending
document

sion of the interfaces

bral

on the complexity of a project on hand, an extensjon (e.g. of signals) described in
fan become necessary. Therefore, a system-specific extension is allowed.

The princiI

The syste

le of a system-specific extension is shown in Figuire 3.

-specific extension shall be documented.

5.2 Examples of project-specific extensigns

5.2.1 Ge
Project-spe¢
the tas

the m4

neral
cific extensions of this document are necessary, for example, if:
k can only be fulfilled-byadditional signals; or

chine has more thait one interference area.

5.2.2 Additional signals

Additional

1Ng
fem

this

signals-and the belonging functions can be defined for a specific project. The nomenclatures
made for this JSQ21919 series shall be taken into account.

5.2.3

More than one interference area

5.2.3.1 Separated safety areas

Signals of the safety interface and control interface shall be completely duplicated.

5.2.3.2 The same safety area

Signals of the control-related interface shall be completely duplicated. There is only one safety-related

interface.

16
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Annex A
(normative)

List of signals

The spreadsheet listing all signals with its attributes is provided in a machine-readable file at https://

sta

Thn

lad 1 lan /
ee—x7ehs~

ee modes of operation exist.

by program or operator.

unloading of workpieces and tools. MO 1 is applicable for machinetending systems and

Mode of operation 2 (MO 2): an operation mode in which adjustments and preparati

are open and/or protective devices suspended.

the workpiece with a probe or tool in single step-mode) are procedures of the setting
[SO 16090-1:2017, 5.2.4.5).

referred to as optional special mode'for manual intervention under restricted operating

Mode of operation 1 (MO 1): an automatic, programmed, sequential operation mode of the machine
with the facility for manual or automatic loading/unloading of workpieces and tools, until stopped

It is also referred to as automatic mode. It can include an operatjenal interruption fo¢r loading/

machines.

bns for the

following machining process are performed by the operator{(setter) with the possibility that guards

It is also referred to as setting mode. Assessments,of;tool or workpiece position (e.g. By touching

mode (see

Mode of operation 3 (MO 3): a limited autematic mode (fixed sequence of separate donsecutive
steps) started by the operator, which temporarily allows manual control or numerically| controlled
operation of the machine, with guards’ opened and/or protective devices suspended. It is also

conditions.

© IS0 2021 - All rights reserved
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B.1 Gen

Annex B
(informative)

Examples for safety matrices

ral

This annex
tending sy
recommen
configurat

The first 4
machine tqg
(closable) 1

Example 2
is separate

The third
above by a

The collect]

simplificat

B.2 Exaj
loading 3
B.2.1 Co

Specific to
without a

stems together with related safety matrices. Its aim is to support the requirements

shows examples that illustrate specific configurations of machines and automated-machine

Hations of 4.3 and to give guidance on how to setup such a matrix depending onthe sys
on.

xample is a rather simple configuration of one machine that is tended*by an automg:

and
fem

ted

nding system composed of a robot. The setup space of the machine\is not separated by a

bading access.

in B.3 is similar to Example 1 in B.2. The only difference is that the setup space of the macline

d by a (closable) loading access.

bxample is a rather complex system of several machines*that are tended by a gantry fi
loading access.

ion of scenarios depicted in these examples are siot intended to be exhaustive. For reason
on the inclusion of the main switches is waived.

mple 1: System configuration with loading setup space without (closab
lccess

nfiguration

the system configuratien_ of this example is that the machine has a loading setup sj
closable) loading access:“The system configuration is shown in the Figure B.1.

"Om

s of

e)

ace
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O
N
S

~V ES..

Key Q
machine QQ
automated machine tending system \\
interference area &Q

4 machine work space \‘S\@

ES,jy emergency stop button machine $

R

ES,], emergency stop button automated maching tending system

G,  interlocking guard machine 1 \O

G,  separates work area from automa.t@lﬁ‘lachine tending system and machine
Gy  interlocking guard automated r@}x\ine tending system

Figure B.1 E)&ding setup space without (closable) loading access

Corfcerning functional\ééty, the following properties are worth mentioning:

— |the machine @%ne guard Gy that allows access to the working space of the machine;

— |the auto ?’ed machine tending system has one guard G;_, that allows access to the working space
of the@mated machine tending system;

— t%&rggerference area can be accessed from the automated machine tending system at dny time as
there is no (closable) loading access;

— the interference area can be accessed from the machine working space via guard G;_; and guard
G .
2-M)

— each functional unit has one emergency stop button.

