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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
SF-041, General Principles for the Guarding of Machinery, to supersede AS 4024.1903—2006.

It is emphasized that this Standard is part of the AS(/NZS) 4024.1 series and it is imperative that it is
used in conjunction with other applicable parts of the series. A complete listing of all current parts of
the AS(/NZS) 4024.1 series can be found at the Standards Australia website <www.standards.org.au>
and in AS/NZS 4024.1100, Safety of machinery, Part 1100: Application Guide.

The objective of this Standard is to give guidance on the selection, design and location of control
actuators so that they are adapted to the requirements of the operators, are suitable for the task in
question and take account of the circumstances of their use. It applies to manual control actuators
used in equipment for occupational and private use.

This Standard is identical with, and has been reproduced from EN 894-3:2000, Safety of machinery—
Ergonomics requirements for the design of displays and control actuators, Part 3: Control actuators,
and its Amendment 1 (2008). The start and finish of text introduced or altered by amendment is
indicated in the text by tags *1.

As this Standard is reproduced from an International Standard, the following applies:
(a) In the source text ‘this European Standard’ should read ‘this Australian/New Zealand Standard’.
(b) A full point substitutes for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to Australian or
Australian/New Zealand Standards, as follows:

Reference to International Standard Australian/New Zealand Standard
EN AS/NZS
292 Safety of machinery—Basic concepts, 4024 Safety of machinery

general principles for design
292-1  Part 1: Basic terminology, methodology 4024.1201 Part 1201: General principles for
design—Risk assessment and risk

reduction
292-2  Part 2: Technical principles and 4024.1201 Part 1201: General principles for
specifications design—Risk assessment and risk
reduction
AS
574 Safety of machinery—Two hand 4024.2601 Part 2601: Design  of  controls,
control devices—Functional aspects— interlocks and guarding—Two-hand
Principles for design control devices—Functional aspects
and design principles
AS/NZS
614 Safety of machinery—Ergonomic
design principles
614-1  Part 1: Terminology and general 4024.1401 Part 1401: Ergonomic principles—
principles Design principles—Terminology and

general principles
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EN AS/NZS
894 Safety of machinery—Ergonomics
requirements for the design of displays
and control actuators
894-1  Part 1: General principles for human 4024.1901 Part 1901: Displays, controls, actuators
interactions with displays and control and signals—Ergonomic requirements
actuators for the design of displays and control
actuators—General principles for
human interactions with displays and
control actuators
894-2  Part 2: Displays 4024.1902 Part 1902: Displays, controls, actuators
and signals—Ergonomic requirements
for the design of displays and control
actuators—Displays
1050 Safety of machinery—Risk assessment  4024.1201 Part 1201: General principles for

design—Risk assessment and risk
reduction

The term ‘informative’ has been used in this Standard to define the application of the annex to which
it applies. An ‘informative’ annex is only for information and guidance.
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AUSTRALIAN/NEW ZEALAND STANDARD

Safety of machinery

Part 1903:

Displays, controls, actuators and signals—Ergonomic

requirements for the design of displays and control actuators—

Control actuators

1 Scope

This European Standard gives guidance on the selection, design and location of control actuators so that they
are adapted to the requirements of the operators, are suitable for the control task in question and take account
of the circumstances of their use.

It applies to manual control actuators used in equipment for occupational and private use. It is particularly

important to observe the recommendations in this European Standard where operating a control actuator may
lead to injury or damage to health, either directly or as a result of a human error.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references subsequent amendments to, or revisions of, any of these publications apply to
this European Standard only when incorporated in it by amendment or revision. For undated references the
latest edition of the publication referred to applies (including amendments).

EN 292-1, Safety of machinery - Basic concepts, general principles for design - Part 1: Basic terminology,
methodology.

EN 292-2, Safety of machinery - Basic concepts, general principles for design - Part 2: Technical principles
and specifications.

EN 574, Safety of machinery - Two hand control devices -Functional aspects — Principles for design
EN 614-1, Safety of machinery - Ergonomic design principles - Part 1: Terminology and general principles.

EN 894 — 1, Safety of machinery - Ergonomics requirements for the design of displays and control actuators -
Part 1: General principles for human interactions with displays and control actuators.

EN 894 — 2, Safety of machinery - Ergonomics requirements for the design of displays and control actuators -
Part 2: Displays.

prEN 1005-3, Safety of machinery - Human physical strength - Part 3: Recommended force limits for
machinery operation.

EN 1050, Safety of machinery - Risk assessment.
ISO 447, Machine tools - Direction of operation of controls.

