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Abstract: The article deals with the optimization of logisfiow of selected company in the area of softwaule
Process Simulate. The aim is to design a logifiteg which will reduce machine downtime, numbemairkers during
the operation of CNC centres or achievement tmeidition of redundant manipulation steps of distaff. Modelling
and simulation of workplace in a software moduledess Simulate enables to rationalize it in viraralironment, which
will contribute to cost savings that are expendethe process of direct implementation of the psaf®in practice.

1 Introduction _

The aim of company is to maximize quantity andNoise: . i .
quality of production and remove barriers that defé. Noise is defined as all sound in the workplace)egit
The best example of these barriers are: excessige of Wanted or unwanted and is one of the most common
environment, bad working desk, poor lighting, Hsbaair Occupational Health and Safety (OHS) hazards and is
current or odor. All these factors are called wogki found in many different environment. Noise or sousid
conditions. It is true that many working conditioase Created by alternate compression and decompresgion
regulated by legislation, but there are also faotdrich are particles of the air. This causes the air pressufall and
not regulated by legislation or are difficult to asere. rise in the form of waves. Frequency (pitch) arterisity

The aim of this paper is to explain and processkwoi(loudness) are the two characteristics of sound [4]
environment in relation to physical factors and The loudness of sound is measured in units called
ergonomics. These factors that are often overlookery decibels. Sound pressure level (SPL) is the bas&sore
be the etiological agens and a source of personployee of the magnitude of the acoustical vibrations ef &ir that

disaffection. make up sound. Because the sound pressure range tha
human listeners can detect is very wide, (10-®tbRascal
1.1  Working environment (Pa)), these levels are measured on a logarithoale svith

Working environment is a set of physical, chemicatinits of decibels. For example, usual conversai®n
biological, socio-psychological and other factotsat aPproximately 60 decibels, the humming of a refager

affects on employees. Within physical conditiongsm is 40 decibels and city traffic noise can be 8(luids [4],
authors focus on microclimate of working environmenl10]-

(temperature, humidity and air flow in the workpgjc Noise can be expressed also mathematically. Saind i
workplace lighting, noise and vibration in the woidce, 2 Stimulus, and it reaches the ear as part ofibegg of
colorful interior design, and air pollution. the aL_Jdlblllty field whl_ch is transr_mtted in it mgltqdlnal
vibration. Therefore, in the medium of density ppteads
1.1.1  Physical factors of working environment by phase speed - alleviation and densificationroeted

Work is performed in a specific physical environmen PY the changizs in pressukp, and the air temperature is
Physical factors consist of following factors: nuicimate ~ €xpressed in °C. _
conditions that affect thermal comfort of humansisa, Phase of vibration speed ¢ =fx

vibration and lighting. 7}-fvibration wavelength,
- frequency.
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B t Thus, we can calculate that the increase of soyridb
v=332" |1+ 27315 (1) times increases the initial intensity by 10 dB( Apd by
1 20 dB(A) for a I0O-times increase. In case of dédfe

sources of noise, the intensities of the audibiigid have

Having expressed the motion of the audibility fiedd to be added, and the resulting intensity is exaby the
the presented manner, it remains only to explanilys expression:

in which men receive sound as stimulus, i. e. mfmtion.

— n Li /10
It is explained by the Weber-Fechner law of refsio L_lOIOQZizllo ©)
between stimulus and sense, which says, in faat,ttte
change of sense Y is proportional to the changérimulus In alternate noise, adequate level Is the constant
X, which can again be expressed mathematically: intensity that would result in energy load on tharker in
dy=KdY/X (2) the production, as if being continuously exposeddise:
Y=InX+C (3) 1%
L :lMOq—IﬂDdeW‘ (10)
* tO 0

In case of sound, stimulus X is proportional to the
density of the power of the audibility field anchieasured t0 - time duration of measuring the intensity,
in [W/m2]. If we replace in the equation Y = In X3 L(t) - function of time.
natural logarithm by the decimal one, and if weedmine EXposure to noise at work [10]:
the constant C, so that the sense has the vallyeaofl the o ) )
sensitivity threshold of the earsoWé equal to the density ~ The noise is most common negative factor in thekwor

of the sound intensity, we obtain: environment, while only in Slovakia in 2008 were reo
than 88 300 employees of various economic sectors
Y = |og(WJ (4) exposed to excessive noise. Despite the generagpted
W, view, that threaten are only (or especially) emeésy of

industries, there is number of other professioasiay be
For the use in practice, where the industrial petion ~ €xposed to noise levels exceeding the limits.

