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Nova metoda dolo¢anja ergonomskih obremenitev pri delu v strojnl Industrijl
A New Method for the Calculation of Ergonomic Loads at Work In Englneering Industry
ANDREJ] POLAJNAR — VEKOSLAV VERHOVNIK

0. UVoD

Delitev dela v prolzvoednem procesu je pri-
vedla do tega, da mora &lovek prl delu stalno po-
navljati predpisan preprost delovni proces, Kar
obremenjenost delavea povecuje In s tem zmanj-
guje utinkovitost. Zato moramo v takih primerih
dolocatl dopustno cbremenitev In obremenjenost,
v odvisnostl od pogostostl In casa trajanja. Pri
tehniénem razvoju lzdelkov prihaja vedno znova
do sprememb sestave lzdelkov kakor tudl do
tedalje vetje mehanlzaclje In avtomatizacije pos-
topkov. Ergonomija mora ugotovitl, katerim obre-
menitvam je lzpostavljen clovek v teh spre-
menljivih okolis€inah in kako bi lahke najbolje
izrabill njegove posebne zmoZnostl.

Clanek predstavlja poseben metodolodki
prijem &tudija obremenitev In obremenjenostl pri
delu v strojnl industrijl 2 namenom, da bl uredili
prevellke obremenitve v oblikl dodatnega éasa, ki
z ergonomskim koeficlentom K. podaljta izdelo-
valnl éas In & tem zagotovl dopustno obremenjenost
delavea.

Kakor prikazuje slika 1 je metodoloski potek
ugotavljanja ergonomskih obremenitev in obre-
menjenostl sestavljen 1z treh korakov:

=V 1. koraku lzvedemo analizo MTO (me-
toda trenutnih opaZanj) z namenom, da bl ugotovili
zastopanost elementov dela, ¢asa izpostavljenosti,
kateri je izpostavljen posamezen element dela In
ugotavljanje dopolnilnega Koeficienta Kjy; 1zvedena
OADM (ocenjevalna analiza delovnega mesta) pa
da potrebe za izvedbo MADM (merska analiza
delovnega mestal.

— V 2. koraku lzvedemo potrebne merske
anallze delovnepa mesta.

— ¥ 3. koraku sledl stopnjevanje In vredno-
tenje obremenitev in obremenjenostl, dobljenih v
drugem koraku, Izracun ergonomskega koeficlenta
Kgpr In njegova vgradnja v lzratun norme ¢,.

1. UPORABLIENE METODE
1.1 Metoda trenutnlh opaZan]

MTO je statisti®na metoda vzorfnega ugo-
tavlijanja vnaprej izbranilh stanj, prl katerih je
lahko obravnavana oseba all predmet posamié all
v skupini, s posnetkl ob nakljuénih trenutkih. Na
podlagi tega dolotamo pri¢akovani delet dolotenega
stanja v tasovnl celotl s predplsano natantnostjo
in verjetnostjo [1].

0. INTRODUCTION

Division of labour in the production process
has led to the appearance of highly repetitive
short—cycle operations. which increase the work-
load of the operator and decrease operating efficl-
ency. In such cases, permitted level of stress and
strain ought to be set, depending on the frequency
and duration of operations. The technical develop-
ment of products has also led to changes In pro-
duct composition, and to Increased mechanization
and automation of processes. Ergonomics is assu-
med to determine the workload of the operator In
these changing conditions and to establish how to
make best use of the operator's potentials,

The article presents a speclal methodological
approach to the study of stress and strain in the
engineering Industry. The alm Is to reduce exces-
sive workload by allowing extra time for the ope-
ration. The ergonomic coefficient K, was calcu-
lated, which Increases the production time and so
ensures that the workload of the operator Is not
exceeded.

In figure 1 the methodology for establishing
the ergonomlic stress and strain lg presented. It
consists of three steps:

= In the lst step, activity sampling Is per-
formed, the aim of which Iz to establish the per-
centage of different elements of work In a work
cycle (the time of exposure of each element of
work), and the extra coefficient K4. The job ana-
lysis and evaluation which are derived from the
activity sampling, serve as a basis for the measu-
rement of workplace conditions,

= In the 2nd =sfep, the measurement of
workplace conditions Is performed.

— In the 3rd step. stress and strain ob-
tained In the second step are graded and evaluated,
and the ergonomic coefficlent K. Is calculated
and used in the calculation of the standard time ¢,.