Concerning interfacing and control, the following properties are worth mentioning:

— in this example the machine places the information of the status of guard G, and guard G,_y
parallel on the interface as signal MA_SFY_GuardClod; and

— drive elements of the clamping device in the interference area are controlled by the machine.
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B.2.2 Safety matrix

Figure B.2 shows the safety matrix of the system configuration shown in Figure B.1.

Safety matrix S T ¥ 2T LvTeLeH g
= 2 £ E £ T & E E
< 8 & ®© 8 & & «©
=] = = = =] = =] = =
7} 9 9 9 9 9 9 9 Q@
o (] o (] (%} o (] (%} L]
17} (22T, N, W% (22 N7, W7, M%7

Cause (Action, trigger event):
Signal Description®
Elllt‘l éCllL_y DLUP \ﬂ{dy LllUL dLLinLEL‘l)
- 5 B (AM_SFY_NoEStop) ! oyttt o
eS|
Seg
T O Guard closed
g2 20 (AM_SFY_GuardClod) 1 111 0 | 1101
g8
35
]
£
Emergency stop okay (not activated)
ES, ., (MA_SFY NoEStop) 1 1 0 1 0 1 1 1 1
S G, Guard work space closed 1 1 111 1 1]10]1]0
%
g G, Guard work space/setup space closed 1 1 1 0 0 1 1 0 0
INFO (MA_SFY_GuardClod) 1 1 1 1 1 1 1 1 0
Reactign:
Description®
g0 Automated machine tending system
T8 in interference area STOP No | | Yes®| Yes®| Yes®| Yes®| [ Yes®[ No | Yes| Yesc
£ 5 g (independent of the mode of operation (MO))
3
§ g ‘i Automated machine tending system
EN-R2 outside interference area STOR No | | Yes?| Yes®| Yes®| Yes®| | Yes¢| No | Yes¢| Yes®
< (independent of MO)
E
Machine in interference area STOP c b c b c c ¢
® (independent ofMO) No | | Yes®| Yes®| Yes®| Yes®| | Yes®| No | Yes®| Yes
%
S . A
= Machineoutside interference area STOP No No | Ves?| vest| Vest| | No | vest| vese| vest

(independent of MO)

a
b

C

According to signal state, see ISO 21919-1.
Stop category*l according to EN 60204-1:2019, 9.2.2.

Safety_ riehted cfnp function (D] r= r‘) nnﬂvppr‘fnd start (D] r= r‘])

Figure B.2 — Safety matrix of a loading setup space without a loading access

B.2.3 Explanation of the scenarios

B.2.3.1 Development of the matrix

The development of the matrix starts with an "everything okay" situation (scenario 0). Scenarios 1 to 4
focus on the emergency stops of the functional units, partly in interaction with guard G,_y.

20
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Scenarios 5 to 8 focus on open guards of the functional units. Emergency stop is assumed as not
activated.

B.2.3.2 Scenario 0

In scenario 0, no emergency stop is activated and all guards are closed. Thus, both functional units can

operate, i.e. machine and automated machine tending system are ready for production.

B.2

In sge

isa
and
Sys
wol
of t

B.2

Ins
are
are
the
the

B.2

In 9
actil

is no loading access, the automated machifie tending system, the interference area and tk

wol
of W

B.2

Ins
Gy.\
Sys
bot
are

B.2

Ins

.3.3 Scenario 1

tlvated All guards are closed As there isno loadmg access, the automated machme tend
the interference area form a common emergency stop area. Thus, the automated.fiiach
em is in STOP, independent of whether it is in or outside of the interference area’As tl
kspace is separated from the interference area by the closed guard G, _,;, maghiné activit
he interference area are permitted.