has been intensified, and the work productivitgtieng, a ~ Slovakia According to the first candidate countries
10 times reduced unit is used, called dB (decilaei)| the Survey on working conditions in 2001, about 20 % of
sound intensity is: workers in Slovakia were exposed to noise so lbatithey
W had to raise their voice to talk all of the timeatmost alll
L :1o|og[JdB(A) (5) the time. On the whole, approximately 45 % of woske
W, were — to various degrees — exposed to noise at.wor
W, =1072W / m? (6) According to the data of the Institute of Publicalk of

the Slovak Republic, the number of workers expdsed
, , . noise decreased in 2005—-2010 by about 15 %, kartthfs
_ The consideration does not include the frequencyering there have been no significant changes & th
Since it is known that human ear recognises diffe®54 o centage of workers exposed. About 89 000 workers
frequencies, the gauges are fitted with the frequditer |, o exposed to noise at work in 2013. The pergent

(«filter A»)._It.shquld certainly be noted .thz_at @ase of \\omen exposed to noise decreased from 22 % in 2005
double multiplication of the noise source, i. éisedor the 44t 18 % in 2015.

new source, the level of noise increases by 3 dB, |5 gjovakia there is a joint legal regulation fotty

independent of the level of the first source. outdoor and indoor noise limits (Figure 1). Thigukation
Mathematically: is incorporated in the Ordinance of the MinistryHalth
L, :1OIog(ledB(A) 7) No. 549/2007 Coll. on Details of Permissible Valwés

A Noise, Infrasound and Vibrations.

_ W W
L, = 10Iog(2w J = 1OIOQ(W J +10log2 (8)

0 0

= L, +3dB(A)

~10 ~
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Figure 1 Percentage of workers exposed to noisefor at least quarter of working time[10]

Lighting: reflectors. It is represented by the luminous isitgn

The llluminating Engineering Society of Northdistribution curve (LDC).

America (IESNA) defines light as “radiant energsttlis

capable of exciting the retina and producing a alisu llluminance:

sensation.” Light, therefore, cannot be separatetgribed llluminance describes the quantity of lumi - nolusf
in terms of radiant energy or of visual sensatiohib a falling on a surface. It decreases by the squaréhef
combination of the two (Figure 2) [17]. distance (inverse square law). Relevant standarelsifg

Light is that part of the electromagnetic spectithat the required illuminance (e.g. EN 12464 “Lighting o
is perceived by our eyes. The wavelength rangetisden indoor workplaces”).

380 and 780 nm. E(Ix) = [u min ousflux (Im) (11)

Light has a triple effect: area (m?)

Light for visual functions: lllumination of task area in
conformity with relevant standards, Glare-free and
convenient

Light creatingbiological effects: Supporting people’s
circadian rhythm, Stimulating or relaxing

Light for emotional perception: Lighting enhancing
architecture, Creating scenes and effects

Basic parameters used in lighting:

Luminous flux, Luminous intensity, Illuminance,

Luminance:

Luminance is the only basic lighting parameter that
perceived by the eye. It specifies the brightnésssoirface
and is essentially dependent on its reflectancéstfiand
colour).

All principal Lighting associations and Societidgte
world agreed about optimal lighting conditions Various
Luminance. areas, so finally internatiqnal standards have tmad.e.

Luminous flux: Standards are collected _W|th|n European nprms,hm

; be purchased from National Standardization Ingtiudr

_The Iumln_ous flux describes 'ghe quantity of IIghﬁrom the central European Institution for Standzaton
emitted by a light source. The luminous efficiengyhe 2]

ratio of the luminous flux to the electrical poveensumed
(Im/W). It is a measure of a light source’'s economi
efficiency [2].

Luminous intensity:

The luminous intensity describes the quantity ghtli
that is radiated in a parti - cular direction. ThEis useful
measurement for directive lighting elements such as

~11 ~
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Lumingies fits @ season (decrease of the average daily temperaiuted
consecutive days below 13°C). The optimal and
@ permissible temperatures for warm and cold seaktmeo
=3 By year are in the Table 1 (Slovak Directive No. 580/2). In
case of the workplace with long-term nature wheris i
impossible to provide optimal conditions, the enyplois
Lumen [i] required to ensure compliance with permissible

Lumi I i Mumi E . . . . . . .
minous fntenstv! i microclimatic conditions. Exceptions are in needpmécial
@ @ workplaces where the burden of heat or cold is sajixbe

to be removed due to various technological reafldns
Humidity: Humidity in the working environment is a

specific factor. The specificity of factor is mairnh the

fact that unlike the temperature, this can be stibjly

Candela [Im/sr]=|cd] Lux imi/m?={lx]

