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Foreword

This document (EN 1005-5:2007) has been prepared by Technical Committee CEN/TC 122 “Ergonomics”, the
secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by August 2007, and conflicting national standards shall be withdrawn at the latest by
August 2007.

As a result of the assessment of the CEN consultant the standard will be published a non-harmonized standard (no
reference to Machinery directive and no publication in the Official Journal of EC).

EN 1005 consists of the following Parts, under the general title Safety of machinery — Human physical
performance:

— Part 1: Terms and definitions (harmonized standard);

— Part 2: Manual handling of machinery and component parts of machinery (harmonized standard);

— Part 3: Recommended force limits for machinery operation (harmonized standard);

— Part 4: Evaluation of working postures and movements in relation to machinery (harmonized standard);

— Part 5: Risk assessment for repetitive handling at high frequency (non-harmonized standard).

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, lIceland, Ireland, ltaly, Latvia, Lithuania,

Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.
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Introduction

Within the life cycle of a machine from construction to dismantling, various machine-related actions may require
repetitive handling at high frequency. Repetitive handling at high frequency can cause musculoskeletal strain and
the risk of fatigue, discomfort and musculoskeletal disorders. The designer of a machine should seek to minimise
these health risks by taking into account a variety of risk factors including the frequency of actions, the force,
postures, durations, lack of recovery and other additional factors.

NOTE 1 Although factors such as duration and lack of recovery periods are relevant factors when assessing risk in relation
to human physical performance in the workplace, these factors are controlled by the member states own national legislation,
contract agreements with social partners and are not in the scope of this European Standard.

The risk assessment method in this European Standard gives guidance to the designer how to reduce health risks
for the operator.

This European Standard is written in conformity with EN ISO 12100-1 and provides the user with guidance for
hazard identification for harm through musculoskeletal overload and tools for qualitative and, to an extent, a
quantitative risk assessment. The risk assessment tools also indicate how to achieve risk reduction. This European
Standard does not deal with risks related to accidents.

The recommendations provided by this European Standard are based on available scientific evidence concerning
the physiology and epidemiology of manual work. The knowledge is, however, limited and the suggested guidelines
are subject to changes according to future research.

This European Standard is a type B standard as stated in EN ISO 12100-1.

The provisions of this European Standard can be supplemented or modified by a type C standard.

NOTE 2 For machines which are covered by the scope of a type C standard and which have been designed and built
according to the provisions of that standard, the provisions of that type C standard take precedence over the provisions of this
type B standard.
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1 Scope

This European Standard presents guidance to the designer of machinery or its component parts and the writer of
type C standards in assessing and controlling health and safety risks due to machine-related repetitive handling at
high frequency.

This European Standard specifies reference data for action frequency of the upper limbs during machinery
operation, and it presents a risk assessment method intended for risk reduction option analysis.

This European Standard applies to machinery for professional operation by the healthy adult working population.

This European Standard is not applicable for repetitive movements and related risks of the neck, back and lower
limbs.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

N 614-1|, Safety of machinery — Ergonomic design principles — Part 1: Terminology and general principles

N 614-2, Safety of machinery — Ergonomic design principles — Part 2: Interactions between the design of
machinery and work tasks

N 1005-4, Safety of machinery — Human physical performance — Part 2: Manual handling of machinery and
component parts of machinery

EN 1005-3:2009, Safety of machinery — Human physical performance — Part 3: Recommended force limits for
machinery operation

EN 1005-4:2008, Safety of machinery — Human physical performance — Part 4: Evaluation of working postures
and movements in relation to machinery

N 1050, Safety of machinery — Principles for risk assessment

N ISO 12100-1, Safety of machinery — Basic concepts, general principles for design — Part 1: Basic terminology,
methodology ZFSO 12100-1:2003)

N ISO 12100-4, Safety of machinery — Basic concepts, general principles for design — Part 2: Technical
principles WSO 12100-2:2003)

EN ISO 14738:2002, Safety of machinery — Anthropometric requirements for the design of workstations at
machinery (JISO 14738:2002)

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

NOTE Terms and definitions used in EN and ISO standards referred to in this European Standard are also valid for this
European Standard.
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31
repetitive task
task characterized by repeated work cycles

