TECHNICAL ISO/TR
REPORT 23076

First edition
2021-10

Ergonomics — Recovery model for
cyclical industrial work

Ergonomie — Modéle de récupérationpour les activités cycliques
dans l'industrie

Reference number
ISO/TR 23076:2021(E)

© IS0 2021


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
IIMEIOMUICTION ...t v
1 SCOPI@ ... 1
2 NOIIMATIVE FEFEI@IICES ... 1
3 Terms and defiMITIONS ... 2
4 Proposed approach ..., 5
4.1 The correct work content...........cccrs 5
4.2 Design of a standard working method .6
4.3 WOTK MEASUTEIMENT ..o A oo e 7
. T80 B €Y 1<) o= OSSOSO oo SO 7
4.3.2 Standard work performance w7
0% 705 TR 0 U=T=Y = Vot o) o OSSO ESS 8
4.4 Task assignment and work organization ... e S e 9
4.5  Biomechanical load measurement
4.6 Ergonomic work allowance (EWA)
4.6.1  General ...
4.6.2 Traditional approach
4.6.3 Proposed approach: EWA..........cccooccc.
4.6.4  DeSIGN CTItOTIA oo Moot
4.7 Organizational SOIULIONS. ... P e
471 General .. e
4.7.2 Strategies to reduce the overallMoad index
5 Ergonomic assessment worksheet (EAWS) ... 20
5.1 SYSTEIM OVEIVIBW ...oooirierieead e oot | 20
5.2 EAWS DASIC STIUCTUTE ..oyt i | 20
5.2.1 General
5.2.2  Section 0: @XTLAPOINTS ..o
5.2.3  Section 1: DOAY POSTUTES ...
5.2.4 Section 2:action forces.......n
5.2.5 Sectiom3rmanual material handling of loads.........
5.2.6 Section4: repetitive motions of the upper limbs......
6 EWA effeCt ON-EAWS SCOT ..ottt
6.1 L] 0 =3 Y OO
6.2  Effectof recovery time on typical workstations.
6.3 _EAWS based EWA MOEL..........iiesesseesessoessessssessoss s
Annex A (ififormative) EAWS SCOTING PrOCEAUIE ...t s 35
BIDLIOGEAPIY ... 144
© S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

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 procg¢dures 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-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)be the subject
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Introduction

0.1 General

The literature contains numerous methodologies for measuring physical stress in manual work.
Studies from different disciplines and research groups have concentrated on diverse external factors,
workplaces, and jobs. Factors most often cited include forceful exertions, repetitive motions, sustained
postures, strong vibration and cold temperatures.

The ISO 11228 series, ISO 11226 and ISO TR 12295 establish ergonomic recommendations for different
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h-occupational activities and provide information for designers, employers, employees a

and the handling of low loads at high frequency.

[SO 11226 gives recommended limits for static working postures withcng or minimal extg
exertion, while taking into account body angles and duration.

ISO TR 12295 serves as an application guide of the ISO 11228 series and ISO 11226 an
simple risk assessment methodology for small and medium @nterprises and for non-pr
activities. ISO/TR 12295:2014, C.5, is very relevant for this{document, since there is a re
the EAWS system, which is extensively described in Annex A, being the first available ¢
tool meeting the requirements of the EWA model.

@ means to determine the correct quantity of cyclical work assigned to a worker in a man
nt in order to meet the definition of a fair day!sswork. A fair day’s work is that length of wi
l that intensity of actual work, which expetids one day's full working power of the workg
croaching upon his or her capacity for the same amount of work for the next and followin
the old-fashioned production systems‘(piecework-based) the fair day’s work concept w3
hnection with the fair day’s wage.:In this document, the studies about the definition of the
rk become fundamental to connéct'work-study with the most recent knowledge about bion
d (occupational health and saféety), with a special focus on the product-process design pha

Recovery

the field of ergonomics there is a special interest in predicting fatigue dependent on the
ration and composition of stress factors and to determine the necessary recovery time. Tab|
se different aetivity levels and consideration periods, possible reasons for fatigue and
5sibilities of £ecovery.

Table 1 — Fatigue and recovery dependent on activity levels

olved in work, job and product design, such as occupational health and safety professionalls.

nual handling tasks, repetitive movements and working postures. They apply to occupational and

nd others

The ISO 11228 series relates to manual handling, including lifting and carrying, pushing apd pulling

rnal force

d offers a
pfessional
ference to
rgonomic

facturing
rking day,
r without
o daysl26],
is used in
fair day’s
echanical
be.

Thlis document can be used by industrial engineers for the application of ergonomic work zilowances

intensity,
le 1 shows
different

Level of activity Period Fatigue from Recovery by

Worktife Pecades Overexertiomrfordecades—Retirenment

Phases of work life Years Overexertion for years Holidays

Sequences of work shifts Months or weeks |Unfavourable shift re- Weekend, free days
gimes

One work shift One day Stress above endurance Free time, rest periods
limits

Tasks Hours Stress above endurance Rest period
limits

Part of a task Minutes Stress above endurance Change of stress factors
limits
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In ergonomic analysis of stress and fatigue for determining the necessary recovery time, considering
the period of one working day is the most important. In this document, this type of recovery is named
“recovery external to the work cycle” and is defined in [SO 11228-3.

In case of cyclical industrial work, where awkward static body postures are relevant, a strategy to
reduce the stress level is to allow short recovery periods within each work cycle. This type of recovery
is named “recovery within the work cycle”.

The proposed model concerns the quantification of recovery periods within the work cycle and

considers recovery periods outside the cycle (normally defined as pauses) as an exogenous variable,
evaluated~adthinthe factors r‘harar‘fpri'ﬁng the work nrgani7afinn

0.3 Purpose and justification

The indugtrial sector is one of the sectors with the highest global employment rate (22,5-% of t
employment). Despite this, the most recent research efforts about the definition of a fair day’s w

date back

to the 1980s. In the last 20 years a lot of research has been carried out on thébiomechani

load and thany new standards have been created.

This docyment is a first bridge between two different fields of knowledge:~work study (industr

engineeri
study too
musculos

s by leveraging the knowledge made available by the most recent studies about work-relat
keletal disorders (WMSDs).

This document provides a methodological reference for the procedures to determine the fair quant
of work wlithin a working day in industrial operations with repetitive manual work cycles.

The goal

f the model is to guide industrial engineers to keep the biomechanical load or local mus|

fatigue gdnerated by the planned cyclical work within the.limits defined in the ISO 11228 series a

ISO 11224.

This docuy

or standalrds. Rather, it aims at merging the best available knowledge (industrial engineering a

ergonomi

£s) about human capacity of accomplishing a manual task, following a pre-defined work cyj

(method dlescription and related standard time) without generating an excess of biomechanical g

(fatigue).

Present issues:

— Ergorfomic allowance is néglected or assigned based on a partial evaluation of the physical Id

(usua

—

Ily body postures-dnd forces). The calculation is not influenced by:

dad duration (action frequency and duration of static actions);

— work organiZation (shift duration, duration and distribution of the break periods) and w
njeasurement.

— Lack

fa well-recognized standard work performance to measure manual work.

al
rk
cal

ial

hg) and occupational health and safety (ergonomics). the objectitieis to improve the w¢rk

ed

ity

cle
nd

ment proposes neither new work measurement techniques nor new ergonomic techniques

nd
cle
ad

ad

rk

— Available ergonomic evaluation systems work on different measurement scales and the difficulty of
assessing the overall physical stress.

— The ergonomic approach tends to be used reactively in the industry rather than proactively
(preventive ergonomics).

0.4 Expected benefits

— Support the adoption of the ISO 11228 series and ISO 11226 in the industrial manufacturing sectors.

— Support the definition of a standard work performance to standardize the work measurement.

— Improve working conditions, safety and ergonomics of workers in manufacturing industries.

Vi
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— Complement the traditional set of experts’ capabilities on time and motion with the ergonomic
skills necessary to design safe and efficient work stations and sustain continuous improvements in
productivity and ergonomics during the entire product life cycle.

— Support the ergonomic evaluation in the earliest stages of product or process development, when
changes are still feasible and the cost of such changes is affordable (preventive ergonomics).

— Link ergonomic improvements with labour cost reduction (improve ergonomics - reduce costs -
justify investments in ergonomic improvements).

— Reduce cost and deviation of the ergonomic risk-mapping process by linking the biomechanical load
measurement with work measurement and organization.

—| Bean objective reference for employers and unions when setting up gainsharing contract$ based on
labour productivity (industrial relations).

© 1S0 2021 - All rights reserved vii
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Ergonomics — Recovery model for cyclical industrial work

1

Scope

This document establishes an ergonomic model for any cyclical human work planned and executed
in an industrial competitive environment. It also covers the process of measuring work based on the

co
bo
frd

Thlis document applies to the adult working population and is intended to give réasonable

for
ba
0

—

icept of normal work performance and of the assessment of risk factors commonly assec
y postures, body or hand forces, manual material handling of loads and handling low lo4
quency.

nearly all healthy adults. Those areas concerning health risks and contrélxmeasures
sed on experimental studies regarding musculoskeletal loading, discomfort/or pain and ¢
fatigue related to work organization and methods.

Thie scope of this document is any cyclical human work planned and executed in an

co
de
laH

mpetitive environment. The most typical cases are within industfries where there is th
fine an expected output (products or services) based on the optimization of the trade-of|
our productivity and health and safety.

ated with
ds at high

giﬂrotection

e mainly
ndurance

industrial
e need to
[ between

Thie most sensitive organizations to this proposal are those within labour-intensive manufacturing

ing

Justries with series and batch production systems:
automotive (original equipment manufacturerand tier 1 and 2 suppliers);
industrial automotive (trucks, buses, agrignltural and mining equipment);
industrial manufacturing (small domeStic and industrial equipment or machinery);
domestic appliances and consumer/goods (white goods);
plastic and rubber products (tires, doors, windows, shoes);
consumer electronics (RCS, televisions, printers, radios, hi-fis, alarm systems);
furniture;
textiles and apparel;
food preparation;
packaging;

aerospace and defence;

2
Th

©lI

rail and shipping;
large domestic and industrial equipment or machinery;

logistics.

Normative references

ere are no normative references in this document.

SO 2021 - All rights reserved
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3 Terms and definitions

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

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

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

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

31

basic mo
manual m|
regards t¢

3.2
technicall
elementar
the upper
posture

EXAMPLE

3.3

real actid
combinati
object

EXAMPLE
fastening 4

3.4
standard,
work with
achieve a

3.5
standard

ion
otion performed with fingers, hands, arms, eyes, feet, legs or body, no longer decomposablg
content time

action
y manual action to complete operations within the cycle basic motion in.which a segment
limb (shoulder, elbow, wrist or finger) is involved to reach a target or<te hold an object o

Grasp, reach, move, turn, apply pressure, hold, turn, push or cut.

n
on of basic motions (technical actions) performed to achieve a finite and planned state of]

Get and place an object, place a tool, activate (yreach and press a button), micro finger cycle
screw with fingers.

work
| the most efficient method to produge d product (or perform a service) at a balanced flow
Hesired output rate

working method

method t¢ break down of the werk-into elements (operations), which are sequenced, organized a

repeatedl

Note 1toe
are clearly

3.6

y followed

htry: Standard conditions as part presentation, distances, geometries, weights or tools and equipm
described.

work meal:lsurement

applicatio
at a defing

of techniques designed to define the time for a qualified worker to carry out a specified
dJlevel of performance

as

of
I a

an

as

to

ob

3.7
standard

work performance

effort level that could be easily maintained year in, year out, by a worker with average physical
capabilities, without drawing upon his or her reserves of energy

Note 1 to entry: Working at standard performance brings the worker to the end of the fair day’s work without an
excess of physical stress.

© IS0 2021 - All rights reserved
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3.8
time allowance
time added to the basic time

Note 1 to entry: The amount of the allowance depends on the nature of the work and the working environment,
and it is often assessed using an agreed set of guidelines and scales.

Note 2 to entry: Time allowances are used to cover personal needs, technical and organizational planned losses
and learning effect. This document refers to time allowances meaning the additional time to recover from an
excess of fatigue generated by the work cycle.

3.
bakic time
tinhe set through a given work analysis system

Nofe 1 to entry: Predetermined time measuring systems (e.g. methods-time measurement) provide basic times
of manual elementary motions (e.g. reach, grasp, move).

Note 2 to entry: Basic time does not include any allowance.

3.10

standard time
tinhe required by an average skilled operator, working at a normal pace, to perform a spegified task
using a prescribed method

Note 1 to entry: The difference between standard time and basi¢ time is that basic time is the time when work
shquld be done without any delays. Standard time is the time.taken by the worker to complete the|work with
sothe unavoidable and therefore planned delays (time allowances).

Note 2 to entry: Standard time includes time allowances,

3.11

meé¢thods-time measurement
MTM

procedure which analyses any manualioperation or method into the basic motions required tp perform
it and assigns to each motion a hasic predetermined time, which is determined by the influencing
fadtors under which it is made

Note 1 to entry: Examples include reach or move distance, type of grasp, object weight.

3.12

cyfle time

time available at each workstation to accomplish the tasks assigned for each unit of output

Note 1 to entry:.Cycle time corresponds to the pace at which an assembly line delivers its output.

Note 2 to entry: In the case of a single workstation, cycle time and standard time coincide, since therfe is no idle
tinje causéd by the imperfect synchronization of a sequence of workstations (balancing losses).

Note3to nnfry- (‘yr‘]n timels nvprnccnd asthe sumofstandardtime and.idle time

3.13

task assignment

line balancing

manufacturing-engineering technique, in which the production line operations are divided into tasks,
which are assigned to the minimum number of workstations

Note 1 to entry: A production line is said to be in balance when every worker's task takes approximately the same
amount of standard time. Well-balanced lines minimize labour idleness and improve productivity.

©1S0 2021 - All rights reserved 3
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3.14

work organization

way that tasks are distributed among the individuals in an organization and the ways in which these
are then coordinated to achieve the final product or service

Note 1 to entry: Work organization typically encompasses the total shift duration, the quantity and distribution
of the breaks, the type of man-machine interface and the level of allowed flexibility.

3.15
worker saturation
percentage of non-idle time within a cycle time

Note 1 to eptry: Worker saturation is expressed as the fraction of standard time and cycle time.

Note 2 to eptry: See Figure 1.

\f\Q —1+2

3+4+5

Key

CT cycle time

T time

AB workstation B

1,2,3,4,5 operation.1,2,3,4,5 (basic time)

AA, BB allowance A, B

IT idlestime (unsaturation)

1+2 task assigned to work station A (standard time)

3+4+5 TasK assigned to WOTK station B (standard time)
Figure 1 — Industrial engineering terminology

3.16
biomechanical load
physical stress acting on the body or on anatomical structures within the body

Note 1 to entry: Loads originate from the external environment (e.g. the force generated by a power hand tool) or
are the possible result of voluntary or involuntary actions of the individual (e.g. lifting objects).

EXAMPLE Kinetic (motion), kinematic (force), oscillatory (vibration) stress and thermal (temperature)
energy sources.

4 © IS0 2021 - All rights reserved
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3.17
transition time
duration of the movements for changing from one body posture to another

3.18

overall load index
OLI

index compounding the overall biomechanical load generated by the different types of physical stress

4 _Proposed-approach
rr
4.1 The correct work content
Thie determination of the correct work content for a given activity is a fundamental task for § company
in prder to be competitive on the market, as well as to safeguard workers’ health and to gyarantee a
proper quality of the performed activity. The setting of a standard time of a mapual task is bafed on the
following steps (see Figure 2; T, is the cycle time and T4 is used to indicatethe standard timg):
a) | design of a standard working method;
b)| work measurement;
c) | task assignment and work organization;
d)| biomechanical load measurement;
e) | ergonomic work allowance calculation (applying®he model).
Justified Design of a standard Standard Planned production P28
investm? working method performance (vol/mix) D26
) v v v
Work measurement —— Bagjc time Th Cycle time
rganizational Task assignment and |
solutions work organization
|—> Worker saturation
(intensity) I
R 2 * ______ N (duration)
: Biomechanical load 4‘:
: measurement :
I ! l
T 15 :
| i N .
T «— Ergonomic work ﬂ_o_ High risk 4—— Overall load index
! allowance (EWA) X
|
: Core content of the TR | \/
i 4
Yes
Key

process

output

Figure 2 — Standard time setting process
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4.2 Design of a standard working method

The design of a standard working method is the key driver to achieve operational excellence in levels of
productivity and safety. This task is one of the main responsibilities for industrial engineers, who have
to blend wisely several fields of knowledge to coordinate humans, machines and materials to attain a
desired output rate with the optimum utilization of energy, knowledge, money and time. It employs
key techniques (such as floor layouts, personnel organization, time standards, wage rates, incentive
payment plans, production scheduling) and technologies (ICT, digital devices, data and analytics) to
control the quantity and quality of goods and services produced. The design and planning of a working
system largely determines the ergonomic conditions of the worker and therefore it is fundamental to
bring the Frgonomic Knowledge INto the eariiest stages of the productand process development process
and the erfjgonomic constraints into the planning process (see Figure 3).

T-echnol(?gy/ " Serial development 0‘ Serial production //‘
innovation

Framework Concept Serial Start of End of
—*20 production production
\+15
Bandwidth T +5
Shou d-cost’ WFHCY 1 /\’: A 425

level MS
5
-15

-20

High-level cost estimate _ Should-cost model>

Opportunities ,~~ "~~~ """ """ TTToo N\

Costs of
. . / . .
High 4 to avoid costs Preventive Ergonomlc@

changes

-

Costs &
Opportynities

Low 8 4 »  Time
Sl - N -

* Cost|benchmark * Detailed process cost analysis
* Weight benchmark Gostdetails * Workplace planned load and
* Perf¢rmance/quality assessment + Prodess simulations and saturation

 Brar|d pillar evaluation * Base for external supplier

Produét eoncepts and options * Line balancing
* Ergonomic risk mapping and

avoidance

o o

Hon i planning iati * Continuous improvement
(wh g_e competlt;on 1s +/Base for internal decision negotiations
spending money?) making

Figure 3 —®Preventive ergonomics in the new product development process

To achiev¢ suchrassophisticated level of product or process development and planning process, the mpst
advanced|industrial companies use a predetermined motion-time system (PMTS). A PMTS is a sef| of
data of eléementary human motions of which a basic time is prPdePrminPd which isused as a reliable

language to design, plan and measure a manual task.

The last developments among available PMTSs aim at creating specific tools for designing work systems
in the earliest stages of product and process development, rather than simply measuring them once they
are up and running. In this way, it is possible to find the most efficient and ergonomic solutions when
it is still feasible to make product and process changes and the cost of such change is still affordable
(metal has not yet been cut). Indeed, in the early phases of product or process development, investments
in tools and equipment have usually not yet been released and changing a CAD file or a design is not too
expensive. Standard times play a key role in setting transformation process costs and purchasing costs
of goods and services.

World class companies’ purchasing departments monitor direct purchasing or outsourced service
costs thanks to an analytical calculation based on the most appropriate PMTSs. As far as ergonomics is
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concerned, if there is a tool to pre-calculate the biomechanical load based on a planned working method,
it becomes economical and effective to preventively reduce the risk due to an excessive workload.

4.3 Work measurement

4.3.1 General

The definition of the basic time (T, Step 2 in Figure 2) is built on the concept of standard work
performancel23], strictly related to the fair day’s work. As mentioned previously, the standard work

pe

rformance represents an effort level that could he easily maintained vear in, vear out by a worker

wi
of
wi

Md
to
wd

Lh average physical capabilities without in any way asking him or her to draw upon his or he
energy. Working at standard performance allows the worker to get to the end of thedair
thout an excess of physical stress.

st accurate work measurement techniques (stopwatch and PMTS) make use of performa
ensure that times calculated or derived are times for "an average qualified-worker" to car
rk being measured. Since this average qualified worker is not actually observed, performa

is fised to modify what is observed and thus convert it to basic time (see Figure 4).

So
pe

Stop-watch procedure EXAMPLE \%V

Stop watched time T_ Stop watc&e Xne T, =100

Rated Performance P Rate(QQormance P=90%
Standard performance P S{&ard performance P = 100 %
Basic time T, = T_ x (P/P) K, .Zéasic time Tb = 100 x (90/100) = 90

RN

Figure 4 — Stopwatch procedure to set a basic time

me measurement techniques, suchas the PMTS, are not based on the observer to rate thg
Fformance. PMTS developers ‘use performance rating in the derivation of the origing

calculate the basic times of each single elementary motion. Therefore, PMTSs, once the m

be
thg
re:

ap

Cu

(n
Us

bn set (sequence of elementary motions), directly provide the basic times, without the ne
b operator’s working performance and, even more important, without the need to observe.

reventive approachto ergonomics possible.

Frently, theré/are a number of different performance rating systems and scales available
reference'\standard is defined) and this makes it difficult to define a standard norm per
ng different performance scales leads to setting different basic times for the same quantit]

cayising'eritical deviations in the ergonomic evaluation of the work load (e.g. a different basi

md

tion'would generate different motion frequencies in a cycle).

I reserves
ay’s work

nce rating
ry out the
nce rating

b worker’s
1 data to
ethod has
ed to rate
[his is the

ison why PMTSs are strongly recommended for designing and planning a new work systein, making

ind in use
formance.
y of work,
C time per

4.3.2 Standard work performance

Due to increasing globalization, many organizations are currently using several different work
measurement techniques in different geographies of the organization. This happens because different
techniques have gained a greater degree of usage in specific countries. Global organizations are
willing to set comparable standard times of the same piece of work to simplify planning and control
processes and to manage properly their manufacturing footprint and production allocation. That’s why
it is important to support the definition of a global work performance reference, exploiting the large
quantity of knowledge about ergonomics, which became available mainly in the last 20 to 25 years
(while the most common definitions of standard work performance date back to the 1940s).
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Each of the rating systems or scales starts from a different conceptual viewpoint. For example, the
Bedaux System assumed that normal’ performance was 60 'minutes of work' per hour, that 80 'minutes
of work' per hour was incentive performance and that 100 was the theoretical maximum.

All work measurement systems use time units to represent work content - the quantity of work
involved in carrying out a particular task, operation or job. Thus, the unit, such as 'standard minute’,
is an expression of quantity of work, rather than of time. It only converts to an equivalent time by
assuming that the operator works at standard performance (with reference to the performance rating
scale in use) and takes the agreed level of allowances built into the work content value (standard time).
Different rating systems claim to rate different factors - commonly these are some combinations of

" 111 1 & L > & h | h L
speed, effpr G SKTIT, UCXCET ItY, COIISISCEIICY dITt COTTUICIONTS.

One of the common problems of rating is that it is often linked to remuneration, throughsetting
'daywork| rates or through graduated incentive payment schemes. This results in pressure frpm
employeef and unions on work study practitioners to 'slacken’ their ratings to give 'looseti time values
for jobs.

Thus, eveh though the same rating system and scale is in use in different organizations, there is|no
guaranteq that the concepts of normal and incentive performance are the same€ in‘each one of them -
this is esplecially true if the organizations carry out no rating validation through'rating clinics.

In some cpuntries or organizations, trade unions have a right to observeitime studies or to carry ¢ut
parallel studies to check on the times produced by industrial engineers. Where incentive payment
schemes dre involved there is understandably a desire to challenge £atings and allowances used by the
practitioner - since most rating systems are based on subjective’judgment, this debate is difficulf to
resolve in|the absence of some means to validate ratings.

The choicp of a well-known level of standard performange-is’ crucial for the process of designing safe
and ergonjomic work systems, especially as far as the upper limbs risk evaluation is concerned. Indepd,
a higher l¢vel of standard performance would bring.tershorter basic times for each elementary motjon
and consgquently an expected increase in action frequency of the upper limbs planned motions. WHen
most of tHe work measurement systems were developed, there were no ergonomic standards availaple
and the gpod ergonomic solutions were left to-the individual experience of the industrial enginegqrs.
Nowadayy, the correlation between biomeehanical load and the probability of incurring a work-related
musculoskeletal disorder is proved and relevant ISO and CEN documents set clear references.

One objedtive of this document is to\take a formal position against the use of the different standard
performafce levels to set basic tifnes in the industries. The availability of different performance rating
scales is rjot an issue. When mé€asuring a temperature, regardless of the scale used, if the water stafts
boiling, the value read on each scale is different but well known and equivalent (100 °C or 212 °F|or
373,15 °K|indicate the samhelevel of heat). In the same way, it is important to establish a fair reference
level of wprk performanee, which keeps the biomechanical load under given limits. Several tests hgve
been run py the technical committee of the International MTM Directorate, using the MTM scale af a
referencefand theftesults are summarized in Annex A.4.

4.3.3 Real action

A real action (RA) is a combined movement of the upper limb (fingers, hand, wrist, elbow or shoulder)
aimed at achieving a planned state (e.g. get and place an object to a specific destination). The exact
definition of the RA is based on the movement definitions of the building blocks of MTM-UAS[24],

ISO 11228-3 sets the maximum number of actions at 70 technical actions per minute, equivalent to 40
real actions per minutell2l. Considering the durations shown in Figure 5, the average duration of one
action is in the range of 31-35 TMU (time measurement units) (100 000 TMU = 1 hour), equivalent to
1,2 s and generating a frequency of 50 real actions per minute (equivalent to c. 87 technical actions/
min).

In a real workplace, consider that there is usually a distribution of motions between the two upper
limbs (left and right) and some body motions and visual controls, which do not generate any real action
and therefore dilute the frequency of actions. Consequently, there is a good chance that, adopting
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the MTM standard work performance, the resulting frequencies of action will not cause an excessive
biomechanical load. Of course, to obtain a complete load evaluation, further influencing factors have to

be considered (e.g. force levels, weights, postures).
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Figure 5 — Distribution of real actions duration

4.4 Task assignmment and work organization

Ta

asy

ba

bk assignmeft™in the manufacturing industry is very important, especially when deg
embly lines~(line balancing, see Figure 6). Indeed, once the total work content is calculg

unjits toyproduce and the net working time available in a shift (shift duration minus breakg

pr
be

pductive time), it is possible to set the pace of our production flow (cycle time, T.). Cycle

ling with
ted (total

sic timevof’all the actions necessary to accomplish the complete task), given a targeted quantity of

and non-
time then

comes the maximum r‘;\pnr‘ify of each workstation :\Inng the flow if the operators are to

work at a

controlled performance and to produce the planned output. T, is like the capacity of a glass, the water
poured into it is the set of tasks assigned to a workstation and T4 (standard time) is the quantity of
litres of water poured into the glass. Without an accurate work measurement, it would not be possible
to balance the line evenly and production would not flow smoothly along the line. Consequently, there
would be lower productivity levels and an uneven distribution of work among the workers, forcing the
most saturated workers to work harder and faster to cope with the line pace (T,).
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A,B,C,D |workstation A, B,C, D
1,2,3,4,5 ...|operation 1,2,3,4,5... (basic time)

AA, BB, CCJallowance a, b, ¢, d
DD

Figure 6 — Line balancing

Once the fasks are assigned to a workstation and the T, is set, the duration of each action (times per

C
minute in|the case of dynamic actions or secondsof duration per minute in the case of static actions

determingd and the calculation of the workload-results accurately accomplished.

4.5 Biomechanical load measurement

Load resuflts from the intensity and.the duration of the work and from the working conditions in wh
it is carri¢d out. A load describes-the objective demand of work, which is to be fulfilled in a period
time. It is jndependent from the.individual who performs the activity.

At present, several ergononiic analysis systems are available to measure the workload. Each syst
was designed to deal with'a specific risk area and it works with its own measurement scale (e.g. NIO
Lifting Indlex, OCRA Index, ACGIH TLV, HAL, RULA, Strain Index). To apply the EWA model], it is necess3
to compopnd all type of loads (postures, forces, manual material handling of loads, vibrations a
repetitive{upperlimb motions) on a unique scale. In Figure 7 a comprehensive approach is represent
Clause 6 grovides a first available solution (EAWS), which meets all the rules of the application of {

is

ch
of

bm
SH
\ry
nd
ed.
he

EWA model
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Individual

Classical load and Stress.ors characteristics, . L
) task/environme R Strain Limit Value
strain concept nt abilities and
skills
Relevant Risk evaluation
CEN/ISO ergonomic Load situation characteristics according to
risk assessment (e.g. MMH) of the intended traffic light
user populat. scheme
" _aa . Relevant Sum of risk Risk evaluation
EAWS ergonomic AL characteristics according t
risk analysis geétgi'ohﬁhég?ég of the intended strgssors traffigdight]
user populat. Ti(r)n:ig?tr sgheme

Figure 7 — Approach to an overall load index assessment

Thie required ergonomic measurement tool provides an overall load€Valuation that includes all
bigmechanical risks to which an operator can be exposed during a ¢yclical work task. All{loads are
mgasured and compounded on a unique scale and the resulting load”expressed through a final index,
the overall load index (OLI), which is then used in the EWA modelto determine a proper pllowance
fadtor.

Thie load is given by the result of the following formula:
Load = Intensity x Duration

Infensity is mainly driven by the awkwardness of{postures (body, upper limb and grip), intensity of
forlces (force exertion and manual material handling) and vibrations.

Duration is driven by the action frequency (dynamic actions) and action duration (static actigns).