IEC 60447, Man-machine interface (MMI) - Actuating principles.

3 Terms and definitions
For the purposes of this European Standard, the following terms and definitions apply:

3.1
control actuator
the part of the control actuating system that is directly actuated by the operator, e.g. by applying ;Dﬂﬁuments

894-1] Document Sharing Hub
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3.2

manual control actuator

a control actuator adjusted or manipulated by human hand to effect change in a system, e.g., push-button,
knob, steering wheel. Touch sensitive actuation is not included.

3.3

control type

a range of control actuators with the same movement and grip characteristics, and fulfiling similar task
requirements

3.4
control family
a group of control types

3.5

operator

the person or persons given the task of installing, operating, adjusting, maintaining, cleaning, repairing or
transporting machinery [EN 292 -1]

3.6
task (work task)
an activity or activities required to achieve an intended outcome of the work system [EN 614-1]

3.7
control task
an activity where a control actuator is used to achieve a task goal
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[ 0. Early design ]<_

specification

\

1.
Task evaluation and
information collection

1. Evaluate general task requirements

2. Determine restrictions on movement
characteristics

3. Determine restrictions on grip characteristics
4. Evaluate specific task requirements

\

2.
Intermediate selection
of control families

1. Match general task requirements
2. Match movement characteristics
3. Select suitable control families

|

3.

Identification of
suitable control
types

1. Match grip characteristics

2. Match specific task requirements
3. Check influence of location

4. Select suitable control types

\
[ Make choice of control actuator ]

Figure 1 — Overall selection process for manual control actuators
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4 Selection procedure

Many types of manual control actuators are available from push-buttons to hand wheels. Each type is suited
to particular task requirements and to certain operator capabilities.

Environmental factors (e.g. illumination, vibration) and organisational factors (e.g. team work, workstation
separation) also have to be considered.

To ensure safe and efficient operation, correct selection of control actuators is important. The following
describes a systematic procedure that will enable designers and manufacturers to select manual control
actuators meeting their specific requirements.

The selection procedure involves three steps which are carried out in an iterative manner.
These are:

— task evaluation and information collection;

— intermediate selection of control families;

— identification of suitable control types.

The main steps in the selection procedure are shown in figure 1. An example of a form for recording the
results of the evaluation is shown in figure 2. Clause 5 describes the information that is required in order to

select appropriate control actuators, clauses 6 and 7 then describe how this information is used in order to
make the selection.

5 Task evaluation and information collection

5.1 Requirements and characteristics

The division of tasks between the operator and the equipment should have been determined early in the
design process in accordance with the recommendations in EN 614 -1 and EN 894 -1.

There are general and specific requirements imposed by a task which normally cannot be changed. If it is not
possible to find a suitable control actuator for a specified task then the allocation of this task or the task itself
has to be reconsidered.

The task requirements considered in this European Standard are ones that experience has shown to be most
important in selecting manual control actuators, as follows:

General task requirements

a) Accuracy required in positioning the manual control actuator (accuracy);
b) Speed of setting required (speed);

c) Forceltorque requirements (force).

Specific task requirements

d) Need for visual checking of manual control actuator setting (visual check);
e) Need for tactile checking of setting (tactile check);

f)  Need to avoid inadvertent operation (inadvertent operate);

g) Need to avoid hand slipping from manual control actuator (friction);
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h) Need for operator to wear gloves (use with gloves);

i) Need for easy cleaning (ease of cleaning).

The general task requirements are used to identify classes of suitable control actuators. The specific task
requirements are used in selecting individual control actuators within these classes. In order to evaluate the

task requirements the classification scheme illustrated in table 1 should be used. This differentiates between 5
different levels from 0 to 4.

Table 1 — Classification scheme for evaluating task requirements

CODE SYMBOL Degree of requirements
0 O Negligible
1 O Low
2 O Average
3 O High
4 . Very high

The task requirements do not need to be evaluated precisely, therefore the detailed evaluation procedure
given in 5.2 and 5.3, show classification systems that have been found to be sufficiently accurate.

The characteristics of the various types of control actuator need to be considered to determine the available
selection options. This standard gives information on both movement characteristics and grip characteristics.
In many cases some of the characteristics will have been predetermined by the task requirements.

Movement characteristics:

i) Type of movement;

k) Axis of movement;

I) Direction of movement;

m) Continuity of movement;

n) Angle of rotation for continuous rotary movements > 180°

Grip characteristics:

o) Type of grip;

p) Part of hand applying force;

q) Method of applying force.