Luminance L very difficult to perceive and then evaluated. Thenan
body can have an adverse effect on the decrease in
5 humidity on the level of 20% mainly in winter (dbe
Lot 2 LEp heating) and the humidity in excess of the 60%thmeio
Aeost i seasons [4].
.
i Heat production of man increases with the physical
Figure 2 Basic parameters used in lighting [17] activity. The main resources are mainly muscle gsadhat
produce net metabolic heat. Basal metabolic lseadded
Microclimate: to net metabolic heat, which is produces basicahy

Microclimatic parameters: Microclimatic parametergdiological processes in the human body. Metabait lg,
(or conditions) of the work environment also knoas is given by :
thermal-moisture  parameters are determined by Om=M-W=0m + Om, net (12)
temperature, relative humidity and airflow. Thebggical
quantities define subjective well-being (comfor) itt- M is the total metabolic heat production in W.m
being (discomfort). In extreme cases can be cormides W is job performance (mechanical work) in Wem
pollutants with adverse effects on human health [1] Omy is basal metabolic heat in Wam

Temperature: Particular type of working class has gotdms is net metabolic heat in W:fn
determined the optimal microclimate conditions,
depending on body heat production affected by Bitgof European standard establishes the metabolic h&at un
employee’s activity. The total energy expenditussigns met. Met represents thermal output of sitting nfarmet
the individual work activities to the working class 1a = 58,2 W.n).
(sitting at work, administration), 1b (standingaatrk), 1c Energy expenditure is determined by measuring the
(such us mechanics work, work in the steel indjs®y OXygen consumption according to reference tables or
(such as operating machines, work in the buildingalculation.

industry), 3 and 4 (intensive and very intensivek)o Thermoregulatory process of heat exchange between
human body and the environment is given by equaifon
Table 1 The optimal and permissible temperature for some heat balance
working class [1] S= Qoore + Qu (13)
Temperature (°(
Working Optimal Permissible Sis accumulated heat in body in W2m
class temperature temperature Qeore= (M-W) + (CestEred+qutaa is heat flow form the
Warm | Cold | Warm | Cold core of body through the skin inWim
season| season| season| season Qu= C+R+K+Ey is a heat flow from the body surface to
g 21-2E | 20-23 | 20-28 | 20-2€ the environment in W.rh
1b 20-24 | 1821 | 18-2€ | 17-24 where:
1c 1822 | 15-1¢ | 16-2E | 13-27 (M - W) is the metabolic heat in W:fn
2 16-1S | 12-17 | 12-24 | 10-2C CiestEres IS respiratory heat (conventional resp. heat in
3 The value does not determ Crest evaporative hedres in W.nr?
4 gr is thermoregulatory heat

0a is adaptation heat in W:tn

C heat is transferred by convection in Wem
Rheat is transferred by radiation in W2m
is heat tranferred by convection in Wm

Range of optimal values of microclimatic conditioms
the working environment is set for a warm perioge(age
daily outdoor temperature 13°C and more) and wintéf

~12 ~
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E« is heat transferred by evaporation or condensation whereT is the daily duration of exposure to the vibration

W.m2 magnitudean,, and Ty is the reference duration of eight
hours.

Vibration:

Vibrations are mechanical oscillations which pose WBYV: the equivalent continuous acceleration over an
hazard to human health when acting continuouslyhen eight-hour period, calculated as the highesk) value, or
hand-arm system (hand-arm vibrations) or on th&eentthe highest vibration dose value (VDV) of the frequay-
body (whole-body vibrations). Vibrations may cabkeod weighted accelerations, determined on three orthalgo
circulation problems, bone or joint disorders, méegical axes (1.4wx, 1.4awy, awz for a seated or standing worker).
or muscular conditions, back pain, or damage tegireal The directive sets exposure action values, abovehwh
column. requires employers to control the vibration riskstheir

Vibration is often called a vector quantity, whitleans workforce, and exposure limit values, above which
that the vibratory motion has both a negative ¢ffieof workers shall not be exposed:

itself and a magnitude or intensity component [16]. e a daily exposure action value of 0.5 m/s2 (WBV)
Generally, two forms of exposure may be or 2.5 m/s?2 (HAV);

distinguished: whole-body vibration (WBYV), which is « a daily exposure limit value of 1.15 m/s2 (WBV)

transmitted by mobile or fixed machines where the or 5 m/s2 (HAV).

operator is standing or seated, and hand-arm iobrat

(HAV), which is transmitted by hand-held or guidedls. Human exposure to WBV should be evaluated using