ISQ 11226 and ISO 11228 offer models.to assess the level of exposure to ergonomic risk by [providing
a measure of the biomechanical load."Fhese provide a means of measuring loads that are nof simple to
mdasure given the numerous and related influencing factors (e.g. the intensity of an upper limb motion
depends on the force level withtrespect to the type of grip used to get the control over the ohject being
mqved and to the direction gfthe movement).

Thie requirements of thes\EWA model are even higher, since it needs in input the measuremlent of the
totlal load generated biy-the composition of all types of load.

4.¢ Ergonomie'work allowance (EWA)

4.6.1 General

increase in the basic time for each cycle, the “non-productive” time becomes planned and a worker can
still be able to complete the work assigned to him or her.

There are two types of interruption: (1) interruption related to the work; (2) interruption not related to
the work. For example, a machine breakdown, rest break to overcome fatigue, and receiving instructions
from the manager are the interruptions related to the work, but personal needs and lunch breaks are
interruptions not related to the work. However, the two types of interruption are both essential for the
worker because it is almost impossible to work in a continuous manner during a regular shift.

Fatigue allowance is intended to cover the time given to the worker to overcome fatigue due to work-
related stress and conditions. There are three factors that cause fatigue: (1) physical factors, like
standing and the use of force; (2) mental and cognitive factors, like mental strain and eye strain; and
(3) environmental and work factors, like poor lighting, noise and heat.
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This document deals only with (1) physical factors and partially with (2) mental and cognitive factors
for workers assigned to cyclical manual tasks in an industrial manufacturing environment. Specifically,
EWA means the allowance coping with physical factors. A few mental and cognitive factors of manual
repetitive tasks are only evaluated in the most advanced work measurement techniques in the definition
of basic time (high-precision motions require visual and mental control and, for this reason, are given
more time). Most of the mental and cognitive factors are not dealt with in this document (fatigue related
to psychosocial issues, which the worker faces and deals with either in the workplace or otherwise).

The EWA model does not include any coverage of interruptions not related to the work. Specifically,
EWA does not include any physiological need allowance, which is a constant value independent from
the type ¢fworkamd-typicatty ranges fromm4—96to 59 of theshift time{equivaterntapproximatety) to
two brealis of about 10 minutes each, distributed within a typical shift of 8 hours).

Since the ¢lefinition of basic time T} assumes there is no physical stress in the accomplishment of a ddily
task, if the working task generates stress, industrial engineering practices recommend the-allowance
of a recoyery time sufficient to compensate the extra effort. The objective is to level ‘physical effprt
(biomechgnical load) within the standard limits referenced by the work performance{ thus reducing the
likelihood of incurring work-related musculoskeletal disorders. In other words, the<EWA allows more
time to execute a task (diluting the basic time), thus reducing the demand for the'worker’s performanice.

The basic|time T, is determined based on the standard work performance:.In’ this subclause the MTM
standard [performance has been selected as the reference, since, if there are no other risk factprs
present in the work task (e.g. awkward postures and forces), it leads to having an action frequency
which is l{kely to conform with ISO 11228-3. However, what if thoseladditional risk factors are present?

4.6.2 Traditional approach

In the beft traditional industrial engineering practices; ergonomic work allowances (often nanjed
rest or fafigue factor) are determined and applied on each single motion. This type of model is nanjed
“single-m¢tion work allowance”. In the eventuality tlfat a detailed motion-time study is not availalle,
the ergonpmic work allowance is often applied as aconstant percentage on all workstations, regardless
of the typg of task carried out (usually the percentage is based on old company agreements). In woist-
case scengrios (unfortunately quite common.in'the real life), no ergonomic allowance is applied.

Table 2 giyes some examples of the rest allowance table adopted by the Fiat group from the 1960s until
their globpl adoption of the EWA modekin 2008.

Fable 2 — FCA old rest allowance model

Force exertion or weight

. L M P PP
Basic body .
Post Trunk and upper limbs posture 0 kgto 2 kgto 10 kgto 20 kgtp
ostures 2kg 10 kg 20 kg 25kg

Allowance in %

Trunk and upper limbs in nor- - -
A  malposture c 6to7

Stationary trunk

\_—I‘IQ

|I Trunk and upper limbs in awk-
Sitting B Wwardposture; 7 8to 10 - -
Stationary trunk

NOTE Percentages in this table do not include any allowance for physiological needs (4 %).
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Table 2 (continued)

Force exertion or weight
Basic body L M P PP
Trunk and upper limbs posture 0 kgto 2 kgto 10 kgto 20 kg to
Postures
2kg 10 kg 20 kg 25 kg
Allowance in %
2 A Trunkand upper limbs in nor- 7 8t09 10t012 | 13t017
mal posture; stationary trunk
o B [runicand upper fimbs in hor- 9 10t012 | 13to15 | 161020
Trunk and upper limbs in awk-
Standing ¢ Wwardposture; 11 12to14 | 156M€ || 19t023
Stationary trunk
p [runkandupperlimbs inawk- 13 14to 16~} 17t020 || 21to25
ward posture; moving trunk
3 A Trunk and upper _limbs in nor- 8 9 tol10 111013 -
mal posture; stationary trunk
Trunk and upper limbs in awk- -
Kneeling B Wwardposture 12 13t015 | 16t019
Stationary trunk
4 A Trunk and upper .limbs in nor- 10 11to0 13 - -
mal posture; stationary trunk
94@ Trunk and upper limbs in awks - -
Laying B Wwardposture 14 15t0 18
Stationary trunk
5 , A fg:gsurface' with@without 10 11to14 | 15t019 || 20to24
B lS;ded surface, with or without 13 14 to 17 18 to 22 23 t0 27
Walking - -
¢ Pushing/pulling trolleys or 11 12t015 | 16t020 || 21t025
cartson a flat surface

NO['E Percentages in this table do not include any allowance for physiological needs (4 %).

Thle weaknesses of the traditional model are as follows:

— | Despite the wide of rangeof'allowance values (1 % to 23 %) in the table, the resultant average value
of the allowance on a workplace is fairly constant (in automotive assembly lines there ar¢ values in
the range 5,5 % to 6,5 %).

—| Single motion medels do not consider the frequency of actions, which is one of the key driyers in the
ISO 11228 séxies.

—| Single motion models do not consider the sequence of actions and therefore tend to peglect or
underestimate the duration of static actions (average motion duration ranges from 1 s to|2 s).

4.6.3») Proposed approach: EWA

The first study which drew attention to the weakness of the correlation between the ergonomic work
allowance, assigned with the single motion models, and the overall physical stress (fatigue) was carried
out in the Fiat Mirafiori plant (Turin), on the trim line of the vehicle models Musa, Punto and Idea in
2005. The objective of that project was to test the effects of the introduction of the work measurement

system MTM-UAS and of the newly developed comprehensive ergonomic tool ergonomic assessment
worksheet (EAWS).

The results of that study were as follows:
— Step 1

Same line balancing (unchanged task allocation), work measured using MTM-UAS and calculation of the
ergonomic factor using the traditional method (single motion model).
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Looking at Figure 8, it is quite evident (especially for workstations 18 and 19 where the EAWS index
reaches the highest values) that the correlation between EAWS index and the applied allowance (almost

constant around the value of 6 %) is very poor.
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Figure 8 — Mirafiori project, step 1

é<>

— Step 4 %

Same line balancing but calculating the ergonomic allowances using the EWA model.
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Thie ergonomic wo owance model was designed with the main objective of calculating an pllowance
as|a function & atigue index. The stronger the demanded fatigue, the higher the allowance (see
FigL,_lI‘Q 9) ?\
—| Ste Q
hodel (see

New-line balancing (see Figure 10) and calculating the ergonomic factor using the EWA n
Fig@‘

y

In the new line balancing configuration, task distribution among workstations was driven by the
quantity of standard work (basic time) and the level of fatigue (allowance) generated by the same tasks
assigned to each workstation. The key indicator to get a well-balanced assembly line is the standard
time (basic time + allowance), which in Figure 10 is represented by the height of the bars, limited by the
total net available minutes per shift (450 min in this case). This procedure leads industrial engineers to
level not just the basic time, but also to avoid peaks of fatigue on one workstation and no physical stress

on

another.
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W9Y1,2,3,4 work station 1,2,3,4

Figure 11.-<Ergonomic work allowance model

Thie main innovation, with reSpect to other existing allowance systems, is the introductjon of the
concept of duration. Indeed,(traditional methods base the determination of the allowance as p function
of the main body posture dnd the force/load level (intensity), regardless of the duration or the frequency
of the motions. The alldwance is then applied on each single motion, and, for this reason, the model is
called “single-motion-allowance”. For example, to lift a load of 18 kg the ILO recommended pllowance
gives a value of 9,%f], regardless of the number of repetitions of the action during the shift.

The proposedsEWA model proposes an ergonomic allowance (fatigue allowance) as a functlion of the
overall load index, which is an index tightly linked to the concept of physical workload. Ir] the EWA
maqdel, the;physical workload is calculated as follows:

—

Workload = Intensity x Duration

— Intensity is proportional to the degree of awkwardness of the postures, the force intensity or the
load weight.

— Duration depends on the duration of static actions and the frequency of dynamic actions.

To reach a significant level of workload, it is necessary to have at least a medium intensity with a
medium duration. If either one of the two factors is negligible, the resulting workload will be low, even
if the other factor is high (in such cases there would be a risk of injury arising from a single identifiable
event, which can be lowered through a better method design).

The ergonomic allowance is necessary to dilute standard times and recover from physiological strain
(maximum worker’s saturation level is limited or extra breaks are allowed). The nature of physiological
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strain depends on the type of muscular contraction involved. There are two types of muscular
contractions:

— Dynamic, involving rhythmical contractions of large muscle groups where the length of the muscles
is changing (isotonic).

— Static, involving prolonged contraction without a change in the length of the muscles (isometric).

The core of the EWA model is built upon the fundamental principle of allowing a sufficient recovery
time to keep the physical load within controlled limits (see Figure 12).
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55 % y N

5096 | L

45 % |
40 % | /
35 %+ %

30 %+ o
25 %+ 0
20 %+ 6,5 %
15 %+ 0

10 %
5%~

0%
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25(1 30 | 35 | 40 | 45 | 50 | 55 | 60 | 6570 | 75 |80 | 85 | 90 |95 |100 {105 |110 |115 |120 |12p

0| 25|30 | 35|40 | 45 | 50 | 55460 | 65 | 70 | 75 | 80 | 85 | 90 | 95 |100 |105 |110 |115 |12p

Key
EWA ergonomic work allowairce (vertical axis)
OLI overall load index((hprizontal axis)
0<OLI<2p low physical stress

25 <OLI <0 medium low physical stress

40 <OLI <p0 medium high physical stress

OLI > 50 high'physical stress

Figure 12 — Ergonomic recovery model

4.6.4 Design criteria

The EWA model was determined setting a curve that starts from 0 % and increases exponentially
up to 51 %, trying to match the plotted values and generating a set of points very sensitive to load
variations, particularly within the medium risk zone (25 < overall load score < 50), which represents
the most common case in the manufacturing industry. To identify the best-fitting EWA curve, numerous
calculations were run during a research project, which took place at the FCA Mirafiori automotive plant
on the Musa-Ideal final assembly line from 2005 to 2006. In that study, the EAWS system was adopted
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Fiat as the comprehensive ergonomic tool to calculate the overall load index. The drivers in the

identification of the function were the following:

Start from 0 %, since, if there is no significant load, the standard work performance sets the basic
times on a level corresponding to the no-stress area (see definition of standard work performance).

In the middle of the medium load level (medium stress zone in Figure 12), corresponding to a overall
load index of 37,5, set the EWA at 6 %.

Define the “speed” of the function (first derivative) in order to reduce the workload enough to exit
from the red area. An exponential model was selected, since linear models failed.

P

Sin
to
co

In

4.

4.7

ure 12 shows the proposed model, where the traffic light colours indicate thrée ltl)ad levels
'responding to three risk zones: low risk (green), medium risk (yellow) and high risk (red)

ce 2006, hundreds of real field applications of the EWA curve have proved its yalidity, pushing users
continuous improvements on the ergonomic conditions to increase productivity and reduyce labour
ts.

Clause 6 a summary of the study about the definition of the EWA function is reported.
f  Organizational solutions

.1 General

T

EWA model was designed to support and guide industrial engineers to design efficienf and safe

wdrking methods and set standard times in order to_put the worker in the best conditions to operate
productively and safely. The EWA model does not efid“with the definition of allowance. Figurje 2 shows
that if the overall load index (output of step 4 - biomechanical load measurement) enters intq the high-
risk zone (with EAWS this would mean havingZmore than 50 points), the EWA process would require
a rleview of the work system under evaluation. This is a fundamental concept: EWA wants tjo support
the (re)design of a safe work system. It would not even be economic trying to increase the gllowance,

th
is
thd
arg

be
op

4.7

s reducing the work pace, until theé‘overall load index decreases under the threshold vjlue. This
he reason why the EWA curve flattens at 51 %. In cases where the overall load index is fnuch over
e threshold value, the model would not be used to find the allowance value sufficient to exit the red
ba, but improving the working method and conditions and run again the load calculatjon would
recommended until the.alue drops under the threshold or as close as possible to it (cdnstrained
[imization). At that point,the application of the EWA could solve the problem.

.2 Strategiesdoreduce the overall load index

Redesign_of‘the work method in order to reduce the intensity score, for example by allpwing the
operator.to work with a better body posture or by reducing the amount of force needed tp perform
a certain task (e.g. using a tool). In most of the cases, provisions are “low cost automation” (LCA)
initiatives, i.e. small investments with a short payback period (usually shorter than 1 year). The
EWA process helps the identification of the critical steps in the work process and give$ precious

b)

©lI

- . b = 1 4=l 1 4=l pa | 11l - pa | A 4=l 1 1 Lk L4l 3 3
IOTCatIoNS as to WITCT T tITe WOT K ITCTITOT Wit O HITPTOVeT. Ao tITeT Ry DCITCTIT OT Tttt a pllcatlon
of the EWA model is that an ergonomic improvement directly generates a cost reduction (less load
would mean less allowance and therefore less cost) that is used to justify a LCA improvement.

If no method improvements are possible or justifiable in the short term, then organizational
solutions need to be found which do not eradicate the ergonomic issue but offer a way to manage
the situation. The most common organizational options are:

— Review step 3, i.e. the task assignment (line rebalancing); when doing this, attention has to be
concentrated on the operations which cause the highest load values and finding an alternative
workstation with enough room to receive the additional load, without generating a new
ergonomic issue and with the necessary idle time so that, even with the additional operation,
its total standard time would not exceed the cycle time of the line. Of course, also take into
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consideration the production sequence when moving an operation to a different workstation. It
could be necessary to repeat this procedure in a loop more than once before finding a balanced
scenario.

— If task assignment cannot be changed or has no effect and no method redesign is possible, one
organizational solution is to plan a job rotation among two or more workstations in order to
obtain an acceptable weighted average overall load index for each concerned worker.

— Another option is to review the quantity and distribution of the breaks. This option would have
a significant impact where repetitive motions of the upper limbs represent the most critical

ernnnnmir‘ ared
[=]

The best qtrategy to consider to reduce risk:

— The gconomic impact of the identified solution: in general, the addition of a recovery time could
increase the production cost, but the implementation is longer. On the contrary, the redesign| of
the workstation means maintaining a constant (or even increasing) production-output, probaply
involying significant investments. Ideal solutions usually lie in between these two '6ptions: low cpst
autonpation helps to remove critical loads (focused improvements) and the\rest is done throygh
orgarlizational solutions (line rebalancing is the most common).

— The effect of the actions on the intensity/duration score, considering thatthe intensity and duratjon
score|curves have different behaviours in the different sections,(bady postures, force exertipn,
handlling of loads and repetitive motions of the upper limbs).

5 Ergonomic assessment worksheet (EAWS)

5.1 System overview

EAWS is 4 risk assessment method for biomechanical load of the whole body and upper limbs uged
mainly infmanufacturing industries as a process.design tool for preventive ergonomics and adopted
in the production department to map biomechanical stress (630,000 workers estimated to be mapged
with EAWS worldwide).

EAWS is ah open system, freely available, part of the International MTM Technical Platform, managed|by
the Fondazione Ergo (www.fondazioti€rgo.it), a non-profit organization dedicated to the developmeént
of the bofly of knowledge regarding the scientific management of work (all official systems in the
internatignal MTM technical platform are available in the main languages, including Chinese).

EAWS off¢rs compliance with the relevant CEN or ISO documents and it is structured in four sectiops,
each one fovering a spécific risk area: body postures, action forces, manual materials handling gnd
upper limps in repetitive tasks.

The EAWS scoring:ptrocedure is presented in detail in Annex A and the EAWS manual is available in the

The EAWS

formis ﬁ'pp]y dowmnloadablein 10 ]:\ngnagpc from: httns: //ararw eaws it/

5.2 EAWS basic structure

5.2.1 General

EAWS is an ergonomic tool for a detailed biomechanical overload risk assessment, developed to provide
an overall risk evaluation that includes every biomechanical risk to which an operator may be exposed
during a working task.

In order to effectively address ergonomic issues in the workplace, develop an appreciation for the trade-
offs associated with ergonomics. When one considers biomechanical rationale, one finds that it is very
difficult to accommodate all parts of the body in an ideal biomechanical environment. It is often the
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case that, in attempting to accommodate one portion of the body, the biomechanical situation at another
body site is compromised. Therefore, the key to the proper employment of occupational biomechanical
principles is to be able to consider the appropriate biomechanical trade-offs with various parts of the
body associated with different workplace design options.

The above brief introduction to biomechanics is reported just to give the idea of the level of complexity
there is when aiming to measure a biomechanical load index. For this reason, in the field of occupational
biomechanics, researchers adopt models which do not have the same level of accuracy as other scientific
measuring systems (e.g. methods-time measurement to measure the human work). It is known that all
existing systems are an attempt to model the effects of forces and motions on the muscular-skeletal

Sy
md
ap
inj
No
thd
bid

iry and illness.

netheless, EAWS design was done based on existing and available researchwith the aim

mechanical load.

Thie EAWS structure is as follows (see Figure 13):

a)
Se
Se
Se
Se
b)
Se

Macro-Section “Whole body”.

ction 0: Extra points.

Ction 1: Postures (ISO 11226 and EN 1005-4).

Ction 2: Action forces (ISO 11228-2 and EN 1005-3);

ction 3: Manual material handling (see ISO 11228-1, ISO 11228-2 and EN 1005-2).
Macro-Section “Upper limbs”.

ction 4: Upper limb load in repetitive.tasks (see ISO 11228-3 and EN 1005-5).

dels and

thods involves recognizing the limitations and assumptions of each technique so that they are not
plied inappropriately. When properly used, these assessments help assess the risk,of) wo

k-related

of finding

e most appropriate and reasonable correlation against the CEN and ISO ‘dgcuments dedling with
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1 page 1 - overall index and extra points

2 page ] - body postures
3  page 3 - action forces and MMH
4  page 4 - upper limbs repetitive movements

NOTE See Figure A.60, Figure A.61, Figure A.62 and Figure A.63 for'detail.

Figure 13 — EAWS formoverview
The EAWS system calculates a load index (R), giverrby the product of the intensity (I) by the duratjon
(D):

R=14D

R idthe risk;
[  idthe intensity;
D idthe duratiofy

In Section} 1, the‘user selects the relevant posture in the proper row (intensity) and measures the
duration (colurimn). Intersecting the column of duration with the row of intensity, the user easily finds
the score.

In Sections 2, 3 and 4, the user calculates the intensity and the duration scores of the concerned task,
following specific rules, and eventually multiplies the intensity score by the duration score to find the
load index.

The EAWS sheet provides one score for each macro-section. The overall load index of each macro-
section is then connected to a traffic light scheme (green, yellow, red) according to the Machinery
Directive 2006/42/EC (EN 614) as in Table 3:
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0-25 points Green
> 25-50 points | Yellow
> 50 points Red

Low risk

Recommended; no action is
needed

Possible risk

Not recommended; redesign if
possible, otherwise take other
measures to control the risk

High risk

To be avoided; action to lower
the risk is necessary

Whole body and upper limbs scores are evaluated on the same scale. It is therefore’important to
unfderstand which is the most critical macro-section.

5.2.2 Section 0: extra points

Exfra points are related to additional extraordinary loads and not considered in the other fotal body

se¢tions. They are therefore covered in this subclause. The standard (influencing factors in

(sde Table 4 and Figure A.60) are:

working on moving objects;

counter shocks, impulses, vibrations;

difficult accessibility to the working area;

joint position (especially wrist and neck);

Table 4 -~ Extra points whole body

other “special” situations, like above head €ontrol work, including looking upward (neck load).

Extra points Whol}a_\@y (per minute / shift)

0 Adverse effects by working on 0 8 8 15
a moving objects .
none middle strong very strong
ob Accessibility (e.g. entering motor or 0 2 > 10
Sen t t
Ragsenger compartment) good complicated poor very poor
0 1 2 5
Countershocks, impulses,
oc vibrations light visible heavy very heavy
0 1 2,5 4 6 8
[n] 1-2 4-5 8-10 18- 20 > 20
. " 0 1 3 5
Joint position
(especially wrist) neutral ~1/3 max ~ 2/3 max maximal
0d 0 2 2,5 4 6 8
[s] 3 10 20 40 60
[n] 1 8 11 16 20
[%] 5 17 33 67 100
0 5 10 15
Other physical work load
Oe |(please describe in detail)
none middle strong very strong
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5.2.3 Section 1: body postures

On the left side of the page (Figure A.61), load points for symmetric body postures (Figure 14) are be
assigned. If there are any asymmetric static posture (Figure 15) due to trunk rotation, lateral trunk
bending or arm extension (far reach), use the right side of the page.

ing (and walking)
=
4 Standing & walking in ateraion, standing| o o o o5 4 1 4 15 2
& with support
° N
B Standing, no body support (for other o7l 1115l 21 3lalels!lm
restrictions see Extra Points)
3 a [Bent forward (20-60°) 2 3 5 7 95 12 18 23 32 40
b |with suitable support
. a |Strongly bent forward (>60°) 33 5 85 12 17 21 30 38 51 63
l b |with suitable support
5 ‘l;srewlgh( with elbow at / above shoulder 33 5 85 12 17 21 30 38 51 63
6 / Upright with hands above head level 53 8 14 19 26 33 47 60 80 100
-
sitting
[~ 2 |Upright with back support
7 H slightly bent forward or backward 00100 10]0/05 1) 15 2
Upright no back support (for other
2 8 f? restriction see Extra Points) 010105 1115/ 23 4557
9 Bent forward 07 1 15 2 3 4 6 8 11 13
S
10 H Elbow at / above shoulder level 27 4 7 10 13 16 23 30 40 50
1 \? Hands above head level 4 6 10 14 20 25 35 45 60 75
- I
== |Kneeling or crouching
12 Upright 33 5 7 9 12 15 21 27 36 : 45
3 3
13 Bent forward 4 6 10 14 20 25 35448 60 75
Vo
- 14 Elbow at / above shoulder level 6 9 16 23 33 43 ‘ 624780 108 135
- Lying or climbing R
(Lying on back, breast or side) arms \
4 15 @@abuvehead 6 9 15 @1 IZQ 37 53 68 91 113
. T
16 "% Climbing 67 10 22 ) 83 50 66
- e

Key
basic positjons:
1 standiphg

2 sitting
3 kneelihg or crouching
4  lying gr climbing

Figure 14 — EAWS symmetric body postures

On this page, static postures (which are defined in EAWS as postures maintained for at lepst
four cons¢cutive seconds))and high-frequency movements are evaluated, including loads weighing l¢ss
than 3 kgjaction forees.onto fingers less than 30 N, and whole-body forces less than 40 N.

In the EAYVS form,Séction 2, the columns indicate the duration (in % of the cycle, s/min or % of shift] of
a specific posture. The rows show a graphic visualization of different posture types (intensity).

The asymb etric hnﬂy pncfnrnc-

— trunk rotation (use duration table a);
— lateral trunk bending (use duration table a);
— arm extension (far reach) (use duration table b);

are evaluated on the right side of the page. At the bottom of the left side (see Figure 15) of the page,
there is a table to assign the “intensity” and the “duration” points:

— trunk rotation and lateral bending table (use duration table a);

— far reach table (use duration table b).
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Asymmetric Ergonomic Assessment Workshest v1.3.8
Trunk Lateral || Far Reach s ot <t 5.
R . forcan o dngens of <HIN
Rotation 1) [ Bending 1 2) e
[Bante peabows 24 s
: s gt baguency mowmeet
[ : - et 5y ¥ o :"'_ {4
l n;mn-m-ww
R vairg o = vess
e
int dur int dur int | dur E’.\ e I AR TR ] e
05 03|05 o03f 05 02 ? A
Intensity x Intensity x Intensity x o s
Duration Duration Duration Eri
el
n
% \ =
|
il
L
a b
) 0 1 3 5 2) 0 1 3 5
= slightly medium strongly extreme c E am
~ 5] close 60% 80%
= <10° 15° 25° >30° 3 stretched
=] s
= 0 1,5 2,5 3 5 (1] 1 1,5 2
5 never 4s 10s >13s 5 o never 4s 10s 213s

0% 6% 15% 220% 0% 6%

15% 220%

Ke

5.4

In

In

ab
At
bo
on
€eq
ob

©lI

4
Trunk - duration table.
Far reach - duration table.

Figure 15 — EAWS asymmetric body postures

.4 Section 2: action forces
Section 2, action forces are evaluated:
Row 17: Forces onto/with fingers-if greater than or equal to 30 N;

Row 18: Action forces onto'arms and whole-body forces if greater than or equal to 40 N
manual material handling)evaluated in Section 3).

as, the statistical distribution of the maximum forces, depending on the postures of hand,

bs for the, 15th and 40th percentile neutral gender (in the standard EAWS form neutral ge
1al to-feminine gender). 15th percentile data are used for planning, 40th percentile data
servational analyses.

the lower part of thisysection (see Figure 16) data are abstracted from the “Force Atlg
represented in figurés and values. These values are the result of detailed German academig
but force limits dtdifferent anthropometric percentiles for each body and hand postures. In

ly, is established for significant percentiles. The force values assigned in section 2 of EAV

lexcluding

s”[27] and
research
the Force
arms and
VS are the
hder is set
for direct
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NOTE

5.2.5 S¢

In section
evaluated

In the cas¢

to:

Action forces (per minute)

- 0 7 15 25 50 Intensity x Duration
g 16.7% Frnax__ 33.3% Frmax 50.0% Frmax _ 66.7% Frmax Fnax
o Foresono 0 1 1 15 2 35 7
17| € fingers (eg.clips g § 5] 3 6 9 12 20 30
T lugs) B %] 5 10 15 20 33 50
plug
3 s 0 15 2 25 3
[n] 4 10 15 20
= 0 6 15 25 50 [Intensity  Duration

Forces onto arms 0 1 | 4 85

Ay
18 Jwhole body |5 §  [s] 3 6 9 12 20 30
forces § %5 10 15 20 33 50
8¢ 0 1 2 3 45 65 10
S I 1 3 6 8 10 12

16.7% Frnsx__33,3% Finax 50,0% Finax __66.7% Frvax_Frmax
1 15 2

HE S

Forces Fmax onto arms / whole body

STUpright | P15 | P40 | STBent | P15 | P40 | ST Above head| P15 | P40 |Finger forces Fmax (neutral to gender)

B L Y ) D B B

forces (neutral to gender) [a[245] 315 [a[210] [ 230 | 280 |Posture AT (power grip. plers)
P15 for planing & P40 for obsenvation [A[ 260 325 | [al 200 [ 240 "A[265]320] Foue
[ 170210 ['8[ 205 [ 260 | ['e[ 160 | 200 | @ k\_ P15 | P40
Ay EEHEH B E [e[255 [ 510 205
$al [e[130] 185 | [c[ 145 [ 200 [ 105 | 740 [Posture A2 (oall o te thumo)
Baiw'B, “c[110] 165 c[ 90 [135 “c[ 100 14 = Fra
B f KiUpright | P15 | P40 |k Bemt | P15 | Pdo |KN Above heaa | P15 | P o P20
A { [al210] 270 ] [al 180245 | [al225 275 | — 115] 155
o, [ Ja) 2251280 o022 £ [l 265 320 [Posire B1 (rumb ot umbto 4 fingors)
“Car-4pC '8l 215 [ 290 | B[220 ] 320] [e[210]270 | ~¢, " | Frnax
'{ ! e[ 240] 325 [e[220 [ 290] e[ 220] 2 — ;,9//- EHET
(L) 'c| 145] 195 'c[ 140 [ 190 el 13 85 | 70
ol c| 115 ] 160 [ 105 [ 135 C|
medlﬂlﬂ plene S! Upright 1 P40 SiBent | P15 | P40 | SIAbove head . Fmax
[l 205 | 265 | [l 190 | 250] [al i P40
‘Al 245 285 [a[195 [ 245 A — @050
ok Sorg Sy Glch Eloast 200, B[ 215 | 260 | 5[ 245 [ 295 | g 240 [Posture C (hook par pinch)
s ['8[ 205 [ 250 [e[zrs]27s] [e[zro]ze0] o Frar
Score data are matdf to change after the final ['c[120] 165 [c[130] 175 ['c[100] 130] \.‘LJQ/ P40 ¥ =
compleion o i force aas project o[ 110155 c[100] 135 | 135 45 [ 55 T
Atiention: comectevaluaton, | _ | | | == i T
Abtion forces = ¥ lines 17 - 18 ook duration = 60 ‘ = | M= 3§ :mn CEm,
"o M v e [T
"3—3——3—*? e :.:.. 7

Repogitioning (R): get\@i

See Figure A.62 for details

3 (see Figure 17), efforts due to
subdivided into repositioni

Figure 16 — EAWS Sec%&\l 2, body forces

ection 3: manual material handlingg‘f%ads

e of automotive assembl&)@ arge these limits to 20 m or 15 s for easier application. This ledds

maxifum displace of 20 m):

Holdihg (H): hol&ad longer than 15 s, no carrying;

Carryjing (C

Pushi '31 pulling (P&P): transporting a load with a means of transport;

t, carry and place for a distance longer than 20 m;

ual material handling (greater than or equal to 3 kg) are
dmg, carrying, pushing and pulling (short and long).

place a load within the workplace (approximately equivalent t¢ a

Short, if distance < 20 m.

