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PREFACE

This Standard was prepared by the Standards Australia Committee SF/41, General
Principles for the Guarding of Machinery as a revision of, in part, AS 4024.2(Int) — 1992
Safeguarding of machinery, Part 2: Presence sensing systems.

During the preparation of this Standard the Committee considered work emanating from
the European Community (CEN). Since many European Standards are becoming de facto
international Standards, or are being adopted as International Standards by ISO, the
Committee decided to use the draft European Standards prEN 999, Safety of
machinery — The positioning of protective equipment in respect of approach speeds of
parts of the human body, prEN 1760.1, Safety of machinery — Pressure sensitive protective
devices — Part 1: General principles for the design and testing of pressure sensing mats
and pressure sensing floors and prEN 1760.2, Safety of machinery — Pressure sensitive
protective devices —Part 2: General principles for the design and testing of pressure
sensitive edges and pressure sensitive bars.

Pressure-sensitive devices are used in a wide range of applications and are subjected to
different conditions of use; for example, they are exposed to extremes of loading and to
electrical, physical and chemical environments.

A pressure-sensitive device is interfaced with the machine control to provide a signal so
that the machine will go to a safe condition.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral
part of a Standard, whereas an ‘informative’ appendix is only for information and
guidance.

© Copyright — STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the
Copyright Act allows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retrieval system in any form or transmitted by any means without prior permission in writing from
Standards Australia. Permission may be conditional on an appropriate royalty payment. Requests for permission and information
on commercial software royalties should be directed to the head office of Standards Australia.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use
exclusively in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.
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payment provided such programs are used exclusively in-house by the creators of the programs.
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STANDARDS AUSTRALIA

Australian Standard
Safeguarding of machinery

Part 4: Installation and commissioning requirements for electro-sensitive
systems — Pressure-sensitive devices

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE This Standard specifies the installation and commissioning requirements
for pressure-sensitive fixed mats, floors, edges and bars that will be used with plant and
machinery. Where safety devices are to be used in other situations, such as the protection
of children or in exposed places with wide temperature limits, the Standard is not
comprehensive and requires adaption or extension.

The Standard covers pressure-sensitive fixed mats, floors, edges and bars regardless of the
type of energy used, e.g. electrical, hydraulic, pneumatic or mechanical.

This Standard does not apply to protective equipment that is intended to be moved,
without tools, nearer to the danger zone than the calculated safety distance.

This Standard is not intended to provide a detailed account of methods for analysing
hazards and estimating risks.

Protection against the risks from mechanical hazards arising from the ejection of solid or
fluid materials and non-mechanical hazards such as toxic emissions, electricity or
radiation are not covered by the Standard.

1.2 OBJECTIVE The objective of this Standard is to enable designers, manufacturers,
suppliers, employers and users of machinery to minimize the risks to the health and safety
of employees and others working with or otherwise near plant.

1.3 APPLICATION This Standard is intended for use by those who design,
manufacture, supply, install or use machinery-guarding or safety devices. It applies to
pressure-sensitive mats and floors for general use, where persons having a mass greater
than 30 kg are present. It may also be used where persons having a mass not less than
15 kg may be present. It does not apply to those instances where pressure-sensitive mats
and floors are used where persons having a mass of less than 15 kg are present.

It applies where pressure-sensitive edges and bars are used to either detect the presence of
persons who may be exposed to contact with hazardous moving parts or who may
approach too close to a danger zone.

1.4 REFERENCED DOCUMENT The following document is referred to in this
Standard:

AS
4024 Safeguarding of machinery
4024.1 Part 1: General principles
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5 AS 4024.4 — 1998

1.5 DEFINITIONS For the purpose of this Standard the definitions given in
AS 4024.1 and those below apply.

1.5.1 Actuation (of protective equipment) —physical initiation of the protective
equipment when it detects movement of the person or a part of the person.

1.5.2 Actuation force — the force that produces a pressure on the effective sensing area
to create an ‘off’ state in the output signal switching device when it is applied at right
angles to the effective sensing area.

1.5.3 Control unit — the device that responds to the condition of the sensor or sensors
and controls the state of the output signal switching device. It may also monitor the
integrity of the pressure-sensitive device (see AS 4024.1) and it may contain facilities to
process a reset signal.

1.5.4 Dead zone — that part of the top surface area of the sensor that does not respond to
the actuating force.

1.5.5 Detection capability —sensing function parameter limit specified by the
manufacturers which, when exceeded, will cause actuation of the pressure-sensitive
protective equipment.

1.5.6 Effective sensing area —that part of the top surface area of the sensor or a
combination of sensors of the pressure-sensitive mat or pressure-sensitive floor within
which a response to an actuating force will take place.