In simple terms, vibration is defined by its magdié the method defined in International Standard 1SG126
(traditionally described using acceleration, expeesin  1:1997, together with the detailed practical guimaon
m/s?) and frequency (the number of times per setbed using the method for measurement of vibration & th
vibrating body moves back and forth, expressed/ales  workplace, which is given in EN 14253:2003. In tase
per second, or hertz (Hz)). The risk of damageisequal  of human exposure to HAV, the method that should be
at all frequencies; therefore, when calculatingosxpe, a used is defined in European Standard EN 1SO 5349-
frequency weighting is used. Furthermore, vibratiamst 1:2001, together with the detailed practical guiaon

be evaluated in three axes (vertical, fore anchafl,lateral uysing the method for measurement of vibration @t th
axes in the case of WBV). From each vibration axis workplace, which is set out in EN 1SO 5349-2:2006]
frequency-weighted root-mean-square average

acceleration is measured. This is referred tahas Since 9 Ergonomic analysis in the digital

the risk of damage is not equal in all axes, a iplying environment

factor must be applied to the frequency-weightédation Most companies looking for savings in purchased

values. In the case of WBYV, the acceleration vafaethe materials, overheads, energy. They are lookingviys to

two lateral axes (x and y) are multiplied by 1.heneas ; . )
: . . achieve these savings. One way is to use softpvackicts
for the vertical (z axis) they are multiplied byplin the for the creation of virtual reality and optimizatiof the

case of HAV no multiplying factors are used. In tase current state of business processes without the afos
of WBV, the equivalent acceleration is obtainedrirthe direct implementation of su y estions for improvetnen
highest of three orthogonal axes’ values §&wd1.4awy or The princi le of modelﬁr? i Tx Jackpand Process
awz) that are used for the exposure assessment. I-M(Vris. | tpH pie o d dg in t ¢ delli
on the other hand, is based on the frequency-wetight imufate ‘Human 1s demanding in terms ol modetiing
machines, equipment, vehicles, etc. To create &imgr

acceleration total valuahv given by the root sum of X - . )
squares of the frequency-weighted acceleration fitoen environment, E.'S appropriate to use other sofesawhich
) creates a working environment easier.

three orthogonal axe,y andz [16] Software Tx Jack is compatible with the softwaréjolv

a, =+a’, + aﬁwy +al (14) can create a virtual environment of a particularkptace

or halls such as CAD. Thus created environmenthean

The vibration directive defines the daily exposure”ﬁlnported Into theworklnlg en_vlro_nme_:r;]t of Tx JacldaimerIL
A(8), as: place a concrete worker in it with concrete working
HAV: the equivalent continuous acceleration, noiseal activities . K and imul
to an eight-hour day; the A(8) value is based at-roean- Main function of Tx Jack and Process Simulate Human

. . : : are therefore creating a human being with accurate
square averaging of the acceleration signal andiiés of . . )
m/s anthropometric parameters, simulation of movements

(individual body parts) and determine the burdersed by

A(8) = a,, \ﬁ (15) work’s activities and work’s environment. If it isot
To necessary to determine the physical stress orettieydar

operator, but it is necessary to dimension the plade in

general, it is possible to use the database ANSIRvEY

~ 13 ~
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of U.S.Army) which contains data collected real@atof has to move, or selecting Path Creator and thesriegta
a survey personnel of military of USS in 1988. path along which go human model to the desired
Siemens Tecnomatix software package has sevedastination.
modules for each area of usage. For modelling and
simulation of the impact of the working environmemt =~ === -
staff, creating 3D models of working environmendykers =z
and their activities and detect physical stressugin a
specific predefined base of ergonomic analysisbeansed
two modules [3]:

* Tx Jack/ill - it's a 3D simulation tool for
evaluating of physical stress during the manuz
work activities, this is the instrument through
which it is possible design workplace in the ¢
virtual environment and simulate various
solutions that meet ergonomic standards withot
investing in equipment and technology. Digital
human model in this program is a real
biomechanical properties of natural motion an :
joint rang - taken from NASA studies. ‘ ‘ =

» Process Simulate Human allows users to verify
the design of work stations, verify the

gchle_vement of the required safety of the It needs to click in the main menu Modules Task
individual parts of a product._The module_ O.ff.erSSimuIation Builder. It opens a working environment
powerful featgres for analysing a_nq opUMIZINg i o it i possible to create human movementsatain
the ergonomics of human activity, therebythe menu - eg. Go, Get, Put, position, pose, toegrasp
providing an ergonomic and safe productiol ' Y ' '

process according to industry standards. Using

simulation tool of human activity, the user ca 1 Jack Task Analysis Toolkit

perform realistic simulation of the human task ) .
and optimize process times of the production Task Analysis Toolkit (TAT) assessment tools are

cycle according to the standards of ergonomic. linked dlrectly to the human figure, minimizing ugsputs
In the following figures (Figure 3 and Figure 4318 is and standardizing assessment results between Uigers.

