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ERGONOMIC EVALUATION OF PHYSICAL LOAD BY SIMULATION
SOFTWARE IN ENGINEERING

Abstract: In ergonomics, the evaluation of physical load ésgible to do by various methods, calculation, ssisg
tables, etc. Recently, the evaluation by differergonomic simulation tools is very widespread. &néxd article is
focused on introducing the application of simulatia the field of ergonomics. This article presetite practical
example of physical load evaluation by simulati@ftware Jack in engineering — the workplace of congmt
packaging. In the simulation software, there isatzd the simulation model of the working environtmamd working
activity. After that it is evaluated by means afeth ergonomic methods — RULA, OWAS and SSP.

1 Introduction

[11]

Every kind of work performed by the employee is
physiologically outcome of nerve, sensory and nauscl
activity of human. In the company focused on engjimg

Methods of
physical load
measurement

Description of methods ol
physical load measurement

production, there is a working load in the sphefe
muscular activity. The employees are exposed taipaly
load. Physical load is defined as factors relatiog
biomechanical forces generated in the body. In th
literature this has also been defined as “mechhnic

Tabular estimation
e

)

use of tables with the ener
consumption (minutes or
hours) for work of different
muscles

exposure”, to indicate that the full working envinsent

use of technical mechani

(i.e. lighting, noise, the thermal environment, kvor
organization, psychosocial factors, etc.) is notsatered
[15]. The physical load is mainly influenced by ttaage
of muscle activation because every working actimigeds

Calculation principles
lak-methods, th
Calorimetry measurement of heat

expenditure during the work

the muscles and energy [14].
The determination of the body part that is expose
during work activity, the physical load can be ded as

H Biomechanics

analysis of changes
specific substances in the
human organism

follows:

Electromyography

the measureme of electric
potential in the muscles

General physical load- the load of muscles of
the upper and lower extremities,

Local physical load the load of muscles of the
little muscles - the hand or forearm muscles
The measurement of physical activity is nowadays

Changes of puls
frequency

by palpatiol or by
pulsometers

Table 1 The most common method of physical loadumement

Changes of blood
5 pressure, quantity of

possible to solve differently [8]. The basic measuent
types of the load are presented in the followirgeta

discharged sweat, et

these methods are used in tf
combination

ne

(o

The physical load is possible to measure and eislua
by various type of checklists. These checklistsdiviled
by kind of load. The particular types of checklistise
presented in the following figure.
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worker which are given considering the energy

Level | \ Level expenditure and heart rate
aspects in checklist: follow up instruments: .
 Nfting and carrying ———> NIOSH (lift) and KIM (carrying) ‘ hd Local phySIcal |0ad Of Worker haS not exceed the
/2 Pushing and pulling ———5  KIM pushing/ pulling ‘ T . . .
/77, hand-arm tasks > HARM \ limit values of local physical load in relation to
checklist - working postures ———> WRAP .
physical . work with display units 5 checklist VOU work (in Dutch) | muscular forces and frequency of working

Vibration Calculators HSE

no follow up tool, advice in text |
no follow up tool, advice in text
no fallow up tool, advice in text ‘

-3 vibrations (hand arm and whole hadv] —_
x :\ energetic over load —>

“., energetic under load —>
presence of physical ¢ >

Figure 1 Checklists of physical load [5]

. moves which are given in the individual
attachment
To prevent the increased physical load during the

work are carried out the technical, organizatiod ather

In the engineering production there is noticed th@rrangements [14].
lower-back load during the sedentary working atiési The basic technical arrangements are the following:
The measurement and evaluation of this type of isad ¢ ergonomic modification of workplace
very difficult and it is possible to determine ity b e limitation of application of products, tools,
subjective evaluation, special methods or simutatiols. devices, machines and technical procedure
Certainly, this evaluation is not still reliable caexact. causing the increased physical load during the
Physical loading on the back is often assessedgusin working activity
different design criteria such as spinal compressio ¢ adequate microclimatic conditions
(biomechanics), oxygen consumption (physiology)d an The basic organization arrangements are
the percentage of the population that finds a tagkllowing:
acceptable with respect to fatigue and stress ¢ working mode and recreation mode
(psychophysics). Although these criteria are assutne + organization of work
prevent low-backdisorders, epidemiological evideise The other arrangements are the following:
sparse. However,these criteria  have substantial « continuous evaluation of health risks to workers
application to job designer,which is rarely diffetiated working in risk of excessive physical load
from risk assessment. The following table presehes « evaluation of worker health capability to the
advantages and disadvantages of use of variousodseth working performance including the realization of
for the determination and evaluation of lower-bhuzd. medical routine checkups in relation to work

One of the ways to identify and eliminate the pbasi
load in the workplace is the use of ergonomic sitioih
tools especially in the sedentary activities [4]heT

the

Table 2Advantages and disadvantages of load detetion of
lower-back [3]