Long, if distance > 20 m.

Influencing factors:

26

weights of loads;

posture;

working conditions;

frequency/duration/distance per shift.
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[Weights of loads [kg] for repositioning (lifting / lowering). carrying and holding as well as pushing and pulling
Males 3 10 15 20 25 30 35

4 4
Load points 1 15 2 3 4 .5 7 85 | 25
M- ¥ and |Males <50 75 100 50 200 250
| h - Dollies Females | <40 60 80 15 155 195
Pushing and = Carriage, roller, tolleys. | Males <50 75 100 50 | 250 350 550
pulling M2 = RS g No ed rolers Females | <40 __ 60 80 156 195 270 425
~ T Garts, roler comveyors, |Maks | <50 |75 | 150 | 250 350 | 500 600 800 1250
M3 it g by otk Fomales | <40 |60 115 195 | 270 385 | 460 _ 615 960
Load points I Means o transport 05 1 15 | 2 3 ) 5 6 )

sture, position of load (select

i

HE A (‘fﬁﬁm sita N2 M

f

b |k uprignt anct o not wistag 1€ tunk bending or  bending trunk deep or far forward; e runk bending trunk far forward and twisting; load far
o ot b twisting; load at o close to bending forward and trunk twisting simultaneously;  from the body; limited postural stability while
v the body load far from body or above shoulder level standing; crouching or kneeling

Posture points [ 1 2 4

8

orking Conditions (pushing and pulling only)

very low roling resistance

trolley pushing / pulling on | rough floor and above | on structured sheet metal, | trolleys have to be teared off when stariing,

very high
roling

NO

5.4

Se
an
thd
co
thd
wd

Handling =3 line 19 ‘ holding, carrying as well as pushing & pulling all together = 15

L (very) slck floor small gaps / edges into / out of a track strongly damaged floor resistance
|Conditions points o 3 5 6
quency of load ift], holding time [min/shift] or travel distance [meter/shift]
Frequency (#) of T pushing & puling short 5 25 | 120 350 750 1000 | 1500 2000 | 2500 3000
. [Duration (holaing tme) min] 25 10 | 37 90 | 180 2240
Distance (carrying, pushing & puling long) [m] 300 650 2500 6000 | 12000  =16000
Duration points 1 2 4 6 8 10 11 13 14 | 15
[Manual Material Handling (result)
(Load +posture + | €| o) e | )= ez + e + + )
9 | (condition points)) |5 = - 1 — £ - i = i -
* duration points | § [ = 2 = 3 - L * “ 25" “
1) Maximal cumulative duration points for all tasks of repositioning,

TE See Figure A.62 for detail

assigned/to the real action.

Figure 17 — EAWS Section 3: nianual material handling of loads

.6  Section 4: repetitive motions of the upper limbs

ction 4 of EAWS has been designed (see Figure A.63) to meet the general framework of ISQ 11228-3
1 has been calibrated against thé QCRA Index. However, the approach of section 4 EAWS differs from
e OCRA Index, above all in the‘choice to use the concept of real action (e.g. get and place pn object)
mpared to the one of technical action (grasp an object). This choice was dictated by the intention of
e EAWS authors to adopt a-design logic less tied to the behaviour of the individual performer of the
rk cycle. The following are other significant differences between EAWS section 4 and OCRA Index:

The type of gripinsection 4 is evaluated for each real action jointly with the level of forge and the
frequency/dutation of the action itself.

The pinch=type grip without force does not generate additional load points compared to those

INN\EAWS there is no step effect between different intervals of intensity or duration lgvel of the
influencing factors. The value curves are the result of continuous linear interpolations between

known benchmark points.

In the upper part of the page (see Table 5), the following information is analysed:

— frequency of dynamic real actions/duration of real static actions;

©lI

force or load level of each real action;

type of grip of each real action.
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Table 5 — EAWS Section 4: force-frequency-grip score

Force & Frequency & Grip (FFG) Basis: number of real actions per minute or percent static acti ons (analyze only the mostloaded limb)
Y E a %SA = Percentage of Static Actions %DA =100% - %SA
o FDS = Force-Duration Static FFD = Force-Frequency Dynamic
power grip /contact grip
-
j, ST— QE;__- b = |GS'=Modified Grip Points Static (Grip x %SA) GD = Grip Points Dynamic
B = 5
finger orfmoderate pinch qo,xb %FLS = Percentage of Static Actions at force level %FLD = Percentage of Dynamic Actions at force level
(thumb to p2 fingers, finger) —
. - ¢ SC = Static Contribution DC = Dynamic Contribution
ko
stiong pinch FDGS = Sum of Static Contributions FFGD = Sum of Dynamic Contributions
(thumb tp 1 or 2 fingers)
Calc Stat Static actions (s/min) Grip Dynamic actions (real actions /min) €alc Dyn
3 5 =]
Forcp [N] 1 ps |65 o rus| sc 245‘30‘20 10‘5‘3 0‘2‘425‘10‘15‘20 25‘30‘35 240 GD |%FLp| DC
05 1 1 0 0 0 0] abc 0 0 0 1 2 3 £ N7
~\
> 5120 4 2 1 1 %90 0]|ab bc 000 1 2 3 #N6 9
N V4
>201 35 7 5 3 2 1 1f ab b c |0 1 2 3 4%, 6 8 12
>35190 11 8 5 3 2 1| a b b |1 2 3 57 7 9 12 | 18
A\
>90 1135 16 11 7 4 3 2 a ab b |2 3 5 7 9 12 15 24
\
N
>1351 225 21 14 10 6 4 3| a a b (4 ¢5 )6 8 | 11 14 20 32
>2251300 28 18 12 8 5 4 a a b A5 6 7 9 |12 16 26 40
20a FDGS =), SC; 100 FFG =FDGS + FFGD “ EG | %DA = SFLDj ‘ FFGD =Y DC; DA
00 % FG %D/

The following items are evaluated in the lower partof the page (see Table 6):
— posture of hands, arms and shoulders;
— special points;
— duratjon of repetitive tasks;
— work organization;
— npmber of breaks;

— shift duration«
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Table 6 — EAWS Section 4: postures, additional factors and work organization

Hand / arm / shoulder postures (use duration for worst case of wrist / elbow / shoulder)
Wrist (deviaton, Shoulder (flexion, extension, abduction)
flex./extens.) Elbow (pron, sup, flex./extens.)
If shoulders are
N 150 N 20° L. ~ TMVOIved Close to Or
20b / ~ ‘ﬁt'as' ) above shoulder height
N 45 N - '/';,_\ ) F] 9 without support or in
= awkward postures;
>45* + +20° O° multiply score x3
Posture 10%: 25% 33% 50 % 65 % Q) 85 %
points 0 0,5 1 2 3 A 4 pp
Additional factors N |4
Gloves inadequate (which inter fere with the handling ability required) are used for ovet half the
time 2
Working gestures required imply a countershock. Frequency of 2 time per minute,orumore (i.e.:
hammering over hard surface) 2
Working gestures imply a countershock (using the hand as a tool) with freq. of4 0 time per hour
or more 2
Exposure to cold or refrigeration (less than 0 degree) for over half the tinié 2
Vibrating tools are used for 1/3 of the time or more 2
20¢ I'Tools with a very high level of vibrations 4
Tools employed cause compressions of the skin (rednesses, callosities, blebs, etc.) 2
Precision tasks are carried out for over half the time (tasks over areas smaller than 2-3 mm) 2
More than one additional factor is present at the same tifite and overall occupy the whole of the
time 3
Additional points (choose the highest value) =
AF
Repetitive tasks duration NS ~
Net Duration [min/hift] < 60 90 180 300 420 =480 .
Duration Points 1 i 15 3 : 5 ° 7 : 10
Work Organization Breaks are possible Breaks are possible at Breaks lead to a
at every time given conditions stop of the process
(Cycle time longer than 10 (Cycle time between 1 and (Cycle time shorter than *
minutes) 10 minutes) 1 minute)
Work Organization/Points 0 1 2
20d | Breaks (=8 min) (#/shift] 0 1 |2 3 4 5 6 27
Break points cycle time 3 2 1 0 1 2 3 4
<30s +
cycle time _ ) = )
>30's 0 0,5 1 15 2
Duration Points =
DP

6 EWA effect on EAWS score

6.1 General

An EAWS index higher than 50 points indicates that the workstation generates an excessive demand of
load and take immediate actions to reduce the risk. These actions could involve:

— The increase of the standard time per unit, by adding a recovery time to the basic time. This has
the effect of reducing the number of repetitions per cycle/shift, thus decreasing the duration score
(load = intensity x duration).
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— The redesign of the workstation in order to reduce the Intensity score, e.g. by allowing the operator
to work with a better body posture or by reducing the amount of force needed to perform a certain
task (e.g. using a tool).

When cho

osing the best strategy to reduce the risk take into account:

— The economic impact of the identified solution: in general, the addition of a recovery time could
increase the product cost, but the implementation it is longer. On the contrary, the redesign of
the workstation could allow to maintain constant (or even increase) the production output and
involve significant investments. Ideal solutions usually lay in between these two options: “low cost

auto
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ffect of the actions on the intensity/duration score, considering that the Intensity and Durat
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of the redesign of a workstation on the intensity score is not an easy tepic; since it heayv
n the specific case (there is no standard solution). On the other side, gefieral principles can
hrding the effect of the addition of recovery time in the different EAWS'sections. This strate
fore, has the effect of reducing the duration score.
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Figure18 — Minimum allowance needed to decrease risk score to “yellow” level - single
sections analysis

Figure 18 clearly shows that the effect of the recovery time (generated by the EWA]J in reducing the
risk score below the threshold value is very different for the different sections. In particular, there is
a significant reduction of the risk score for section 1, 2 and 4, while the effect on section 3 is almost
negligible - a very high recovery time is generally added to the station, in order to reduce the risk to an
acceptable (yellow) level.

Based on this analysis, the following approach is suggested to reduce the load in each section:
— Section 1 and 2: the simple addition of recovery time is a solution.

— Section 3: it is better to focus on the intensity score rather than on the duration, which means to
focus on method redesign or line rebalancing.
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— Section 4: the intensity score (driven by force, frequency, grip and postures) strongly depends on
the action frequencies. Therefore, the addition of a recovery time has a strong effect of the final
score. However, a similar effect is achieved also by working on the work organization and breaks
distribution, thus decreasing the duration points. Please refer to the EAWS manual for more details
on the score calculation.

No general recommendations are provided for Section 0, since it deals with special working conditions,
which are generally analysed case by case.

6.2 Effect of recovery time on typical workstations

The previpus paragraph described the effect of the EWA on the score of each EAWS section. Hawever,
real workptations usually comprehend a set of activities that involve multiple sections. For this.beaspn,
in order o define a general rule to calculate the appropriate recovery time in real workstationg, a
“blended”|recovery allowance curve has been developed, as shown in Figure 19.
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Figure 19 — Minimum allowance needed to decrease risk score to “yellow” level - single
sections analysis and blended curve
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The blended curve was built on a weighted average of the recovery allowance curve of each single
section. Based on an application experience of 10 years of projects in the major industrial groups and
the previous considerations, the following weights were used:

— 25 9% for Section 1
— 30 % for Section 2
— 59 for Section 3

— 40 % for Section 4

NOTE In cases where the total score of a workstation depends totally or mostly on the segore|of a single
sedtion (e.g. a logistic workstation, whose score will mostly come from Section 3 only), the\recpvery time
calculated with the blended curve could be insufficient to reduce the risk score under the threshold v3lue.

6.3 EAWS based EWA model

Thie results of the analysis on the behaviour of the scores in the single sections and on numegrous real
typical workstations have been exploited to define the EWA model curye deéfined in Figure 2.
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Figure 20 — Minimum allowance needed to decrease risk score to “yellow” level - single
sections analysis, blended curve EWA model (EAWS recovery model)
The EWALcurve was not defined using complex mathematical and statistical tools. It was a simple

attempt to represent at best the trend of all the sections (matching the blended curve) and thousands
of experiments were run to test its validity. From the same figure it appears evident how different
the behaviour of section 3 (manual material handling) is, which then has to be treated with a specific
approach, more focused on the reduction of the intensity score rather than the reduction of the duration
score through the application of an allowance.

This is acceptable, since in the manufacturing cyclical work heavy material handling operations
(weights > 3 kg) are the easiest to improve at justifiable costs.

A further important comment regarding the identified EWA model is that it is particularly conservative
versus Section 4 (repetitive movements of the upper limbs). This choice was based on the fact that
upper limbs load is strongly driven by the duration (frequency in particular) and therefore, diluting the
standard times generates a slower pace and a consequent lower frequency.
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Annex A
(informative)

EAWS scoring procedure

BiImechanics, a complex field, is the application of mechanical principles to living 0rgani

ludes research and analysis of the mechanics of living organisms and the application’of en
nciples to and from biological systems. This research and analysis can be carriedforth o
els, from the molecular, wherein biomaterials such as collagen and elastin are*considered, g
to the tissue and organ level. Some simple applications of Newtonian mechanics can supp
broximations on each level, but precise details demand the use of contimuam mechanics.

Applied mechanics, most notably thermodynamics and continuum- mechanics, and

en
stu
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bineering disciplines such as fluid mechanics and solid mechanics, play prominent ro
dy of biomechanics. By applying the laws and concepts of phySics, biomechanical mecha
uctures can be simulated and studied.

It has been shown that applied loads and deformations can‘affect the properties of living tiss
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much research in the field of growth and remodellingyas a response to applied loads. Foi
 effects of elevated blood pressure on the mechanics of the arterial wall, the behaviour
ocytes within a heart with a cardiac infarction,»and bone growth in response to exercis
limatized growth, of plants in response to wind movement, have been widely regarded as
iwhich living tissue is remodelled as a direct€onsequence of applied loads.

evant mathematical tools include linear“algebra, differential equations, vector and tenso
meric and computational techniques stich as the finite element method.

e study of biomaterials is of crueial importance to biomechanics. For example, the vario
thin the body, such as skin,.bone, and arteries each possess unique material properties. T1
chanical response of a pdrticular tissue can be attributed to characteristics of the various
th as elastin and collagen,living cells, ground substances such as proteoglycans, and the or
fibres within the tissue. For example, if human skin were largely composed of a protein ¢
lagen, many of itssnéchanical properties, such as its elasticity, would be different.

e study of biemechanics ranges from the inner workings of a cell to the movement and dejy
imbs, to the-mechanical properties of soft tissue, and bones. As we develop a greater unde
the physiological behaviour of living tissues, researchers are able to advance the field
bineering, as well as, develop improved treatments for a wide array of pathologies.
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Bigmechanics as a sports science, kinesiology, applies the laws of mechanics and physics
performance in order to gain a greater understanding of performance in athletic events through
modelling, simulation, and measurement. In order to effectively address ergonomic issues in the
workplace, develop an appreciation for the trade-offs associated with ergonomics. When one considers
biomechanical rationale, one finds that it is very difficult to accommodate all parts of the body in an
ideal biomechanical environment. It is often the case, that in attempting to accommodate one portion
of the body, the biomechanical situation at another body site is compromised. Therefore, the key to the
proper employment of occupational biomechanical principles is to be able to consider the appropriate
biomechanical trade-offs with various parts of the body associated with different workplace design
options.

This brief introduction to biomechanics is reported in this annex just to give the idea of the level of
complexity we have when we aim at measuring a biomechanical load index. For this reason, in the field
of occupational biomechanics, models are adopted which do not have the same level of accuracy as
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other scientific measuring systems. All existing systems are an attempt to model the effects of forces
and motions on our muscular-skeletal system and none of them currently reflect the actual situation.

Proper use of these models and methods involves recognizing the limitations and assumptions of each
technique so that they are not applied inappropriately. When properly used, these assessments help
identify the risk of work-related injury and illness.

Nonetheless, EAWS design was done based on existing and available research with the aim of finding
the most appropriate and reasonable correlation against the CEN and ISO documents dealing with
biomechanical load.

The objective of the EAWS manual is to minimize the applicator deviation when using the EAWS moflel
to assess the biomechanical load.

A.2 Bidmechanical Load EAWS Index

A.2.1 General

The EAWY system is based on a load index (R), given by the product of Intensity 1) and Duration (D)

D
R=1IxD \
/R

Key
D  duratipn

[ intensjty

Figure A.1 — Evaluation of R (load index)

In Section 1, the user selectS the relevant posture in the proper row (intensity) and measure the
duration (column). Intersecting the column of duration with the row of intensity, the user easily finds
the calculpted score (seg'Figure A.1).

In Sectiors 2, 3 and ¥, the user calculates the intensity and the duration scores of the concerned tafsk,
following|specificTules, and eventually multiplies the intensity score by the duration score to find the
load indey.

In the foll

A.2.2 General Rules

For the purposes of EAWS, the following general principles apply, which are subsequently identified as
rules.

— General Rule G1
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If the cycle has a duration that differs from 60 s, it is necessary to prorate all measured times to a 60 s
cycle, in order to calculate the EAWS scores. To do so, this formula is used:

Teo = (D [s] x 60 [s])/(T¢ [s]) ngo = (n % 60 [s])/(T¢ [s])
where:

T4 1s the time prorated to a 60 s cycle

ng, is the frequency prorated to a 60 s cycle

D isthe measured duration [s]
n isthe measured frequency
T isthe total Cycle Time
Prorate values to minutes in every Section, except in Section 3.
EXAMPLE 1
Thie cycle time is 120 s and the duration of one special Posture is 20.s:
Conversion: Tgo= (D x 60)/T
=(20sx605s)/120 s
=10s
Thie result indicates that the employee, based on60's, is in this position for 10 s.
EXAMPLE 2
Thie cycle time is 30 s. During this time, a force is applied 2 times.
Conversion: ngy = (n x 60 s)/T¢
ngo = (2 x 60.5)/30 s
ng, =4
Baped on a cycle timefef 60 s, the force is applied 4 times.
—| General Rule\G2

As|general principle, if there are several load situations in the same cycle (e.g. multiples dynaric action-
forjces)

—| the.duration/frequency is the sum of the individual durations/frequencies,

— the intensities are the weighted average of the individual intensities, where the weights are the
respective duration/frequency.

NOTE This general rule will be utilized with examples in the individual sections.
— General Rule G3

The section 1, 2 and 3 are mutually exclusive (one effort to be considered only in one of the 3 Sections
of Whole Body). See Figure A.2

Do not consider awkward postures combined with manual material handling or action forces in
Section 1, but just in Section 2 or 3. Force applications are considered in section 2 and handling of loads
in Section 3.
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Figure A.2 — Fields of application sections 1,2 and 3
xO
There are|two exceptions to this Rule: »\(\)j‘~
— Line 17 of Section 2 (finger forces :oi&e finger load is exerted in combination with a static bg
postulre (symmetric or asymmetxic), then section 1 is to be analysed additionally. See Rule 2.10
more|details.
— Dynapmic actions have to ble ahalysed in Section 2 or 3, but their amount of time is to be also tak

Aloadis d

When lind

into account in Sectio%& See Rule 1.6 for more details.

Gener

Genel

al Rule G4 Q‘Q

onsider@;~ static when its actual duration is 4 s or longer.

al K&%S

dy
for

en

cap dashed linear infprpn]nfinn isuseful

In Section 1 - Standing (and walking) (see Table A.1) interpolation of the duration (horizontally) is the
operation to do, while interpolation between postures (vertically) is used between lines 3 and 4 and
between lines 5 and 6.
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Table A.1 — First section extract

Standing (and walking)
1 Stand.mg ar.ld walking in alteration, 0 0l 0 0:05 1 1 1 15 2
standing with support
2 annﬁing nobaody support (Fnr ather T v T T | |
- 7/& restrictions see Extra Points) o7 > 3 6 B
oy o T a Bent forward (20-60°) 2 3 5 7 95 12 18 23 32 40 | |
3| A b with suitable support
1o~ e Strongly bent forward {(>60°) | 33 :5:85 12 - 17 21 :30 :38 : 51 : 63 ()| | |
4 ' |b with suitable support >}
5 u] Upright with elbow at / above shoulder 33 585 12 ' 17 ‘21 130 38 51 /763 | |
/v | level
6 } Upright with hands above head level 53 8] 14 |19 | 26 |33 |47 60 | 80 | 100 |

Inferpolation formulas (see Figure A.3) identify which score x corresponds to the value Tx:

a X b
S
I ||
I I l
Ta T Tb
x=a#+(Tx-Ta)x _b-a_
Tb—Ta
Key
Ta pnd Tb are the marginal valuesof the interval that contain the value Tx
Tx represents a duration, a frequency or any other variable to which EAWS assigns a scor

(%, s/min, %.-Fmax...)
The score “a”  corresponds 10 the value Ta
The score “b”  correspends to the value Tb
S SCOre

Figure A.3 — Interpolation Formula

—| General Rule G6

b on a scale

Rounding: Intermediate scores are rounded to 1 decimal figure (e.g.: 12,233 41 - > 12,2)
The final score of each section is rounded up to the next 1/2 point. (e.g.: 12,2 - > 12,5)

— General Rule G7

Section 4 is designed to work with repetitive motions of the upper limbs at high frequencies and are to

be evaluated separately from all other Sections.

— General Rule G8
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EAWS calculates risk score at workstation level. In case of Job Rotation, the risk score for each worker is
calculated as the weighted average of each workstation score using hours as weights.

— General Rule G9
Risk calculation for shift durations significantly different from 7 to 8 hours:

— Shift duration < 7 hours: Modified Total Body Risk Score = Weighted average of risk score and “2
points basic posture score” using the respective duration (hours) as weights o Shift duration

Ry’ = Ry, x Shift duration/8 + 2 x (8 - Shift duration)/8

— Shift fluration > 8 hours: Modified Total Body Risk Score = Linear extrapolation of risk
EXAMPLE 3

Shift durdtion = 6 hours

Total Body EAWS score = 38 points

Modified Total Body Score = 38*6/8 + 2*2/8 = 27,5 points

EXAMPLE 4

Shift durdtion = 9 hours

Total Body EAWS score = 38 points

Modified Total Body Score = 38*9/8 = 43 points

NOTE See Section 3 rules for additional instructions.

A.2.3 Sqoring section 0: Extra Points - Special'Load Situations

Extra Poifits related to special loads not considered in the other sections are assigned in this spedial
section. These loads include:

— Workjng on moving objects;

— Accespsibility to the working aréa;

— Counter shocks, impulses, ¥ibrations;
— Joint position (especially'wrist);

— Other] “special” situations, like overhead control work, including looking upward (neck load).
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Table A.2 — Extra points Section 0

Extra points “Whole body” (per minute / shift)

0 Adverse effects by working on 0 3 8 15
a moving objects .
none middle strong very strong
0 2 5 10
ob Accessibility (e.g. entering motor or (\'\
passenger compartment) .
good complicated poor very poor

0 1 2 (Q
Countershocks, impulses, _ /\

0c vibrations light visible heavy - yvery heavy
< 0 1 2,5 4 Q_el/ 8
A
[n] 1-2 4-5 8-10 18-20 > 20

Joint position 0 ! . \69 5

(especially wrist) neutral ~1/3 max -\ ~2/3 max maximal
\J
0d . 0 2 % 4 6 8
% \ [s] 3 10 20 40 60
m [n] 1 '8 11 16 20
(%] 5(5)0 17 33 67 100
0 @ 5 10 15
Other physical work load sz(\

Oe |(please describe in detail)
none middle strong very strong

]

Exfra points (see Table A.2) concern “nen-standard” situations, it is very difficult to foresee any possible
scenario in a standard manual. Therefore, during the application of the system in a certain cpmpany, if
nefessary build analytical scales of intensity, in which the different levels are characterized py typical
anfl easily recognizable load situations; or to add new elements to the extra point table. The [definition
of the points and their approvalis reserved to the EAWS Technical Board of the EAWS Platform.

—1| Line 0a: Working on-moVving objects

Thiis item apply toworking on moving objects that generates additional load. The effect i§ higher if
awlkward posturesiare involved (e.g. working on moving object while crouching).

Following extra points (see Table A.3) are applicable, unless specifically indicated otherwise, for a
petiod equal,to 100 % of the cycle time. For different durations it is necessary to linearly re-groportion
the scores:

- TableA-3—Extraloadpeints—— |

Points Extra Load Description
0 Standing upright or walking forward during the work task (low precision)
1 Walking backward / sideways during the work task (low precision)
2 Walking forward during the work task (precision)
3 Walking backward / sideways during the work task (precision)
0 Walking speed Vis <1 Km/H
+3 Walking speedis 1 Km/H 1<V <2Km/H
+5 Walking speedisV>2 Km / H
15 Walking while laterally bending / crouching during whole task time
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— Line Ob: Accessibility

If frequent or unfavourable access to small or uncomfortable working area/objects is needed, extra
point can be included.

Accessibility has to be considered as an extra load element only if the work task includes high muscular
efforts (e.g. abdominal compartment) or significant strains (e.g. on the hands used as support or on the
buttocks used as pivoting or support point).

— Line Oc: Counter Shocks

This item[considers the situation where counter shock, impulses or vibrations occur.

Examples hammer blows, beating, hand blows, counter shocks with screwdrivers without clutch, Zibratjon
strokes with hands, counter shocks, vibrations.

EXAMPLE 1

Short and|rapid strokes (mallet run < 20 cm) with rubber mallet on soft surface

0 1 2 3 4 5
r

[=0,5
EXAMPLE 2
Short and|rapid strokes (mallet run < 20 cm.) with rubber mallet o hard metallic surface

0 1 2 3 4 5

I=1
EXAMPLE 3

Strokes wiith rubber mallet (mallet run > 20 cmy) on soft surface
0 1 2 3 4 5

EXAMPLE 4

Strokes wiith rubber mallet (frallet run > 20 cm.) or with hammer (run < 20 cm.) on hard metallic surface

(0 1 2 3 4 5

4

[=2
EXAMPLE 5

Strokes with-hammer, 20 cm. <run <50 cm

0 1 2 3 4 5

EXAMPLE 6

Strokes with sledge-hammer, run > 50 cm.
0 1 2 3 4 5

=45
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Line 0d: Joint position (especially wrist)

:2021(E)

Used if special wrist positions occur at significant force levels. Always consider these positions in
Section 4, as well. Section 4 has been specifically developed for analysing upper limb motions at high
frequencies.

In critical joint positions, this item is an addition to the load evaluated in Section 2, where forces applied
by hands and arms, the type of grip, the force direction and the body posture are evaluated, but the
wrist position is not considered.

EXAMPLE 7

Vi

—

8

T
ot
leg

rorously pushing using the palm, holding a tray, rotate a valve lever.
Line Oe: Other physical workload

is item considers situations involving unfavourable physical workloads that-are not cover
er sections of the worksheet. (e.g. ascending a stack of pallets, standing onthe tiptoes or
s). See Table A.4:

Table A.4 — Max extra points for special workload situations

ed within
with bent

I

Max Points Examples of others physical'workload

3 Sitting on irregular or uncomfortable surface (e.giside car body without seats)

Sitting with buttocks and feet at the same level

5 Walking on uncomfortable metal grids
Working with heavy protective clothing-aiid masks

Working on tiptoe

8 Working on uncomfortable and slippery metal grids

Sitting on sloping and uncomfortable surface inside car body

10 Going up and down froma pallet (if frequency > 5 times per min)
Working on hidden parts
15 Working with theéthead bending upward (load on the neck)

Thi
Liy
Liy
Liy
Liy
Liy

e maximum score for each-Line is:
je 0a = 15 points
le Ob = 10 points
le Oc = 40 points
le 0d =40 points

1-0e = 15 points

NO

TE The overall score is not to exceed 40 extra points.

A.2.4 Scoring: Section 1 - Postures and movements

While Section 1 primarily deals with static body postures, special rules allow the use of Section 1 with
dynamic body postures (see Figure A.4).

In this section, postures and movements with loads of less than 3 kg., action forces of less than 30 N and
whole body forces of less than 40 N are evaluated.

Body Position

Body Position refers to the main position of the body when performing the work task.