a short comparison between human operation created :joorlisr;] cz;rr:i n?nztirg:s 'gﬁﬁgggg’cgnﬁ,?gnfesrgﬂnt;m%é%
Process Simulate environment and Jack module. It 35 9 P ’

shown only a basic operation — walking, where yenu see ::eogiiﬁgs%gnzﬁggi?'Z.egng?tgssr%ugzﬁz aergtji?/r‘;le;;by th
the differences of creating the operation and als® 9 Y Y P

graphical windows displaying the software environine TAT tOOIS'. enh_ancmg communication of results. TAT
includes simplified screening tools, as well as plax

quantitative analysis options, facilitating easye wand

interpretation. Tecnomatix Jack module has manig oo

z ergonomic measurement (Figure 5):

s, [ | * NIOSH (National Institute for Occupational
Safety and Health)

*  OWAS (Ovako working posture analysis)

«  MTM (Methods-Time Measurement)

*  RULA (Rapid upper limb assessment)

»  SSP (Static strength prediction)

e And many other...

o o s

Figure 4 Tecnomatix Jack - Task Animation Builder

Figure 3 Tecnomatix Process Smulate - Walk creator

In the Process Simulate module, you need to chtbese
requested human model in the graphics window and
selecting Walk Creator - from the main Human menu.
the window Operation Walk - Jack there is a poBgihid
propose the walk operation by positions - eithegigring
the human target positions (Select Target), wheraam

~ 14 ~
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omics [16 Feb. 2009] 2009.
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of ERP on maintenance managembftanagement and
Production Engineering Review, Vol. 4, No. 3, p. 15-
25, 2015.

[5] KONRAD, V.: Ergonémia a bezpeos’ pri praci.
Zvolen : VSLD, p. 77, 1989. (Original in Slovak)

[6] LEE, S.Y., BRAND, J.L.: Effects of control over
Office workspace on perceptions of the work
environment and work outcomesJournal of
environmental psychology, Vol. 25, No. 3, pp. 323 —
333, 2005.

[7] MALINDZAKOVA, M., ROSOVA, A,

_ BARANOVA, V., FUTO, J.: Modelling of outbursts

Conclusions o and ejections occurrences during steel production,
Violation of ergonomic principles leads to the lileal Metalurgija, Volume 54, Issue 1, 1 January 2015, p.

damage of workers. Working in wrong position and 247.250, 2015,

performing unnatural movements can lead to incapt®i (8] PEKARCIKOVA, M., TREBUNA, P., FLO, M.:

work what represents financial losses for employer.” pethodology for Classification of Material Items by

Legislation provide that the employer must creaitable Analysis ABCXYZ and the Creation of the Material

working conditions for its employees. The attentbiould Portfolio, Applied Mechanics and Materials. Vol. 611,

be paid to factors affecting the long-term physiaati p. 358-365, 2014.

psychological burden on workers, because the wadepl [9] PERIC, T., STRUMBERGER, D., PERIC, D.:

is characterizgd by physical load and work done in" |nfluence of Ergonomics on Traffic Safety and

unsuitable environments. _ Economy Developmentkientific Journal on Traffic
Physical factors of working environment must be gnq Transportation Research, 2004. [Online],
measured by appropriate methods and measuringesevic  Avajlable: at:http://www.fpz.unizg.hr/traffic/indeph

Figure 5 Tecnomatix Jack - Task Analysis Toolkit

that are defined in the relevant laws and reguiatio
Subsequently, the measured values are comparedhgith
requirements laid down in legislation. Nowadayss form
of evaluation is preferred, but it does not barghin

reciprocal action of parameters in working process. advanced Materials

Therefore, the scientific discipline called ergongsnwvas
created. The main goal is to bring a systemic \oéithe

p/PROMT T/article/viewFile/600/454 [10 Sep. 2016]
2004.

[10] SANIUK, S., SANIUK, A.: Rapid prototyping of

constraint-based production flows in outsourcing,
Research, Trans Tech
Publications, Switzerland 2008, Vol. 44-46, p. 355-
360, [Online], Available: http://www.scientific.nt

relationship created between man and the working g7849-376-x/355/ [10 Sep. 2016] 2008

environment, including work tools. If the measuxedue
exceeds the value of certain factors that are ataimbd, it
is important to ensure the elimination of the faetoplying
different measures.
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