1.5.7 ‘Off’ state of the output signal switching device(s) —a state where the output
circuit is broken and the flow of current or fluid is interrupted.

1.5.8 ‘On’ state of the output signal switching device(s) —a state where the output
circuit is complete and the flow of current or fluid is possible.

1.5.9 Output signal switching device — that part of the pressure-sensitive device which,
when the sensor or monitoring function means is actuated, responds by producing an ‘off’
state.

1.5.10 Overall system stopping performance — the time occurring from the actuation
of the sensing function to the cessation of hazardous motion or to the removal of the risk.
(See Figure 1.3)

NOTE: The overall system stopping performance comprises a minimum of two phases as
follows:

T=t+t,
where
T = overall system stopping performance

t, = maximum time between the actuation of the sensing function and the output signal
switching devices being in the ‘off’ state

t, = response time of the machine, i.e. the time required to stop the machine or remove the
risk after receiving the output signal from the protective equipment

The relationship of ¢, and ¢, is defined in Figure 1.1

t, and ¢, are functions of the protective equipment and the machine respectively and are
determined by design.

1.5.11 Pressure-sensitive bar — a safety device comprising the following:

(a) A sensor or sensors which generate a signal when pressure is applied to part of its
outer surface where —

@) the length is greater than the width;

(i1) the cross-section through the pressure-sensitive area is constant;
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(iii)  the width of the cross-section is greater than 8 mm and generally less than
80 mm; and

(iv)  the effective sensing field moves as a whole to actuate the sensor or sensors.

(b) A control unit which responds to the signal from the sensor and generates an output
signal or signals to the control system of a machine.

T
1
t to
I I

Actuation Qutput signal Machine stopped

of from or
protective protective risk removed
equipment equipment

FIGURE 1.1 RELATIONSHIP BETWEEN t, AND t,

1.5.12 Pressure-sensitive edge — a safety device comprising the following:

(a) A sensor or sensors which generate a signal when pressure is applied to part of its
outer surface where —

@) the length is greater than the width;
(i1) the cross-section through the pressure-sensitive area is constant;

(iii)  the width of the cross-section is greater than 8 mm and generally less than
80 mm; and

(iv)  the effective sensing field is deformed locally to actuate the sensor or
Sensors.

(b) A control unit which responds to the signal from the sensor and generates an output
signal or signals to the control systems of a machine.

1.5.13 Pressure-sensitive floor —a safety device comprising a sensor or sensors that
responds to the application of pressure and a control unit, with or without a monitoring
function depending on the category specified and with one or more output signal
switching devices (see Figure 1.2).

1.5.14 Pressure-sensitive mat —a safety device comprising a sensor or sensors that
responds to the application of pressure and a control unit, with or without a monitoring
function depending on the category specified and with one or more output signal
switching devices (see AS 4024.1) (see Figure 1.2). In a pressure-sensitive mat the
effective sensing area is deformed locally when a sensor is actuated.

1.5.15 Pressure-sensitive protective equipment — protective trip or pressure-sensing
system (see Figures 1.3 and 1.4) comprising as a minimum —

(a) a sensing function;
(b) a system control function; and
(c) output signal switching devices.

1.5.16 Reset —the function which permits an ‘on’ state in the output signal switching
device(s) provided that certain conditions are met.
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7 AS 4024.4 — 1998

1.5.17 Residual risk — the risk remaining after safety measures have been taken.

1.5.18 Response time — the time between the start of the application of a force to the
effective sensing area and the start of the ‘off” state of the output signal switching device
(see Clause 4.3).

1.5.19 Safety measure —a means that eliminates a hazard or reduces a risk.

1.5.20 Sensor —that part of the pressure-sensitive device that contains an effective
sensing area on which the application of a pressure produced by a force equal to or
greater than the actuating force causes the signal from the sensor to the control unit to
change state.

?T?f
bobd

I

Machine control system(s)

LEGEND: \@

1 = Actuating force

2 = Sensor(s)

3 = Sensor output

4 = Control unit

5 = Output signals switching device (dual final switching devices)

6 = 'On state/'off’ state signal

7 = Part of the machine control system (e.g. FSDs/machine primary control
element for pressure-sensitive system output signal processing

8 = Manual reset signal to machine control system {(where appropriate alternative to item 11}

9 = Monitoring signals (optional)

10 = Reset signal from machine control system (where appropriate)

11 = Manual reset signal (where appropriate alternative to item 8)

12 = Pressure-sensitive mat or floor

FIGURE 1.2 PRESSURE-SENSITIVE MAT OR FLOOR APPLIED TO A MACHINE
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1.6 GENERAL Electro-sensitive protective equipment is applied to machinery that
presents a risk of personal injury. It provides protection by causing the machine to revert
to a safe condition before a person can be placed in a hazardous situation.