© IS0 2021 - All rights reserved
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The main body position is expressed as:
— Standing (Lines 1 - 6)

— Sitting (Lines 7 - 11)

— Kneeling or crouching (Lines 12 - 14)
— Lying or climbing (Lines 15 - 16)

44
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Basic Positions / Postures and movements of trunk and arms (per shift)

(incl. loads of <3 kg, Symmetric Asymmetric
forces onto fingers of <30 N . . Trunk Lateral | Far Reach
and whole body forces of <40 N) Evaluation of static postures Rotation 1) | Bending 1)
and/or high frequency movements of .
trunk/arms/legs 3 > /
Static postures: 2 4 s £ A
X o duration of posture [s] x 60 “6 . H
High frequency movements: Duration [simin] = —=-"= Is] £ int | dur | int | dur
. o . =
Uils B2l () 2 Ay %] 5 7510 15 20 27 |33 50 67 | 83| @ |05 03|05 03|05 02
Kneeling/crouching = 2/min .
Arm liftings (> 60°) = 10/min [s/min] 3 45 6 9 12 16 20 30 40 50 Intensity x | Intensityx | Intensity x
[min/8h] | 24 36 48 72 96 130 160 240 320 400 Duration | Duration | Duration
|Standing (and walking)
SFandlng & walking in alteration, standing 0 0 0 0 05 1 1 115 2 ‘ ‘ ‘
with support
Stan.dlr?g, no body support (for other 07 1 15 2 3 4 6 8 11 13 ‘ ’ ‘
restrictions see Extra Points)
/|a |Bent forward (20-60°) 2 3 5 7 95 12 18 23 32 40 ‘ ‘ ‘
b |with suitable support
a |Strongly bent forward (>60°) 33 5 85 12 17 21 30 38 51 63 ’ \ \
b |with suitable support
Upright with elbow at / above shoulder 33 5 85 12 17 21 30 38 51 63 ‘ ‘ ‘
level
Upright with hands above head level 53 8 14 19 26 33 47 60 80c 100 ‘ ‘
\
( 7
’ T
Upright with back support \
slightly bent forward or backward 0 0 0 0 0 0 1 OM | 15] 2
\
Upright no back support (for other ' ‘ ‘ ‘
restriction see Extra Points) 0 0 105 1 [15¢) 3 41557
| | | |
Bent forward 07 1 15 2.3 4 6 8 11 13
Elbow at / above shoulder level 27 4 7 : 10 13 16 23 30 40 50 ‘ ‘ ‘
Hands above head level 4.,6) 10 14 20 25 35 45 60 75 ‘ ‘
Kneeling or crouching . \‘b
12 J:% ﬁ Upright 33 5 7 9 12 15 21 27 36 45 ‘ ‘ ‘
13 %ﬂ% Bent forward 4 6 10 14 20 25 35 45 60 75 ‘ ‘ ‘
14 %ﬂﬁ Elbow at / above shotider level 6 9 16 23 33 43 62 80 108 135 ‘ ‘
Lying or climbing O\\J
L (Lying om'back, breast or side) arms ‘ ‘
15 /\A® aboverhead 6 9 15 21 29 37 53 68 91 113
16 % Cliffibing 67 10 22 33 50 66 | |
1) 0 1 3 5 2) 0 1 3 5 >
= slightly medium strongly extreme c € arm
D Y [} close 60% 80% > )2 >
c <10° 15° 25° >30° 3 stretched (max.=15) max=15) | (mpx=10)
= 0 1,5 2,5 3 i 0 1 1,5 2 S (max. = 40)
S never. 4.5 10 >3 ‘-: S never 4.5 10 13
0% 6% 15% 220% 0% 6% 15% 220% (a) (b)
Attention: Max. duration of evaluation = duration of task or 100%! Attention: correct evaluation, if task duration # 60 s
Postures = } lines 1-16 + =
(a) (b)

Figure A.4 — Body positions

Posture duration is expressed as in Figure A.5.
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Symmetric

| Evaluation of static postures

and/or high frequency movements of Ergonomic Asses sment Workshest v1.3.5
trunk/arms/legs m_ == :
I e e
Duration duration of posture [s] x 60 s E
[s/min] = Task duration [s] =
[%] 5175110115120 27 t 33 | 50 F 67 1 83
[s/min] 3145 6 9 12 16 20 30 40 50
[min/8h] 24 36 4872 96 130 160 240 320 400
[ ) [ ]
n
o
R
[Fstng e iy :
12| Huowean 2l 10 2 g
£ %‘I—?{ FHRATILIE
T
Key
The input gre:
% Hdercentage of a cycle time

s./min. seconds per minutes

min./8h. rhinutes per shift

NOTE1 [On the EAWS form, in the duration scalé‘@symmetric postures, the upper value is “50 s./min."| or
“83 % of tHe cycle”. Xe
o

-

NOTE 2  [See Figure A.61 for detail

Figure A.E)Q First section, postures duration scales

| O
— Scoripg of symmetrlc%®1res

— Bjpdy Posture Q

joy]

jody Pos@??s a subset of Body Position. (See Figure A.6)

EXAMPLE &1?~

— Standi pright, with support or walking

— Standing, bent forward (20° - 60°)
— Sitting upright, with support

— Sitting upright, elbow at/above shoulder level
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Ergonamic Assessment Worksheet v115

Standing & walking in alteration,
standing with support

Standing, no body support (for
other restrictions see Extra Points)

a | Bent forward (20-60°)

with suitable support

b
a | Strongly bent forward (>60°)
b

with suitable support

5 A5 Upright with elbow at / above

shoulder level

i
P e — ] ® N B
Upright with hands above head i — REQ0QRVNAMRER
6 pright wi ands above heat %! - | : -
level ald S [ <] el A= [«
!"}._%hﬁm <u@‘~.-¢ TTTT
"?‘.1"" o g e ) | o on | 1

NOTE 1  Static postures (EN 1005-1) deal with postures whic
conpstant or slightly varying strength level, which is performed

NOTE2  See Figure A.61 for detail QO
)
Bo
Figure A.6 $ ody Postures
R\
—| Trunk Posture \O

while standing, sitting, kneeling or crouching (see Figure A.7).

—| Symmetric trunk ben(é)@ orward/backward
— Standing, belz.tg@'Ward (Line 3),

— Standin \ongly bent forward (Line 4),
— Sittir@@?ent forward (Line 9),

— I@Qling or crouching, bent forward (Line 13)

S

held longer than four secondf and for a
e muscles or other body structure

v

Evaluate trunk posture when t%&nk bends forward or backward (symmetric postures) or when
the trunk bends laterally or t(e) runk rotates (asymmetric postures). Evaluation is alsp possible

© IS0 2021 - All rights reserved
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%?&WN” a | Bent forward (20-60°) N

b | with suitable support Q
a | Strongly bent forwar%%)

m b | with suitable suppot‘<\

N7

AV
% Bent fo@&%v

S
:\\
13 | 3 Bent forward
<\
>

o
C)\\c)

Figure A.7 — Sym@t’ric trunk bending, forward or backward

Body inclination is evaluated @en bending forward or backward and is assigned to an appropriate

NOTE See Figure A.61 for detail

zone (see [[able A.5). %)

2
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Table A.5 — Zones of trunk movement; bending, forward or backward (symmetric postures)

movement
Zone 1to 4 -
. Zone static posture low frequency high frequency
according to EN 1005-4: ) )
(<2 per min) (=22 per min)
green green green

2 yellow green

4 yellow yellow

Kdy
Grgen acceptable

Yellow  partly acceptable

Reld not acceptable

Yellow  considered acceptable: when the entire body is supported.

Copdition: the health risk for, nearly, all healthy adults, in view of the passible useful life of the machine, is low|and can be
prpven negligible.

NQTE EN 1005-4 is a standard applied to the design phase, where.the constraints are more demanding.

When “not acceptable”, points are assigned, considering the transition times into and ouft of these
poptures as part of the static posture.

Acfeptable according to EN 1005-4: workingpositions with a straight body posture are preferred,
in particular, if the machine is used for adong time by one person and a static position is pecessary,
without sufficient recovery time, body.support or high frequency movements.

Additional posture points are considered when the postures involve trunk rotations and latgral trunk
bepding (asymmetrical body postures).

—| Scoring of asymmetric postures

Asymmetrical postures(see Figure A.8) occur in conjunction with:
—| Standing, trunksotation (Lines 1 to 6)

—| Standing, Iateral trunk bending (Lines 1 to 6)

—| Sitting, trunk rotation (Lines 7 to 11)

—| Sitting, lateral trunk bending (Lines 7 to 11)

— Kneeling or crouching, trunk rotation (Lines 12 to 14)
— Lying and climbing, trunk rotation (Lines 15 and 16)

— Lying and climbing, lateral trunk bending (Lines 15 and 16)
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miE
gooc ool Trunk Lateral
=== Rotation 1) | Bending 1)
W4 - | o] o]l s TTTQEY
ol L U0 : TI : I[ int | dur | int | dur
D emtuccoonooo sy RRRE I 0-5 03 | 0-5 03
= b bl : ]| i Intensity x | Intensity x
; : L . Duration Duration
5 ' MACE | 1
D alalalal E
AAEEE Tt (i\
: ; OOCEE IR E 0 1 3 5 Q
cr{ [+]+]e]a|a]e]n] T I E slightly medium strongly extreme 6 .
:;i______ d0EES ' 1 E <10° 150 25° 23027\
e ANCEOCCOCC N M 2 0 15 25 3y
[ .-‘i:.‘“ ..|‘;=|ni.i ] i . _§ never 4s 10s ' .é's
pmm—alee o e = [ ] 0% 6% 15%,(Q‘220%
e . [ 5 s N\ S
| B . \%O
NOTE  [See Figure A.61 for detail c‘)\
Figure A.8 — Asymmetric trunk p res
3
The Table|A.6 categorizes the lateral trunk bending (to the le@%r to the right) and the trunk rotation (to
the left or|to the right) and assigns to each case, one of thezones.
Table A.6 — Zones of trunk rotz&@h and lateral trunk bending
Y ) movement
. S Static _
according|to EN 1005-4: Zone’\\() low frequency high frequency
C) Posture ) )
. (<2 per min) (=22 per min)
) green green green
1 ;’2 O
__ yellow
=7TN\
KIS
M
Key: ?}
Zonel i é&cearly recognizable (10° or less)
Zone 2 isclearly recognizable (about 10° or more)
Green  isacceptable
Yellow is partly acceptable
Red is not acceptable
Specific feature for yellow: Yellow is considered not acceptable, if the machine is used by the same person for a long period
of time.
50

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

When “not acceptable”, points are assigned considering these postures as static postures, including the
transition times.

Far reach

Far reach involves postures where the upper arms are within an angle of 30° below and 60° above
shoulder height.

Asymmetric Postures (arm extension) occur in conjunction with:

— Standing (Lines 1 to 5)

NO

— Sitting (Lines 7 to 10)

— Kneeling (Lines 12 and 13)

For the grey fields (Lines 6, 11, 14, 15 and 16), the asymmetric point reviews of far

included in the symmetrical evaluation.

255 ment Works heet

el bads o< ig.

torzas onte fngees of <3N
land w hole body forces of <80 N
{Statc postres: 2 43

[Hgh Faguancy movemets:

S

Ealiaton of statc pos e
andtice high Beguency mowments of
Furiaens legs

apmiye SSEIoimirey) el
o Tase e i

Bum of lines

"} & e

neng crouchng
Lirmifings (> 80% 2 10mn

5t and wak
: Saadeng & wabing » imates
smedeg w o soceot

Sandng. fo by supgen (e

ot rustricions sew Exra Fons)

i[o] Bant forw ard (20804
Ry x

3 PP

gy bent forw e (380¢)

el

Lengres th el a1/ above
shoutier e

Liprginea th Rands aace hasd
v

=Y

Lerghem th ack supeon

ighey bent forw and o backw ard

reszcaon see B Foes)

prgrna bazk suspon (fu o

Bent forw ard

[Stow 3t/ above shouter e

Hanzs 32w haad ol

R

Uprghe

Bant forw e

reach are

B =1
e ﬁj:m:a:!io:y CT

[Btow 3t/ abave Shoutier W

El

e haad

Ly oo twck, beaast or 3o) e

Cinting

O 0 3

0

el

T
i * =

e

0 W
T TR T

Postures =% =Y

o I i !.:e o Y
AR L Sorpmet of SRGIEE T Bhs B10R 87 DAL 00N

A s 5 e M

8y, |
are
i

T swoe wiih

2)

Far Reach

int

5

close

60%

80%

arm

stretched

dur

1,5

2

never

0%

4s
6%

10s
15%

213s
2 20%

| g

TE See Figure A.61 for detail

Eicure A9 — Asvmmetricpostures (Far Reach)
O 4 r A\Y J

Far reach (see Figure A.9) occurs while working outside of the normal working area. The elbow moves
further away from the body and the shoulder is more involved. Far Reach is expressed in a range from

-30° to +60° with respect to the horizontal line at the shoulder point.

Table A.7 determines how the reach of the arm is to be classified and shows the zones based on shoulder

movements (abduction and flexion).

© IS0 2021 - All rights reserved
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Table A.7 — Zones of upper arm posture (asymmetric posture)

movement
Zones 1to 4 Static -
Zone low frequency high frequency
according to EN 1005-4: posture i )
(<2 per min) (=22 per min)
green green green
Pt 2 (A) yellow green (C) yellow
3 Iy e 3 (B) yellow
\__60'/ \60“ ~ ;
\ z - 3 [3

e S/t 4 (B) yellow
Key:
Green is acceptable
Yellow is partly acceptable
Red is not acceptable

A - Acceptaple ifentire arm supportis given; if entire arm support is not given, the acceptability depends on the duratjon
of the postiire and the recovery time.

B - Not accdptable if the machine is used by the same person for a long time period.
C - Not accgptable with a frequency = 10 per minute and/or if the machine is used bythe same person for a long time peripd.

NOTE When “not acceptable”, points are assigned considering these postures-as.static postures, including the transitjon
times.

Acceptable according to EN 1005-4: working positions with hanging upper arms are the most practi¢al,
in particylar, if the machine is used by the same person:or a long time period and a static positjon
without spfficient recovery time or body support, or a.static position involving high frequency (>10)
extreme rhovements.

— Rules|for scoring in Section 1
— Rule1.1

If the samgp static posture occurs more¢han once (minimum of 4 s. each), the total duration is the sum] of
the indiviflual durations.

EXAMPLE 2

Two non-fonsecutive postures involving “standing with hands above head” of 5 s. each, generate
total duration of 5 + 5 = 20°s!

72]
o]

— Rule 1.2

If two or nore_consecutive postures with, at least, one duration < 4 s., but total duration = 4 s. ocq¢ur
and if thege postures are separated on the EAWS form by a dashed line (e.g. lines 3 and 4), than they gre
assigned gnescore calculated as a weighted average. The procedure is as follows:

— Add the durations
— Calculate the respective scores based on the total duration
Calculate the weighted average, using as weights the respective durations
EXAMPLE 3
See Figure A.10
Cycle time 60 s.

Standing; 3 s. bent forward (line 3a) + 3 s. strongly bent forward (line 4a)
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- > Total duration = 6 s.

Evaluation of static postures
and/or high frequency movements of
trunk/arms/legs

duration of posture [s] x 60

Duration [s/min] =
Task duration [s]
g—

5 (75 ‘10’15 20 | 27 | 33 | 50 | 67 | 83
3 45 9 12 16 20 30 40 50

20 fol 29 Fa¥al 4200 400 240 290 400
T T AAvamEr = & Tz

:2021(E)

Fo
did
thd

EX

Wi
se

EX

A
he

OO T A" \vaume dviv)

5 @hwa Bent forward (20-60°) 2 3 @4» 05 12 18 23 32 an]
b
a
b

with suitable support (5x3/6)+(8,5x3/6)=68
4 Strongly bent forward (>60°) 33 5 @ﬂ T 2T 0 o0 Jr oo
m with suitable support 0 J
‘ Postures = Y lines1-16 | 6,8 (n)‘ + ‘ (1))| = ﬁ.

Figure A.10 — Example for rule’1.2

Rule 1.3

- postures where the elbows are at shoulder level, above shoulder level or above head leve
tinguish between left and right arm when measuring the durations, but differentiate ac
e following pattern:

Simultaneous postures: utilize the time of the posture which takes the longest

Overlapping postures: utilize the tetal time

Consecutive or independent pdstures: utilize by adding the two durations
AMPLE 4

pile a worker is holding.a component part for 6 s. with the left arm (elbow at shoulder
ures the part with theright arm during 4 s. at the same level.

->6sinline 5
AMPLE 5

vorker.attaches a component part during 4 s. with the left arm (elbow at shoulder level).
attachies another component part during 4 s. with the right arm (elbow at shoulder level).

, we don’t
rording to

level), he

en s. later

=~>8g inline§

Rule 1.4

If there are consecutive “kneeling/crouching” postures (lines 12/13/14) with individual durations
of < 4 s., but a total duration of = 4 s., these postures have to be classified in line 12 with a total duration
equal to the sum of their individual durations.

EXAMPLE 6

3 s. crouching upright, then 3 s. crouching bent forward

->6s.inline 12

EXAMPLE 7

©lI
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2 s. crouching bent forward, then 3 s. crouching, elbow at shoulder level
->5s.inline 12
EXAMPLE 8
5 s. crouching upright, 4 s. crouching bent forward
->5s.inline 12 and 4 s. in line 13

— Rule 1.5

Posture lihe 2 is only considered if the operator is working permanently in a workplace where horizonltal
movemenfs are limited (i.e. maximum workplace dimensions < 1,5 m?, including the distance,to the
material rjacks). See Figure A.11 dashed area < 1,5 m?-

Figure A.11 — Example.0of Rule 1.5

— Rule 1.6a

The idle tme in a cycle (non-utilized or waiting time) is classified in line 1, if body position is standipg,
or line 7, if sitting.

— Rule 1.6b

All the time intervals not classified)as static postures (dynamic motions), have to be considered|in
posture 1jor 2, if standing, or in posture 7 or 8, if sitting. That posture is named as “basic posture”.

In case offa workplace with.simultaneous presence of postures 1 / 2 and 7 / 8, select the basic postyre
as the ong with the longest-duration.

EAXMPLE 9
Total cycle time =260's

Idle time:[5,s (Line 1 - Rule 1.6a)

Static postures: 30 s (Various Lines)

Standing postures not classified as static: 25 s (Line 1 - Rule 1.6b)

Sum: 60 s and 100 % of cycle time

— Rule 1.7

Section 1 is also applied to dynamic postures in cases of high frequency movements. If there is:
— Trunk bending (>60°), 2 2 / min (lines 4a and 4b)

— Movements involving kneeling or crouching, frequency = 2 / min (lines 12 and 13)
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Arm lifts = 10/min (lines 5 and 6; 10 and 11; 14 and 15)

include transition time to determine posture duration.

:2021(E)

High-frequency body movements are to be classified on the corresponding lines as static postures. For
this purpose, calculate the duration of the dynamic motions as the sum of the transition time and dwell
time.

NO

TE Rule 1.7 follows the recommendations included in ISO 11226 and EN 1005-4 has a slightly different
approach: High frequency body motions (bending, kneeling or arms lifting) leads to an automatic “high risk”
evaluation.

EX
In

No
is

EX
In

No
act

As
EX
If ¢

ling 7 or 8 (sitting with/without'back support)

Ea

If it is necessary<to consider an asymmetric posture more than once in the same line, the

giy
us

EX

¥ 2, the total time would include the bending, dwell and arise from bending:

AMPLE 10
h cycle time of 90 s., the worker has to strongly bend forward 3 times.

rmalized to a cycle time of 60 s., it results in a frequency of 2 times per minute; Since the

AMPLE 11
h cycle time of 40 s., the worker has to move into kneeling and arise-from kneeling one tim

rmalized to a cycle time of 60 s., it yields a frequency of 1,5 which is < 2. According to ry
ion would not be analysed as high frequency movement.

Rule 1.8

ronditions of postures 4 (strongly bent) and 6 (hands above head level) occur simultang
sture is assigned to posture 4 along with an additional far reach asymmetric posture.

Rule 1.9
ymmetric posture scores are reported.an the same line as the corresponding symmetric p
AMPLE 12

| task demands a static trunk rotation while sitting upright, this asymmetric posture is a

Rule 1.10
Ch asymmetric posture score is given by the product of duration and intensity.

en by the suntof each duration and the intensity is given by the weighted average of all i
ng as weiglits their respective durations.

AMPLE 13

©lI

dSK O g uprign /\ 10U
and a trunk rotation of 15° to the right side (6 s.) is

thin g anding DDO

frequency

ML

le 1.7, the

ously, the

bsture.

5sessed in

uration is
ntensities

ecessay (See F'g ue A.12).
Symmetric posture is analysed as 60 s in line 2

Asymmetric posture is analysed as follows:

Duration: 4 s. + 6 s. = 10 s. - > 2,5 duration points

Intensity: (25° x 4 + 15° x 6) / 10 = 19° - > 1,8 intensity points

SO 2021 - All rights reserved
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Standing (and walking)
Q ) L ) )
1 S'Fandlng & walking in alteration, standing 0o 0 0 o0 05 1 1 1 15 2 ‘ ‘ ‘
with support
© .
2 Stanldlr?g, no body supporlt (for other 07 1 15 2 3 4 6 8 11 13 1,8 ’ 2,5 ’ ’
restrictions see Extra Points) 45
. %?\ | [Bent forward (20-60°) 2 3 5 7 95 12 18 23 32 40 ] ] ]
b |with suitable support
s o) a |Strongly bent forward (>60°) 33 5 85 12 17 21 30 38 51 63 \ \ |
b |with suitable support
o . .
5 Upright with elbow at / above shoulder 33 5 85 12 17 21 30 38 51 63 ’ ’ ’
level
ot | | N
6 Upright with hands above head level 53 8 14 19 26 33 47 60 80 100 ("/
(@Y
1) 0 1 3 5 2) 0 1 3 5 >
= FPlighty  medium || strongly | extreme c E am
~ [5) close 60% 80% > 2 >
% <10° 15° 25° >30° g stretched (max.=15) (mage=y5) (max.=10)
= 0 15 2,5 3 % 0 1 15 2 S (max. = 40§
_g never 4s 10s >13s e _g never 4s 10s 213s
0% 6% 15% 220% 0% 6% 15% 220% (a) 1,5 (b)
Attention: Max. duration of evaluation = duration of task or 100%! Attention: correct evaluation, if task'duration # 60 s
Postures =Y lines 1 - 16 1o+ 4,5 =
(@) (b)

Figure|A.12 — Calculation example of asymmetric body postures total score of asymmetric
postures

The total $core of asymmetric postures is the sum of the scoresassigned to the 3 columns, as illustrated
in Figure A.13:

z 1 2 3
> > >
(max. =15) | (max.=15) | (max.=10)
Y (max. = 40)
(a) (b)

Key
2  Sum of scores of symmetfic postures.
b Sum of score of asymmeétric postures.

NOTE Makimum scere‘of asymmetric postures (b): 15 (1 = trunk rotation) + 15 (2 = lateral bending) +10 (3 =|far
reach) = 4(.

Figure A.13 — Sum of asymmetric postures scores

— Scoring of Section 1

The total score of section 1 is the sum of the scores assigned to symmetric postures and the score assign
to asymmetric postures (see Figure A.14):
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—— _— . . -

3 > >

(max =15) | (max =15) | (max =10)

> (max. = 40)

:2021(E)

Postures =% lines 1 - 16 !I (a ! + ! by = !!

Ke

NO

EX

Ca

Sum of scores of symmetric postures.
Sum of score of asymmetric postures.

TE See Figure A.61 for detail
Figure A.14 — Sum of scores for Section1

Examples - Section 1

AMPLE 14
culate the EAWS score of section 1 during the following'working task:
Cycle time: 180 s.;
Walking to the following car carrying a toolbox (weight 2,5 kg.). Duration: 10 s.;

Fix cables bent forward at a level of approximately 90° for 90 s.;

During this operation:
the¢ trunk is rotated 25° for 30 s;
the¢ arm is extended completely:for 30 s. to reach the zone of the hand break;
— | While in an uprightposition, with elbow at the shoulder level, fix cables in the hatchback.[Duration:
60 s.
Solution (see Tabl&yA’8 - Table A.9 - Table A.10 - Figure A.15 - Figure A.16 - Figure A.17)
Cytle time #60’s, therefore prorate:
Table A.8 — Information list from task
Cvycle time
0. Description Section I [line] J[18O s prorate [T4o]
1 |Walking to the car Line 1 10s. 10x60 =3,3s.
180

a2 Rule 1.6a - consider in line 1
© IS0 2021 - All rights reserved 57
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Table A.8 (continued)
No. Description Section 1 [line] Cycle time prorate [Tg,]
[180 s]
Fix cables Line 4 90 s. M=30 S.
180
Line 4
2 |— Trunkrotation 25° asymmetric 30s. 30x60 =10s.
posture 180
. R Line 4 36%66
it COTIPIETERY asymmetric 30s. =10s.
extended 180
posture
3 Stqnding, arms at the shoul- Line 5 60 s. 60x60 205"
der level, fix cables 180
Calculation:
4 |Idlp time + Time left (not Line 1 20s. 60-(3,3+30%20)=6,7s2
evdluated)
a  Rule 1pa - consider in line 1
Symmetric postures
Table A.9 — Defining symmetric posture\points
Line Duration [s] Calculate or read points
. (0,5-0) ) .
Line 1 3,3s5.+6,7s. 10 s. 0+ x(10-9)=0,2 Points 0,2 Points
(12-9)
Line 4 30s. read directly 38,0 Points
Line 5 20 s. read directly 30,0 Points
Y symmetric postures=0,2 + 38 + 30=68,2 Points 68,2 Points|
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(incl. loads of <3 kg, Symmetric
forces onto fingers of <30 N . .
and whole body forces of <40 N) Evaluation of static postures
and/or high frequency movements of
trunk/arms/legs
Static postures: 24 s 9
. . duration of posture [s] x 60
High frequency movements: Duration [s/min] = ——————— =
f N Gy
Trunk bendings (> 60°) = 2/min (%] 5 [75]10 | 15120 | 27 | 33 | 50 | 67 | 83
Kneeling/crouching = 2/min )
Armliftings (> 60°) > 10/min [s/min] 3 45 6 10)2 16 (20)(30) 40 50
[min/8h] 24 36 48 72196 130 1 2 320 400
Standing (and walking) A
5) i - i :
1 SFandlng & walking in alteration, standing 0 0 0 A5 1 1/
/ with support 1
5) . .
2 | Stan.dlqg, no body suppor.t (for other 07 1 15 2 3 4 1 b
N restrictions see Extra Points) )
5 %?& ‘ON a |Bent forward (20-60°) 2 3 5 7 95 12 ] jS 32 40
b |with suitable support KX )
» 4 a |Strongly bent forward (>60°) 33 5 85 12 M7\ 21 0 51 63
m b |with suitable support ]
A9 i i
» 5 A Upright with elbow at / above shoulder 33 5 85012 17 21 38 51 a3
level
- N
6 x Upright with hands above head level 53,8 14 19 26 33 47 60 80 100
Figure A.15 — Classification of symmetrical postures
Asymmetric postures
In |ine 4; see also Rule 1.9
Table A.10*—~ Defining asymmetrical posture points
Sum Load Calculate or read points
) Dutration 10s. read directly 2,9 Points
Trunk Rotation - : .
Level of Intensity 25° read directly 3,d Points
result Intensity points x Duration points = 3,0 x 2,5 7,5/Points
Duration 10s. read directly 1,5 Points
Far Reach
Level of Intensity arm completely read directly 5,( Points
extended
result Intensity points x Duration points = 5,0 x 1,5 7,5/ Points
Y psymmetric postures=7,5+7,5=15 Points 15,1) Points
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Asymmetric

Trunk
Rotation 1)

Lateral

Far Reach

int dur int dur int dur
0-5 0-3 0-5 0-3 0-5 0-2
Intensity x Intensity x Intensity x
Lluldl;ull LlUIdLiUII IJUI&'UII
3 |2,5 | 5 |1,5
1 0 1 3 5 2) 0 1 3 5 A
= slightly medium  |strongly | extreme c € [~
e [S) close 60% 80% »
= <10° 15° 25° >30° B v ed
= o
= 0 1,5 2,5 3 = 0 1 15 AR
= nhever 4s 10s >13s "= = never 4s 1 1 =13s
0% 6% 15% 220% 0% 6% {95% 220%

Figure A.16 — Classification of asymmetric'postures

Total score - Section 1:

Y Section [l = X symmetric posture + X asymmetric posture
Y Section [l = 68,2 + 15 = 83,2 - > 83,5 Points

Score of Section 1:

60
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(incl. loads of <3 kg, Symmetric Asymmetric
forces onto fingers of <30 N . . Trunk Lateral | Far Reach
and whole body forces of <40 N) Evaluation of static postures Rotation 1) | Bending 1) 2)
and/or high frequency movements of . O
9 =
Static postures: = 4 s trunkfarms/legs 15
. 3 duration of posture [s] x 60 "6 _ &
High frequelnc)' movements: . Duration [s/min] = Task duration [s] £ int dur int dur int dur
Trunk bendings (> 60°) 2 2/min (%] 5 (7510 1520 |27 |33 50 67 83| @ |05 03|05 03|05 02
Kneeling/crouching = 2/min X
Arm liftings (> 60°) = 10/min [s/min] 3 45 6 9 12 16 20 30 40 50 Intensity x Intensity x Intensity x
[min/8h] |24 36 48 72 96 130 160 240 320 400 Duration | Duration | Duration
[ TStanaing (and Watking)
5] ) L . )
1 Sﬁandmg & walking in alteration, standing 0 0 0 @ 05 1 1 115 2 0,2 ‘ L ‘
with support
© )
2 Stan_dmg, no body suppoﬁ (for other 07 1 15 2 3 4 6 8 11 13 ‘ [ ‘
restrictions see Extra Points)
. %h +7a [Bent forward (20-60°) 2 3 5 7 95 12 18 23 32 40 [ \ \
b |with suitable support
a |Strongly bent forward (>60°) 33 5 85 12 17 21 30 ‘ 51 63 3 12,5 q 1,5
4 fom £ ey e © 38 o
b |with suitable support 7,5 7,5
[9) . .
5 j IUpnght with elbow at / above shoulder 33 5 85 12 17 21 @ 38 51 /63 30 ‘ ‘ ‘
evel
BE; 3 e
6 x Upright with hands above head level 53 8 14 19 26 33 47 60 (80" 100
1) 0 1 3 5 2) 0 1 5 >
y < slightly medium strongly extreme 5 IS cose 0% 0\\80"/: arm 755 . 7£5
= <10° 15° 25° >30° & stretche: 682 (max=15) | (max.=15) max.=10)
=] )
= 0 1,5 2,5 3 © 0 10 1,5 2 > (max. = 40)
— O St
g never 4s 10s >13s L g never @ 10s 213s 15
0% 6% 15% 220% 0% & 6% 15% 220% (a) (b)
Attention: Max. duration of evaluation = duration of task or 100%! Attention: correct evaluation, if task duration # 60 s
Postures = 5 lines 1 - 16 68,2 o + 15 o) = 83,5
a
Figure-A.17 — Results of Example section 1
A.2.5 Scoring: Section 2-)Action Forces
—| Action forces
An action forcé-s a force exerted by the hand-finger system and/or by the body-arm [system. A
force is be stafic or dynamic. The hand/finger forces are analysed in Line 17. The arm and whole
body foreesiin Line 18 (see Table A.11). See Figure A.62
Influencing.Factors
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Table A.11 — Content and parameters for the action forces

Action force
(acts on the
handle)

A

Mass force
(forearm)

Muscle force

Muscle torque

Action forces Force exertion Scoring
Fordes onto fingers Forces onto arms / whole R=DxI
body forces
e~ ! static > 4 seconds Duration
T — per minute
Line 17: Line 18: Force level
— Typepfgrip — Postures dynamic | <4 seconds Frequencly
of action
— Forcepercentile — onehand forces pe
minute
— Forcellevel — both hands
Force lev¢l
— Duration / min — Force direction
— Freqyency / min — Force percentilé
— Force level (IN]
— Duration / min
— Frequency / min
NOTE An action is static whefit-lasts at least 4 seconds. The duration is determined evaluation the seco:llnds
per minutgq of force exertion. Afivaction is dynamic when it lasts less than 4 seconds. The duration is determifed
as number|of actions per minute (frequency n).
The load i calculated 4rthe following way:
— Load |ndex (R)'='Duration (D) x Intensity (I);
— Duratjior'ef'static applications: s/min; % of cycle — duration score;

— Duration of dynamic applications: frequency of actions/min — duration score.