3.2
work cycle
sequence of technical actions that are repeated always the same way

3.3

cycle time

time elapsing from the moment when one operator begins a work cycle to the moment that the same work cycle is
started (in seconds)

34

technical action

elementary manual actions required to complete the operations within the work cycle, such as holding, turning,
pushing, cutting

3.5

repetitiveness

characteristic of task when a person is continuously repeating the same work cycle, technical actions and
movements

3.6
frequency of actions
number of technical actions per minute

3.7
force
physical effort of the operator required to execute the technical actions

3.8
postures and movements
positions and movements of body segment(s) or joint(s) required to execute the technical actions

3.9
recovery time
period of rest following a period of activity in which restoration of human tissue can occur (in minutes)

3.10
additional factors

risk factors which include other factors for which there is evidence of causal or aggravating relationship with work-
related musculoskeletal disorders of the upper limb, e.g. vibrations, local pressure, cold environment, cold surfaces

4 Abbreviations

For the purposes of this document, the following abbreviations apply.

Acronyms Legend for abbreviations

Ad)y, Additional factors Multiplier

ATA Number of Actual Technical Actions within a shift

CF “Constant of Frequency” of technical actions per minute

D net Duration in minutes of each repetitive task

Duy, Duration Multiplier

FCT Foreseeable duration of the Cycle Time (in seconds) Documents
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FF Foreseeable Frequency of technical actions per minute
Foy, Force Multiplier

¥i generic repetitive tasks

MSDs Musculo-Skeletal Disorders

n Number of repetitive task/s performed during shift

NEP Number of Exposed Persons

NPA Number of Persons Affected by one or more UL-WMSDs
NTC Number of technical actions in the work cycle

OCRA OCecupational Repetitive Action

PA Prevalence (%) of persons Affected

RF Reference Frequency of technical actions per minute
Poy Posture Multiplier

Rey, Recovery Multiplier

Rey Repetitiveness Multiplier

RTA Number of Reference Technical Actions within a shift
S.E. Standard Error

UL-WMSDs Upper Limb Work-related Musculo-Skeletal Disorders

5 Requirements

5.1 The application of standards relevant to this document

The designer shall consider the

principles given in EN 1050, EN 614-1 and EN 614-2, EN_1005-2, EN 1005-3,

EN 1005-4, EN 1SO 12100-1 and

EN I1SO 12100-9 and EN 1SO 14738

5.2 General aspects
The designer of a machine is req

a) conduct an assessment of risk

uired to:

of musculoskeletal disorders due to machine related repetitive work;

b) take account in the assessment of the single and combined effects from the most relevant risk factors as
repetitiveness, force, working postures, foreseen work duration, lack of recovery periods and additional factors;

c) if possible try to avoid risk ‘at the source’ or alternatively to minimise these health risks by changes in the
machinery design (automation, technical aids);

d) when all is done to minimize the risk it is an obligation to inform about residual risks in instructions for use.

Machines and related tasks shall be designed in a way, so that activities demanding high frequency can be
performed adequately with respect to the force required, the posture of the limbs and the foreseeable presence of

recovery periods. In addition ma

chines and related tasks shall be designed to allow for variations in movements.

Additional factors (see 3.11) have to be considered.

When designing machinery and work tasks, the designer shall ensure that the following ergonomics characteristics
of well-designed work tasks are fulfilled. These characteristics take into account the differences and dynamic

characteristics of the intended oy
related work tasks in interaction (

8
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Thus, in design process the designer shall also (see EN 614-2):

i) avoid overload as well as under load of the operator, which may lead to unnecessary or excessive strain,
fatigue or to errors. Frequency, duration and intensity of perceptual, cognitive and motor activities shall be designed
so as to avoid these consequences;

i) avoid repetitiveness for the operator, which may lead to unbalanced work strain and thus to physical disorders
as well as to sensations of monotony, satiation, boredom or to dissatisfaction.

Short work cycles should therefore be avoided. The operator shall be provided with an appropriate variety of tasks
or activities. If repetitive task cannot be avoided:

— cycle time shall not be determined solely on the basis of average time measures or estimated under
normal conditions;

— allowances shall be given for deviations from normal conditions;
— very short cycle times shall be avoided;
— opportunities shall be given to the operator to work at his/her own pace, rather than at set pace;

— working on moving objects shall be avoided.
5.3 Risk assessment

5.3.1 General

In this standard risk assessment of musculoskeletal disorders of the upper limb resulting from repetitive handling is
described.