3.4 Scenario 2

cenario 2 (as distinct from scenario 0), the emergency stop of the.machine is activated.
closed. Thus, the machine is in STOP, independent of whether {tis in or outside of the
h. As there is no loading access, the emergency stop area cannot be limited to the mac

interference area.

3.5 Scenario 3

cenario 3 (as in scenario 1), the emergency stop of the automated machine tending
vated and (as distinct from scenario 1) guard G,_, is open. All other guards are close

kspace form a common emergency stop area. Thus, both functional units are in STOP, iy
rhether they are in or outside of the.interference area.

3.6 Scenario 4

cenario 4 (as distinct ffom scenario 3), the emergency stop of the machine is activated
| is open. All other gdards are closed. As there is no loading access, the automated mach
em, the interferene®area and the machine workspace form a common emergency stop

i

3.7 Scenario 5

ceniario 5 (as distinct from scenario 0), guard G;_, is open. No emergency stop is activatd
leading access, the automated machine tending system and the interference area for

is n

automated machine tending system is in STOP as well, independent of whether it is in of

Jing system
ing system
ne tending
le machine
ies outside

All guards

i}:[:terference

ine. Hence,
outside of

system is
1. As there
e machine
dependent

and guard
ne tending
hrea. Thus,

h functional unit$are in STOP, independent of whether they are in or outside of the interference

d. As there
a common

safety area. Thus, the automated machine tending system is in STOP, independent of whether it is in or
outside of the interference area. Machine activities outside of the interference area are permitted.

B.2

.3.8 Scenario 6

In scenario 6 (as distinct from scenario 0), guard G,y is open. No emergency stop is activated. G,_y; is
closed and prevents access from the machine workspace to the interference area and the automated
machine tending system. Thus, it is sufficient to have the machine outside interference area in STOP.

B.2.3.9 Scenario 7

In scenario 7 (as distinct from scenario 5), guard G;_, and guard G,_y; are open. No emergency stop is
activated. As there is no loading access, the automated machine tending system, the interference area
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and the machine workspace form a safety area. Thus, both functional units are in STOP, independent of
whether they are in or outside of the interference area.

B.2.3.10 Scenario 8

In scenario 8 (as distinct from scenario 6), guard G;. and guard G, are open. No emergency stop
is activated. As there is no loading access, the automated machine tending system, the interference
area and the machine workspace form a common safety area. Thus, both functional units are in STOP,
independent of whether they are in or outside of the interference area.

NOTE Reactionsin scenario Zand 8 arethe same Thisis ohviousas from the functional safety point of view,
itis not reldvant if access is possible from the machine (working area) to all other areas or from the automated
machine terfding area to all other areas. Q

Q/’

B.3 Example 2: Loading setup space with loading access '\Q)
B.3.1 Copfiguration (1/'\0’)
Specific to[the system configuration of this example is that the machine has é?ding setup space with
a (closable] loading access. The system configuration is shown in the Figurgh .
2 ¢°
1 e
N\
N

V)

Gl_MQg 5 7

?\ 4 1-A
Key %Q

1 mag hin&v

2 aut ed machine tending system

3 interference area

4 machine work space

ES,.y emergency stop button machine

ES,., emergency stop button automated machine tending system

G,  interlocking guard machine 1

G,  separates work area from automated machine tending system and machine
G, interlocking guard automated machine tending system

LD, loadingaccess machine

Figure B.3 — Loading setup space with loading access
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Concerning functional safety, the following properties are worth mentioning:
— the machine has one guard G;_), that allows access to the working space of the machine;

— the automated machine tending system has one guard G;_, that allows access to the working space
of the automated machine tending system;

— the interference area can be accessed from the automated machine tending system if LD,y is open;

— the interference area can be accessed from the machine working space via guard G;_; and guard
G .
2-M’

— |each functional unit has one emergency stop button.
Corjcerning interfacing and control, the following properties are worth mentioning:

— |in this example, the machine places the information of the status of guard»G;. and guard G,_y
parallel on the interface as signal MA_SFY_GuardClod;

— |the loading access is controlled by the machine; and

— |drive elements of the clamping device in the interference area are tontrolled by the machine.