Assessment . ) h K i . . ! R
Method Major Advantages Major Disadvantages simulation is possible to define as a numericalhoetof
1 Aporopriate for fobs requiring | < Practicality limits complex dynamic systems by experimenting with
- APprop | auinng | application to static
high forces, handling of heavy analyses in the workplace com puter model.
Biomechanical | loads 2 Fe)llirly expensive
2. Quantitative :
Model 3. govers litting, lowering, | 3- Fairly high expertise
pushing and pulling required Enterprise information system H/\
4. Carrying is excluded cIp Wi
1. Easy to use 1. May ingnore high r'y \/
Psvchophysical 2. Inexpensive biomechanical and
yTabFI)es);l 3. Extensive data available | physiologiocal demands
4. Covers lifting, lowering, 2. Based on subjective Database
pushing and pulling responses
) ) 1. Validity of available system
Ener flréAgé);%pr;:;ekgor high models is questionable h 4
ay q 4 . 2. Relationship between . .
Expenditure | 2. Usually the only practical energy expediture and Manufacturing chedulling and mar t -
Models method of assessing energy _
expenditure health effects has not been y
demonstrated
1. Captures major risk A
factors associated with lifting 1. Has not been validated .
1991 NIOSH and lowering 2. Applies to few MMH Manuﬁ‘:lcturmg process
A 2. Is a useful toll for training | jobs
Equation . : . . . . . .
non-ergonomists on how | 3. Only applies to lifting Figure 2 Integration of simulation in the syster# |
different parameters affect | and lowering
lifting capacity

At the basic categorization of simulation, it isspible
to classify the experimental method and the essefce

Physical load requirements and the methodology éfmulation consists in the fact that studied dyreami
evaluation are defined by Decree No. 542/2007.sic ~ system simulator and replace it with him then candoe
requirements are the following [14]:

« General physical load of worker has not excee@riginal investigation system. Simulation can bede

the limit values of general physical load offfom the following aspects [7]:

experiment in order to obtain information about the

~2~
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+ [Economic aspect - simulation serves foi expensiv
identification and skipping the objects which ar
in the system moreover

* Controlling aspect — simulation serves for
prediction of impact of accepted decisions

Simulation has found the application in the fielatls

as space flights, military operation, urbanististems, . L .
computer systems, logistic and manufacturing systen? | €Cnomatix Jack — ergonomic simulation

simulation may be use

diagnose problem inappropriately

visualize the plan

financial models, ecolology and environmental prots,

tool

ergonomics, etc. [6].

Process and system simulation should include tlemables to improve

following stages [2]:

» System analysis and defining

the

formulation of simulation targets

e Collection and processing of

Jack is a human modeling and simulation tool that
the ergonomics of your product
designs and to refine industrial tasks. Jack, asd i

issuegptional toolkits, provides human-centered desigolst

for performing ergonomic analysis of virtual protiiand

information, virtual work environments. Jack enables you to sire

estimation of parameters and types of randomuman models to match worker populations, as well a

variables.

» Creation of abstract logical model
e Construction computer model
» Verification and testing of model

* Planning

and preparation of

simulation

test your designs for multiple factors, includingury
risk, user comfort, reachability, line of sight, eegy
expenditure, fatigue limits and other important lanm
parameters. Using Jack facilitates significant cast
time savings by enabling you to improve productliga

experiments
» Realization of simulation experiment, changes of
elements in the model, correction of model
» Evaluation and processing of simulation results,
final report
Simulation according to the nature of changes @& th
model over time is possible to divide [9]:
» Discrete event simulation
*  Continuous simulation
+ Combined simulation
A discrete-event simulation models the operatiom of
system as a discrete sequence of events in timeh E
event occurs at a particular instant in time andksa
change of state in the system. Continuous Simlnlati%
refers to a computer model of a physical systent th
continuously tracks system response accordingset af
equations typically involving differential equat®r10]
According to the type of model is possible to dévid
the simulation into [9]:
* Determinist simulation
» Stochastic simulation
All of simulation tools like any other real toolave
several advantages and disadvantages. The ovenfiew3
the basic advantages and disadvantages are prsente

Jack provides a complete environment for
%rgonomics and human factors needs, offering a
comprehensive suite of analysis capabilities [1R].
nables to uncover human performance and feagibilit
Rsues early in the design process, allowing fay bi
savings from a small investment. Simulation sofevar
Jack has 4 basic application:

and process feasibility early in the product lifdey{13].

MEenus

Eh.‘l ) pid

icon toolbar
Figure 3 Control bar — Tecnomatix Jack

Create a digital human

Posture the manikin or create a simulation
Analyze human performance

Experience virtual reality

Evaluation of physical load — Tecnomatix

all

the following table.