Each type of machine presents its own particular hazards. The treatment of applications of
the electro-sensitive protective equipment should be a matter for agreement between the
equipment supplier and the machine user (see AS 4024.1).

Electro-sensitive protective equipment for a particular machine shall be selected and used
in accordance with the appropriate Standard for that machine. If no Standard exists, a risk
assessment according to AS 4024.1 shall be undertaken prior to selecting the appropriate
device.
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LEGEND:
ESPE = Electrosensitive protective equipment
OSSD = Output signal switching device
FSD = Final switching device
MPCE = Machine primary control element
MSCE = Machine secondary control element
PLC = Programmable logic controller
FIGURE 1.3 SCHEMATIC EXAMPLE FOR THE INTERFACING
OF A CATEGORY 2 PRESSURE SENSITIVE SYSTEM TO THE
MACHINE CONTROL SYSTEM
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Sensing Control/monitoring
function—— F——function

oo | 1 1

Start/restart test signal Test-
input

1~

|
Actuator — i —]
e.g. start e E— Elﬁm*

1
\
——\Ka—— K2 ——FSD—
\ ] FSD-
:‘,FK‘l ' monitoring ﬂ K1 % K2 E
T T T
Monitoring Start and

restart interlock

FSD-monitoring Safety related interface system

Safety related control system

MPCE-monitoring

FPrime—] —MSCE —Power—]
- Fmover " """ | —supply |
g K1 /|\— Ssb
Machine——| [
control < H MPCE e.g. valve
system Fg H Power control
— Ol O H K2
PLC 5H T  _L_ T
H Dangerous motion
LEGEND:
ESPE = Electrosensitive protective equipment
OSSD = Output signal switching device
FSD = Final switching device
MPCE = Machine primary control element
MSCE = Machine secondary control element
PLC = Programmable logic controller
SSD = Secondary switching device

FIGURE 1.4 SCHEMATIC EXAMPLE FOR THE INTERFACING
OF A CATEGORY 4 PRESSURE SENSITIVE SYSTEM TO THE
MACHINE CONTROL SYSTEM
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SECTION 2 RISK ASSESSMENT

2.1 GENERAL This Section sets out the procedure, known as risk assessment, by
which the knowledge and experience of the design, use, incidents, accidents and harm
related to machinery is brought together in order to assess the risks during the life of the
machinery (see also AS 4024.1).

2.2 RISK ASSESSMENT Risk assessment is a series of logical steps that enable the
examination in a systematic way of the hazards associated with machinery. Risk
assessment is followed, whenever necessary, by risk reduction as described in AS 4024.1.
When this process is repeated it forms the iterative process for eliminating hazards as far
as possible and implementing safety measures according to the state of the art.

Risk assessment (see Figure 2.1) includes the following:
(a)  Risk analysis Risk analysis consists of —
(1) determination of the limits of the machinery;
(i1) hazard identification; and
(iii)  risk estimation.

(b)  Risk evaluation Risk analysis provides the information required for risk evaluation,
which in turn allows judgements to be made on the safety of machinery.

Risk assessment relies on judgemental decisions. These decisions shall be supported by
qualitative methods, complemented as far as possible by quantitative methods.
Quantitative methods are particularly appropriate when the foreseeable severity and extent
of harm are high.

Quantitative methods are useful to assess alternative safety measures and to determine
which gives better protection.

NOTE: The application of quantitative methods is restricted by the amount of useful data which
are available. Therefore, in many applications only qualitative risk assessment is possible.

The risk assessment procedure shall be conducted in such a manner that it is possible to
document —

(i)  the intended use of the machinery for which the assessment has been made, (e.g.
specifications or limits);

(ii)  the hazards, hazardous situations and hazardous events identified;

(iii) pertinent information used (e.g. accident histories and experience gained from risk
reduction applied to similar machines;

(iv) the objectives to be achieved by the risk control measures;
(v) the safety measures implemented to eliminate identified hazards or reduce risks; and

(vi) the residual risk to the individual hazards by specifying any relevant assumptions
that have been made (loads and safety factors).
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data/measurement
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Y

identification

Hazard

Y
Risk assessment,
risk prioritization

Risk control

Is
intended
risk reduction

Re-evaluate
re-design

Are
additional hazards
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YES
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engineering, systems of
work, personal protective
equipment, warnings, signs,
symbols, etc., as required
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regarding residual risks etc.,
PPE recommendations
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NO

v

Install/commission

Monitor.review

NOTE: Risk reduction and selection of appropriate risk control measures are not part of the risk assessment

process.

FIGURE 2.1
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