B.3l2 Safety matrix

Figuire B.4 shows the safety matrix of the system configuratién shown in Figure B.3.
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- (=]
Safety matrix =] - N ;% ©O N~ O o
S 2 £ £ £ =8 2 2 £ £ 8
B Rt B B B 1= B B B 1= 1=
< ] ] 1} < 1] ] 1] < 1] 1]
g £ £ £ £ = £ & £ & =
5] 5] 5] 5] 5] 5] 5] 5] 5] 5] 5]
o Q Q Q o Q Q Q o Q Q
(%] (%] (%] %] (%] (%] (%] %] (%] (%] (%]
Cause (Action, trigger event):
Signal Description?®
w | ES,, Emergency stop okay (not activated) 1 ol1lolol1 111111111
< £ (AM_SFY_NoEStop )
Ecg
sS85 ¢ Guard closed
gé‘z 1A (AM_SFY_GuardClod) 1 L1111 Ol tjpoj1]l
Se v
<©
3]
E
Emergency stop okay (not activated)
Spu (VA SPY NoEReop) 1 1]lofl1]1]o 11|11
D Loading access machine closed
° M (MA_SFY_LdgDoorClod) ! tprypoqpoqgo IR oo
£
=
§ i Guard work space closed 1 1]1]1]1]1 1[fof1]o0]o0
2 Guard work space/setup space closed 1 1]11]1]0 |% 1111 (1]o0
INFO (MA_SFY_GuardClod) 1 11|11 111 ]1]o
Reactioh:
Description?
oo Automated machine tending system
Sk in interference area STOP n/al\n/a | n/a| Yes’| Yes®| Yes¢| [ n/a| n/a| Yes®| No | Yes*
S8E (independent of MO)
S Ry Automated machine tending system
zE° outside interference area STOP No | [ Yes’| No | Yes| Yes| Yes®| | Yes| No | Yes®| No | Yes*
g (independent of MO)
Machine in interference area STOP
o (independent of MO) No | | No |Yes®| Yes®| Yes®| Yes®| | No | No | Yes¢| No | Yes®
£
|} . . .
s l(\/ilrzilgleli)rglglé;clstl((i)?l{/r[lé%rference area STOP No | | No | Yes®| No [ Yes®| Yes®| | No | Yes| No | Yes€| Yes©
3 Accord]ng to signal state,seg'ISO 21919-1.
b Stop cafegory 1 according to EN 60204-1:2019, 9.2.2.
¢ Safety-¢riented stopfunction (PLr = c) unexpected start (PLr = d).
Figure B.4 — Safety matrix of a loading setup space with loading access

B.3.3 Explanation of the scenarios

B.3.3.1 Development of the matrix

The development of the matrix starts with an "everything okay" situation (scenario 0). Scenarios 1 to 5
focus on the emergeny stops in interaction with the loading access LD;_y, and partly in interaction with
guard G,_y.

Scenarios 6 to 10 focus on open guards of the functional units in interaction with loading access LD _y;.
Emergency stop is assumed as not activated.
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B.3.3.2 Scenario 0

In scenario 0, no emergency stop is activated, All guards and the loading access are closed. Thus,

both functional units can operate, i.e. machine and automated machine tending system are

production.

B.3.3.3 Scenario 1

In scenario 1 (as distinct from scenario 0), the emergency stop of the automated machi

ready for

ne tending

system is activated. All guards and the loadlng access are closed Therefore the emergengy stop

are|permitted, independent of whether it is in or outside of the interference area.,

B.3|3.4 Scenario 2

In scenario 2 (as distinct from scenario 0), the emergency stop of the machine is activated.
and| the loading access are closed. The machine workspace and theinterference area form
emgrgengy stop area. Thus, the machine is in STOP, i.e. no hazardeus actions are permitted iy
of the interference area. As the loading access is closed, therautomated machine tending §
ate outside of the interference area. The situation whereé‘the automated machine tendin
ide of the interference area is not applicable as the loading access is closed.

