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Ergonomics 

• Ergonomics (or human factors) is the scientific 

discipline concerned with the understanding of 

interactions among humans and other elements of a 

system, and the profession that applies theory, 

principles, data and methods to design in order to 

optimize human well-being and overall system 

performance. 

 

• (International Ergonomics Association, 2000) 
ISO 26800:2011 - Ergonomics -- General 

approach, principles and concepts 



The basic requirements for an ergonomics-oriented 
design process 

• Ergonomics shall be considered early and continuously 

within the design process. 

• Ergonomics criteria shall be established for the design  

• Conceptual and detailed designs shall take account of 

these ergonomics criteria 

• Workers or users, or potential workers or users, as 

appropriate, shall be involved in the process  

• Evaluation shall be carried out and the necessary 

adjustments and corrections made  

• The design process shall have sufficient flexibility to allow 

for iteration of the design solution. 

ISO 26800:2011 Ergonomics — General approach, principles and 
concepts 



Parts of body at risk 

• Low back 

• Neck 

• Shoulder 

• Elbow 

• Hand 

• Knee 

• Ankle 

 

• Shoulder 

• Upper arm 

• Forearm 

• Wrist 

• Hand 

• Eye 

• Neck 

• Shoulder 

• Hip 



Does your work involve tiring or painful positions?  

 (Q24a) EWCS 2015 European Working Conditions Survey 2015  



Does your work involve repetitive hand or arm 
movements? 

 (Q24e) EWCS 2015 European Working Conditions Survey 2015 



Human tissues 

 
 Nutrition Adaptation Regeneration 

Muscles Blood vessels, excellent Fast Good 

Tendon Diffusion, good Moderate Moderate 

Cartilage Diffusion, poor Slow Hardly 

Bone Blood vessels, good Very slow Good 



MSD 

Physical risk factors 

• Repetition 

• Force 

• Posture 

• Vibration 

• Combination of factors 

 

• Cumulative damage 



Results of the review of existing methods 

• 150 + different tools and a wide range of studies on the tools 

• classifications and rating of tools 

 the purpose (from screening to detailed analysis),  

 validity (level), usability,  

 advantages / disadvantages, popularity (among professional),  

 instrumentation (paper-pencil, web, xls, CAD etc.),  

 training requirements (up to certification),  

 legislation / standardisation history (is it obligatory or recommended by 

law or OSH inspectorate),  

 translation diversity (in how many language is available),  

 result type (qualitative – semi-quantitative – quantitative),  

 body part (given part to full body), application field (industry),  

 hosting institution (where was developed),  

 lifespan (for how long has it survived). 



Evolution of Ergonomic Risk Assessment Tools  

Paper - pencil

tools

IT implemented

tools

CAD systems

First the ergonomic risk assessment tools were

implemented as paper-pencil check lists or

evaluation forms with simple computing, tables

and human figures.

With the use of standard IT applications these

methods reborn on the web or as spread sheets

or automatic / working documents with more

sophisticated counting.

With the improvement of CAD systems the

workplace and human modelling become

inevitable part of the design process, and the

advanced biomechanical models and detailed

anthropometric database provides designers and

experts the possibility of the most detailed

ergonomic evaluation.

Expert systems

Leading edge research utilise advanced IT

solutions like motion capture technology, 3D

imaging, mobile / portable / wearable devices,

virtual reality, telepresence. These

opportunities seem not only to produce new

tools for the application of our extending

knowledge but will create a new paradigm

allowing a rethink of the prediction of the risk of

WMSD.
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Make it easy 



Production and use of machinery 

2006/42/EC 

DIRECTIVE OF THE 

EUROPEAN 

PARLIAMENT AND 

OF THE COUNCIL 

of 17 May 2006 on 

machinery, 
and amending 

Directive 95/16/EC  

2009/104/EC DIRECTIVE 

OF THE EUROPEAN 

PARLIAMENT AND OF 

THE COUNCIL of 16 

September 2009 concerning 

the minimum safety and 

health requirements for the 

use of work 

equipment 
by workers at work  



Ergonomic factors in machine design 

Guide to application of the Machinery Directive 2006/42/EC (2nd edition) 



Access design 

 
MSZ EN 547-2: 1998 MSZ EN 547-2:1996+A1:2009 Gépek biztonsága. Az 

emberi test méretei.  2. rész: A hozzáférési nyílások méretezésének alapelvei. 