1. METHODS
1.1 Activity Sampling

Activity sampling is a statistlcal methed of
taking observations of preselected states, the
operator or the product being observed individually
or In groups. Observations are made at random.
This iz the basis for establishing the predicted
proportion of the state in the unit of time with
the required degree of accuracy and reliability [1].
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Sl. 1. Potek ugotavljanja ergonomskih obremenitev In obremenjenosti pri delu.
Fig. 1. Methodology of establishing ergonomic stress and strain at work.



STROJNISKI VESTNIK — JOURNAL OF MECHANICAL ENGINEERING. LJUBLJANA (38) 1892/7—8

73

1.2 Ocenjevalna anallza delovnega mesta

OADM je prva stopnja analize delovnega
mesta, ko delovne karakteristike ocenimo na pod-
lagl pogovorov In opazovanj. Metoda celovito ob-
ravnava delovne sisteme, naloge in zahteve, zdrav=-
stveno ogroZenost in potrebo po ergonomskih ukre-
pih. Karakteristike ocenjujemo z razliénimi kljuci
na vedstopenjskih lestvicah. Kljub njihovi struk-
turiranosti In definicijam, = éimer se poveduje
njlhova objektivnost, veljavnost In zanesljlvost,
ostaja metoda subjektivna [2].

1.3 Merska anallza delovnega mesta

MADM je druga stopnja anallze delovnega
mesta In praviloma sledi OADM. Za to analizo
uporabljamo razlitne merske instrumente v
reprezentativnem okolju, v reprezentativnem Casu
in v ustreznl populacljl [3].

1.3.1 Fizi¢ne obremenitve

Fiziene obremenitve razdelimo v dinamiéne
In staticne. £ MTO In analizo razliénih leg pri
delu po Spitzer-Hettingerjevih preglednicah lzra-
tunamo obremenitve razli¢nih del. Pri analizi leg
pri delu uporablme medificirane metede Owasa
(OVACO Working Pastures Analysing System).

1.3.2 Toplotna obremenitev

lzmerimo Atiri klimatske veliéine (tempera-
turo, viago, gibanje zraka, toplotno sevanjel ter
doloéimo dve neklimatski velliéini (metabolizem in
toplotno upornost delovne obleke). Izratunamo
indeks toplotnega udobja PMV (Predicted Mean
Vote) in PPD (Predicted Percentage of Dissatis-
fled). PMV primerjamo s subjektivnoe cceno kli-
matskega udobja.

1.3.3 Obremenitev vida

Raziskujemo ostrino vida, svetlobnl Kontrast
in smer pogleda. Kot potrebno ostrine vida dolo-
timo dvojno ostrino vida, s katero le mogote vi-
detl najmanjso delovno nadrobnost »P« v delovni
razdalji »De.

1.3.4 Ropot

Zatasni pomik praga slidnosti (Temporary
Threshold Shift TTS) po osemurnem Izpostavljanju
ropotu ugotavljamo tako, da audiometriramo pred
zatetkom dela (1zmene) In tako) po njem (konec
lzmene). lzgubo sluha lzratunamo po Fowlerju.

1.2 Job Analysls and Evaluation

This Is the first stage In workplace assess-
ment, by which work characteristics are evalu-
ated on the basiz of Interviews and obzervations.
The method Is an Integral study of a work system,
tasks, requirements, health requirements, and
necessary ergonomic improvements to be made.
Different keys are used to evaluate characte-
ristics, graded In multiple steps. In spite of ma=
king extenslve use of definitions and being highly
structured, which adds to objectivity, validity and
reliability, the method remains subjective [2].

1.3 Measurement of Workplace Conditlions

This is the second step In workplace assess-
ment and Is, as a rule, a continuation of the job
evaluation. Various measuring Instruments were
used and applied in the representative environ-
ment, in the representative time, and on the cor-
responding population [3].

1.3.1 Physical Strain

Physlcal strain can be dynamlec or statle. On
the basis of activity sampling and the analyvsis of
postures at work, and by the use of Spitzer—He-
ttinger tables, the physical strain for different
job—tasks was calculated. The modifled method
according to Owas was used [OVACO Working
Postures Analysing System) to analyse postures
at work.

1.3.2 Thermal Strain

Four atmosphere conditions (temperature,
moisture, alr movements, and heat radiation)
were measured, and the metabolism and heat
resistance of protectlve working clothes were
determined. The Indexes of thermal discomfort,
PMV (Predicted Mean Vote) and PPD (Predicted
Percentage of Dissatisfied) are calculated. The
predicted mean value is compared to the subjective
assessment of the atmosphere discomfort.