Minimum

threshold values are:

— 30 N for line 17 (hands-fingers), one handed;

— 40 N for line 18 (arms), two handed.

For forces below these thresholds, no load points are assigned in Section 2, since the biomechanical load,
due to action forces below these thresholds, is already included in the scores of Section 1 (postures).

62
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The maximum force depends on the force percentile.
— Percentile

Percentile is a value on a scale of 100 that indicates the percent of a distribution that is equal to or
below.

EXAMPLE 1

If we consider the 15th percentile, the sustainable force will be achievable by 85 % of the reference
population.

EAWS uses two percentiles:

—| 15th percentile for planning/designing workplaces/machines (Planning analysis)
—| 40th percentile for observational analysis (Production analysis)

Calculation of the score

—| Intensity score

Thle intensity score has a scale that ranges from 0 to 50 points, Select its value depending on the
pefcentage of the measured Force F over F ... See Figure A.18.

= 0 ) 15 25 50
= 16,7 % Fnax . 38,3 % Fipax 50,0 % Fnax 66,7 % Fnax~ Frnax
P Forces onto _ 0 TN 1T 5 2 3 7
17 't-QHJ' fingers (e.g.clips,|§ § [s] 3 6 9 12 20 30
e — plugs) g [ %] 5 10 15 20 33 50
§¢ o 15 2 2,5 3
£ n] 4 10 15 20
= Q) 0 3 15 25 50
S ANT16,7 % Fnax 33,3 % Finex 50,0 % Fnax 66,7 % Finax Fomax
Forces onto arms [2&———0 1 1 e = 7 )
18 / whole body @‘;‘ [s] 3 6 9 12 20 30
forces § [ % ] 5 1510 20 33 50
Q g 0 1 2 3 4.5 6,5 10
S [n] 1 3 6 8 10 12

Figure A.18 — Action Forces scales

Lige 17 (Force onto fihgers):

F L« Is the maximuyn force that can be exerted for a given percentile, with a given type of grip. The F
values are basédon the results of the project “Assembly specific force Atlas” (Wakula et al., 2009) and
ar¢ shown gn the worksheet in the form of the table below. They represent conservative valugs and are
nefitral te-gender.

To|use the correct F Lax value (see Figure A.19), it is necessary to identify the type of grip andl to select

th nnnnnnnnn taparcan h Thaora ava o oo antilac ot + o1,
A MHHI UH' oo ls/\/l l/l/lllrllv LA Z A% A2 AAS t.l\.rl CUIILIIC O Ul LI LtAduUuIC,

— P15: 15th percentile for the design mode
— P40: 40th percentile for the observational mode

The P15 values are more conservative.
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Key

Type of gri

Al
A2
Bl
B2
C

Finger forces Fmax (neutral to gender)

Posture A1l (power grip, pliers)

B &

Fmax

P15

P40

150

205

| Posture A2 (ball of the thumb)

S

Fmax

P15

P40

115

155

Posture B1 (thumb or thumb to 4

b of force application

powet| grip (e.g. pliers)
ball offthe thumb
thumi or thumb to 4 fingers

index
hook,

br wide pinch grip
pbalmar, strong pinch grip

Force perc¢ntile

P15 for plajpning analysis

P40 for prdqduction analysis

Line 18 (Hody Forces onte arms):

For line 18, the following force Atlas for the two-handed version is used (See Rule 2.10).

Maximum

force Atla

64

fingers)
'%\ @ P15 | P40
55 170
| Posture B2 (index or wide pinch)
Fmax
"%;: @ P15 | P40
_— 40 | 50
Posture C (hook, palmar, strong
pinch)
Fmax
g P15 | P40
> 45 | 55

Figure A.19 —Force atlas (maximum forces) line 17 finger forces

force values refer to feminine gender. Values for masculine gender are also available in the
5 and in EAWS electronic forms.
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E—
Forces Fmax onto arms / whole body ST Uprigh P15 | P40 ST Bent P15 | P40 || ST Above headl P15 | P40 llFinger forces Fmax (neutral to gendkr)
forces (neutral to gender) Al 245 | 315 *aAll 210 | 285 *Al 230 | 280 Posture A1 (power grip, pliers)
P15 for planning & P40 for observation Al 260 | 325 Al 200 | 240 \/Z ‘Al 265 | 320 P Fmax
*B| 170 | 210 *Bjf 205 | 260 *Bj 160 | 200 @ &\_ P15 | P40
B| 245 | 315 B 285 | 390 B 255 | 310 . 150 | 205
*C| 130 | 185 *cj 145 | 200 *CJ 105 | 140 | Posture A2 (ball of the thumb)
. B c[ 110 [ 165 -c| 90 | 135 -] 100 | 140 Frnox
B o KN Uprig| P15 | P40 KN Bent P15 | P40 § KN Above headl P15 | P40 & P15 | P40
‘Al 210 | 270 *al 180 | 245 ‘Al 225 | 275 115 | 155
Al 225 | 280 Al 190 | 225 ‘Al 265 | 320 i Posture B1 (thumb or thumb to 4 fingers)
_ C*C _ B[ 215 | 290 sl 220 | 320 é\\_ﬁ{? 8] 210 | 270 Os-ure i Frnax
Ca» 4 »C ‘8| 240 | 325 Bl220 [ 290 (~ ( Bl 220 | 275 22; P15 | P40
i \ V=g Fcl14s 195 ~cl 140 [ 190 im 130 | 180 55 | 70
] )’ "c| 115 | 160 “cf 105 | 135 “Cl 130 | 180§ Posture B2 (index or wide pinch)
= Sl Uprigh P15 | P40 Sl Bent P15 [ P40 || SlAbove head | P15 | PAON __ o | ] F max
Median plane A 205 | 265 *al 190 | 250 Al 215 | 255 %: (:':_\*- 15 [ P40
Data based on the "Assembly specific force atlas" ‘A 245 | 285 "AJ 195 | 245 &\\_“é "AJ 260 | 295 Sz 10 | 50
(Wakula, Berg, Schaub, Glitsch, Ellegast 2009), Y Bl 215 | 260 & *Bff 245 | 295 *Bl 195 | 240§ Posture C (hook, palmar:streng pingh)
adapted neutra to gender B[ 205 | 250 BJ215 | 275 B| 210 [ 240 " Frnax
Score data are matter to change after the final ‘c| 120 | 165 *cj 130 | 175 “cf 100 | 130 \%‘(& 'S 15| P40
completion of the force atlas project c| 110 | 155 -cj 100 | 135 -cl 100 | 135 ——\./ s | 55
Figure A.20 — Force Atlas values for Body Forces onto-arms
Toluse the correct F ., value (see Figure A.20) it is necessary to identify the body posture, thq direction
of the force exertion and to select the right percentile. There are two percentiles on the table:
—| P15: 15th percentile for the design mode (planning analysis)
—| P40: 40th percentile for the observational mode (production analysis)
Thie P15 values are more conservative.
EXAMPLE 2
To|determine the point value of the load level:
—| Insert a dowel with your fingers, foncelevel 35 N
—| — Line 17, Intensity = 35 N
Solution:
—| Select the finger posture (grip type)- Index;
—| Determine the fofce'F ., for P40 - 50 N;
—| Calculate %F_ ), - 35N /50 N x 100 % = 70 % Fmax;
—| Determine the intensity-points for 70 %F ., - 27,5 Points (interpolation).
—, \Puration score
Thie Toad duration (>4 s.) is determined for static forces from the duration in seconds prorated to 60 s.

(see Rule G1). The concept of duration is extended also to dynamic forces. In this case, the score is not
determined by the effective duration of these forces, but by the number of times (frequency) per minute
they are exerted.

In the tables in line 17 and 18 duration is expressed as follows in Figure A.21:

Static action forces (duration = 4 s.): s/minute or % of the cycle

©lI
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= 0 7 15 25 50
= 16,7 % Fnax 33,3 % Fnax 50,0 % Fnax 66,7 % Fnax F max
e Forces onto - 0 1 1 - 1,5 ~ 2 3,? 7 |
17 "t:--q-‘-‘-* fingers (e.g.clips,|§f & [s] 3 6 9 12 20 30
T — plugs) g [ %] 5 10 15 20 33 50
5 s 0 7.5 4 Z5 3
S [n] 4 10 15 20
z 0 6 15 25 50
= 16,7 % Fnax 33,3 % Fnax 50,0 % Fnax 66,7 % Finax F max
Forces onto arms 0 1 1 1,5 2 4 8,5
18 /whole body || & [s] 3 6 9 12 20 30
forces § [%] 5 10 15 20 33 50
S n 1 3 6 8 10 12

Figure A.21 — Static duration points of finger forces and arm/body forces

EXAMPLE 3
Apply forge for 9 seconds with the right thumb (cycle time 60 s.)
- > Line 1}, duration points = 1,5 Points
EXAMPLE 4
Pull a ropg downward with 2 hands for 20 % of the cycle time (60 s.J,
- > Line 18, duration points = 2,0 Points
Dynamic fction forces (duration < 4 s.): frequency of applications/minute (n). See Figure A.22.
- 0 N 7 15 25 50
S 16,7 %R 33,3 % Finax 50,0 % Fnax 66,7 % Finax  Finax
e~ Forces onto . 0 M1 1 1,5 2 3,5 7
17 | €g2es 7 |fingers (e.g. clips,|5 § sl 3 6 9 12 20 30
T — plugs) T ([ %] 5 10 15 20 33 50
S §,\ 0 1,5 2 2,5 3
[n] 4 10 15 20
< 0 5 TS 75 50
S 16,7 %Fnax 33,3 % Finax 50,0 % Fax 66,7 % Finax  Finax
Forces onte.arms - 0 1 1 1,5 2 4 8,5
18 /whole'body |5 § [s] 3 6 9 12 20 30
forees s [ %] 5 10 15 20 33 50
§[ © 1 2 3 45 6.5 10
2 1 3 6 8 10 12

EXAMPLE 5

4 x apply

Figure A.22<— Dynamic duration points of finger forces and arm/body forces

forCe > 30 N with the left index finger (Cycle time 60 s.)

- > Line 17, duration points = 1,5 Points
EXAMPLE 6

8 x pull a rope downward with 2 hands (force >
- > Line 18, duration points = 4,5 Points

Rules for scoring of Section 2

Rule 2.1

66

40 N, cycle time 60 s.),
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To use Section 2 (Action Forces) consider a minimum threshold of force intensity:

— 30 Nrelative to line 17 (hand-finger) (Warning: the posture is still to be evaluated in Section 1)

— 40 N relative to line 18 (arm-shoulder)

Below those limits of force intensity, Section 2 is not applied (do not calculate/evaluate load points).
The biomechanical load exerted by action forces below these limits is evaluated in Section 1 (postures).

EXAMPLE 6

—| Pull a rope downward with 2 hands, intensity 50 N.

— Line 18, intensity = 50 N.

—| Pull arope downward with 1 hand, intensity 35 N.

— included in Section 1

—| Insert a pin with fingers, intensity 35 N.

— Line 17, intensity = 35 N.

—| Inserta cover with fingers using 2 hands, total resistance force = 40 N.

— included in Section 1 (as 20 N per hand is below the thréshold limit of line 17)
—| Hold a button with the thumb, intensity 20 N.:

F <30 N, no rating in line 17

—| Pulling a lever forward in standing position; intensity 50 N. with both hands:
rating in line 18 because F = 40 N.

— Rule 2.2

Thie intensity points are calculated by interpolation between the limiting values of the cpnsidered
intlervals.

—| 16,7 % -33,3%F
— 33,3 % - 50,0 %¥E.,
—| 50,0 % - 66;7"% F .
—| 66,7 %-)100,0 % F .
— ‘Rule 2.3

Ifth nnnnnn haoth ctatic o d Ay Sotine b connc vzl b lenlat
Tereatreopot T 154 t

acalc a2
TS TatrC oIt O y rra i C aCtroTTS; crrc - ST oT Comvy i otCaorcora

of Lines 17 or 18 will be calculated using:

ed-separately-and-thetotal score

— as duration points, the sum of the duration points both static and dynamic, and as intensity points,
the weighted average of the intensity points (for dynamic and static forces), using the respective
(static and dynamic) duration points as weights.

— Rule 2.4

To calculate the total scores of groups of dynamic or static actions (1...i), it is necessary to calculate the
Intensity score (Is;), the Duration Score (Ds;) and the Risk score Rs; = Is; x Ds; of each action (static and
dynamic).
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Then, both groups of dynamic and static actions are ranked according to their risk score (Rs;), from
the highest one to the lowest one. In case, two actions have the same Risk score, the action with higher
intensity score Isi prevails. At this point, it is necessary to calculate the overall duration score, PDS
or PDD, respectively for the static or dynamic actions, which is the sum of the duration (in seconds or
quantity) of all the actions.

The duration points (D*s) for each activity are corrected, according to those actions with highest risk
score, as follow:

1. Starting from the action with the highest ranking, the corrected duration score D*s; of each static

i1
or dypamic action is obtained with the Tollowing formula: D¥s; = PDS {or PDD]J - L i1 Ds]-

All D*is whose value is lower than 0 are set to 0. For the action with the highest ranking (i,=3), it is
obviously D*s; = Ds;

2. For ejch static or dynamic action “i”, calculate the corrected risk score R*s; = Is; x Dj%s;

The overdll risk score, for each action either static or dynamic, it is calculatedwith the followng
formula:

Rdyn (Toffal score dynamic actions) = }; R*s; = (Idyn; x D*s;, , Idyn; x D*s;
Rstat (Toffal score static actions) = }, R*s; = }; (Istat; x D*s;, | Istat; x D¥ 5

Calculatign Steps of rule 2.4 (valid for static or dynamic actions, see/Rule 2.3 for combined static and
dynamic gctions calculation):

a) Score|Calculation of Action 1 (A1)

1.1 Calculption of Intensity Points, by interpolation if ne¢essary (Is;)
1.2 Calculption of Duration Points, by interpolation ifnecessary (Ds;)
1.3 Calculption of Score Al (Rs; = Is; x DPs;)

b) Score|Calculation of Action 2 (A2)

2.1 Calculption of Intensity Points, bysinterpolation if necessary (Is,)
2.2 Calculption of Duration Points,By interpolation if necessary (Ds,)
2.3 Calculption of Score A2 (RS, = Is, x Ds,)

c) Score|Calculation of‘Action ‘n’ (An)

2.1 Calculption of Inténsity Points, by interpolation if necessary (i)

2.2 Calculption'pf Duration Points, by interpolation if necessary (Di)

2.3 Calculatian of Score An (Rs_=1Is. x Ds))
d) Calculation of the corrected risk duration points

3.1 Rank all actions according to their risk score Rsi, from the highest one to the lowest one. In case two
actions have the same Risk score, the action with higher Intensity score Isi prevails.

3.2 Sum the duration (in seconds or quantity) respectively of all static or dynamic actions and calculate
the overall duration score PDS or PDD.

3.3 Starting from the first action in the rank, calculate the corrected duration score D*s; of each action
i—1
with the following formula: D*si = PDS - E 1],_1 Ds;

— All D*si whose value is lower than 0 are set to 0.
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For the action with the highest ranking (i = 1), it is obviously D*s; = Ds;.

e) Calculate for each action the corrected risk score as — R*s; = Is; x D*s;

f) The overall risk score is = R = )} R*s;

Rs;

= Score of the single action

Calculation Procedure for the overall risk score (Static + Dynamic) is in Figure A.23:

Static Actions

U

For each static action "i", calculate the Intensity score
Isi, the Duration score Dsi, and the Risk score
Rsi = Isi x Dsi
L y

Rank all static actions according to their risk score Rsi, \
from the highest one to the lowest one. In case two
actions have the same Risk score, the action with
L higher Intensity score Isi prevails.

v

Sum the duration (in seconds) of all static actions and
calculate the Static action overall duration score PDS

\ y

Starting from the action with the highest ranking (see '
point 2), calculate the corrected duration score D*si of
each static action with the following formula.

. =il :
D*si=PDS Y/_\ ' Dsj
All D*si whose value is lower than 0 are set to 0. Fo

the action with the highest ranking (i=1), itis obviot@
Q*si:Dsi R\
3

lFor each static action "i", calculate corrected Risk scoreJ

R¥si=IsixD*si .. ()
C
—

ic’action Rstat is the
of each single action
R*si

The overall risk score of th
sum of all corrected risk

\ 4

The overall risk score is the sum of the risk
score of static actions Rstat and the risk score
of dynamic action Rdyn

o)

e

D

For each dynamic action "i", calculate the Inten

score Isi, the Duration score Dsi, and t| % sc
Rsi = Isi x Dsi .

Rank all dynamic actions acco to their risk s
Rsi, from the highest one to est one. In cas{
actions have the same Ri?&o e, the action with h
Intensity‘score Isi prevails.

Sum the dura@in quantity) of all dynamic act
and calculate%e ynamic action overall duration
PDD

tQing from the action with the highest ranking]
point 2), calculate the corrected duration score D
each dynamic action with the following formula.
D*si = PDD - ¥/25 ! Dsj
All D*si whose value is lower than 0 are set to (]
the action with the highest ranking (i=1), itis obvi
D*si=Dsi

men

For each dynamic action "i", calculate corrected
score R*si = Isi x D*si

The overall risk score of the dynamic action Rdyn
sum of all corrected risk score of each single act]
Rdyn = Y, R*si

ity

two
igher

ons
kcore

Figure A.23 — Calculation procedure of Section 2 (Action Forces)

EXAMPLE 7

— Action A;: Dynamic, 50 % F
— Action A,: Dynamic, 33,3 % F

4 times/cycle

max’

max’

Solution:

— A, Score

— 1;:50% F,,, = 15 Points

— Dy

4 times/cycle = 1,5 Points
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— A;=1;xD;=15x1,5=22,5 Points - > Worst Case

— A, Score

— 1,:333%F

=7 Points

max

— D,: 10 times/cycle = 2 Points

Risk Score Calculation (R)

Rank the [intensity score of each activity and calculate the corrected duration point, then obtain.the
Total risk|score:

Total Durgtion points: 2,4 pt (interpolation)

Ranking 1:

— Intengity (15 pt.)

— D*=DPs1=1,5

— Risk §core =15*1,5=22,5

Ranking 4:

— Intengity (7 pt.)

— D*s2EPDD-Ds1=24-1,5=09

— Risk §core=7*09=6,3

Risk Scor¢ = 28,8 points

— Rule 2.5

If line 18 {s used (forces onto arms/whole‘body greater than or equal to 40 N), the biomechanical lqad
onto the fingers is already included in the'score. It is not necessary to also use line 17, unless rule 2.6 is
applicablg.

— Rule 2.6

If line 18 fis used (forces enté arms/whole body greater than or equal to 40 N) and the grip is not a
contact o1f power grip (eig)high pressure onto fingers), line 17 has to be used in addition to line 18. ee
Figure A.24.

NOTE In the development of the model, different grip types were put together, for the sake of simplicity.
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5
Key
1 | Posture Al (power grip, pliers) - Line 18
2 | Posture A2 (ball of the thumb) - Line 18
3 | Posture B1 (thumb or thumb to 4 fingers)*~Line 17 and Line 18
4 | Posture B2 (index or wide pinch) - kinte’17 and Line 18
5 | Posture C (hook, palmar, strong piheh) - Line 17 and Line 18

Figure A.24 — Use of lines according to Rule 2.6

—| Rule 2.7

To|calculate the,frequencies and/or the durations, we do not distinguish between right angl left arm
for hand/fingerforces and arm/whole body forces. The total frequency is the sum of the frequencies of
both arms,

EXAMPLE 8

FO oAt anta finagoarc yvazith thao lafr hawnd avariad 4 timcs santhin thao ovcla Himan f\nd add'q—innnl £ rces onto

CCS OUTITO TS CT O Vv ICIT CIIC ICT U oo CACT T o T oIttt VYV ICIITIT crre Ty oot croror o

[am

e

finger with the right hand 6 times.
Solution:
The duration is 4 + 6 = 10 times

Intensity points of the two finger forces are evaluated in line 17 (see rule 2.4) with a total frequency of
10 times.

— Rule 2.8
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In line 17, force intensities are considered to be applied by one arm. In case a given pressure is applied
by two hands, force is equally distributed between the 2 hands.

EXAMPLE 9

Exert a force with both thumbs, F = 70 N.

Solution:

Analysed in line 17, F = 35 N. with a frequency of n = 2

— Rule 229

In line 18| force intensities are considered to be applied by 2 arms symmetrically. When forees are
applied by one arm, it is necessary to consider the F .. value multiplied by 60 % (i.e. equivalent| to
multiplying the intensity of the exerted force by about 1,7), see also the application note below.

In line 18f when forces are applied by one arm, consider, depending on the type of posture, a value for
F ,ax Which ranges from 40 % to 80 % of the values reported on the EAWS form (atlas.force). To simplify
the calculption procedure, use an average value of 60 %.

EXAMPLE 10
Exert a pylling force (*B) with one hand standing upright.

Solution:

For the stture and the force direction, it is determined a maximum force of 210 N for P40. Since the

force application is done with only one hand, only 60 % of the maximum force is used as the basis for

further cqlculation.

60% ¥ 210 N=126 N

— Rule 2.10
Line 18 isfmutually exclusive with respectte*Section 1 and Section 3, whereas Line 17 needs Section|1.

The measpre of the load onto fingers«isiindependent from the body posture (e.g. it might happen when
pressing g button with 30 N located.above the operator’s head).

EXAMPLE 11
An operator performs an detion of force > 40N. while kneeling.
Solution:

The posture “kneeling” is one of the factors considered in the selection of the Fmax value and therefgre
falls within thé risk score calculated on line 18. In Section 1, this period will be classified as idle tiine,
according|tg.rule 1.6b (it would be considered 100 % of the cycle time in section 1).

EXAMPLE 12

An employee has to apply a dynamic force, F > 30 N., with the index finger, while kneeling upright for
6s.

Solution:

The force application will be analysed in line 17 with the maximum force for the index finger. The
kneeling will be evaluated in section 1 in line 12 (duration 6 s.)

— Total score of section 2

The points for lines 17 and 18, in each case, result from the product of the assessed intensity and
duration points.
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The score of section 2 (see Figure A.25) is the sum of line 17 (action forces onto fingers) and line 18
(action forces with arms/whole body):

Action forces (per minute) Forces
= 0 7 15 25 50 Intensity x Duration
= 16,7% Fmax ~ 33,3% Fmax 50,0% Fmax  66,7% Fmax F max
e Forces onto 0 1 1 1,5 2 3,5 7
17 ’r:zf“—* fingers (e.g.clips,|§ & [s] 3 6 9 12 20 30 =
e e plugs) g [%] 5 10 15 20 33 50
Qg 0 1,5 2 2,5 &
° [n] 4 10 15 20
= 0 6 15 25 50 Intensity x Duration
= 16,7% Fmax ~ 33,3% Fmax 50,0% Frmax  66,7% Frmax F max
Forces onto arms 0 1 T 15 2 7 85
18 / whole body §% s 3 6 9 12 20 30 —
forces g [%] 5 10 15 20 33 50
Q g 0 1 2 & 4,5 6,5 10
A S In] 1 3 6 8 10 12
Forces Fmax onto arms / whole body ST Upright P15 | P40 ST Bent P15 | P40 | ST Above head | P15 | P40 [Finger forces Fmax(ne(tral'to gender)
forces (neutral to gender) *A| 245 | 315 *A| 210 | 285 *A| 230 | 280 |Posture A1 (power ghip, pliers)
P15 for planning & P40 for observation ‘Al 260 | 325 “Al 200 | 240 Al 265 | 320 ¢ ~ Fmax
*B| 170 | 210 *B| 205 | 260 *B| 160 | 200 @ 5 [P1p [ P40
+A £ B| 245 | 315 B| 285 | 390 B| 255 | 310 2 _ 15 | 205
s *c| 130 | 185 *c| 145 | 200 *C| 105 | 140 |Rosturé™A2 (ball of the thumb)
- gt ‘Cc| 110 | 165 “c| 90 | 135 “c| 100 | 140 — F.
B =4 "B C C C I
NV KN Upright | P15 | P40 | KNBent | P15 | P40 | KN Above head | P15 | P40\ &\-—— P1b [ P40
-A ™ “al 210 | 270 Al 180 [ 245 Al 225 275 - 115 [ 155
-I—C +C Al 225 | 280 ‘Al 190 | 225 {\\\ﬁ Al 285 J.320 [Posture B1 (thumb or thumb to 4 ﬁngers)
-C o ’-C *B| 215 | 290 *B| 220 | 320 N *Bp210°| 270 F max
! B| 240 | 325 B| 220 | 290 B| 220 | 275 [P1p [ P40
| "c| 145 | 195 *c| 140 | 190 /7 *c| 130 | 180 54 | 70
Lkt . Cc| 115 | 160 “Cc| 105 | 135 “C| 130 | 180 |Posture B2 (index or wide pinch)
d 1 SlUpright | P15 | P40 SIBent P15 | P40 | S1Above head | P15 [ P40 | __ ~— F o
madion pions “a| 205 | 265 Al 190 | 250 “p[ 215 | 255 %‘: — g\‘\“ ~ [P1p [ Pa0
Data based on the "Assembly specific force atlas” ‘A| 245 | 285 A| 195 |,245 "A| 260 | 295 - — 1 4 50
(Wakula, Berg, Schaub, Glitsch, Ellegast 2009), *B| 215 | 260 *B| 245 |'295 *B| 195 | 240 |Posture C (hook, palmar, strong pinch)
adapted neutral to gender B[ 205 [ 250 B| 2169}, 275 8] 210 | 240 ‘IET_“' e Frnax
Score data are matter to change after the final “C| 120 | 165 *CN130| 175 *c| 100 | 130 \a\-/_aﬁ/' P1b | P40
completion of the force atlas project c| 110 | 155 ‘c[M00 | 135 ‘c| 100 | 135 — 44 55
. _ . Afténtion: correct evaluation, -
Action forces =} lines 17 - 18 if task duration # 60s ‘ = | ( \
NS

Figure A;25 — Total score of Section 2

EXAMPLE 13

Line 17 (static and dynamie forces)

—| Observing a task

—1| Ina cycle of 60-s) using the index finger:

—| Push button P1 4 times with F = 35 N. = dynamic

—| Holdbutton P2 pushed for 12 s with F = 50 N. — static
Solution:
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Finger forces Fmax (neutral to gender)

Posture A1 (power grip, pliers)

% Fmax

P15 [ P40
@ 150 | 205
Posture A2 (ball of the thumb)

FH ax
& P15 P40

115 | 155
Posture B1 (thumb or thumb to 4 fingers)

F ax
P15 [ P40
= 55 70

Posture B2 (index or wide pinch)

_ F
t @ P15 | P40 F =50N
40 | 50 max

Posture C (hook, palmar, strong pinch)
FH ax

P15 | P40

45 | 55

Figure A.26 — Finger forces - Fmax

Duration
P1: 4 timgs per minute — PDD = 1,5 Points
— P2:12 s per minute — PDS = 2 Points
— D=PDPS+PDD

Intensity [See Figure A.26):

P40:F..F 50 N.