Determination of main work posture 

Safety of machinery. Anthropometric requirements for the design of workstations at 
machinery (ISO 14738:2002, including Cor 1:2003 and Cor 2:2005) 



Ergonomic factors in the standards 

EN 574 
Human body measurements  

EN 1005-4 
Evaluation of working postures and 
movements in relation to machinery 

EN 1005-2 
Manual handling of machinery and 
component parts of machinery 

EN 1005-3 
Recommended force limits 
for machinery operation 

EN 894-3 
Ergonomics requirements for the design 
of displays and control actuators 

Anthropometrics 

Postures 
and 
movements 

Force 
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Requirements 

• Easy usability for identification of ergonomic hazard, 

risks. 

• The results have to be quntified or showed in green, 

yellow, or red. 

• The terms of use has to be clear. 

• Has to be legislation based, not only international 

experienced based. 

• Has to cover a wide risk of WMSD. 

• Fit the competency of user (not require special trainings). 

• Fit the way of use (not require special tools). 

• Compatibility 



Requirements set in the standard 

• EN 1005 standard 

 satisfies the demands by law 

 accumulated knowledge of human physical 

performance factors are taken into account 

 

• Although the application of the EN 1005 standard 

series is required only at risk analysis, it is useful to 

use them on existing equipment and activities as 

well. 



Risk factors in EN 1005 

• Mentioned: to be considered, but no details 

 Risk factors with reference to other standards, or with the 

statement that attention needed in this regard 

• Evaluated factor: desired value set 

 Risk factors with a recommended or required value or the 

expected state given, 

• Evaluated in detail: with constant 

 Factors evaluated in detail in the standard, which several times 

also includes a multiplier factor 



The application 

• As a part of  health and safety risk assessment, 

• During installation, 

• During ergonomic review, 

• Screening of ergonomic situations (example: 

accidents), 

• In occupational and health studies 

 

• Scope vs depth, time and competency 



Composite Ergonomics Risk Assessment 

wMSDs still persists 



Interpretation of the standard requirements + 

• The method according to EN 1005 series of standards for appropriate 

assessment of the elements, namely: 

 manual handling, 

 force limits for machinery operation, 

 working postures and movements, 

 repetitive handling at high frequency 

• However the application of the EN 1005 standard series only required at 

risk analysis, it is useful to use them on existing equipment and activities as 

well. 

• EN 1005 standard 

 satisfies the demands by law, 

 accumulated knowledge of human physical performance factors taken 

into account 



The Composite Ergonomic Risk Assessment 

 A paper-pencil method which is easy to use for 

anyone after some practice, and which gives a simple 

evaluation after a separate determination of the 

different ergonomic risks. 

 A workbook which allows detailed assessments and 

provide risk levels in borderline cases, according to 

the standard methods given a detailed evaluation, 

which method occupational safety and health 

professionals can use after a few days training. 

 An imaging-based method, which is based on 

observations of real activity. 



The Composite Ergonomic Risk Assessment 

• The method according to EN 1005 series of standards for 

appropriate assessment of the elements, namely: 

 posture, 

 manual handling, 

 effort, 

 repetitive movements, 

• Plus 

 Subjective discomfort, 

 Workplace history, 

 Improvement ideas 







Упрощенная оценка 
дискомфорта 

продолжение 



A model of the health risks associated with 
postures and movements  

• Health risk 

• Static posture 

• Movement low 

frequency 

• Movement high 

frequency  

EN 1005-4 Safety of machinery - Human physical performance - Part 4: 

Evaluation of working postures and movements in relation to machinery 





то же 



Folytatás… 







Folytatás… 



Recomended force limit values in machine handling 

• FB biggest isometric force (population); 

• mv velocity multiplier (jerk); 

• mf  repetition multiplier (operation incidence & duration) 

• md duration multiplier (shift). 