The technical action is identified as the specific characteristic relevant to repetitive movements of the upper
extremities. The technical action is factored by its relative frequency during a certain time period.

The frequency of technical actions of the upper limbs is related to other risk factors such as force (the greater the
force, the lower the frequency), posture (the greater the joint excursion, the longer the time necessary to carry out
an action) and recovery periods (if well distributed during the shift, they increase the recovery of muscular function).

Some additional factors can increase the need for force (e.g. awkward tools or personal protective equipment e.g.
gloves that interfere with the grasp or movements). Other additional factors can cause damage to human tissue
e.g. muscles, tendons and vessels (vibration, compression, cold surfaces).

Data from recent epidemiological studies on workers exposed to repetitive movements of upper limbs allow, among
others, designers to forecast from exposure indexes the occurrence of the consequences for Upper Limbs Work-
related Musculoskeletal Disorders (UL-WMSDs) [32, 34, 35]. Annex D describes a method of determination. The
acceptable situation occurs when the exposure index, given in 5.3.3 (method 2) is not exceeding a level that
corresponds to the occurrence of UL-WMSDs as observed in a working population not exposed to occupational
risks for the upper limbs [11, 34].

When repetitive handling is unavoidable then a risk assessment and risk reduction approach shall be adopted. In
accordance with ISO Guide 51 and EN 1050, this should follow a four-step approach: hazard identification, risk
estimation, risk evaluation and risk reduction.

It is recommended to simulate tasks at least once by actual users with a full-size model/prototype of the machinery
or the machinery itself (refer to EN 614-1, ergonomic task 'evaluate with users'; see also EN 1005-4:2004, 4.2
‘Guidance towards risk assessment’).

The following procedure should be adopted when conducting a risk assessment of machinery design involving
repetitive handling (Figure 1).
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Hazard
> identification
(5.3.2)

Hazard No obvious hazard
present?

Risk to be esfimated

Method 1

General risk ]

estimation
(5.3.3)

Re-evaluation Accepta- Acceptable risk Monitoring
procedure bility of risk i} and review

A

Y

Possible risk

Method 2
Detailed risk
evaluation
{(534)

Accepta- Acceptable risk
bility of risk

Relevant risk

Redesign/
re-engineer

Figure 1 — Risk assessment model
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The first stage of the risk assessment is to identify whether hazards exist which may expose individuals to a risk. If
such hazards are present, then a more detailed risk assessment may be necessary. When determining a risk
assessment, consideration should be given to the following risk factors:

a) Repetitiveness:
As the movement frequency increases and/or the cycle duration decreases, the risk increases. Frequent
repetitive movements giving rise to a risk of musculoskeletal disorders may vary depending on the context of
the movement pattern and the individual.

b) Force:
Tasks should involve smooth force exertions, avoiding sudden or jerky movements. Handling precision
(accurate picking and placement), the type and nature of the grip may introduce additional muscular effort.

c) Posture and movement:
Work tasks and operations should provide variations to the working posture. The work tasks should avoid
extreme ranges of joint movement and there is a need to avoid prolonged static postures. Complex postures
involving combined movements (e.g. flexed and twisted) may present greater risk.

d) Duration and insufficient recovery:
Duration can be broken down in a number of ways. The opportunity for recovery or rest can fall within each of
these work periods. Insufficient time for the body to recover between repetitive movements (i.e. lack of
recovery time) increases the risk of musculoskeletal disorders.

NOTE The designer has no direct influence on the real task duration and recovery time at the machine. He has to refer to a
typical scenario of repetitive task duration up to 8 hours per shift with 2 breaks of 10 minutes plus the lunch break. The designer
should mention in the "Information for use" if critical values for task duration and recovery time are determined in the risk
analysis, e.g. task duration, job duration, and work shift duration.

e) Additional factors:
General consideration should be given to the following additional risk factors:

1) object characteristics (e.g. contact forces, shape, dimensions, coupling, object temperature);
2) vibration and impact forces;
3) environmental conditions (e.g. lighting, climate, noise);

4) individual and organisational factors (e.g. skills, the level of training, age, gender, health problems,
pregnancy).