Table 3Advantages and disadvantages of simulafipn [

Advantages

Disadvantages

choose correctly

model building require
special training

compress and expal
time

results may be difficult t
interpret

explore possibilities

modeling and analys can
be time consuming and

Jack

Ergonomic tool Jack is possible to use during the
evaluation of load in the various fields. One drthis the
application in the mechanical engineering, paréidylfor
packaging works. These working activities produlce t
big static load to the lower back. In the followipgrt of
this article it is presented the possibility of hggtion the
ergonomic simulation tool for determination and
evaluation of this type of physical load. This ergmic
simulation is implemented into the practice. The

~3~
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evaluated working posture is presented in the ollg method is 3- further investigation needed and iy rba
figure. required the changes.

==

&4 Rapid Upper Limb Assessment (RULA)

Task Entry | Reports ’Analysis Summary‘ ;

Job Title: [ Job Number: |
Location: \ Analyst: ‘

Comments: Date: \

Body Group A Posture Rating

Upperarm: 3
Body Group B Posture Rating
Lower arm: 3
Neck 1
Wrist: 2
Trunk 3
Wrist Twist: 1
Total: 3
Total: A

Muscle Use:  Normal, no extreme use
Muscle Use: Normal, no extreme use

Force/Load: < 2 kg intermittent load

Force/Load: < 2 kg intermittent load

Arms: Not supported

Legs and Feet Rating

Seated, Legs and feet well supported. Weight even,

Grand Score: 3

Action: Further investigation needed. Changes may be required.

Update Analysis

Usage Dismiss

Figure 6Evaluation of physical load by RULA method
Tecnomatix Jack

Figure 4Working posture

In the ergonomic simulation software Tecnomatix
Jack, it was created the model according to theique
figure. In the first step, there were defined theﬁs
anthropometrical data of worker and then it wasit&@@ | \oihqd is the value 3 — work posture will case tiarm

the ~working environment. Defined worker WaSjgyels of stress on the musculoskeletal system. The

implemented into the working environment in theygtem also warns that it is necessary to perfdren t
specmec_l working posture. The c_reatt_ad model ofkmgy optimization at the earliest possible time.
posture is presented in the following figure.

To the evaluation of working posture it is suitabie
e the OWAS method, too. The final score of this

& nass osn
4 view Mumen Object Uuines Aoass Momies Meip
| YRR e LADeE B ~

2 3

(Owas Code: 2141)
'Warning! This work posture will cause harmful levels of stress on the
musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only downward force components are considered in the analysis.

[¥] Watchdog

l Usage "Watchdog Onlyl Loads&Weig_htsI m, e I Dismiss

Figure 7Evaluation of physical load by OWAS method
Tecnomatix Jack

Figure 5Model of working posture — Tecnomatix Jack

_ After the creation of virtual model of working pose The final evaluation of the possibility to carrytan
it was applied the evaluation methods — RULA, OWAQnalysis through a SSP. Results can be found in the

and SSP. First of all, it was applied the evaluet®d following figure in graphical and tabular form.
physical load by RULA method. The final score oisth

~4~
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-

[5]

B

Percent Capable  Angle Vaues Torqee Vaes  Mean Strengths

[6]

[7]

(8]
i (D) a

]

Torgevaloes (N}

L i gt

[9]

Figure 8Evaluation of physical load by SSP method —
Tecnomatix Jack

Further information on physical load, [online],
Available: https://www.fysiekebelastingbeoordelen.t
no.nl/en/page/fysieke-belasting, 2017.

MICHALIK, P., ZAJAC, J.,, DUPLAK, J,
PIVOVARNIK, A.: CAM Software Products for
Creation of Program for CNC Machininguture
Communication, Computing, Control  and
Management Volume 1. LNEE 141. Berlin
Heidelberg: Springer-Verlag, p. 421-425, 2012.
PAHOLOK, I.: Simul4cia ako vedeckd metdda,
Logos — Electronic journal for philosophy. 19,
2008. (Original in Slovak)

PETRIKOVA, A., PETRIK, M.: Modern methods of
evaluation workplace factors in ergonom#cta
Simulatio,Vol. 1, No. 3, p. 7-11, 2015.

STRAKA, M.: Simuldcia diskrétnych systémov
a simulané jazyky KoSice: AMS, p. 112, 2005.
(Criginal in Slovak)

The evaluation by individual methods showed that th [LO]STRAKA, M., ZATKOVIC, E.: Modelovanie a

static load of worker is inadequate and consequiénis
necessary to perform the optimization of workingtpoe
or working environment for compliance with the rzqd
limits.

Conclusions

Nowadays, simulation ergonomic software Jack is
possible to apply in the different industrial braas for
evaluation of dynamical and static load of workarig
the realization of various working activities. Ohet
previous practical examples it is presented theresmic
evaluation of the static load that impacts the work
involved in packaging components. In addition te th
above mentioned analyses it is possible to re#fisen
time evaluation during the realisation of working
activities. This evaluation requires the compilataf an
accurate model and then compiling the working moves
via Task simulation builder. The simulation is @sential
part of small and medium-sized enterprises thatituse
solving various tasks.
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