3.5 Scenario 3

In $cenario 3 (as in scenario 1), the emergeficy stop of the automated machine tendi
is activated and (as distinct from scenario~l1) the loading access LD, is open. All other

cloged. Therefore, the automated machine*tending system and the interference area form
emgrgency stop area. Thus, the automated machine tending system is in STOP, independent
outside of the interference area. The miachine is in STOP, i.e. no hazardous actions are perm
intdrference area. Machine operation outside of the interference area is not stopped.

B.3|3.6 Scenario 4

In 5
acti
oth
wol
of W

cenario 4 (as in scenario 3) the emergency stop of the automated machine tending

br guards are-Closed. The automated machine tending system, the interference area and t
kspace form@a common emergency stop area. Thus, both functional units are in STOP, iy
rhether they are in or outside of the interference area.

B.3|3.7". Scenario 5

d machine
sed. As the
e activities

All guards
a common
or outside
ystem can
B system is

ng system
puards are
a common
if it is in or
tted in the

system is

vated and the loading access LD, is open. The guard G,_y; is open (as distinct from scenario 3), all

e machine
dependent

In scenario 5 (as in scenario 2), the emergency stop of the machine is activated and all guards are closed.
The loading access LD,_y (as distinct from scenario 2) is open. The automated machine tending system,
the interference area and the machine workspace form a common emergency stop area. Thus, both
functional units are in STOP, independent of whether they are in or outside of the interference area.

B.3.3.8 Scenario 6

In scenario 6 (as in scenario 0), no emergency stop is activated, the loading access and the guards of the
machine G;_y and G,_y are closed. The guard G;_, (as distinct from scenario 0) is open. As the loading
access is closed, the safety area of the automated machine tending system does not have to be extended
to the interference area, i.e. can be limited to the automated machine tending system. The guard G;_4 is
open. Thus, the automated machine tending system is in STOP if it is outside of the interference area.
The situation where the automated machine tending system is inside of the interference area is not
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applicable as the loading access is closed. Machine activities are permitted, independent of whether it is
in or outside of the interference area.

B.3.3.9 Scenario 7

In scenario 7 (as in scenario 0), no emergency stop is activated. The loading access and the guards G;_,
and G, are closed. The guard Gy (as distinct from scenario 0) is open. As the loading access and
the guard G,_; are closed, the safety area can be limited to the machine workspace. The guard Gy_y is
open. Thus, the machine is in STOP, i.e. no hazardous actions are permitted outside of the interference

area. Machin

are closed,
The situat
applicable

B.3.3.10 §

In scenarigq
G,y are c
access (as

the autom
the autom
interferend

e acti

on where the automated machine tending system is inside of the
hs the loading access is closed.

interference area'is

cenario 8

8 (as in scenario 6), no emergency stop is activated. The guards of the machine G,y
osed and the guard of the automated machine tending system Gy, is open. The loag
listinct from scenario 6) is open. As the loading access is open angd-the guard G,_y is clo
ited machine tending system and the interference area form a cemmon safety area. T
hited machine tending system is in STOP, independent of whether it is in or outside of
e area. The machine is in STOP, i.e. no hazardous actions aré permitted in the interferg

area. Machlfine operation outside of the interference area is not stoppgd:

B.3.3.11 §

In scenarig
the automg
Gyy (as di
to the mac
no hazardd
system carj

B.3.3.12 §

In scenarid
tending sy
guard of th
the loading
tending sy
whether th

B.4 Exaj

cenario 9

vities in the interference area are permitted. As the loading access and guard G;_,
: e eSSt TR OBt e Sttt e i rterfere et on.

and
ling
ced,
hus,
the
nce

9 (as in scenario 0), no emergency stop is activated. The guard of the machine G,_y a
btinct from scenario 0) are open. As the guard G,y is closed, the safety area can be lim
hine workspace. Thus, the machine canoperate in the interference area and is in STOP)

us actions are permitted outside of.th€ interference area. The automated machine tenc
operate, independent of whetherit\is in or outside of the interference area.

cenario 10

stem Gy, is closed and the loading access and the guard of the machine G, are open.
e machine G,_; (as.distinct from scenario 9) is open as well. As both guards of the machine

stem form a-.gommon safety area. Thus, both functional units are in STOP, independen
ey are in oreutside of the interference area.