5.3.2 Hazard identification
If the following conditions are satisfied, there is no hazard due to repetitive tasks for upper limbs:
— the task is not characterized by work cycles;

— the task is characterized by work cycles, but perceptual or cognitive activities are clearly prevalent and upper
limb movements are residual.

For all the machinery / task combinations in which cyclic manual activities are foreseen, a risk estimation shall be
applied.

For each manual task to be performed on machinery, the designer shall:
— identify and count the technical actions (for each upper limb) needed to carry out the work cycle (NTC);
— define the foreseeable duration of the cycle time (FCT);

— consider the force, posture, foreseeable duration and frequency of recovery periods;
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— consider the possibility of rotation between different tasks, at the machinery, e.g. starting procedures, shift of
tools and/or settings, loading- and unloading procedures, fetching of materials, maintenance, cleaning’.

A risk estimation model is presented in 5.3.3 (Method 1). A detailed risk evaluation model will be presented in 5.3.4
(Method 2).

When the characteristics described in Method 1 are fully and simultaneously present, it is possible to affirm that risk
exposure to repetitive movements at high frequency is acceptable.

Where one or more of the listed characteristics for the different risk factors are not satisfied, the designer shall use
a more detailed evaluation (Method 2, 5.3.4).

5.3.3 Risk estimation and simple evaluation of machinery related repetitive handling at high frequency
(Method 1)

5.3.3.1  Check of the risk factors

The designer shall check if, considering the main risk factors (force, awkward postures and movements,
repetitiveness, frequency of technical actions, additional factors), for each upper limb, the following conditions are
satisfied:

a) Absence of force, or use of force in accordance with the criteria regarding the recommended force limits as

reported in EN_1005-3.

b) Absence of awkward postures and movements considering the same conditions as summarized below:

i) the upper arm postures and movements are in the range between 0° and 20° (EN_1005-4:2005, Figure 6,
Zone 1);

i) the articular movements of the elbow and wrist do not exceed 50 % of the maximum articular range
[12, 14], as described in Table 1 and Annex B;

iii) the kinds of grasp are “power grip”, or “pinch lasting no more than 1/3 of the cycle time”, as described in
Table 1 and Annex B [12, 15, 26].

c) Low repetitiveness.
This is true if [40, 41]:

i) the cycle time is more than 30 s.
i) the same kinds of technical action are not repeated for more than 50 % of the cycle time.

d) Frequency of technical actions for both upper limbs is less than 40 technical actions per minute. If the
frequency is higher than 40 actions per minute for at least one upper limb then move on to Method 2. In order
to compute the frequency of technical actions/min (see Annex A for identification of technical action), use the
following equation:

_ NTC - 60

FF=—— (1)
where

FF is the foreseeable frequency of technical actions per minute;

FCT is foreseeable duration of the cycle time in seconds;

NTC is the number of technical actions (for each upper limb) in the work cycle needed to carry out the
task.
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e) Absence of additional factors (physical and mechanical factors).

The task should not include hand/arm vibration, shock (such as hammering), localized compression on
anatomical structures due to tools, exposure to cold, use of inadequate gloves for grasping etc. [11, 12, 13]
(Annex G).

5.3.3.2  Final estimation and evaluation of machinery design by Method 1

When every condition shown in 5.3.3.1, points a), b), ¢), d) and e) are satisfied for each upper limb, the exposure is
acceptable. If one or more conditions mentioned in Method 1 are not met, the designer shall analyse in more detalil
each risk factor that interferes with the frequency of actions by Method 2.

5.3.4 Detailed risk evaluation of machinery related repetitive handling at high frequency: risk reduction
and risk reduction option analysis (Method 2)

5.3.4.1 Evaluation of acceptable frequency of actions when one or more risk factors are present

5.3.41.1 General

If one or more conditions defined in Method 1 are not satisfied, the designer shall analyse in more detail each risk
factor that has an impact upon the frequency of technical actions. Since different risk factors can be present to a
greater or lesser extent, and in a variety of combinations, then different levels of risk can be expected.