1.3.3 Visual Strain

The sharpness of wvision, the light contrast
and the angle of inclination of the gaze were In-
vestigated. Double sharpness from that needed to
see the smallest working detall »P« In the work-
ing distance »D« was taken as the required sharp-
ness of vision,

1.3.4 Noise

Temporary threshold shift (TTS) after an elght
hour exposure to nolse was determined by making
audiometric recordings before the start of the shift
and Immediately after Its termination. Hearing
disturbances were calculated due to Fowler.
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1.3.5 Aerosoli, pare in plini

Obremenitve prikazujemo Kot ute2ena dnevna
lzpostavljanja in jih primerjameo z MDK (maksi-
malno dovoljena koncentracijal.

1.3.6 Monotoni ja

Za oceno monotonlje uporabimo rezultate

OADM.

1.4 Dolo¢itev dodatnega fasa zarad|
obremenlitev In obremen)enost|
1.4.1 Stopnjevanje in vrednotenje obremenitev
in obremenjenosti

Uporabili smo metodo, ki daje merila in stop-
nje za raziskavo In oceno chremenitev na delovnem
mestu. To so flziéne obremenitve (dinami¢ne In
statiéne), toplotne ocbremenitve, obremenitve vida,
obremenitve zaradl ropota, stika z aerosoli, plini
in parami ter zaradl monotonije. Merljo se kot
ekolozki In fiziolodkl indeksi, indeksl tveganja in
udobja [31.

1.4.2 Metoda izratuna K. In uporaba pri
vnaprejénjem dolodanju dfasov

Obremenitve in obremenjenostl zavzemajo
pomembno mesto med vplivi, ki zmanjiujejo udi-
nek delavéevega dela. Zato jih moramo napovedatl
v normi, da bl Izravnall manjil uéinek delavéeve-
ga dela, KI nastane zaradl telesnega In dufevnega
napora v delovnem dnevu. Utrujen delavec porabi
vet: energlje, da bl obdrzal pravilen ritem dela. Ker
ne Zellmo delavca prisilitl, da bl se naprezal in
prekomerno utrujal do svojega daljBega odmora,
mu moramo z ved postankl in premori med delom
omogocitl, da z obi¢ajnim prizadevanjem opravi
delovno nalogo. Potrebno korekcljo 1zdelavnega
tasa dodamo v obliki ergonomskega koeficienta

K,y (4],

Ergonomski keeficient izratunamo:

1.3.3 Aerosols, Vapours and Gases

Discomfort due to aerosols, vapor and gases
Is shown as a ratlo between the welghted dally
exposition and the maximum permissible con-
centratlon (TLY = Threshold Limit Values).

1.3.6 Monotony

The results of the job analysls and evaluation
were used to assess monotony.

1.4 Determination of Extra Production
Time due to Stress and Straln

1.4.1 Grading and Evaluating Stress and Straln

A method which provides criterla and grading
for Investigating and evaluating stress and strain
at the workplace was used. Physical strain (dy-
namic and static), thermal strain, visual strain,
discomfort due to nolse, aerosols, gases, vapours
and monotony were evaluated. They were measu-
red as ecologlcal, physiological, hazard and dis-
comfort Indexes [3].

1.4.2 Calculation of K, and its Use In the
Frediction and Determination of Time

Stress and strain play an Important role
among the factors that reduce work performance
efficlency. They must therefore be Included In
standards to compensate for the operator’'s decre-
ased efficlency due to physical and psychic over-
load. A tired operator uses more energy to main-
tain the correct rhythm of work. Since we do not
want the operator to overexert and to be excessl-
vely tired before his main break, we have to give
him the possibility of several short breaks during
the work to accomplish his task at normal effort.
The necessary correctlon of the productlon time
Is made by the ergonomic coeficlent K. [4].

The ergonomic coefficient is calculated by:

it. tolk obremenitev
(number of load points)

x 0,3423*

or

maks. it. toék obremenitev
[maximum number of load points)

*Konstanta, ki uravnoteZi izratun dodatnih koeficientov
napora K, in K, s K. kjer sta K — koliénik napora
[5] in K, — kolignik okolja [5].