mple’3: Loading of workspace with loading access from above for sever

machine

n|
ted machine tending system G,_, are closed. The loading access and the guard of the maclfine

of

ted
i.e.
ling

10 (as in scenario 9), no gmergency stop is activated. The guard of the automated machine

The
and

access are open;the machine workspace, the interference area and the automated macline

t of

al

S

B.4.1 Configuration

Specific to the system configuration of this example is that several machines are tended and have
loading loading access from above. The system configuration is shown in the Figure B.5.
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Key q/
1 machine tending system O
2 machine 1 \%

3 machine 2 (S)\

4 machine 3 QQ

5 gantry loader Q

6 interference area 5\0\,\

7 loading hatch <

ES,jy; emergency stop button machine 1 ’i.(\

ES,jy, emergency stop button machine 2 . ®$

ES,juz emergency stop button machine 3 )

ES,]y, emergency stop button automated IQt;a\%e tending system

Gy.\1 interlocking guard machine 1 ’\\0

Gy.M, interlocking guard machine 2,

Gq.z interlocking guard machi

Gyl interlocking guard aue)lg}ted machine tending system
LD,y loadingaccess mat@w
N
Fi@% B.5 — Loading of work space with loading access from above

Q.

Corfcernin Y}ional safety, the following properties are worth mentioning:

— ea&%achine has one guard G_, that allows access to the working space of the maching;

1-% antomatad machina toanding sustam hac ona \r\rd C that '\IlctAv'rs accacctaotha o klng space

o
e oo c e O T T T T Ot eI O SO y O CO T Tho o oTre—got T-A crrocor v TTCTCCoOTtoO-tITC YV Or

of the automated machine tending system;
— the interference area cannot be accessed from the automated machine tending due to design;
— the interference area can be accessed from the machine working space;
— the access from machine 1 to machine 2 via the loading access is prevented by design;
— each functional unit has one emergency stop button;
— the loading access is controlled by the machine; and

— drive elements of the clamping device in the interference area are controlled by the machine.
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B.4.2 Safety matrix

Figure B.6 shows the safety matrix of the system configuration shown in Figure B.5.

Safety matrix S T 9 e 3
= = £ £ &
< « < < <
=] = =] = =
7} ) 7} 7} o
(=] O o (=] L]
%2 R )

Cause (Action, trigger event):
Signal Description®
. ES, Emergency stop okay (not activated) 1 0 0 1 1
o (AM_SFY_NoEStop )
T
=] E g G Guard closed 1 1 1 1 Y
Edg | (AM_SFY_GuardClod)
g9
s g
<9
=
ES Emergency stop okay (not activated) 1 b 1 0 0
1ML (MA_SFY_NoEStop)
_g G Guard closed ) 1 1 1 1
5 M1 (MA_SFY_GuardClod)
q
E LD Loading access machine closed 1 1 0 0 0
1M1 (MA_SFY_LdgDoorClod)
ES Emergency stop okay (not activated) 1 1 1 1 1
1-M2 (MA_SFY_NoEStop)
N
_E G Guard closed 1 1 1 1 1
- 1-M2 (MA_SFY_GuardClod)
Iy
. LD Loading access machine closed 1 1 1 1 0
M2 (MA_SFY_LdgDoorClod)
Reaftion:
Description?
Automated machine tending system
in interference area machine 1 STOP n/a n/a | Yes® | Yes® | Yes®
A (indépéndent of the mode of operation (MO))
0
j«
§ i £ Automated machine tending system
g 39 ifh interference area machine 2 STOP n/a n/a | nfa| n/a | Yes®
si2 (independent of MO)
540
<
g Automated machine tending system
outside interference area machine(s) STOP n/a | |Yes® | Yes® | Yes® | Yese
(independent of MO)
¢ Machine T STOP No No | Yes® [ Yes® | Yes®
=
§ Machine 2 STOP No No | No | No | No

Key

a  According to signal state, see ISO 21919-1.
b Stop category 1 according to EN 60204-1:2019, 9.2.2.

¢ Safety-oriented stop function (PLr = c) unexpected start (PLr = d).