The level of risk is assessed with reference to the OCR4 method [11, 13, 33]. The OCRA index, when assessing a
single repetitive task in a shift (mono task job), is given by the ratio between the foreseeable frequency (FF) of
technical actions needed to carry out the task, and the reference frequency (RF) of technical actions, for each
upper limb (see Annex A for identification of technical action). This is a particular procedure for mono task jobs. For
multitask jobs see Annex H.

In this context:
OCRA index = E
RF

The foreseeable frequency (number per minute) of technical actions needed to carry out the task (FF) is given by
the following equation:

FF = NTC - 60
FCT
where
FCT is foreseeable duration of the cycle time in seconds;
NTC is trlwe number of technical actions (for each upper limb) needed to carry out the task during one
cycle.

The following equation calculates the reference frequency (number per minute) of technical actions (RF) on a work
cycle base:

RF = CF x Po,, X Re,, x Ad,, x Fo,, x(Rc,, X Du,,)
where
CF is the “constant of frequency” of technical actions per minute = 30;
Poy, Rey, Ady, Foyy  are multipliers for the risk factors postures, repetitiveness, additional, force;

Rew is the multiplier for the risk factor “lack of recovery period”; Documents
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Duy, is the multiplier for the overall duration of repetitive task(s) during a shift.
When designing a machinery related task, evaluate reference frequency of the technical actions within a work cycle
that is representative of the task under examination. The analyses shall include the main risk factors that the
designer can influence with the consequent choice of a specific multiplier for each risk factor. These multipliers will
decrease from 1 to 0 as the risk level increases. The risk factors and the corresponding multiplier, influenced by the
designer, are:
— awkward or uncomfortable postures or movements (posture multiplier) (Poy,), see 5.3.4.1.2;
— high repetition of the same movements (repetitiveness multiplier) (Rey,), see 5.3.4.1.3;
— presence of additional factors (additional multiplier) (4d,), see 5.3.4.1.4;
— frequent or high force exertions (force multiplier) (Foy), see 5.3.4.1.5.
The other factors considered in the equation (Rc,, X Du,,) are generally out of the direct influence of the designer
and consequently they will be considered, in this context, as a constant, reflecting a common condition of repetitive
task duration of 240 min to 480 minutes/shift with 2 breaks of 10 min plus the lunch break.
In practice, to determine the reference frequency (per minute) of technical actions (RF), proceed as follows:

— start from CF (30 actions per minute);

— CF (the frequency constant) has to be weighted (by the respective multipliers) considering the presence and
degree of the following risk factors: force (Fo,,), posture (Po,,), repetitiveness (Re,,) and additional (4d,,);

— apply the constant that considers the multiplier for repetitive task duration (Du,,) and the multiplier for recovery
periods (Rcy);

Thus the value obtained represents the reference frequency (per minute) of technical actions (RF) for the examined
task in the common condition of at least 2 breaks of 10 min (plus the lunch break) in a shift of maximal 480 min.

5.3.4.1.2 Posture Multiplier (Po,,)

If the conditions for posture are the same as in Method 1, the multiplier is 1. If those conditions are not present, use
the indications in Table 1 for obtaining the specific multiplier factor (Po,,) (see also Annex B):

When considering awkward postures and movements of operators in Table 1, it is important to determine the range
of body dimensions of the user population and the general design principles, which are described in EN 614-1|.

Early in the design process a comparison shall be made between the body dimensions of the user population and
the machinery dimensions. This can be done by means of standards (EN 547-1, EN 547-34, EN 547-3 and
N ISO 1473§), body templates or computer manikins.
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Table 1 — Multipliers for awkward postures

Portion of the cycle time
Less than
Awkward posture [12] 13 1/3 2/3 3/3
See Figures B.1 and B.2 from 1% | from 25 % | from 51 % | more than
to 24 % to 50 % to 80 % 80 %
Elbow supination (= 60°)
Wrist extension (= 45°) or
flexion (= 45°) 1 0,7 0,6 0,5
Hand pinch or hook grip or
palmar grip (wide span)
Elbow pronation(= 60°) or
flexion/extension (= 60°)
Wrist radio-ulnar deviation
(2 20°) 1 1 0,7 0,6
Hand power grip with narrow
span (<2 cm)

At the end of the analysis of awkward postures, select the lowest multiplier Poy, in accordance with the foreseen
postures and movements of elbow, wrist and hand (type of grip) for calculating the equation.