%FDp; =35N /50 N.x 100 % =70 % F .,
Intensity points (ID): Interpolation

. (§0-25)
(100 $6-66,7 %)
Rdyn = ID{x PDD = 41,3

25 x(70%-66,7 %)= 27,5 Points

%FSP2 =50 N. /50 N. 5100 % = 100 %
Intensity points (I8)350 Points

Rstat = 5( x 2=100

Overall riskscore (Figure A 27)
Rdyn + Rstat = 41,3 + 100 = 141,3 - > 141,5

74
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= 0 7 15
= 16,7% Frmax  33,3% Fmax 50,0% Fmax

T‘/\ Forces onto . 0 1 1 1,5
17 | gyt fingers (e.g. clips, [s] 3 6 9

Intensity x Duration

27,5x1,5=41,3

sta

141,3

<
K]
T — plugs) $ (%] 5 _l0 15 50x2 =100
Y 0 (1 ,5) 2 2,5 3
D 1) 4 10 15 20
Action forces = ¥ lines 17 - 18 Attei?tt'ggl:( Z%rrr;%r?‘;aé%ast'on' = 141,5

EXAMPLE 14

Li

—

Oblserving a task:

So

When forces are applied by one arm, it is necessary-to consider the Fmax value multiplied by
Rulle 2.9)

F1

e 18 (different dynamic forces)

Figure A.27 — Scoring of example 3

Posture: sitting upright;

Close 2 latches pulling (direction *B) using right hand, F =52 N,;

Tighten 6 screws with power screwdriver pushing (direction ‘B) with F = 75 N;
Cycle time: 60 s., 8 actions.

ution:

Score:
Intensity Points: 52 N. / 156 N. x. 100" % = 33,3 % = 6 Points
Duration Points: 2 times/cycle ="1,5 Points
F1=11xD1=6x1,5=9Points

Score:
Intensity Points: 75 N / 150 N x 100 % = 50 % = 15 Points
Duration Points: 6 times/cycle = 3 Points

F2 =12%xD2 =15 x 3 = 45 Points - > Worst Case

60 % (see

Rigk Seore Calculation (R)
RanKk the Intensity Score of eacn activity and catculate the corrected duration point, then obtain the
Total risk score as follow in Table A.12:
Table A.12 — Calculation of risk score of Line 18
Ranking Intensity Value Total D_uratlon Corl:ected _dura- Total Risk Score
points tion point
1 15pt. 45 D*s, =Ds; =3 15*3 = 45pt
o D*s, = PDD - e
2 6pt. # of actions = 8 Ds,= =4,5-3=1,5 6*1,5 =9pt
Total 54 points
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A.2.6 Scoring: Section 3 - Manual Material Handling

Manual material handling operations are carried out in most industrial plants. Each handling task poses
unique demands on the worker. However, the design of the workplace can help workers to perform
these tasks safely and easily by implementing and adhering to proper policies and procedures.

— Manual - Material Handling

Manual Material Handling considers the activities of Repositioning, Carrying, Holding and Pushing
and Pulling one or more loads.

NOTE1 [Aload is an object that can fall on your feet.
To assess fhe physical stress due to manual material handling, the following factors will be evaluated:
— The hjandled load

— The sfructure of the activities

— The ehvironment in which the activities are performed

— The way by which the user performs the assigned operations

When thepe factors interact with each other, they can create hazards thatresult in injuries.
Aload is Hazardous because of:

—  Weight;
— Size;
— Shapg¢ (making it awkward to handle);

— Couplling (type of grip on the load);

— Slippéry or damaged surfaces;

— Absenjt or inappropriate handles;

— Imbalance (i.e. changing centre/of gravity).

The task qr method of handling is°-hazardous when it involves:

— Lifting or lowering

—

epetitively
— qlickly

— for extended periods of time

— while seated or kneeling
— immediately after prolonged flexion
— shortly after a period of rest
— An inability to get close to the load
— Moving the load over large distances
— Accuracy and precision are useful because of

— fragile loads, or
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— specific unloading locations
Materials positioned too low or too high
Hazardous movements or postures (e.g. twisting, extended bending and reaching)
Multiple handling requirements (e.g. lifting, carrying, unloading)
vironmental factors include:

Temperature (beyond a 19-26 °C range)

Relative humidity (beyond a 35-50 % range)

Lighting

Noise

Time constraints (e.g. machine-paced work or deadline pressures)
Physical conditions, such as

— obstacles

— floor surfaces (e.g. slippery, uneven or damaged)

F considered in EAWS, because they do not directly influence the biomechanical load.

Influencing factors

Thie influencing factors in Section 3 are the folloWwing:

©lI

Handled load (expressed in kg.)
Gender of operator (male/female)
Handling method

— Repositioning (R), helding (H) and short distance pushing and pulling (P&P) are
handlings within the-work area.

— Carrying (C) and’long distance pushing and pulling are related to handling outside o
area.

Means of ttansport (if any)
Posture

Woerking conditions (only for P&P)

fironmental factors, except for the physical conditionsfand partially, for the time consti

aints, are

related to

[ the work

Frequency per shift expressed 1n:

— Frequency/shift (R and P&P short)

— Distance covered per shift (C and P&P long)
— Minutes per shift (H)

Calculation of the score of Section 3 (Figure A.28):

SO 2021 - All rights reserved
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[Weights of loads [kg] for [ ‘(@ng/ carrying and holding as well as pushing and pulling ‘
m . . |Males 10 20 25 35 40 >40
) |Feraes | 5 7 10 12 5 20 25 | 55
Load points | 15 2 3 4 55 7 8,5 [ 25
W i Wheelbarrows and | Vales <50 75 | 100 150 _ 200 250
. B 4 b Dolies Females | <40 | 60 80 15 155 95
Pushing and = e _Carmiage. roler, tollys. Vales <50 7! 100 0 0 50 550
1 T pulling M2 LD WU g No fed rolers Femaes |_<40_|_ 6| 80 5 5 270 425
o Carts, roller conveyors, | Males <50 7 150 0 0 00 600 800 1250
M3 r—%--ﬂ.«- pallet ik Femaes | <40 6| 115 5 0 385 460 615 960
Load points | Means of transport 0,5 1 15 3 4 5 6 8
Posture, position of load (select ic posture)
2 —_— * |runk upright and / or not twisted e trunk bending or bending trunk deep or far forward; lte trunk bending trunk far forward and twisting; load far
runk upright and S or notwisted -y iqing; load at or close to bending forward and trunk twisting simultaneously;  from the body: limited postural stability while

load at the body e body

1

load far from body or above shoulder level

4

standing; crouching or kneeling

8

Posture points [ 2

Key
1  handlg
refer t
2  meang
3  postut
4 floord
5 freque
These ste

Step

= =

s !

NOTE 2

b an handling using both arms

onditions (only if means of transport are used)

Z

\Working Conditions (pushing and pulling onl | very high
q R s o oo cosisiance.  019Y PUShing /puling on  rough floor and above o structured sheet metal, | troleys have o be teared offwhen saring, | roling
T TVETyySTCRTIOOT TS T ETe T OUTOT TR Ty eI Teststm
|Conditions points [o 5 6 8
of load [fre ift], holding time [min/shift] or travel distance ift]
Frequency (#) of repositionings / pushing & pulling short 25 120 350 750 1000 1500 2000 2500 3000
4 . Duration (holding time) [min] 2,5 10 37 90 180 2240
\* Distance (carrying, pushing & pulling long) [m] 300 650 2500 6000 12000 216000
Duration points 1 2 4 6 8 10 11 13 14 15
Man al Material Handling (result)
5 (Load + posture + g ) s ( A ) * ) * )
=P | 19| (condition points) | % = = L= = £ - - = =
x duration points E 2 3 ‘ ‘

1) Maximal cumulative duration points for all tasks of repositioning,
holding, carrying as well as pushing & pulling all together = 15

Handling = J line 19

d according to gender (male/female, min. 3 kg). for planning use female. values are expressed in kg ¢

of transport
e

ncy/distance covered/Minutes per shift
Figure A.28 — Layout o6f'Section 3

bs are followed to determine the score in Section 3:
- Select the handling method

epositioning (R): get and place aload within the workplace (<5 m or < 20 m for automot
dustry)

olding (H): hold aload within the work area, no carrying (=5 s or = 15 s for automotive indust
hrrying (C): get, capry-and place outside the work area (220 m)

ushing and Pulling (P&P): transporting a load with a means of transport

- Short, ifiwithin the work area (<20 m)

- Long;if outside the work area (=220 m)

Practical experience, particularly in the automotive industry, has shown that borders of 20 m or 1

nd

ve

8%

5s

deliver an

STEP

A I | 1 4
Urc 1cdlistitv 1udu d55C55ITITIIL.

1: Determine the correct load points (see Table A.13)

For Repositioning, Holding and Carrying:

Determine the intensity points depending on the weight of the load and the gender of the operator, if the
load is moved systematically using only one hand, multiply its weight by 1,7, (see Rule 3.1).

EXAMPLE

1

Aload of 10 kg generates 1,5 load points for a male and 3 points for a female.

78
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Table A.13 — Load points for Reposition, Holding and Carrying

Reposition,
carrying and
holding

Males

3 10 15 20 25 30 35 40 > 40

Females

2 5 7 10 12 15 20 25 >25

To determine intensity and frequency, any load greater than or equal to 3 kg. generates one independent
manual handling, frequency 1 (Repositioning, Carrying, Holding).

— For loads handled with one hand, see rule 3.1 (multiply weight by 1,7), on condition that the weight
is at least 3 kg.

—| When two loads are handled, one in each hand, and the sum is greater than or equal tol 4 kg, and
each load weighs less than 3 kg., than use Section 3 with an effective net load equalte.the $um of the
loads considering as just one handling.

—| When just one load is greater than or equal to 3 kg., only one handling is to\be considergd with an
effective net load equal to the sum of the weights multiplied by 1,7.

In [lable A.14 some examples referring to repositioning are shown:

Table A.14 — Repositioning combinations
left right 2 hands Numb.e r of effective net load Explanation
hand |hand repositions
A kg. 0 Include in sectien'l |< 3 Kg.
T1kg. | 1kg. 0 Include in seetion 1  |< 2 Kg. for each hand
1,pkg. | 1,9 kg. 0 Includelinsection 1  |< 2 Kg. for each hand
4 kg. 1 4 1 reposition with 4 Kg.
1 reposition with 4 Kg. (loads > 2kg. but
Jkg. | 2ke. 1 4 less than 3 kg.)
3x1,7
Ikg. | 3kg. 2 %17 2 reposition with 5,1 Kg. (rule 3.1)
X )
1 reposition with 8,5Kg. (loads|> 2kg.
for each hand but one load is bigger than
3 Kg. In this case consider only|one han-
ke | 2k 1 >x17 dling with an effective net load equal to
the sum of the weights multipljed by
1,7.
4kg. 1 4x1,7 1 reposition with 6,8 Kg. (rule 3.1)
1 reposition with 10,2 Kg. (loads > 2kg.
for each hand but one load is bigger than
4kg. | 2kg. 1 6x1,7 3 Kg. In this case consider only|one han-
dling with an effective netload equal to
the sum of the weights multipljed by 1,7
6Kg. 6 x 1,7 Treposition with 10,2 Kg. (rule 3.1)
6 kg. 1 6 1 reposition with 6 Kg.
4x1,7
4kg. | 4kg. 2 %17 2 reposition with 6,8 Kg. (rule 3.1)
X )
8 kg. 1 8 1 reposition with 8 Kg.

— For Pushing and Pulling

Evaluate (see Table A.15):

a) Weightofthe transported load summed with the weight of the means of transport (e.g. dolly = 50 kg,
load = 200 kg — total load of 250 kg)

© IS0 2021 - All rights reserved
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b) Gender of the operator

c) Type of means of transport:

M1: Wheelbarrows and Dollies

M2: Carriage, roller, trolleys. No fixed rollers

M3: Carts, roller conveyors, pallet truck.

Table A.15 — Load points of Pushing and Pulling

Wheelbar- |Males . <50 | 75 | 100 | 150 | 200 | 250
M1 rowsand :
Dollies Females < 40 60 80 | 115 | 155 | 195
. Carriage, |Males . <50 | 75 | 100 | 150 | 250 | 350 | 550
Pushing -
roller, :
and pull-| M2 ‘
ing trolleys. No |Females <40 | 60 | 80 | 115 | 195 | 270 | 425
fixed rollers ;
Carts, roller [ Males <50 75 150 | 250 | 350 | 500 600 800 1250
M3  conveyors,
pallet truck Females <40 | 60 | 115 | 195 | 270 (<385 | 460 615 960
Load points Means of transport 0,5 1 1,5 2 3 4 5 6 8

— STEP|2: Assess posture points

Calculate points due to posture and load position (see Table A.16).

Table A.16 — Posturé points

Posture, position of load (select characteristic posture)

HE AR ASIEs N 2 M F

little trunk bend-
ing or twisting;
load at or clese to
the body

+ [trunk ypright and /
or not fwisted load at
the body

bending trunk deep or far
forward; little trunk bending
forward and trunk twisting si-
multaneously; load far from body
or above shoulder level

bending trunk far forward

and twisting; load far from tH
body; limited postural stability

while standing; crouching or
kneeling

e

Posturd points | 1 2

4

— For Repositioning

Using thepicturescabove, assess the posture score to get the load under control and the score to pl3
the load af its finalposition. Then, calculate the average score.

— For Hplding and Carrying

ice

Using the pictures above, assess the posture to hold or carry (main posture) and determine the score.

Then, select the individual scores to:
— Get the load under control
— Hold / carry the load and

— Place the load at its final position.

80
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Then, calculate the average score from the get and place of the load and compare with the point values
for holding or carrying. Take the highest value between the holding or carrying and the average of the

get and place score (see Rules 3.4 and 3.5).

— STEP 3 - Assess working conditions (only for P&P)

Table A.17 — Working conditions P&P

Working Conditions (pushing and pulling only)
trolley pushing | rough floor on ctrnetured trolleys have to be ery high
very low rolling / pulling on and above . teared off when .
| . . sheet metal, into . rolling
(+ resistance (very) slick small gaps / / out of a track starting, strongly Hosistance
] floor edges damaged floor,
Conditions points| 0 1 3 5 6 8

Aspessing working conditions (see Table A.17) was developed for 2 main reasons:

—| To consider the floor conditions, which have a strong influence on the ineeessary force td push and
pull the means of transport;

—| To tune the intensity score among different means of transport\belonging to the same fgmily (M1,
M2 or M3). Base the tuning of course on experimentation andmeasurement of different force levels
generated by different means of transport loaded with thedsame load.

Determining the points related to the floor conditions:

a) | 0 points very low rolling resistance, means of tran$port in perfect condition;

b)| 1 point regular and (very) slick floor;

c) | 3 points rough floor and small gaps/edges;

d)| 5 points on structured sheet metal, iftto/out of a truck;

e) | 6 points trolleys have to be teared off when starting, strongly damaged floor;

f) | 8 points very high rolling résistance.

In jpormal conditions (means-of transport and floor in good conditions) 0-1 points are assigined in this

se(tor.

—| STEP 4 - Calculatethe frequency, duration or distance points

Table A.18 — Frequency / Duration / Distance points
Friequeney-of load manipulations [frequecy/shift], holding time [min/shift] or travel distance [meter/
shift]
Frequency (#) of repositionings /| = | »c | 150 | 350 | 750 | 1000 |1500l2000l2500|>3000
pusnlng and pulllng short
Duration (holding time) [min] 2,510 | 37 90 180 > 240
X
bistance (carrying, pushingand | 34 | 650 |2 500 |6 000 |12 000> 16 000
pulling long) [m]
Duration points 1 2 4 6 8 10 11 13 14 15

As opposed to the other sections, the calculation refers to duration per shift and not to the cycle time. It
is not necessary to do a conversion according to Rule G.1.

To accomplish this, determine the following per shift (see Table A.18):

For Repositioning and Pushing and Pulling short: the frequency of the handling (frequency of
Repositioning / P&P per shift);
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— For Carrying and Pushing and Pulling long: travel distance in meters per shift;

— For Holding: total Holding time in minutes per shift (Holding time during each cycle multiplied by
the quantity of cycles in a shift).

— STEP 5 - Calculate the total score of Section 3

For each handling method, sum the load points, posture points and working condition points (only for
Pushing and Pulling) according to Rule 3.7 and multiply by the duration, frequency or distance points
according to Rule 3.6.

2 2

The total[score of Section 3 is the sum of the scores of "Repositioning”, "Holding”,
“Pushing & Pulling” (short and long). See Table A.19.

Carrying’. dnd

Table A.19 — Total score of section 3

(L¢ad + posture + éo ( * ) i ( ¥ ) En ( * ) ﬁg ( * * )&%( ¥ ¥ )
19 | (cqndition points)) 1%: E é £7% £
x fluration points ;? * “a =l b 3" c gE " ‘: d ’E% * ‘= e
1) Maximal cumulative duration points for Line 19 = a+b+c+d+e
Handling =Y | all tasks of repositioning, holding, carrying | _
line 19 as well as pushing and pulling all togeth- -
er=15

Key

Line 19 = atb+c+d+e = Repositioning + Holding + Carrying + Pushing anhd Pulling (short and long)

— Rules|for scoring of Section 3
— Rule 3.1

Manual mfaterial handling is usually considered as being performed by two hands. If the load is movyed
systematifally using only one hand, its,weight has to be multiplied by 1,7 (EN 1005-2). As a general rule,
the minimum weight defined to use this'section is 3 kg (for women the interpolation limit is 2 kg).

EXAMPLE 2

A screwdtiver with a weight'aP2 kg is handled with one hand:
- > N¢ evaluation jn‘section 3

EXAMPLE 3

A work pigce with 3 kg one handed moves:

- > Evfaluation in section 3, Load 3 kg. x 1,7 = 5.1 kg.

— Rule 3.2

The aggregate duration score referred to time and/or distance of handling is not to exceed the limit of
15 points. If this occur, apply the following procedure:

— Step 1: Assign the points of the most severe method? (t1) if t1 < 15; otherwise assign 15 duration
points and the procedure is over

— Step 2: Next, consider the most second severe method and assign its points (t2) if total duration
points (t1 + t2) < 15. Otherwise, assign only the value (15 - t1) and the procedure is over

1) Selection of the most severe method is based on Intensity points (Load + Posture) for each Manual Material
Handling method.
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Step 3: Repeat Step 2 until the total duration points achieve the maximum value of 15

(see Table A.20 - Table A.21 - Table A.22):

Table A.20 — Example 1 of MMH index calculation

(Load + posture + g ( 4 * 4_) ) ( 2 +4 ) =) ( 2 *2 ) gg ( * ) f"n@ ( 1,5 "1 "1 )
19 | (condition points)) | 2 = = é — é — é i — ;i T;,, =
x duration points § X6 |7 48 215 30 g I* 8 32 E% x - E?, X2 - 7
Table A.21 — Calculation of duration points with multiple handling methods
Check the sum of R H C P&P Sum
Frequency, duration, 21{> 15 Rule
di . 6 5 8 2
istance points 3.2
Determine the order of the Intensity points
Intensity points 4+4=8 2+4=6 2+2=4 L5+1+1=3,5
Order 1 2 3 4
Correction begins at the highest Intensity Points
Repositioning 15-6 =09
Additional correction Holding 9-5 =4
Additional correction Carrying 4-8 = -4
For further calculation, the following frequeney, duration and distance points are used:
Duration points 6 5 4 0 15
Table A.22 — Example 2 of MMH index calculation
(Load + posture + %ﬁ ( 4 +4 ) i‘( 2 * 4 ) gn ( 2 +2 ) fog ( * ) ?‘,E;" ( 15 * 1 * 1 )
19 | (condition points)) | 2 = & 5 sﬁ &l — _E = =
x duration points § x 6 = 48 <€ X5 - 30 a X 4 :16 5% x ‘_ E% 0 ‘_ 0
—| Rule 3.3
In Pushing and Pullingsthe gross weight to consider (weight of means of transport + weight off load)
EXAMPLE 5
Thle worker tranisports 4 wheels (30 kg. each) located on a wooden pallet (25 kg.) with a pallet truck

(80 kg.) - »gross weight: 225 kg.

Rule 3.4

In

ne assessment of Larrying and Holding 1s already 1ncluded the biomechanical [oad genera

ed by the

action of Get and Place the load (for restrictions see Rule 3.5). The posture points to be considered are
the worst between Get and Place and Carrying/Holding.

EXAMPLE

6

Handling Method: Carrying

Posture points:

get:

1 Point

carrying 3 Points
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place 3 Points

Calculation:

Average get and place = (1 + 3) / 2 = 2 Points

Worst situ

ation between get and place and carrying:

Carrying with 3 posture Points. Posture points have to be assigned to this handling.

— Rule 3.5

If for Carrying or Holding, the posture conditions of Get and Place are extremely uncomforta

(weighted
the Carry

posture ppints of Get and Place).

EXAMPLE

Handling Method: Carrying

Calculatiqg

EXAMPLE

In case of
each meth

— Rule ]

In case of]
unique sc

— Rule

posture points = 4), assess and add an additional Repositioning. In this case, the posture
ng or the Holding is determined exclusively on the carrying or holding phase (exeluding {

7

Posture points:
get 4 Points
carrying 1 Point
place 8 Points
n: Posture points for Get and Place: (4 + 8) / 2.="6 Points = 4 Points - > Rule 3.5
Evaluation of one handling method “Caxrying” with 1 posture point
+
Evaluation of one handling method “Repositioning” with 6 posture points.
8

multiple handling methods (e.g. Repositioning), it is necessary to calculate a unique scorg
od. Total score of Section 3 is the sum of the scores of each method.

.6

multiple handling methods (e.g. Repositioning and Carrying), it is necessary to calculat
pre of eachymethod. Total score of Section 3 is the sum of the scores of each method.

7

ble

of
he

of

fforantloadc bandlad uath tha canon vanthod (0 g Doanocitioning) +3c nacaccaryg o calo]

Ate

In case of

e eIt IO O o TIO T vy oIt CHr o oo C T Ot ot (T 5 T C PO STCIOTTITIT 5J7 Tt 1o T TeoooT yto—tarcar

the score of each load and subsequently to calculate the total score. To define the overall risk score
(see Figure A.29), all the actions will be ranked according to their Risk score, from the highest to the
lowest, and the duration points will be corrected starting from those actions with the highest ranking,

following

84

the step described below.
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For each action "i", calculate the Rank all the MMH of the same kind ;
Intensi st’:ore I according to their risk score Rsi, from the Sum the duration O.f all the
(PPi + Lpi + WtZi) the Duration > highest one to the lowest one. In case two [ MMH of the same kind and
score l;)si and th’e R?skl;c?)rg actions have the same Risk score, the calcula.te the overall
R'si = i x Dsi action with higher Intensity score duration score PD
- Isi prevails
|
|
\ 4

Starting from the action with the highest
ranking, calculate the corrected duration score

D*si of each action with the following The overall risk score is the
formula. Calculate then the corrected Risk sum of all corrected risk
score for each MMH | score of each single action
D*si =PD - 3i_] Dsj R=Y R*si
R*si=Ii x D*si The overall intensity score Is
All D*si whose value is lower than 0 are set to [*=R/PD

0. For the action with the highest ranking
(i=1), itis obviously D*si = Dsi

Key
PD| duration points

PP| posture points

LP| load points

D*$ corrected duration points

li | riskscore activity “i
Rsi risk score activity “1”

Figure A.29 — Process flow of Rule 3.7

Calculation Steps of.rule 3.7:
1) | Score Calculation of Load 1 (L1)
1.1 Calculation of Posture Points (PP;)

1.4 Calculation of Load Points (LP,)

1 3 If P1 Hoen CF‘AInw«]n‘nn— ConditionsPaints(IAIC )

TV VOIS S - G OTIOT e IO T Ot STV Y @ 1)

1.4 Calculation of Intensity Points (I; = PP, + LP{+ WC,)
1.5 Calculation of Duration Points (DP,)

1.6 Calculation of Score L1 (Rs; = I; x DP,)

2) Score Calculation of Load 2 (L2)

2.1 Calculation of Posture Points (PP,)

2.2 Calculation of Load Points (LP,)

2.3 If Pushing and Pulling, calculation of Working Conditions Points (WC,)
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2.4 Calculation of Intensity Points (I, = PP, + LP,+ WC,)
2.5 Calculation of Duration Points (DP,)

2.6 Calculation of Score L2 (Rs, =1, x DP,)

3) Score Calculation of Load ‘n’ (Ln)

3.1 Calculation of Posture Points (PP)

3.2 Calculation of Load Points (LP,)

3.31If Pusllling and Pulling, calculation of Working Conditions Points (WC,)
3.4 Calculption of Intensity Points (I, = PP, + LP + WC)

3.5 Calcultion of Duration Points (DP )

3.6 Calculption of Score Ln (Rs, =1, x DP)

4) Calcu]ation of the corrected scores

4.1 Rank 31l the MMH activities of the same type, according to their risk score-Rs;, from the highest qne
to the lowest one. In case two actions have the same Risk score, the actipir with higher Intensity score
I, = (PP+1P,+WC;) prevails

4.2 Sum the duration of MMH activities of the same type and calculate the overall duration score PD
4.3 Calculate the corrected duration score D*si of each action'with the following formula: D*si = PP -

i-1
Ds].
j=1 ]

All D*si whose value is lower than 0 are set to 0. Forfcthe action with the highest ranking (i = 1), it is
obviously[D*si = Dsi.

5) Calcujation of the overall risk score
5.1 Calculption of the corrected risk score'ef each MMH activity R*s; = I,* D*s;

5.2 Calculption of the overall risk score‘as the sum of all corrected risk score of each single action R § ).
R*s;

5.3 Calculption of the overalldintensity score for the specific kind of MMH I* = (PP* + LP*+ WC*) = R/PD
Remark: Working conditions points (WC,) are considered in Pushing&Pulling only.
Rs; = Scorp of the single tasks.

EXAMPLE 9

Place the [past'R1 (weight 25 kg) 700 times per shift with 1 posture point. Then, place the part R2
(weight 3 kg) 700 times persthiftwitir t posture point Mate worker:

Solution:

a) R1: Posture Points: 1 point / Load Points: 4 Points;

b) Intensity Points: 4 + 1 =5 Points;

c) Duration Points: 7,8 Points;

d) Total score R1: 38,8 Points - > Worst Case (Highest Risk Score);
e) R2:Posture Points: 1 Point / Load Points: 1 Point;

f) Intensity Points: 1 + 1 = 2 Points;

86 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

g)
h)

ISO/TR 23076

Duration Points: 7,8 Points;

Total score R2: 15,5 Points;

:2021(E)

Rtot — Rank the intensity score of each activity and calculate the corrected duration point, then

obtain the Total risk score.

Total Duration points: 10,8 pt (interpolation)

Ranking 1

To
Se

—tmtensity 5 pt
Corrected duration point: D*s; = Ds; = 7,8

Total Risk Score: 5*7,8 = 38,8

nking 2

Intensity: 2 pt
Corrected duration point: D*s, = PDD-Ds; = 3
Total Risk Score: 2*3 = 6

fal Risk Score: 44,8 points

ction 3 duration calculation if shift is longer than 8 hours or is less than 7 hours.

If Rule G9 applies, duration calculation can be prorated to 450 minutes. Use of Section 2 to as

an

a)

b)

 pulling of transport means:

Line 18 in Section 2 assess Push and Pulling tasks, if applied force levels are known (or 1
references are available for calculation),and frequency is considered relevant.

Specific force measurements front the shop floor are needed to properly assess Push aj
tasks in Section 2.

In this case, to evaluateca~dynamic force to overcome initial inertia and a static f
if > 4 seconds) during the movement. Actual exerted efforts have to be used to assign forcg
levels.

The use of sub-Séttion “Push & Pulling” in Section 3 (line 19) is normally used if
conditions areiot known (e.g. in planning phase).

The use ofSection 2 for the evaluation of push and pull tasks in manual materials h
preferred'to Section 3, if the requirements are fulfilled. Section 2 offers more realist
Section'3 always leads to high scores, as the operative conditions are not known and are
very conservatively.

sess push

odels and

hd Pulling

rce (only
e intensity

operative

hndling is
ic results.
pstimated

f)

Please ensure that the initial Torces (t0 OVErcome Inertiaj do not exceed the correspon
values.

EXAMPLE 10

In a work task of 3 minutes (observation):

ding F

max

Push a trolley 9 times for 10 meters. The trolley requires 210 N of force at the beginning of the movement
and 79 N of continuous effort are needed to keep the trolley in motion.