F
Br

 = F
B
 * m

v
 * m

f
 * m

d  

(push, pull, pedal) 





Tovább… Tovább… 





Manual handling 

EN 1005-2 Safety of machinery. Human physical performance.  

Part 2: Manual handling of machinery and component parts of machinery 



Modified NIOSH rewised lifting equation 

RWLm: recommended weight 

limit 

RW: reference weight 

HM: horizontal multiplier 

VM: vertical multiplier 

DM: distance multiplier 

AM: assymetric multiplier 

FM: frequency multiplier 

CM: coupling multiplier 

RWLm = RW x HM x VM x DM x AM x FM x CM 





Folytatás… 





Risk assessment of highly repetative tasks 

RMSD: risk of work-related musculoskeletal disorder due to the repeptition 

NME: frequency of tasks (operations/minute) 

TC: task duration (sec) 

CTT: posture multiplier 

CI: frequency multiplier 

CBT: modifying factors multiplier 

CE: force multiplier 

CPH: lack of rest multiplier 

CMI: working time multiplier 

R
MSD

=
N

ME

T
C 

* C
TT

 * C
I 
* C

BT
* C

E
 * C

PH
 * C

MI



Munkahely

megnevezése

Dolgozó azonosítója

Neme

Napi nettó munkaideje

Szünetek száma

ADATOK Dátum:

Kora:

Napi bruttó munkaideje

Vizsgálatot végezte:

Munka közben megjelenő testhelyzet:  X és/vagy %

ÁLL ÜL JÁR

Színmagyarázat

% % %

ÖSSZETETT ERGONÓMIAI

KOCKÁZATBECSLÉS
Kockázatbecslés válogató

munkahelyre

Összetett Ergonómiai Kockázatbecslés 1/2 lap,  Óbudai Egyetem 2017

Ezt az értékelést válogató tevékenység esetén ajánlott
elvégezni.

ÖSSZEGZÉS:

A munkavégzés 4-8 óra.

Legalább 3 szünet van a műszak során

ELLENŐRZÉS

Figyelem! A hosszabb munkaidő vagy

kevesebb szünet fokozott kockázatot jelent!

Egy munkahelyen kiemelendő óránként: db

Egy munkahelyen kiemelendő
féleség db

TevékenységMunkakörnyezet

A munka nem zajos

A munkahely rezgésmentes

Friss, tiszta a levegő, nincsenek szagok

A padozat csúszás- és botlásmentes

Nincs huzat

Nincs túl meleg, hideg (19-20 oC)

A futószalagon a tárgyak jól láthatóak (min 300
lx)

Van tiszta, rendezett öltöző, mosdó

Van tiszta, rendezett étkező, vízvételi hely

Eszközök

Munkaruha biztosított

Védőkesztyű biztosított, és nem zavarja a
munkát

A szükséges eszközök rendelkezésre állnak

Kezelt tárgyak

A kezelt tárgyak nem veszélyesek az
egészségre (nem szennyezettek)

A kezelt tárgyak nem szúrnak, nem vágnak,
nem forróak

A kezelt tárgyak  könnyebbek 3 kg-nál

A válogatandó anyagot futószalag továbbítja

Van gépi előválogatás

Lehet szólni munkatárshoz

Válogatás közben más tevékenység nincs

Anyagokat nem  kell 2 méternél messzebb vinni

A munkatevékenységet nem ítélik meg negatívan

Nem kell pedálokat, karokat működtetni

A benyúlások / mozgatások száma  percenként
20 vagy kevesebb

Elfogadható Magas kockázat

Z PTesthelyzet

Munkakörnyezet

Eszközök

Tevékenység

Kezelt tárgyak

Válogatott anyag

Munkának tulajdonított

kellemetlenségek

és fájdalamak jelölése

ÖSSZETETT ERGONÓMIAI

KOCKÁZATBECSLÉS
Kockázatbecslés válogató

munkahelyre

Mely helyzetek fordulnak elő,  figyelembe véve a legtávolabbi
eléréseket is , és mindkét kéz mozgását?