The designer, at this step, shall consider also shoulder postures and movements (for details see EN 1005-4,
ﬂN ISO 14738).

NOTE Any movement above shoulder height should be avoided. At this moment there is no available data for identifying a
specific Poyu for shoulders: consequently Poy for shoulders cannot be included in the OCR4 index computation procedure.

Annex B gives further explanation how to analyse postures and movements of the upper limbs.

5.3.4.1.3 Repetitiveness multiplier (Re,,)
When the task requires the performance of the same technical actions of the upper limbs for at least 50 % of the

cycle time or when the cycle time is shorter than 15 s, the corresponding multiplier factor (Rey) is 0,7. Otherwise
Rey is equal to 1.

5.3.4.1.4 Additional factors multiplier (4d,,)

The main additional factors are (non exhaustive list): use of vibrating tools, gestures implying counter shock (such
as hammering), requirement for absolute accuracy, localized compression of anatomical structures, exposure to
cold, use of gloves interfering with handling ability, high pace completely determined by the machinery.

If additional factors as listed above are absent for most of the task duration, the additional factor multiplier (4d,,)
equals 1. Otherwise the additional factor multiplier (4d,,) equals:

— Ad,, =1, if additional factor(s) are present at the same time for less than 25 % of the cycle time;

— Ad,y, = 0,95, if additional factor(s) are present at the same time for 1/3 (from 25 % to 50 %) of the cycle time;
— Ady, = 0,90, if additional factor(s) are present at the same time for 2/3 (from 51 % to 80 %) of the cycle time;
— Ady, = 0,80, if additional factor(s) are present at the same time for 3/3 (more than 80 %) of the cycle time.

Annex G further explains how to identify and evaluate the different additional factors.
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5.3.4.1.5 Force Multiplier (Fo,,)
If the criteria described in Method 1 are satisfied, the multiplier is 1.

If these conditions are not met, use Table 2 to determine the force multiplier (Fo,,) that applies to the average level
of force, as a function of time.

The force level (upper row) is given as a percentage of the Maximal Isometric Force (F,) as determined in
EN 1005-3:2002, 4.2.1.

When using a mock-up for risk assessment, a value derived from the application of the CR-10 Borg-scale can be
used (second row) [8, 9, 15, 18, 36].

Use a Foy = 0,01 when the technical actions require 'peaks' above 50 % of F, or a score of 5 (or more) in CR-10
Borg scale for almost 10 % of the cycle time.

The values in the Table 2 can be interpolated if intermediate results are obtained.
Annex C further explains how to determine the force level.

Table 2 — Multiplier relative to the different use of force (Fo,)

Force level
in % of F, 5 10 20 30 40 250
CR-10 Borg 0,5 1 2 3 4 25
Score very, very weak moderate somewhat strong/very
very weak weak strong strong

Force multiplier 1 085 | 065 0,35 0,2 0,01
(Fou)

5.3.4.1.6 Predetermined value (Constant) for the repetitive task duration multiplier (Du,,) and the

multiplier for recovery periods (Rc,,)

Since the multipliers (Du,, and Rc),), considered in the equation, are generally out of the direct influence of the
designer, they are here considered as unique constant, reflecting a common condition as:

Duy, 1 (multiplier for overall repetitive task duration of 240 min to 480 min);

0,6 (for a foreseeable presence of 2 breaks of 10 minutes and a lunch break in a repetitive task
duration of 240 min to 480 min per shift).

RCM

Therefore: (Rcy X Duy,) = 0,6
If the risk analysis of the machine shows that the risk is not acceptable when the total task duration exceeds a

specific value or the recovery time is shorter than a specific value, this shall be mentioned in the "information for
use", see Annex E.

5.3.4.1.7 Risk reduction analysis

When the result of the risk evaluation shows an unacceptable risk level the designer should reduce it by optimising
one or more of the following factors:

e number of technical actions needed in a work cycle;

e cycle time;
16
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e awkward postures;
e level of force of the technical actions;
e additional factors.