Solution:

One Dynamic action: 210 N, posture type: Standing upright, force direction -B
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EXAMPLE
Aload of ]

Solution ($ee Figure A.30):
O;: Postuye Points: 3 Points (4 Poings.at get; 2 Points at place) / Load Points: 1,5 Points (10 kg, man)
Intensity Points: 3 + 1,5 = 4,5 Roints
Total score R1: 27,5 Points

Duration Points: 375 times/shift = 6,1 Points
0,: Postufe Points: 5\Peoints (2 Points at get; 8 Points at place) / Load Points: 1,5 Points (10 kg, man)

N S, _ :
Intensity Poigtf + 1,5 = 6,5 Points \% Total score R2: 39,7 Points - > Wo
Duration Points: 375 times/shift = 6,1 Points Case

Seconds of Static action: 79 N, Standing upright, ‘B

Dynamic

Intensity score calculation:

Fmax (

Standingupright;-B)=315N—->%F ., =210N/315N=66%F .,

Duration score calculation:

Frequency 3 times/minute — Duration points = 2 Points

- Intensity points = 25 Points

Static
Inten

F

max

Durat

bity score calculation:

STU; B)=315N—->%F.,=79N/315 N =25 % F,,, — Intensity points = 3 Points

ion score calculation:

27 s/minute — Duration points = 7,2 Points

P&P §
R=1

ection 2 Score

D->1=(25%x2+3x%x72)/92=78->Score R=78x9,2 71,7 Points

Examjple Section 3

Operd

Operd
neces

11

0 kg is manipulated by a man, 375 times per shift:

tion 1: Repositioning load from storage rack/{height 160 cm) to a table (height 90 cm);

tion 2: After measuring, reposition 16ad to floor. Due to uncomfortable conditions, if]
sary to bend forward and place the Joad away from the body with a significant trunk rotati

is

st

Total Duration points: 8 pt.

Ranking 1

88

Intensity: 6,5pt.

Corrected duration point: D*s; = Ds; = 6,1

Total

Risk Score: 6,5%6,1 = 39,7
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Ranking 2

Intensity: 4,5 pt.

— Corrected duration point: D*s, = PDD-Ds; = 1,9

Total risk score: 4,5%1,9 = 8,55

ISO/TR 23076:

Total Risk Score: 48,25 points

2021(E)

Weight ositioning (lifting / lowering), carrying and holding as well as pushing and pulling
Y Males 3 C10) 15 20 25 30 35 40 >40
S Z 5 7 T0 12 15 20 75 >25
Load points 1 1, 3 4 55 7 8,5 N 25
1 B g Wheelbarows an 01,02 <50 75 100 150 | 200 = 250 ~ 1,
. e & b Dolies 40 60 80 | 115 155 195 A
Pushing and =1 Carriage, roller, trolleys. |Males <50 75 100 150 250 350 550 |/
pulling M2 PR g No fred olers Fomales | <40 60 |80 | 115 195 270 425
e Carts, roller conveyors, | Males <50 75 150 250 350 500 ~, 600 800 1250
M3 s, ‘ﬁllsé palet fruck Femals | <40 60 115 | 195 270 _ 385460 _ 615 | 960
Load points | Means of transport 0,5 1 1,5 2 3 4 J| 5 6 8
Posture, position of load (select characteristic posture) AV
+ trunk uoright and /  twisted little trunk bending or bending trunk deep or far forward; little trunk Ibending trunk far forward and twisting; foad far
runk upright and for not WISIed 4, isting; load at or close to bending f~=+~=* ~~4 trunk twisting simultan€oush®~ “~~ *~3 body; limited postural stability|while
load at the body . N .
the body load far fi o1 r above shoulder level 02 3; crouching or kneeling
Posture points [ 1 2 ( ) 4 () 8
Working Conditions (pushing and pulling only) = YN [ Iery high
. . trolley pushing / pulling on rough floor and above  on struétured'sheet metal, = trolleys have to be teared off when starting, rolling
*+) very low rolling resistance (very) slick floor small gaps / edges ihto / out of a track strongly damaged floor fesistance
Conditions points [o 1 3 > 5 6 8
Frequency of load manipulations [frequecy/shift], holding time [min/shift] or travel distance [meter/shi
Frequency (#) of repositionings / pushing & pulling short 5 25 120 350 7 D)O 1500 = 2000 @ 2500[ 3000
" Duration (holding time) [min] 2,5 10 37 90 180 2240
Distance (carrying, pushing & pulling long) [m] 300 650 2500 6000 12000 _=16000
Duration points S 2 4 6 11 13 14 15
Manual Material Handling (result) Al
(Load + posture + g (15 +4,53) = ( + ) = ( + ) eg’é ( + + ) ug)‘g,, ( + + )
19 | (condition points)) | %< — 5 - = — % @ — % = —
x duration points | & |8 =483 2 |* = E x = E %’ x ‘— 35> ‘—
4 T @
P 1) Maximal cumulative duration points for all tasks of repositioning, _
Handling = 3 line 19 holding, carrying as well as pushing & pulling all together = 15 ‘ B “ 48.5
Key
01| operation 1
02| operation 2
Figure A.30 — Score, Example 1
A.2.7 Scoring: Section 4 - Upper Limb Load in Repetitive Tasks
Seg¢tion 4 addresses the effects of repetitive manual activities on the upper limbs, which originate from
high-frequency manipulation of objects or application of machines and devices.

Upper Limb

Upper Limb includes the shoulder belt (scapula and collarbone), as well as, the free upper limb - the
arm. The arm is made up of the upper arm, the elbow, the forearm and the hand, including wrist,

metacarpus and fingers.
Influencing Factors:

— Action Frequency

— Dynamic actions: frequency (real actions/minute)
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— Static actions: duration (seconds/minutes holding a static position)

— Force level

— Type of grip (posture of the fingers)

— Posture of the wrist, elbow and the shoulder

— A
— D

dditional risk factors

uration:

NOTE 1

NOTE 2
accounted

NOTE 3
evaluated.

— Thes
— LINE

Assess thg
(in caseo

— Ident
— Ident
— Estim
— Class

— Calcu
Figur

— LINE
— D

— F
s]

- Shift duration (net time with repetitive tasks)

- Number of breaks

- Work organization (man-machine type of relation)

Section 4 measures the load generated by repetitive tasks on the upper limbs.

Section 4 overlaps the previous 3 sections and considers several load factors, which have already bd
for in Sections 1, 2 and 3.

tore of Section 4 is calculated as follows:
P0a

e most critical limb (left or right) considering thefrequency of the actions and the force lev,
doubts, analyse both arms). Considering the-selected arm:

fy and count the dynamic actions

fy, measure the duration and proratetall static actions to a 60 s. cycle
ate the force level of each action

fy the type of grip of each-action

ate FFG sub-score (Eorce-Frequency-Grip) following the process calculation illustrated
e A.34

POb
etermine awkward postures of wrist, elbow and shoulder in each dynamic and static actio

nd the posture points for the three components of the upper limbs: wrist, elbow a
nouldér = PP

Section 4 treats every extremity by itself (left and right). Only the. most heavily loaded hand i

ten

els

=

nd

— LINE 20c¢

— D
— A
— LINE

etermine specific conditions which cause extra load situations
ssign the points due to additional factors = AF

20d

— Calculate the net-working time utilized for repetitive work

— Select the break point scale, based on the cycle time duration (gor > 30 s)

— D

90

etermine the break points, based on the total number of breaks
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— Determine the work organization points

— Calculate the duration points = DP

ISO/TR 23076:2021(E)

Determine the total risk score for the upper limbs in Section 4 (see Table A.23 and Figure A.31) using

the formula (intensity x duration):

UL = (FFG + PP + AF) x DP

Table A.23 — Table of Abbreviations, Sec. 4

Abbreviation

Key

FFG

Force-Frequency-Grip

PP

Posture points

AF

Additional factors

DP

Durations points

UL

Upper limbs
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Key
FFG
PP
AF
DP
UL

92

Erg mic Assessment Worksheet v1.
Upper limb load in repetitive tasks Upp
Force & Frequency & Grip (FFG) |Basis: number of real actions per minute or percent static actions (analyze only the most loaded limb)
-Ié-\"' & a %SA = Percentage of Static Actions %DA = 100% - %SA
L}
FDS = Force-Duration Static FFD = Force-Frequency Dynamic
power grip/contact grip
y b B |G’ = Modified Grip Points Static (Grip x %SA) GD = Grip Points Dynamic
[
finger or moderate pinch 3 %FLS = Percentage of Static Actions at force level %FLD = Percentage of Dynamic Actions at force level
(thumb to >2 ﬁngers finger) |
\g: ~ c SC = Static Contribution DC = Dynamic Contribution
S‘m"g pmch FDGS = Sum of Static Contributions FFGD = Sum of Dynamic Contributions
(thumb to 1 or 2 fingers)
Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Dyn
POE IR Teps| 6s' [%ris| sc 245|30‘20|10| 5 |3 0 | 2 ‘ 4 5'| 10‘15|20|25|30|35|z40 FFD[ GD [%FLp| DC
0—5 1 1 0 0 0 0fabc 0 0 0 1 2 3 4 7
>5—20 4 2 1 1 0 0| ab bc 00 1 2 3 4 6 9
>20—35 7 5 3 2 1 1/ ab b c (0 1 2 3 4 6 8 12
>35—90 " 8 5 3 2 1| a b b |1 2 3 5 7 9 1218
>90—135 16 11 7 4 3 2/ a a b |2 3 5 7 9 12 15 24
>135—225 21 14 10 6 4 3| a a b |4 5 6 8 1114 20 32
>225—300 28 18 12 8 5 4| a a b [5 6 7 9 1216 26 40
20a FDGS =3 SC . FFG = FDGS + FFGD FFG FFGl %DA = ZFLD] FFGD{-.;Z‘Q) 4DA
N

Hand / arm / shoulder postures (use duration for worst case of wrist / elbow / shoulder)

Wrist (deviaton, flex.fextens.) Elbow (pron, sup, flex.Jextens.) Shoulder (flexion, extension, abductiof)
g 1 I shouiders'aré involved
=i closgfo or above shouider
20b B heidht without support or in
-\'F ” awkward postures, multiply
. 10% 25% 50% 65% 85%
Posture points ‘ 0 05 2 N 4 H PPPP
Additional factors « AN

Gloves inadequate (which interfere with the handling ability required) are used for over half the tifige'

Working gestures required imply a countershock. Frequency of 2 time per minute or more (i £:»hammering over hard surface)
Working gestures imply a countershock (using the hand as a tool ) with freq. of 10 time pe&rhotrf or more

Exposure to cold or refrigeration (less than 0 degree) for over half the time

Vibrating tools are used for 1/3 of the time or more

Tools with a very high level of vibrations

20c

Tools employed cause compressions of the skin (rednesses, callosities, blebs, etc.)

Precision tasks are carried out for over half the time (tasks o ver areas smaller than 2-3 mm)

WIN N A (NN N NN
O|0|0|0|0O|oj0o|o|a

More than one additional factor is present at the same time and dyetall,occupy the whole of the time

Additional points (choose the highest value) | = AFAF
Repetitive tasks duration “‘U‘
Net Duration [min/shift] <60 90 180 300 420 > 480 .
Duration Points 1\ ) 1,5 3 5 7 10
Work Organization Breaks are possible at every Breaks are possible at given conditions Breaks lead to a stop of the
time process
{Gycle time longer than 10 minutes) (Cycle time between 1 and 10 minutes) (Cycle time shorter than 1 minute) *
20d |Work Organization Points N\~ 0 1 2
Breaks (= 8 min) [#/shift] o [ 1 2 [ 3 4 [ 5 6 >7
Break points cycle time < 80 s 3 [ 2 1| o E -3 -4 +
cycle time.> 30°S 0 -0.5 =il S1io) -2
Duration Points = DPDP
Upper limb load in repetiti
(a) Force & Frequeficy & Gtip (b) Postures (c) Additional factors (d) Duration Upper Limbs
20 =
FFG + PP + AF )| * DP = UL

force-frequency-grip
postute points
additipnabfactors

durations points
upper limbs

Figure A.31 — Section 4 Overview

Real Actions

A Real Action (RA) is a combined movement of the upper limb (fingers, hand, wrist, elbow or
shoulder) aimed at achieving a planned state (e.g. Get and Place an object to a specific destination).
The exact definition of the RA is based on the movement definitions of the building blocks of MTM-
UAS.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

EXAMPLE 1

— Get a jumbled screw from a container and insert it into a threaded hole (MTM-UAS building block:
AF.) -1 RA

— Manual fastening (turn-in): (MTM-UAS building block ZA1 or ZB1) -1 RA/screw cycle
— Getaclip and insert it with pressure into a hole (MTM-UAS building block A..) - 1 RA

— Getascrewdriver, place it onto a screw and aside it after fastening cycles (MTM-UAS building block
H..) =2 RA (fastening not considered)

a) | How to determine the number of Real Actions in a manual working activity

The manual working activity is a cycle where the operations execution time is completely under
the operator control, so that it can be analysed with any MTM building block syistéms.

The determination of the real actions in the planning phase it’s important the link with MTM
building blocks, while in the production phase both a link with MTM, asxwell as, the observation of
the working process are suitable.

In the design phase - link with MTM:

In the MTM analysis, determine the number of RA using a table describing basic MTM m¢tions and
RA. The following MTM-UAS table (see Table A.24) has/been made available by the Int¢rnational
MTM Directorate:

Table A.24 — MTM-UAS table linked with real actions

MTM-UAS Description RA
A Get and Place 1
P Place 1
H Get, place and.aside tool 2
EH Get and asidetool 1
ZA One motion
ZB Motion sequences, e.g. a screw cycle 1
ZD Tighten or loosen
ZC Reposition a tool + 1 motion 2
B Operate (lever, buttons ... 1
K Body motions 0
VA Visual control 0
NOTE 1 EH is used when using any standard operation building block.
NOTE 2 ZA1, ZB1, BA1 - When the frequency of these motions is > 3 and they are performed
consecutively, their MTM-UAS codes are be converted to Real Actions by applying a 0,5 factor to
the frequency in excess of the original 3

EXAMPLE 2  (see Table A.25 and Figure A.32):

— Turnin a screw with a screwdriver: ZA1,ZB1 x 2 » 3 RA

— Clean the surface of a machine table with cloth: 20 x ZB1 - 3 + 177 =11,5RA
EXAMPLE 3

Real Action identification:
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q/'\
Key (19
1 nuts /\Q) :
2 withir] the work area ODQ
3 remaiping nuts aside Qfl,
Figure A.32 — Example of Real Action O\
N
Table A.25 — Example of counting Real %tgns
o\
L v Real Actions
Descriptipn UAS-Code TMU A x % TMU
RN LH RH
Nuts in wqrk area AG2 65 | @x1 1 65
Place 4 nu}s AF1 40 [o4x1 4 160
Fasten 4 njuts ZB1 105 4x4 14 160
aside nuts PA2 20 1x1 1 20
Y > 2 18 385
O
Explalining the determination of the [Actions:

To unferstand the counting of th al Actions in the example, it is useful to look at the sequencg
consegcutive movements: the MTM=UAS analysis includes 4 ZB1 to screw a nut, corresponding to
Real Actions. This sequence is than repeated for each nut (4), thus the final number of Real Actic

is 3,5

NOTE
assembled

b)

94

This t

How 1

x4 =14.

In the direct olgg\ation: identify the Real Actions with the help of the definitions (in general ev
component g tes at least one Real Action).

ask is ea@?ﬁf the ergonomic analyst is also a certified MTM analyst.

0 q{ ine Real Action quantities in a partially manual working activity

of
3,5
ns

bry

he

A parl

1%37 manual work activity is a r‘yr‘]p where the execution time is NQT r‘nmp]pfp]v under

operator’s control and therefore, the analysed with MTM systems is not possible (MTM is used only
with human work).

A typical example is in painting and sealing processes, where the execution speed is limited by
the paint or seal supply process. In this case, it is necessary to identify and count the number of
real actions based on direct observation, and to define the standard method to be used during the
design phase. This approach is well known by Industrial Engineers, as used in projects to build

stand

ard operation blocks.
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Comparison between OCRA Technical Actions and EAWS Real Actions

Compared to OCRA, which is the main reference for Section 4, the EAWS developers

:2021(E)

made the

choice to define the Real Actions instead of using the OCRA Technical Actions. The reasons for this

choice were for the sake of simplicity and the desire to limit applicator deviation.

It is easier to observe complete movements with an average duration of 1,5 seconds than detect
micro-movements with duration of some tenths of a second (a “Regrasp” has a value of 0,2 second

according to the MTM-1 Data Card).

The scoring system of EAWS Section 4 was established in such a way to insure a strong correlation

with the OCRA Index system. Given that the expected ratio between Real Actions and
Actions is within the range 1,6-1,8 (if the sample size is sufficiently large and unbia
publication at  https://www.fondazionergo.it/upload/press/IL-EAWS4-0OCRA-corré

Technical
sed - see
blation-for

-upper-limbs-load-risk-score-evaluation.pdf), the upper frequency limit of‘\(teéchnics
considered in the OCRA INDEX system (70) can be compared to the maximufyvalue of R
frequency used in EAWS (40).

The choice to use Real Actions was also driven by the fact that the/ypical field of app
which EAWS is applied involves manufacturing industries (e.g. automotive, electro-m
machining, appliances), where the work design is traditionally’managed MTM Syste
work content is very close or identical to the RA definition. @ther sectors, such as the
textile industries typically present extremely short and highly repetitive motions, where
runs the risk of not being representative. For those who know the MTM systems, MTM-

] actions
eal Action

ication in
echanical,
ms where
food and
using RA
UAS Basic

Operations fit with the RA and the MTM-2 Motion Sequénces fit with the Technical Actions (TA).

By applying EAWS, the user does not have to be-“concerned with this design choicsg
Section 4, the calculation algorithms are designed’to use as input the number of RA. The}
measurement of the biomechanical load is absolutely comparable with the OCRA INDH
which utilizes Technical Actions input into;a different set of calculation algorithms (i.e
running, respectively, at a speed of 100" miles/hour and 160 km/hour would cover
distance in the same time).

LINE 20a: Calculating FFG (Force;Frequency, Grip)
Introduction and base concepts:

The FFG Score (Force-Frequency-Grip) is the core of Section 4 and it is also the most con

, since in
refore, the
X system,
two cars
the same

hplex part

of the calculation procedure, especially when static and dynamic actions with different force levels

and different types-of grips coexist in the same cycle. Calculate further by the following f

The first step-is-to select the most loaded upper limb, as the analysis is made for an indivig
limb. If it isdifficult to decide which upper limb is the most loaded, count the real actio
arms. They are normally the determining factor to find the most stressed upper limb.
also consider forces, postures, grip modes and the other factors. Therefore, analyse b
limbs, when the number of actions is well distributed between the upper limbs.

bur steps.

ual upper
hs of both
However,
pth upper

When the objective of the analysis is to identify ergonomic issues and redesign the method to
minimize such issues, both upper limbs are to be analysed, regardless which is the most loaded.

If the objective of the analysis is to determine the ergonomic risk factor (ERGO-MTM sy
score associated with the most loaded limb would be enough.

stem), the

The second step is to identify and count the Real Actions. This is important to determine the
frequency of actions (Real Actions/minute), which is the leading risk factor affecting Section 4.

Static actions are actions lasting longer than 4 seconds. These are not very frequent

in highly

repetitive tasks. If any static action exists, take this into account together with dynamic actions

following the FFG scoring rules.

The third step is to measure or assess the force level implied for each identified RA.
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NOTE In the case of material or tool handling, the force applied by each limb is approximately equal to
the object or tool weight divided by the number of limbs used to move it (i.e. 2 kg box with 2 hands - > applied
force by each limb = 1 kg = 10 N).

Then, for each identified RA, determine the type of grip.

The final step is to calculate the weighted average of the Force-Frequency-Grip points for each force
level for both static and dynamic actions and obtain the total FFG score.

b) Grip types and grip points:

Depe ; rip.
The dame type of grip, at the same force level, generate a different score depending on“the
comfqrt of the grip (e.g. in force level 2, grip b: comfortable = 0 points; not comfortable =2 points;
mediyim = 1 point), see for example Figure A.33.

p (FFG) |Basis: number of real actions per minute or percent static actions (analyze only the most loaded limb) A(\ »
L = a %SA = Percentage of Static Actions %DA = 100% - %SA
KT s
- - FDS = Force-Duration Static FFD = Force-Frequency Dynamic
power drip/contact grip
_iﬂ- s g/_‘ b -g GS' = Modified Grip Points Static (Grip x %SA) GD = Grip Points Dynamic
== (7]
finger ofmoderate pinch g %FLS = Percentage of Static Actions at force level %FLD = Percentage of Dynamic Actions at force level
(thumb to P2 fingers, finger) |
I — c _ X L _ . N
%&/,_ SC = Static Contribution DC = Dynamic @ontribttion
stfong pinch FDGS = Sum of Static Contributions FFGD =&umef Dynamic Contributions
(thumb 1 or 2 fingers)
Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Dyn
N
ForeINI - |eps| as' [%ris| sc | 245 ‘ 30 | 20 | 10 ‘ 5 ‘3 0 ‘ 2 ‘ 4 251@15 20 | 25 ‘ 30 | 35 | 240 [FFD| 6D |%FLo| DC
o5 1 1 0 0 0 Ofabc ,{S 0 0 0 1 2 3 4 7
>520 4 2 1 1 0 O0f ab be $ 0 0 1 2 3 4 6 9
> 20135 7 5 3 2 1 1 abd b c 0 1 2 3 4 6 8 12
> 3590 11 8 5 3 2 (1fra b b |1 2 3 5 7 9 12 18
‘ @GP\
>90 135 16 11 7 4NN 20 a ab b 2 3 5 7 9 12 15 24
\\
> 135225 21 14 10°* 6 4 3| a a b |4 5 6 8 11 14 20 32
"N\
> 2251— 300 28 P 2 8 5 4] a a b |5 6 7 9 12 16 26 40

NOTE1 [Inthe development of the model, different grip types were put together, for the sake of simplicity. Pse
the grip type which is closest taredlity.

NOTE 2 [See Figure A.63 for'detail
Figure A.33 — Grip points

The comfprt-of the grip depends on the dimension of the contact area between the finger/fingers and
the object-Thetargerthedimensionsof thetontactarea the more comfortabte s theapptied gripttiink
about the comfort while inserting a thin pin in a narrow hole with one finger; it is much better when the
pin has a flat and wide head).

EXAMPLE 4

Plug in connectors - Depending on the size of the plug and the accessibility of the joint, grip conditions
may be good, average or poor.

To reduce the application deviation in the choice of grasp ergonomic points, we recommend the use of
the Table A.26, where the values are set using an average grasp comfort level:
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Table A.26 — Table for grip points

2021(E)

31
ne

Recommended grip points - Grip
Force
level (0-2-4) 0 2 4
a b c abc
1 0 0 0 ab bc
2 0 1 2 ab b c
3 0 1 4 a b b
4 0 3 - a ab b
5 1 3 - a a b
6 1 4 -
a b b
7 1 4 -

pbe of grip a - Power grip or contact grip

be of grip b - Finger press or light pinch:
thumb to > 2 fingers or thumb to 2 fingers with object larger thap-3.mm x 3 mm x 3 mm
pressure executed by finger

pe of grip ¢ - Strong pinch: thumb to 1 finger or thumb)to 2 fingers with object sm
nhm x 3 mm x 3 mm; hook or palmar grip. In general, case'¢covers situations where the grip
bds the use of the last phalanx.

The standardization of the grip points assigned.tg”each combination of “type of grip-fd

int
tw]
co

MT

de
0)

roduces a small system deviation counterbalanced by a reduction of the applicator dev
o analysts that use the same system get different results). Applicator deviation is not to
mpanies and unions because it reduces the-credibility of a system. In our long experience in
M systems, we learned to benefit, within reasonable and controlled limits, from a limited
Viation at the expense of a larger system deviation.

Step by step FFG calculation
The flow chart Figure A.34:shows the step by step the calculation process of the FFG:

hller than
operation

rce level”
ation (i.e.
erated by
designing
hpplicator

©lI
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h %FLDj:  Percentage of dynamic actions
5a %FLSi:  Percentage of static actions at in the cycle at force level j*
force level i? = [(# dyn. act. at force level j 5b
T — = [duration stat. act. at force / # dyn. act. in the cycle)
= level i x %DA]
& / total dugation of stat. act.]
Q
E 62 FDSi: Force-Duration points for Static .
5 L actions at :Urw revell Dynamic actions at force level j
[
= v
39
% 7a GSi: Grip points for Static actions at
gl force level i GDj: Grip points for Dynamic acti t4 7b
_3 GS'i =GSi x %SA force level j (ﬁ
é -
5
= lga SCi: iStath Contribution at force level DCj:  Dynamic Contrib @\1 3t force level o
u SCi = O4FLSi x (FDSi + GSi x %SA) )
4 \
1
|
9a FDGS: Force-Duration-Grip points FFGQ-&\}\.\ Force-Frequency-Grip points
for Static actions o for Dynamic actions 9b
7
FFGD=Y", DCj
FDGS= Y SCi < -
o
10| «/° o
FFG = FDGS + FFGD Force-Frequency/duration-Grip points
7 . C) 7 .
NOTE  |(*) Y, FLSi= 100<900nd Y -1 FLDj=% DA
N\
20 Figure A.34 — FFG calculation procedure
Elements fo calg@ the FFG-points (see Table A.27):
é Table A.27 — Table of Abbreviations to calculate FFG in Sec. 4
Abbreviation Key
%SA % Static Actions
%DA % Dynamic Actions
DSA Duration Static Actions
FDA Frequency Dynamic Actions
%FLSi % Force Level for Static Actions @ Force Level i
%FLDj % Force Level for Dynamic Actions @ Force Level j
FDSi Force-Duration points for Static Actions @ Force Level
98
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Table A.27 (continued)

2021(E)

Abbreviation Key
FFDj Force-Frequency points for Dynamic Actions @ Force
Level j
GSi Grip points for Static Actions @ Force Level i
GS’i Grip points for Static Actions with % Static Actions @
Force Level i
GDj Grip points for Dynamic Actions @ Force Level j
S€i StaticC€omtributiomr@ Force tevett
DCj Dynamic Contribution @ Force Level j
FDGS Force-Duration-Grip points for Stati¢ Action
FFGD Force-Frequency-Grip points forDyraamic Adtions
FFG Force-Frequency/duration-Grip,points
# Frequency
EXAMPLE 5
In p working cycle using both hands (Tc =90 s):
a) [ Take one screw with the right hand and one with the left (Both for 2 times);
b)| 3 actions for inserting screws with the right hand and with the left hand (2 times);
c) | Getelectric screwdriver (2 Kg), place onto 4 screws.and put it back (right hand);
d)| Tighten 4 screws (process time =5 s each, righthand, force = 30 N);
e) | Get4 plastic caps and apply them on the screws with pressure (right hand, force = 30 N);
f) | Push button to start the process cyclé,hold button for 5 s (right hand, force = 25 N)

© IS0 2021 - All rights reserved
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1

A
Force & Frequency & Grip (FFG) Basis: number of real actions per minute or percgﬂ: st&fic actions (analyze only the most loaded limb)
L4
‘ @ a %SA = Percentage of Static Actions / Voo = 100% - %sA
S N
i ) ) FDS = Force-Duration Static Y F¥‘D = Force-Frequency Dynamic
power grip/contact grip ,
"‘%- - y b 'g GS' = Modified Grip Points Static (Grip x %SA) ,, GD\—\Grip Points Dynamic
i o
finger or moderate pinch g %FLS = Percentage of Static Actions at force I’/,el %FLD\- Percentage of Dynamic Actions at force level
(thumb to >2 fingers, finger) | » ‘
= 7
g‘é'g_ ¢ SC = Static Contribution Y 4 DC = Dyn\‘mic Contribution
sffong pinch FDGS = Sum of Static Contributions FFGD = Su:n of Dynamic Contributions
(thumb fo 1 or 2 fingers)
I =1 Calc Stat " Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Dy
A
i Forde [N] JFDS| GS' [%FLs| SC 245‘30‘20 10‘ 5 ‘3 0 ‘ 2 ‘ 4|25’ 10‘15‘20 25‘30‘35 240]| FFD Gr;.%ﬂg‘)oc
:0—5| 1 1 .0 0 o0 ofabc :00012347|
:>5—2oI 421100abbc=00123469|
:>20—35| 753211abbc=012346812|
A\
:>35—90| 1185321abb:123579'1218|
: >90}-135 | % 11 7 4 3 20a a b2 3 5 7 9 N2/15 24}
|| I N
I >135—-225 1| 21 1410 6 4 3Ja a b4 5 6 & 4 14 20 32
1
L] I ; ¢
I >225—300 I 28 18 12 8 5 4fa a b5 6 7N9 12 16 26 40l
=— e - - T 5L L L ] *————— - .
20a *DGS =y SC; . FFG = FDGS + FFGD - Frak ‘\\ /DA=FFLD)  FFGD=3DC; |, .
\ s 7
\ SsQ /,
Key
1  duratipn / frequency
2 force lpvel
3  FDS /FFD - points
Figure A.35 — FFG points
Steps to cqlculate the score of Section 4 (see Figure A.35 - FFG points):
STEP 1:
Count thd number of ‘Real Actions performed by each upper limb. Use this information for a first
determingtion of the,most loaded upper limb (see Table A.28 and example Table A.29):
Table A.28 — MTM-UAS-Analysis to define the most loaded upper limb
o Real Actions Sum
Nr. |Description Code | TMU QxF
LH RH TMU S
1 2 bolt to threaded hole AF2 65 2x1 1 1 130 4,7
2 Interaction AF1 40 2x1 1 1 80 2,9
3 Turn in bolt ZB1 10 2x3 6 6 60 2,2
4 Screwdriver to first screw HC2 70 1x1 0 2 70 2,5
Key:

Q x F quantity x frequency

TMU Time Measurement Unit-1 TMU =0,036 s

NOTE In our example, the right hand is dominant: 17 dynamic real actions

100
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Table A.28 (continued)

Real Actions Sum
Nr. [Description Code | TMU QxF
LH RH TMU s
5 to 2nd - 4th screw PC1 30 3x1 0 3 90 3,2
6 Screw PTSEC 28 4x5 0 0 560 20,0
7 Place the cap AF2 65 4x1 0 4 260 9,4
8 operate the button BA1 10 1x1 0 0 10 0,4
9 Hold the button PTSEC 28 1x5 0 0 140 4,6
Real Actions 8 17
Kdy:
Q ¥ F quantity x frequency
TMU Time Measurement Unit-1 TMU = 0,036 s
NQTE In our example, the right hand is dominant: 17 dynamic real actions

Table A.29 — Dominant upper limb example

Right Hand
Description Duration [s] | Erequency [# F Grip
RA] [N]
1.2 |Boltto threaded hole 2 c
3 Turn in bolt 6 c
4..5 |Handling screwdriver 5 20 a
6 Fastening 20 30 a
7 Assembly caps 4 30 c
8.9 |Push button 5 25 b
I# Frequency of Dynamic Actions 17
s Duration of Static Actioh$ 25
STEP 2:

Cajculate the percentage of static actions (%SA) and dynamic actions (%DA) in the cycle ac¢ording to
the following definition-and Figure A.36:

—| Static action: maintain the same hand/arm posture for at least 4 seconds consecutively
—| The static detions percentage (%SA) is the part of the cycle covered by static actions only

—| The dynamic actions percentage (%DA) is the part of the cycle not covered by statfic actions
(%BRA=100 % - %SA)

0 10 20 30 40 50 60 70 80 90 s
t t 1 1 1 1 1 1 '
l\ | | S| | | | | | A
________ \'/’______’ T T Tt T T T T T T T~ T T T T T T T T T T T T T T T T T
%SA =25/90 x 100 % = 27,8 % %DA =100 % - %SA=72,2%

Key
SA static actions
DA dynamic actions

Figure A.36 — Percentage static and dynamic actions
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STEP 3:

This step is different for dynamic and static actions.