The above categories a - q are used throughout this standard. The shorter descriptions given in brackets after
the full descriptions are used in table headings where space is limited.
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DESCRIPTION OF INFORMATION Subclause Degree of Remarks
Requirement
Classification
0|1]|12|3]|4
O™ PP @
General Task Requirements 52
a) Accuracy 5.21
b) Speed 5.2.2
c) Force 523
Specific task requirements 53
d) Visual check 5.3.1
e) Tactile check 53.2
f) Inadvertent operate 5.3.3
9) Friction 534
h) Use with gloves 5.3.5
i) Ease of cleaning 5.3.6
Movement characteristics 54
i) Type of movement 541 Linear Rotary
k)  Axis of movement 54.2 X ly |z |x |y |z
)] Direction of movement 54.3 - |- | H- |- |- (4
m)  Continuity of movement 544 Continuous |Discrete
n)  Angle of rotation for continuous 545 |Yes No
rotary movement > 180°
Grip characteristics 5.5
0) Type of grip (see fig 4) 551 Contact |Pinch [Clench
p) Part of hand applying force 55.2 Finger Hand
q) Method of applying force 55.3 Normal Tangential

Figure 2 — Example of form for recording information used in the selection procedure for manual
control actuators
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5.2 Determination of general task requirements a) to c)

The following subclauses describe the procedures for completing the recording form in figure 2. The method
for assigning each general task requirement to a class in table 1 is described. All acceptable requirements
should be entered on the recording form (see figure 2).

5.21 Task requirement a:) Classification of accuracy (accuracy)
The accuracy required shall be assigned to one of the classes shown in table 1.

The accuracy required in the operation of a manual control actuator is determined by the task that has to be
performed. Accuracy is influenced by a number of factors, the most important of which is continuity of
movement required i.e. whether action of a manual control actuator takes place in discrete steps or
continuously.

Adequate feedback of information to the operator is necessary to minimise mistakes in positioning.

High accuracy is inconsistent with high force application and this selection procedure takes this into account.
Thus, a requirement for high force and high accuracy together will not lead to the successful selection of a
suitable manual control actuator.

Where control actuators are used frequently or for long durations accuracy requirements are increased.

Accuracy in positioning relates to the accuracy of positioning a manual control actuator itself. Accuracy in the
positioning of the controlled component may be increased by mechanical means e.g. gears. In this case a
high accuracy of positioning of the controlled component may be achieved by use of a manual control actuator
capable of only low accuracy.

5211 Discrete manual control actuator movements

A discrete manual control actuator movement is one where the manual control actuator can only be moved to
a number of fixed positions e.g. rotary switch, on/off switch. The error in selecting the correct position
increases with the number of discrete positions. Thus two positions shall be rated as "negligible" requirements
whilst 24 positions shall be rated as "high" requirements. Manual control actuators with more than 24 discrete
positions should be avoided.

Accuracy can be improved by, for example, feedback to the operator of information on the current value of the
controlled variable, by clear labelling of manual control actuator positions, by placing the manual control
actuator where it can be easily seen and moved.

For manual control actuators a visual indication of the function of each position should be provided either by
labels or a display.

Positions should not be indicated by numbers (1, 2 etc) or letters (A, B etc) to indicate a function, since this
requires the operator to remember the related functions and leads to mistakes. Labels 1,2 etc. may be used
where the value of the variable controlled varies from position to position at least on an ordinal scale. This
becomes more important as the number of discrete positions increases. Labels and displays shall be
designed in accordance with the requirements in EN 894 -2.

When selecting control actuators whose functions are critical for avoiding injury or damage to health it is
especially important that these requirements are followed.

5.21.2 Continuous manual control actuator movements

Where movement of a manual control actuator corresponds to a continuous change in a controlled variable,
the extent to which the variable deviates from the required value is a measure of error. The probability of
making an error depends mainly on the time allowed to complete the task (speed), availability of feedback of
information to the operator, and operating force.
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For continuous control actuator movements, appropriate feedback of information to the operator shall be
provided, for example by indicating the direction and speed of the component controlled. This may be
achieved by a display, by movements of other objects relative to the operator e.g. movement of the
surroundings when driving a vehicle, movement of a lathe tool, or by other suitable means.

Where tasks have to be completed at speed e.g. continuous tracking of a target, high accuracy can only be
achieved by provision of low force demands as well as visual feedback of information. For continuous tracking
tasks the requirements for accuracy in positioning the manual control actuator shall be rated as "very high"
requirements.

The direction of movement of manual control actuators relative to the controlled component shall be in
accordance with 1ISO 447 (for machine tools), IEC 60447 (for electrical equipment) and EN 894 -2.