He can also inform the user that it is possible to reduce the risk by reducing the task duration, adding breaks or
introducing job rotation.

Regarding options for risk reduction see the example of Annex F.

5.3.4.2 Final evaluation by Method 2

The OCRA Index is obtained (for jobs with a single repetitive task) by comparing, for each upper limb, the
foreseeable frequency (FF) of technical actions needed to carry out the repetitive task and the reference frequency
(RF) of technical actions by means of this equation:

OCRA index = E
RF

Table 3 supplies the relevant values of the OCRA index to assess the risk in relation to the 3-zone rating system
(green, yellow, red) and to decide for consequent actions to be taken.

Table 3 — Classification of OCRA Index results for evaluation purposes

OCRA Index Zone Risk evaluation

<22 Green Acceptable

2,3t03,5 Yellow Conditionally acceptable
>3,5 Red Not acceptable

When a 'conditionally acceptable' condition occurs, the designer shall:
— reconsider the design of the machinery and of the task in order to obtain an acceptable condition;

— refer to Annex E which gives the criteria about recovery periods and daily duration of the task as a basis or
details in the information for use.

Annex D reports information about the criteria adopted for OCRA index classification and about forecasting models
of the expected percentage of Persons Affected (P4) by one or more Upper Limb Work Related Musculo-Skeletal
Disorders (UL-WMSDs) at a given OCRA index value.

Annex F provides a full example for the use of Method 2.

6 Verification

For each safety requirement and/or protective measure, except if it is self-evident, a method of verification shall be
established:

e a) by testing (e.g. functional test of a new sequence of technical actions);
e b) by measurement (e.g. measurement of required forces and postures versus time);
e ) by calculation (e.g. recalculation of OCRA Index after improvements);

e d) by any other method of verification, if testing and calculation are not adequate (e.g. by visual inspection).
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7 Information for use

The designer is compelled by the machinery directive to inform the users about any health risks that can be
foreseen due to manual repetitive tasks related to the machine. Therefore the designer should prepare “Information
for use” that describes the residual risk that can not be avoided after all has been done to achieve an acceptable
risk.

The "information for use" of a machine should give instructions to ensure safe and proper use of the machine. It
should also warn the user for any residual risks related to the use of the machine if these instructions are not
followed (EN_1SO 12100-2 and CEN Guide 414). All conditions that are specified in the risk assessment and could
be influenced by the user shall be mentioned in these specifications. It should also indicate whether specific
training is needed with respect to a proper use of the machine.

The ‘Information for use’ should also contain information on possible risk factors that can be foreseen but are out of
the designer’s scope, i.e.:

1) The duration and recovery time of the user of the machine.

Usually the designer of machinery has no influence on the actual task duration and recovery time of the
users of the machine. Therefore, in methods 1 and 2 of this standard a usual organizational context is
assumed in which repetitive task duration lasts 240 min to 480 min per shift and two (plus the lunch break)
breaks of 10 min (per shift) are provided. The risk of alternative task durations and recovery times are
described in Annex E. The designer can use this information for the ‘information for use’. He should also
mention possible solutions for risk reduction, such as reducing task duration, providing more breaks and
introducing job rotation. An example of the effect of adding breaks is given in Table F.17 of Annex F. An
example of introducing job rotation consisting in different repetitive tasks, with a consequent risk
evaluation by Method 2 is given in Annex H.

2) Additional risk factors.
Apart from the main risk factors that are dealt with in Method 2, there could be additional factors present
that may increase the risk. Examples of these additional risk factors are: use of vibrating tools; exposure
to cold or precise positioning of a piece or an object. Annex G describes these and other additional
factors. These additional factors should be taken into consideration by the user of the machine and should
therefore be mentioned in the ‘Information for use’.
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Annex A
(informative)

Identification of technical action

A.1 General

Technical actions imply musculoskeletal activity of the upper limbs. They should not be identified with a single joint
movement, but rather with a complex movement involving one or more joints and segments to enable the
completion of a simple working task [12, 13]. The task analysis methods, generally used in industry, identify the
elementary movements of a given operation to determine the time required to accomplish the operation.