Felkar helyzete előre / hátra

ZP P

Felkar helyzete oldalirányba

P ZP

P Z

Törzs fordítás

ZP

Törzs döntésTörzs hajlítás mértéke
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Különben

Statikus terhelés teljes

támasszal.

Dinamikus terhelés percenként max 2

alkalommal, előredőlésnél támaszzal.
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20°

60°

Különben

Statikus terhelés igazoltan

jó kartámasszal.

Dinamikus terhelés

percenként 10-nél

kevesebb mozdulattal.
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Fej - előre billentés

P Z

Fej - oldalra billentés

P Z

F
E

J

Fej - fordítás

P Z

0°
45°

10° 10°

-40°

0°

-40°

0°45°

Alkar mozgatása
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TESTHELYZET

Az eredményeket

(a piros és zöld

értékelések számát)

vezesse ki az első lapra.

Összetett Ergonómiai Kockázatbecslés 2/2 lap,  Óbudai Egyetem 2017

Megfigyelés,

intézkedési javaslat:

Munkahelyi előzmény:

Dolgozói vélemény:

További kritikus

mozdulatok és testrészek

jelölése

CERA Sorting 



Factors to affect the risks of work-related 
musculoskeletal disorders 

Workplace

design
Tool usage Material

Job

characteristics

Work organisation

Task demand / external load

Force Posture
Frequency

and duration
Vibration

Personal characteristics

Human

Long term Short term

Fatiguetissue changes

Cumulative

Tramta Disorders
Completely

reversible with rest

Indirect risk factors

Modifying Factors

Direct Risk Factors

Respons of the

body

Effect to the

worker

internal load

Modifying Factors

Negative effects
Positive

effects

Improvement

 



Specific tool - OFFICE 



Some images about CERA xls! 



Some images about CERA xls! 



Methodological limitations 

• In practice, appearing in many situations there is no mature work-

specific, detailed method of evaluation, such as the alpine 

techniques, driving, or more elements of the military service. For 

these elements the risk assessment is likely to shown more serious 

values. 

• There are several key elements of movement is not integrated into 

the risk assessment methodology, such as walking or sitting. 

• While many risk factors appear in the standard, the combination of 

loads and the summary of the complex loads are incomplete. 

However, the level of interest in psychosocial factors on the 

development of WMSD is really high, the environmental and 

influencing factors’ role such as noise or vibration, are not really 

clear. 



Methodological limitations 

• The current scores are based on the loads of the different parts of 

the body and on the summary of the risk of the expected effects. 

Therefore usually the analysis is based on situations and 

movements, which are never happens in real life. 

• The summary of risks of various activities is not really solved, for 

example: interspersed repetitive manual material handling 

maintenance and assembly operations. There is no „final score” 

• With the current method is difficult to make attention to the 

difference of the individuals in the industrial environment, and the 

calibration of the loads to the individuals. 

• The ergonomic assessments are easily available on the internet, 

therefore it’s a question if the individual who filled the test had 

enough competence for it. 



Questions? 



• ISO 11226:2000 Ergonomics -- Evaluation of static working postures 

• ISO 11228-1:2003 Ergonomics -- Manual handling -- Part 1: Lifting 

and carrying 

• ISO 11228-2:2007 Ergonomics -- Manual handling -- Part 2: Pushing 

and pulling 

• ISO 11228-3:2007 Ergonomics -- Manual handling -- Part 3: 

Handling of low loads at high frequency 

• ISO/AWI TR 23076 Ergonomics -- Recovery Model for cyclical 

industrial work 

• ISO/TR 12295:2014 Ergonomics -- Application document for 

International Standards on manual handling (ISO 11228-1, ISO 

11228-2 and ISO 11228-3) and evaluation of static working postures 

(ISO 11226) 