Static acti

ons:

Determine the duration of the static actions (Figure A.37).

3af

16,7

v

NOTE

STEP 3a —

1

25s .
DSA =50: % 60 s/min

DSA = 16,7 s/min

DSA: Duration of Static Actions (s/min)

Static actions (s/min)

245 | 30 | 20 | 10 |5 3
1 1 0 0 0 0
4 2 1 1 :0 0
7 5 3 2 1 1

11 8 5 3 12 1

16 11 7 4 3 2

21 14 ¢ 108 6 4 3

28 12 - 8 5 4
&

(duration of stat. actions [s.] /cycle time,[s.] x 60 [s./min.])

dur
DSA =

htion static action [s]

NOTE 2

Dynamic

Determin
not coverg

hctions:

cycle time|s]
The DSA-score in the “>45s duration column” is to be considered as a maximum value.

Figure.A/37 — Determination of the duration of static actions

x 60 s7/min.

e the frequency of the dynamic actions (Real Actions/minute based on the part of the cyjle
bd’by static actions). See Figure A.38.

102
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a &

Dynamic actions (real actions/min) |

25' 10 | 15 | 20 | 25 | 30 | 35 | =40
_ 7 iitons S 0: 0 0 1 2 3 4 7
FDA = (90s-255) x 60 min.
FDA = 15,7 actions/min 0: 0 1 2 3 4 6 9

:2021(E)

NO

ST
[s.]

FDA

NO

ST
Es

0j1;2;3 1467, 8 12

- Y
12 3 57 9'12'@

O
2.3,5.7.9,12L{1;,“.24

I\\
4'5'6'8'11:}\4'20'32

5 6 7 9 12 165‘26 40

TE 1

EP 3b — FDA: Frequency of Dynamic Actions (real actionsper min (# dyn. act. / (cycle time [s.] - stz
x 60 [s./min.])

Sum #actions

= - - - x60s./min.
(Cycle time [s]-static actions[s])

TE2  FDAscorein the “ 40 frequency calumn” is considered as a maximum value.
Figure A.38 — The frequency calculation of the dynamic actions

EP 4:

fimate or measure the, forces of each action, then group actions by force level and calcul

tic actions

ate the %

of pctions at each foree-level (total percentage of dynamic actions is exactly equal to the perfentage of
cy¢le time withoutstatic actions, if any).
Sirjce it is hard/te’ measure exactly the intensity of a force, we recommend working with|ranges of
intlensity. In-Section 4, there are seven different levels of intensity:
- | Levell: from 0 to 5N ( 00kg. - 0,5kg)
- 12 £ oann Iy rS 20 N L Fa T =il | 201 A
Level 4. ITUIIl J LU VU 1IN, L J,J 1\6- ~,J 1\5-)
- Level3: > from 20 to 35N > 2,0kg - 3,5kg)
- Level4: > from 35 to 90N. (> 35kg. - 90kg)
- Level5: > from 90 to 135N. (> 9,0kg. - 13,5kg)

Level 6: > from 135 to 225N. (> 13,5kg. - 22,5kg)
Level 7: > from 225 to 225N. (> 22,5kg. - 30,0kg)

It is possible to vertically interpolate the Force-Frequency score related to the force level pointed out.
Vertical interpolation is useful to analyse values at the border of a force range.

©lI
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Assignment of static and dynamic actions to the respective level of force as in Figure A.39:

tr o

Force [N]
8 dynamic actions: 3 N.— force level F1 \
0—5
s 5—20
4 dynamic actions : 30 N. — force level F3 g Qq/
>20—35 6..1/
25 s static actions: 30, 25 N. — force level F3 /\\
> 0
C/\‘So_ 135
L
s\\% >135—225
O
OQ >225—300
Key S\\§\

STEP 4a -p Find force level for the static actions (max. 7 force leve@
STEP 4b -p Find force level for the dynamic actions (max. 7 foré&vels)

NOTE  [See Figure A.63 for detail A’\Q)
O

Figure A.39 — Classification of dynami \nd static actions to the respective force level

o

STEP 5:

Calculate [the percentage (%) of ﬁ for each force level. For the static actions (% FLS) the total
percentage equals 100 %. For8 -dynamic actions (% FLD) the total percentage is to be equal % I

See Figure A.40 %

N\
If dynamjc and static s are involved, the frequencies utilized to select the Force-Frequer
score (Step 3) are ba st on the dynamic portion of the cycle, the %FLD (Force Level for Dynar

actions) smooth V%b‘ by multiplying the scores by %DA, (otherwise FFGD would be overestimate
If we bas¢d the ation of action frequency on the total cycle duration, we would under-estim
FFD scord, si uring the static portion of the cycle, there is a load generated by static actions (nd

recovery period), which is to be compounded with the dynamic load.

DA.

9%
nhic
d).
hte
ta

104 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

il

7 FLSi = 100 %
%FLS, : 25/25 =100 %

.
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1 FLDj = % DA

%FLD, : 8/17 x 72,2 % = 34,0 %
5b %FLD, : 5/17 x 72,2 % = 21,2 %
| %FLD, : 4/17 x 72,2 % = 17,0 %
72,2%
Key
STEP 5a  — %FLSi: Percentage of static actions at force level i (*) = [duration stat. act’at force leyel i / total
duration of stat. act.]
STEP 5b  — %FLDj: Percentage of dynamic actions in the cycle at force level j (*)
= [(# dyn. act. at force level j
/ # dyn. act. in the cycle) x %DA]
Figure A.40 — Classification of each percentage-efstatic and dynamic actions
STEP 6:
Find the FDS/FFD points for each force level at thedntersection of the frequency/duration cqlumn and
the force level line (see Figure A.41).
6a| 6b|
|DSA =16,7 s/minxz[.. | | FDA = 15,7 /min |
e _ _
Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Qyn
Force [Nl | rps | as' |srs €)§45‘30 20 10‘ 5 ‘3 0 ‘ 2 ‘ 4 %] 1015 | 20 ‘ 25 ‘ 30 | 35 | 240 [FFD| 6D |%fo| DC
0-5 11 0 0 0 o0fabc 00fo)1 2 47 loq "
>5—20 4 2 1 190 o0]|ab be 00 2 3 6 9014 bl
>20-35 |47 100 % 7 5 O 1 1lab b ¢ |0 1 3 4 8 12|, Lo
>35—90 11 8 5 3 2 1la b b1 2 3 5 7 12| 18
>90.=435 6 11 7 4 3 2/ a a b2 3 5 7 9 12 15 24
$135—225 21 14 10 6 4 3 a a bl4 5 6 8 1114 20 32
225 300 ” 18 12 8 I~ 4 2 o b 5 5. Q 12 416 26. 40.
20a| FDGS=3SC | FFG = FDGS + FFGD — uoA=sF0|  FFGD=3DC |,

Key

STEP 6a —FDSi: Force-Duration points for Static actions at force level i

STEP 6b —FFDj: Force-Frequency points for Dynamic actions at force level

NO

TE

See Figure A.63 for detail

Figure A.41 — Classification of Force-Frequency/duration points of static and dynamic actions
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To determine the points: use the interpolation, e.g.

STEP 7:

For each force level, it is necessary to determine the average grip mode and calculate a score (grip
points). The average grip mode of a given force level j (GD;/GS;) is defined as the grip which generates
a score corresponding to the weighted average of all the 1nd1v1dual grip points, where the weights are
the frequenetesfdurationsofaetionsbelonginstoasventoreetevel{see—r——F——————and

Figure A.44).

With the|aim of reducing the applicator deviation, the following grip points in the chart are
recommended for each force level:

1
P Recommeéended
\ rip.points
N Force g(op_g - 4)
level
a b C
-
2 0 1 2
\
2 A 3 0 1 4
4 0 3 -
& 6,0 Bk
6 1 4 -
7 1 4 -
(%X

Key
1 power|grip or contact grip

2 finger| press of\moderate pinch thumb to > 2 fingers or thumb to 2 fingers with object larger than
3mmpk 3 mmx 3 mm

3 strongpinch: thumb to 1 finger or thumb to 2 fingers with object smaller than 3 mm x 3 mm x 3 mm hook gnd
palmak geip (use of the last phalanx)

Figure A.42 — Gripping examples and the recommended grip points, depending on the level of
force
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L]

Force | Grip

. . Grip points
Static Actions pp

level | mode

(at force 1v)

Fastening a
Push button 5 3 b 1
Duration of static 7t
actions
S~ 483
N (§b
Avprage grip points at force level 3: (1/
GS3=(ZOSXO)+(SSX1)=O,2 &Q~
20s+5s O
GY3 =GS3 x %SA \%
=0,2%27,8% S
=0,05->0,1 QQ
STEP 7a @s\
— | GSi: Grip points for Static actions at force level i \'\(\
— | GS’i: GSi x %SA $

¥
Figure A.43 — GB@point calculation of static actions

Y

Force Grip
level mode

Grip points

(at force lv)

Bolt to threaded hole 2 1 c 0

Q Turn in bolt 6 1 c 0

§ Handling screwdriver 5 2 a 0

é Assembly covers 4 3 C 4
Frequency of dynamic actions 17

GD;=0 GD,=0 GDy=4

Key
STEP 7b— GDj: Grip points for Dynamic actions at force level j

Figure A.44 — Grip point calculation of dynamic actions

STEP 8:

© IS0 2021 - All rights reserved
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Calculation of the force-frequency/duration-grip points for static and dynamic actions (see Figure A.45)

— Step 8a: Calculate the force-duration-grip points of static actions (SCi) for each force level:
SCi = %FLSi x (FDSi + GS'1)

— Step 8b: Calculate the force-frequency-grip points of dynamic actions (DCj) for each force level:
DCj = %FLDj x FFG’j = %FLDj x (FFDj + GD1)

= £

p— 0 — =
SQ, =100 % x (2,7+0,1) DC, = 34,0% x (0,1+0) = 0,0 Points
= 2,8 Points DC, = 21,2% x (1,1+0) = 0,2 Pgints
DC, = 17,0% x (2,1+4) = 1,0Points

Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Dyn
Force INI |eps| as' [wris| sc | 245 ‘ 30 ‘ 20 | 10 ‘ 5 ‘3 0 ‘ 2 ‘ 4 %] 10 ‘ 15 ‘ 20 | 25 ‘ 30 ‘ 35/‘@)_}'(0 @D [%rLo| DC
o5 1 1 0 0 0 0fabc 000 0 1 23|4'70,10 34 | 0

A

>51+20 4 2 1 1 0 0| ab bc 0 0 1 2 3 W) 6 9 |11/0 p1,2|02

>20f-35 270000928 7 5 3 2771 1la b clo 1 2 3 @6 8 12)29] 417|710

>35)-90 11 8 5 3 2 1la b bl1 2 3,87 9 12 18
>90} 135 16 11 7 4 3 2| a ab b |2 3:;77 9 12 15 24
> 135|225 20 14 10 6 4 3]a a bla%)e 8 1114 20 32
> 225|300 28 18 12 8 5 4 a a 656 7 9 12 16 26 40
20a| |FDGS=3sc, (1006 FFG = FDGS + FFGD i won-sro)  FRGD=30G; [[27
Key
STEP 8a:
— SCi:  Static Contribution at force level i
— SCi E %FLSi x (FDSi + GS'i)

STEP 8b -p FFGD: Force-Frequency-Grip.points for Dynamic actions “FFGD="}Y "j=1" ~"7” ="D(j”
— DCj:  DJynamic Contribution at forceTevel j
- D(j E %FLDj x (FFDj + GDj)

Figure A.45 — Calculation of the force-frequency/duration-grip points for each force level

STEP 9:

Add the tqtalforce-frequency-grip points of each force level for dynamic actions (DCj) and static actigns
(SCi). See [Eigare A.46.

108 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Dyn
Force [Nl | rps | Gs' |%ris| sc | 245 ‘ 30 | 20 ‘ 10 ‘ 5 ‘3 0 ‘ 2 ‘ 4 25‘ 10 ‘ 15 | 20 ‘ 25 ‘ 30 | 35 ‘240 FFD| GD |%FLo| DC
0-5 1 1 0 0 0 0| abc 0 0 0 1 2 3 4 71010 |34 0
>5—20 4 2 1 1 0 0| ab bc 0 0 1 2 3 4 6 9 |1,1| 0 21,2 0,2

>20-35 (2,7 |01{090y28| 7 5 3 2 1 1|la b c|o 1 2 3 4 6 8 12|21 417110

>35-90 11 8 5 3 2 1 a b bl1 2 3 5 7 9 12 18
>90—135 6 11 7 4 3 2/ a a bl2 3 5 7 9 12 15 24
> 135 —225 21 14 10 8 4 31 2 a b 14 5 8 8 11 14 20 32
> 225 — 300 28 18 12 8 5 4/ a a b5 6 7 9 12 16 26 40
20a| FDGS=73SC }90(’10 28| FFG =FDGS + FFGD . %DA = ZFLD] FFGEL=’®? . 7 é’f 12

Key
STEP 9a: FDGS: Force-Duration-Grip points for Static actions “FDGS="Y_"i= 1" "7" ='SGi”
STEP 9b: FFGD: Force-Frequency-Grip points for Dynamic actions “FFGD="Y_"j = 1**7” = “D(Cj”

Fijgure A.46 — Sum of the force-frequency/duration-grip pointsfor static and dynami¢ actions

STEP 10:

Sum the force-frequency/duration-grip points of static. (FDGS) and dynamic (FFGD) acfions. See

Figure A.47.
Calc Stat Static actions (s/min) Grip Dynamic actions (real actions/min) Calc Qyn
Force Nl |eps| ast wris| sc | 245 |30 [ 20 [ 10| 5 [a} 0°] 2 | 4 [2] 10| 15] 20| 25 | 30 | 35 | 540 |FFo]| a0 [sdhio| c
\ 5
0-5 11 0 o 0<b|abc 00 0 1 2 3 4 71010 [3¢]0
.\
>5—20 4 2 1 {0 ofab be 00 1,2 3 4 6 9|11]|0 p12/02
>20-35 |2,7]017009,28| 7 5.@3%"2 1 1la b c|o 1 2 3 4 6 8 12214 [If [10
>35—90 11 8)'5 3 2 1a b blt 2 3 5 7 9 12 18
>90—135 @ 1 7 4 3 2l a a bl2 3 5 7 9 12 15 24
>135—225 217 14 10 6 4 3| a a b4 5 6 8 11 14 20 32
> 225 —300 28 18 12 8 5 4/ a a b |5 6 7 9 12 16 26 40
= % 2 = %DA = = - |7R2 1,2
20a FDGS zs‘qg)\llgg/lo ,8| FFG =FDGS + FFGD 4 pa=sFD|  FFGD=3DC |7F2
Key

STEP 10: FEG$'FDGS + FFGD

Figure A.47 — Sum of static and dynamic force-frequency-grip points

— LINE 20b: Assigning posture points to wrist, arm and shoulder

To determine the posture points for wrist/forearm/shoulder, it is necessary to consider all instances
during the cycle, in which the upper limb under analysis is in an awkward posture.

General posture definitions (see Figure A.48):

— Flexion is bending movement that decreases the angle between two parts. Bending the elbow, or
clenching a hand into a fist, are examples of flexion.

— Extension is the opposite of flexion; a straightening movement that increases the angle between
body parts. In a conventional handshake, the fingers are fully extended.

©1S0 2021 - All rights reserved 109


https://standardsiso.com/api/?name=0196a2c4e8f1baa60d35a33365b6d7fc

ISO/TR 23076:2021(E)

— Abduction is a motion that pulls a structure or part away from the midline of the body. In the case of
fingers and toes, spreading the digits apart, away from the centreline of the hand or foot. Abduction
of the wrist is called radial deviation. Raising the arms laterally, to the sides, is an example of
abduction.

— Adduction is a motion that pulls a structure or part towards the midline of the body, or towards the
midline of a limb. Dropping the arms to the sides, or bringing the knees together, are examples of
adduction. In the case of the fingers or toes, adduction is closing the digits together.

— Forearm-Pronation is a rotation of the forearm that moves the palm from an anterior-facing position

toa pncfnrinr-aninn nosition ornalm facing down
5T T =]

— Forealrm-Supination is the opposite of pronation, the rotation of the forearm so that the palnyriq in
an anterior-facing position or palm facing up.

In order t¢ simplify the postural analysis, EAWS considers only the high joint stress, which eccurs when
the concefrned joint segment exceeds 50 % of the total joint range of motion.

In this seftion (contrary to Section 1 definitions), as in the OCRA INDEX methodology, all awkward
postures are considered independently if they are static (duration = 4 s) or dynamic (duration < 4 s).

— The static awkward postures are accounted for according to their duration.

— The dynamic postures are accounted by considering the number<f actions involving an awkward
posture with respect to the total number of actions.

Key

1  wrist/hand: extension/flexion and radial/ulnar deviation
2 forearm/elbow: supination/ pronation, flexion/extension
3 shoulder: flexion/extension, abduction

Figure A.48 — Overview about hand/wrist/elbow/shoulder position
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If, after summing all instances together, the duration of the awkward posture is at least 10 % of the
cycle time, posture points PP are assigned. Interpolate if necessary.

Dynamic actions (time factor < 4 s): extension of the joint segment

The actions, to be accounted for as awkward posture, are the real actions of the wrist, elbow and
the shoulder, when the defined limits are overcome. For example, forearm-pronation greater than

60°.

Static actions (time factor = 4 s): holding time in an awkward posture

The time, to be accounted for as awkward posture, is the holding time of the wrist or th¢ shoulder
(elbow is not included), when the defined limits are overcome. For example, holding the hand above
head level (flexion > 80°).
—| Posture points calculation model
Awkward posture times, dynamic and static, are then added by upper limb sections (wfist/hand,
forearm/elbow and shoulder) and compared to the whole duration of.the cycle, giving|as output
three percentages: one per section. See Figure A.49.
Hand / arm / shoulder postures (use duration for worst case of wrist / elbow / shoulder) O‘
rist (deviaton, flex./extens.) |} Elbow (pron, sup, flex./extens.) § ouldec(flexion, extension, abduction)  §
; e / A T ¥
: o L A TN e, e
20b 60 \4__: S '?I:L/Iijﬂl m \\;Q hleighltwithoLlJ)tsuppr;rl:Jdrin @Jﬂ:
\\:\, +320° 0° :gg\zzirg postures, multiply |,
Posture points | 1%% Sszj\ 502% 653% 8i% ‘ PP
Figure A.49 — Awkwardhand/forearm/shoulder postures
In [case of awkward flexion of the shoulder, with non-suitable support, the shoulder posture |score will
beltripled. Shoulder extension and @bduction scores are not influenced by this rule.
Thie scores are calculated withJlinear interpolation between the benchmark values printed onfthe EAWS
form (10 %, 25 %, 50 %, 80.%).' The minimum threshold value to obtain posture points is 10 %o.
In Figure A.50 the results)of the interpolation are presented:
s
4
PS ¢
3,5
3
2,5
2
15 /
1 /
0,5 //
0 &  —
0 10 25 50 65 80 >80 c
Key
S score
c  %cycle
PS posture score
Figure A.50 — Awkward posture scores - interpolation
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The final posture score is the highest score generated by the three sections. The posture duration scale
is represented in Figure A.51:

Hand / arm / shoulder postures (use duration for worst case of wrist / elbow / shoulder) |
Wrist (deviaton, flex./extens.) Elbow (pron, sup, flex./extens.) Shoulder (ﬂexion extension, abduction)

o
/ %
/ S If shoulders are involved e );i}}gon
) lose to or above shoulder Swlgbb)
LA ¢ M
)//f\ height without support or in =
[

+20° 0 awkward postures, multiply
score x 3

50 % 65 % 85 % “
2 3 4

25 %
0,5

The quant
the EAWS

The most
apply the

a) Sum g

actions.

b) Sum
cycle

c) Weighted average of the two obtained percentages using as‘weights:

For static
duration.

For dynar
minus the

The idle

workplacg
level. The
posture s

In dynam
dynamic
certain du

To suppor

where the

duration.

Figure A.51 — Posture duration scale
ification of the durations of awkward posture of Section 4 is one of the most difficult'parts
evaluation.

efficient way to determine the percentage of awkward postures of each part.of the body is
following method:

freal actions generating awkward dynamic postures divided by the'tatal number of dynar

f the duration of static awkward postures divided by the<total duration of the part of {
with static postures.

actions, that percentage of the cycle in which static actions occur, based on the total cy

hic actions, that percentage of the cycle in,which dynamic actions occur, 100 % of the cy
static portion (%) and the idle time (%)-

ime considered in the calculationCis the macro-idle time related to the balancing of {
b considered in the evaluation and'it is not the micro-idle time measured at the single li
idle time effect is to reduce,the mean duration of dynamic actions and in this way also f{
fore of dynamic actions.

c action, low frequency-eontext, the percentage calculation of awkward postures during {
portion of the cycle has to consider that the duration of the action cannot be more tha;
ration limit.

t this, a study’carried out by the International MTM Directorate created the following resu

The actions duration is the one calculated with MTM.

to

nic

he

cle

cle

he
mb
he

he
h a

ts,

frequencies of actions occurrence were being calculated and classified based on thleir

112
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100

90

80

70

60

50

10

B0

11-15
16-20
26-30
31-35
36-40
-45
56-60
61-65
66-70
71-75
76-80
81-85
91-95
101-105/F
116-120 |
126-130
141-145
156-160
111-115

Key
d | duration range of real actions (TMU)
p | percentile

histogram bars is the frequency

points in the line are the percentile

Figure A;52 — Duration of Real Actions

From Figure A.52, we see that a. 2~seconds duration (about 56 TMU) represents the 80th percentile
anfl that the average duration.dsiabout 1,3 seconds (35 TMU). Using the value of 2 seconds pef action to
estimate the awkward posture duration is therefore a conservative approach.

If the dynamic actions(fsequency, calculated in the cycle portion where there are no statfic actions
or|idleness (modified“dynamic frequency - FDA’), is less than 30 times/min (the limit comes from
60|s/2 s x action)-it7ds necessary to calculate the percentage of awkward dynamic actions a$ the ratio
befween awkward dynamic actions quantity multiplied by 2 seconds and the dynamic cyc|e portion
(cycle time without static actions and idleness). If FDA’ is less than 30 actions/minute, the percentage
of pwkward dynamic actions is the ratio between awkward dynamic actions quantity and the total
number-of dynamic actions. This calculation is conservative, considering that 2 s/dynarpic action
repreSents the 80th percentile of the actions duration distribution.

Table A.30 shows the flow diagram with the calculation process of the awkward posture percentage for
the upper limbs:
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Table A.30 — Upper limb awkward posture percentage calculation procedure

No. |Calculation process

Duration of Static Actions [s.]

1 |%SA= x100 %
Cycle time [s.]
2 | opipLp=_dienessis] 1600,
Cycle time [s.]

Cycle time [s.] - duration of static actions[s.] - idleness][s.]
3 | %DA'= x100 %

Cycletime[s ]

_ Duration of awkward static posturess.]

4 | %AS x100 %
Duration of all static postures|[s.]
5 ASPC=%AS x%SA
6 FDA'= Number of real dynamic actionsx60 s
(cycle time[s.]-Duration on static actions [s.]-Idleness(s.])
if FDA" > 30:
9% A= Number of awkward dynamic actions <100 %
Total number of dynamic actions

7 if FDA" < 30:

Al Number of awkward dynamic actions x 2[s] <1000}

" Cycle time [s] - duration of static actions[s] - idleness[s]
ADHC=%AD x%DA'
9 | APPEASPC+ADPC

10 |Intefpolation of the corresponding point value for APR%n line 20b

Key
%SA% Stptic Actions

%DA’  %|Dynamic Actions Modified

%IDLE %]Idleness

FDA’ Filequency Dynamic Actions Modified

%AD Pdrcentage of Awkward postures.in Dynamic portion of the cycle
%AS Pdrcentage of Awkward posture€s in Static portion of the cycle
ADPC  Cqntribution of Awkward’Dynamic Postures

ASPC  Cqntribution of awkward static postures

APP Awkwgrd Posture Percentage

Phase components:

Calculgtion of-% Static Actions on the cycle time (%SA)

Calculgtion of % Idleness (%IDLE)

Calculation of % Dynamic Actions Modified (%DA")

Calculation of Percentage of awkward postures in static portion of the cycle (%AS)
Calculation of Contribution of awkward static postures on the cycle time (ASPC)
Calculation of Frequency Dynamic Actions Modified (FDA")

Calculation of Percentage of awkward postures in dynamic portion of the cycle (%AD)

Calculation of Contribution of awkward dynamic postures on cycle time (ADPC)

O 0 N O U1 A W N e

Calculation of Awkward Posture Percentage (APP)
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EXAMPLE 6:

Awkward posture calculation for modified dynamic actions frequency FDA’ > 30/min. (see Table A.31)
a) Tc=60s.

b) Total Static Actions = 20 s.

Whereof 5 s with wrist awkward posture

c¢) Dynamic Actions = 20

Whereof 12 actions with wrist awkward posture
d)| Idleness =10s.

Cajculate % of wrist awkward posture.

Table A.31 — Percentage calculation procedure of Example 6

Ng@. |calculation process

06SA= Duration of Static Actions[s.]

| Cycle time [s.]
20/60x100%=33,3%

x100 %

Idleness|s.]
Cycle time [s.]
10/60x100 %=16,7 %

%IDLE= x100 %

Cycle time [s.] - duration of static actions [$}* idleness][s.]

%DA'= - x100 %
Cycle time(s.]

(60-20-10)/60 x 100 %=50 %

Duration of awkward static postures [s.]

%AS= . .
+ Duration of all static postures[s.]

5/20x 100 %=25 %
%AS x%SA=ASPC
25%x33,3%=8,3%

. Number of real dynamic actionsx60 s.

x100 %

b " (cyfletime [s.]-Duration on static actions [s.]-Idleness[s.])
(20/(60220-10))x60=40

~
Y
<

Calculation of % Static Actions on the cycle time (%SA)
Calculation of % Idleness (%IDLE)
€aleulation of % Dynamic Actions Modified (%DA")

Calcutation of PETCeNtage of aWRWard pOSTUTES 1T STt POTTION Of TE CYCIe (/6AS)
Calculation of Contribution of awkward static postures on the cycle time (ASPC)
Calculation of Frequency Dynamic Actions Modified (FDA")

Calculation of Percentage of awkward postures in dynamic portion of the cycle (%AD)

Calculation of Contribution of awkward dynamic postures on cycle time (ADPC)

O© 0 N O Ul » W N

Calculation of Awkward Posture Percentage (APP)
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