NOTE The task analysis methods generally used in industry identify the elementary movements of a given operation to
determine the time required to accomplish the operation. The most common methods are [6, 7, 10, 16, 17, 20, 21, 22, 23, 24,
25,27, 28, 31, 37, 38, 39, 42, 44, 45].

- Chronometer analysis

- Predetermined Time Systems (PTS) like: MTA (Motion Tyme Analysis), MTS (Motion Time System), WF (Work Factor),
MTM 1 (Motion Time Measurements), MTM 2, MTM 3, MTM V, MTM MEK (Motion Time Measurements), MEK, MTM UAS
(Motion Time Measurements — Universelle Analysier System), MODA PTS (Modular Analysis Predetermined Time
Systems).

The technical actions are more similar (even if not identical) with the “elements” considered in the task analysis
methods listed in the note. So the technical actions are more easily recognisable by technicians because their
identification and the task analysis methods both aim towards the description of the technical movements carried
out by the operator to complete a work cycle. Table A.1 lists the criteria for the definition and counting of technical
actions.
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Table A.1 — Criteria for the definition and counting of technical actions

Technical action Criteria for the definition and counting

Move Means transporting an object to a given destination by using the upper limbs (without walking).

Moving an object should be considered as an action exclusively when:

- the object weighs more then 2 kg (with the hand in grip) or 1 kg (with the hand in pinch) (see
Annex B)

and

- the upper limb has a wide movement covering a distance of > 1 m.

Reach Means shifting the hand towards a pre-fixed destination

Reaching an object should be considered as an action exclusively when the object is positioned beyond
the reach of the working area limits (A2, B2, C2) as given by EN ISO 14738: 2002

A A

¢ ]

Maximum working area height (A2): 730 mm

Maximum working area width (B2): 1 170 mm

Maximum working area depth (C2): 415 mm
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Table A.1 (continued)

Technical action

Criteria for the definition and counting

Graspl/take

Gripping an object with the hand or fingers, to carry out an activity or task, is a technical action.
Synonyms: take, hold, grip again, take again.

Grasp with one
hand,
Grasp again with

The action of passing an object from hand to hand is considered as two separate actions: one for the
right hand (Grasp with one hand) and one for the left (Grasp with other hand)

other hand
Position Positioning an object or a tool in a pre-established point constitutes a technical action.
Synonyms: position, lean, put, arrange, put down; equally, re-position, put back etc.
Putting in, The action of putting in or pulling out needs to be considered as a technical action, when the use of force
Pulling out is required.
Synonyms: to insert, to extract.
Push/pull These need to be counted as actions because they stem from the need to apply force, although maybe

only a little, in order to obtain a specific result.
Synonyms: to tear, to press.

Release, let go

If, once an object is no longer necessary, it is simply “released” by opening the hand, or the fingers, then
the action need not be considered as a technical action.

Start-up

This needs to be considered as an action when start-up of a tool requires the use of a push-button or
lever by parts of the hand, or by one or more fingers. If start-up is done repeatedly, then consider one
action for every start-up.

Synonyms: press button, lift/lower lever.

Specific actions
during a phase

In addition to those listed here, many technical actions exist that specifically describe the processing of a
part/object, i.e.:

to bend or fold

to bend or curve, deflect

to squeeze, rotate, turn

to settle, to shape

to lower, hit, beat

to brush (count each brush passage on part to be painted)

to grate (count each passage on part to be grated)

to smooth or polish (count each passage on part to polish)

to clean (count each passage on part to clean)

to hammer (count each single hit on part)

to throw etc.

Each one of these actions need to be described and counted once for every repetition, i.e.:

— turn twice = 2 technical actions;
— lower 3 times = 3 technical actions;

— 4 brush strokes = 4 technical actions.

Walk, visual These need not be considered as technical actions because they do not imply any activity of the upper
inspection limbs.
Carry Means walking, carrying an object to a give destination.
Carrying an object should be considered as an action exclusively when:
— the object weights more then 2 kg (with the hand in grip) or 1 kg (with the hand in pinch),
see Annex B and

— the upper limb has a wide movement covering a distance of > 1 m.

NOTE Identical actions need still be counted every time that they are repeated. It needs to be remembered that, for

defining the frequency of action (number of actions per minute), the single technical actions are counted and not their duration.
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