5.2.2 Task requirement b): Classification of speed (speed)
The speed of operation required shall be assigned to one of the classes shown in table 1.

The time to complete a manual control actuator movement is composed of two components: time to reach and
grasp the manual control actuator and time to make the control movement. The former of these depends on
the position of the manual control actuator relative to the operator and the type of grip necessary for its
operation. In general, manual control actuators requiring contact grip are quicker to operate than manual
control actuators requiring pinch grip which are quicker than manual control actuators requiring clench grip.
For emergency situations it is essential for actuation to be as quick as possible. A mushroom shaped actuator
operated by hand contact is therefore recommended for emergency stop functions on machinery.

High speed of operation is inconsistent with a high force requirement, and the highest speeds can only be
obtained when the force is lowest. Thus for continuous tasks, such as keyboard operation, where high speed
is necessary the operating force should be kept low. The specification of high speed and high force
requirement together will not lead to the successful selection of a suitable manual control actuator.

5.2.3 Task requirement c): Classification of force/torque (force)

Control actuators may be used to move parts of a machine. In some circumstances large forces may be
needed to move these parts. Some machine designs allow mechanical or power assistance to minimise the
load on the operator when using the control actuator. Where this is not possible the magnitude of the force or
torque required to operate the manual control actuator shall be assigned to one of the classes shown in table
2. The symbols in this table are used later in the evaluation process, therefore it is recommended that the
appropriate symbol be recorded.

Where control actuators are used frequently or for long durations force requirements are increased.

Table 2 — Classification of force/torque for the selection of manual control actuators

DEGREE OF
CODE SYMBOL FORCE (N) OR TORQUE (N.m) REQUIREMENTS
0 <10N Negligible
O <0,5 N.m
1 >10to <25 N Low
O >0,5to <1,50 N.m
2 O >251t0 <50 N Average
>1,50 to <3,0 N.m
3 0 >50to <80 N High
>3,0 to <5,0 N.m
4 . >80 to <120 N Very high
>5,0 to <50 N.m
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5.3 Determination of specific task requirements d) to i)
The following subclauses describe the procedures for completing the recording form in figure 2.
The method for assigning each specific task requirement to a class in table 1 is described.

Some of these characteristics may have been specified earlier in the design process. The designer should
note on the recording form those characteristics which have been predetermined. Any characteristics which
have to be excluded because of decisions earlier in the design process should also be noted on the form.

Assigning a high classification to some requirements may prevent high classifications being achieved for other
requirements, e.g. a "very high" requirement for "friction" may not be compatible with "very high" for "ease of
cleaning". Because of this it is important to ensure that the requirements that are most critical from a safety
point of view are met before considering less crucial aspects.

Where incompatible requirements are identified it will be necessary to reconsider the task design or where this
is not possible then to reduce the requirements for the less important aspects.

All acceptable degrees of requirements should be entered on the recording form.

5.3.1 Task requirement d): Need for visual checking of manual control actuator setting (visual check)

In the operation of manual control actuators it is important to have feedback to the operator that the correct
control action has been performed. This may be accomplished for example, by a change in reading of a
display, a visual or audible change in the process being controlled etc. It is often advantageous to ensure that
the setting of the manual control actuator can be visually checked, particularly where movement is in discrete
steps and no other form of feedback is provided.

The need for visual checking of the manual control actuator setting shall be assigned to one of the classes
shown in table 1.

5.3.2 Task requirement e): Need for tactile checking of setting (tactile check)

In some situations where the operator's vision is fully occupied or the control actuator is located away from the
operator's field of vision, it is important for the position of manual control actuators to be readily identified by
touch. Identification by touch can also be useful in reinforcing other forms of information feedback to the
operator where safety critical functions are involved.

The need for tactile checking of the manual control actuator setting shall be assigned to one of the classes
shown in table 1.

5.3.3 Task requirement f): Need to avoid inadvertent operation

The importance of avoiding inadvertent operation of a manual control actuator depends on the consequences
of such accidental operation. It is particularly important where injury or damage to health may result. This
standard gives information on the degree of difficulty in inadvertently operating a control actuator itself. In
some circumstances, where very high risks are present, this may not be considered sufficient. In such cases
the following measures should be considered:

— locate manual control actuator in a recess;

— shroud the manual control actuator e.g. cover to prevent access of parts of body larger than the hand,
surround manual control actuator with a collar;

— use manual control actuators that are operated in two movements at right angles to each other;

— use a lock-out system:;
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