Figure B.6 — Safety matrix of work space with loading access from above
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B.4.3 Explanation of the scenarios

B.4.3.1 Development of the matrix

The development of the matrix starts with an "everything okay" situation (scenario 0). Scenarios 1 and
2 focus on the emergency stop of the automated machine tending system. Scenarios 3 and 4 focus on
the emergency stop of a machine.

For the sake of simplifcation, guards are not considered in this example. For functional relationships of
guards, see B.2 and B.3.

B.4|3.2 Scenario 0

Ins
all

pro
are

cenario 0, no emergency stop is activated, and all guards and all loading accesses are clpsed. Thus,
‘unctional units can operate, i.e. machine and automated machine tending-system ar¢ ready for
duction. The situation where the automated machine tending system is inside of the interference
h of a machine is not applicable as all loading accesses are closed.

B.4|3.3 Scenario 1

In 4cenario 1 (as distinct from scenario 0), the emergency stopcof the automated machine tending
sysfem is activated. All guards and loading accesses are closed{Therefore, the emergengy stop area of
the|automated machine tending system does not have to besextended to an interference agea, i.e. can
be limited to the automated machine tending system. Thus, the automated machine tending system is
in §TOP, if it is outside of the interference area. The situation where the automated machine tending
sysfem is inside of the interference area is not applieable as all loading accesses are cloged. As the
mag¢hine work spaces and the interference areas are separated from the automated machine tending
sysfem by the loading accesses, machine activities are permitted, independent of whether it is in or

outside of the interference area.

B.4|3.4 Scenario 2

In s
acti
acc
Sys
mag
it ig]

cenario 2 (as in scenario 1), the emergency stop of the automated machine tending
vated. All guards and the leading accesses of machine 2 and machine 3 are closed. T

em and machine 1 forma,common emergency stop area. Thus, machine 1 is in STOP. The
hine tending systemris in STOP anyway as the emergency stop is activated. For the sak
worth mentioninglthat the automated machine tending system is inside of the interfere

system is
he loading

bss of machine 1 (as distinctfrom scenario 1) is open. Therefore, the automated machine tending

automated
b of clarity,
nce area of

machine 3
ne tending

magd
can

Sys

hine 2 or machife 3 is not applicable as their loading accesses are closed. Machine 2 and
operate as they/do not have a common emergency stop area with the automated mach
em.

B.4|3.5 «Scenario 3

In dcebario 3 (as in scenario 2), all guards and the loading accesses of machine 2 and mag¢hine 3 are
closed. The loading access of machine 1 is open. The emergency stop of the automated machine tending
system is not activated and the emergency stop of machine 1 is activated (as distinct from scenario
2). Therefore, machine 1 and the automated machine tending system form a common emergency stop
area. Thus, machine 1 and the automated machine tending system are in STOP. For the sake of clarity,
it is worth mentioning that the automated machine tending system is inside of the interference area of
machine 2 or machine 3 is not applicable as their loading accesses are closed. Machine 2 and machine 3
can operate as they do not have a common emergency stop area with the automated machine tending
system.

B.4.3.6 Scenario 4

In scenario 4 (as in scenario 3), all guards and the loading accesses of machine 3 are closed. The loading
access of machine 1 is open. The emergency stop of the automated machine tending system is not
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activated and the emergency stop of machine 1 is activated. Loading access of machine 2 (as distinct
from scenario 3) is open. Machine 1 and the automated machine tending system form a common
emergency stop area. Machine 2 is not part of the common emergency stop area as it is not possible to
access machine 2 from machine 1. Thus, machine 1 and the automated machine tending system are in
STOP.

For the sake of clarity, it is worth mentioning that the automated machine tending system is inside of
the interference area of machine 3 is not applicable as this loading access is closed.

Machine 2 and machine 3 can operate as they do not have a common emergency stop area with the
automated machine tending system.
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Annex C
(normative)

Flow charts

C.1—Conformance-class-1

N
U
>

Fig}ire C.1 displays the interactions of all relevant signals at the control interface Egﬂ(éimple unloading.
(@]

C.1}1 Simple unloading

AM_STA_ProductionRdy O v

AM_STA OutlntfrArea | RN
AM_ACK_UnldPartCmpl01 | | @
Q\\'\
Figure C.1 — Interactions of all relevant si@s at the control interface for a simple ynloading
3
: : O
C.1}2 Simple loading C\)j“

N
Figuire C.2 displays the interactions@ﬂl relevant signals at the control interface for a simplg loading.

AM_STA_ProductionRdy

AM_STA_Oé@X‘:a | |
AM_AQXI)deCmpm
S

Figure C.2 — Interactions of all relevant signals at the control interface for a simple loading
C.1.3 Simple combined unloading and loading

Figure C.3 displays the interactions of all relevant signals at the control interface for a simple combined
unloading and loading.
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AM_STA_P

roductionRdy

AM_STA_O
AM_ACK_UhldPartCmpl01 | | ’ Aq',\
, Q"
AM_ACK_LpdPartCmpl01 | | n’(.l’
Vid
N
Figure C.3 — Interactions of all relevant signals at the control interface for a@xple combin|
unloading and loading (1/
\Z
C.2 Cm:formance class 2 (( (s)\
C.2.1 Unloading with non-coherent transfer, with /witho@@amping function

Figure C.4

non-coher¢nt transfer, with/without clamping function.

AM_STA_Prod

utintfrArea | TR [

N
displays the interactions of all relevant signals at @control interface for unloading

uctionRdy N

AM_STA_Unld

AM_STA_Outl

AM_REQ Und

PartAct01

N
htfrArea ?S

p01

vith

AM_ACK_UnldPartCmpl01

AM_ENA_InintfrArea | u

Key

1 implement signal only, if machine needs the signal clamping function from the automated machine tending

system

2 depending on the clamping system design

Figure C.4 — Interactions of all relevant signals at the control interface for unloading with non-

32

coherent transfer, with/without clamping function
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.2 Unloading with coherent transfer

Figure C.5 displays the interactions of all relevant signals at the control interface for unloading with

coh

erent transfer.

AM_STA_ProductionRdy

C.2

coh

R - :
AM_STA_UnldPartAct01 I O 51/

AM_STA OutlntfrArea - | [ O -
AM_REQ_UnClp01 h B ‘\ S
P 5 O
AM_ACK_UnldPartCmpl01 | | N
— '\
AM_ENA_InIntfrArea | RN
.
Figure C.5 — Interactions of all relevant»@ﬁals at the control interface for unloadipg with
coherent transfer
xS
3 Loading with non-coher&t}l&ransfen with/without clamping function
Figlire C.6 displays the interacti 1s of all relevant signals at the control interface for loading with non-
erent transfer, with/with lamping function.
o
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AM_STA_ProductionRdy

AM_REQ UnClp01 r | | }
1

AM_STA_LodRartAct01

AM_STA_OutlphtfrArea

,\Q

AM_REQ Clp@1 : T
: 1
AM_ACK_LodpartCmpl01 Z. 0
\

AM_ENA _InIrjtfrArea
Key
1 implement signal only, if machine needs the signal cla g functlon from the automated machine tenfling

system Q\

2 depending on the clamping system design \O

O

Figure Cl6 — Interactions of all releva \ignals at the control interface for loading with nop-
coherent trar&felj, with/without clamping function

C.2.4 Lopding with coherent@ansfer

Figure C.7|displays the in'&ions of all relevant signals at the control interface for loading With

coherent tfansfer.
&
O
%
R
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C.2

claj

mping function C)
Figlire C.8 displays the inter 'dns of all relevant signals at the control interface for
pading and loading wit -coherent transfer, with/without clamping function.

unl
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AM_STA_ProductionRdy

AM_REQ UnClp01 | |

AM_STA_LodPartAct01 | | ﬂ'.\

AM_STA_OutlntfrArea | |

AM_REQ Clp01 | )"

AM_ACK_LodPartCmpl01 | E ) O

AM_ENA_InIntfrArea |

Figure C.7 — Interactions of all relevant als at the control interface for loadin
col&@nt transfer
xO

5 Combined unloading and l@ﬁimg with non-coherent transfer, with /withg

b with

ut

combined
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