*The constant that compensates for extra coefficients K.
and K, with K, . where: K_- coefficient of effort
and K, - coefficient of environment [5).
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Casovnl normativ NORMO pa Izratunamo:

t, = [ty + £5) (1 + Kg) (14 Kgq) [min]

Prl tem pomenlijo: ¢, - normo, ¢, - tehnoloskl
tas, t, - pomoznl cas, K. - ergonomski koeficlent

zajema 6 oz. 5 obremenitev, Ky - dopolnilni koe-
ficient organizacijskih izgub in fiziclozih potreb.

2. APLIKACIJA MODELA

Predstavljamo uporabo modela za dolofanje
ergonomskih obremenitev In obremenjenostl pri
delu v strojni Industriji.

2.1 MTO In OADM
211 MTO

Anallzo strukture Zasovnega fonda pri delu
smo izvedll za dela In opravila na numeriéno kr-
miljenth vretenskih struZnicah, numeriéno krmi-
ljenth karuselskih struZznicah, numeri¢no Krmilje-
nih obdelovalnih eentrih (veliki), numeri¢no krmi-
ljenih obdelovalnih ecentrih (srednjl). Zastopanost
posameznlh aktlvnostl na teh delovnih mestih je
prikazana v preglednici 1.

2.1.2 OADM

Analizirana delovna mesta po metodi OADM
smo opisno na grobo ocenili glede na 1zpos-
tavljenost, zahteve, obremenitve, obremenjenostl
in tveganja. Ta groba ocena je celovito osvetlila
znatllnostl, kil so izstopale in kjer bodo najbrz
potrebni ukrepl, bodisi pri izbirl In varstvu delav-
cev all pa pri urejanju samega dela.

Iz preglednice 2 lahko razberemo potrebne
ergonomske pogoje za uspesno delo.

2.2 MADM
2.2.1 Fizitne obremenitve

Energetska poraba pri dinamiénih in statlénih
obremenitvah je podana v preglednicl 3.

2.2.2 Toplotna obremenitev

V preglednici 4 so rezultati izmerjenih kli-
matskih veli¢in (temperatura, vlaga, gibanje
zraka) in izrafunana normalna dejanska tempera-
tura NAT.

2.2.3 Obremenitev vida

Osvetljenost je prikezana v preglednici 3.
Vidne zahteve analiziranih delovnih mest so velike
in tu mora biti osvetlitev vetja ali enaka 300
luksom.

Where: ¢, - standard time, ¢, - technological time,
Ly, - unproductive time, K. - ergonomic coefficlent
which includes 6 or 5 items of strain, Ky - extra

coefficient of organizational losses and physlologl-
cal needs.

2. APPLICATION OF THE MODEL

A model to determine ergonomic stress and
straln In the engineering industry is presented.

2.1 Actlvity Sampling and Job Analysls
and Evaluation

2.1.1 Activity Sampling

The structural analysis of working time was
performed for the operations on NC-spindle
lathes, NC-turn table lathes, NC-working
centres (large), and MNC-worklng centres
(medium). The percentage of working time and
unproductive time for the above tasks Is presented
In table 1.

2.1.2 Jab Analysis and Evaluation

Job-tasks were roughly evaluated In relation
to the time of exposure, requirements, stress and
strain, and hazards. This rough evaluation pointed
out those job features that did not conform to the
standard and would need to be remedied, elther
in regard to the choice of workers and safety at
work or the arrangement of the work place Itself.

Table 2 shows the necessary ergonomic dis-
position for successful work.

2.2 Measurement of Workplace Conditlons
2.2.1 Physical Strain

The consumption of energy In dynamic and
statlc strain Is shown in table 3.

2.2.2 Thermal strain

The results of the measurement of atmo-
sphere conditions (temperature, moisture, alr
movements) are presented in table 4. The normal
actual temperature (NAT) has been calculated.

2.2.3 Visual Strain

Lighting and contrast Is presented In tahle 5.
Visual requirements for the analysed operations
are sel at a high level: the lighting has to
excesd or be equal 300 lux.
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- Preglednica 1: Delez zastopanosti vseh elementov dela In nedela ter dopolnilni keeficient Ky za
analizirana dela na strojih NC,
Table 1: The percentage of all productive and unproductive operations on NC-machines, and the extra
ﬂm”l'ﬂjﬁﬂr h’d‘

RazvriZens NC-vreten. | NC-karusel | NC-obdelov. | NC-obdelov. | NC-strofl
akthvnostl Delowvno mesto (OM) strubnice | strudnice | centrlvellld | centrlsred. | skupno
%) HC-spindie |NC-turntable FME -
Actities Warkpleos lathes lothws | TS - 08| am | FMS ol
4 ﬁ' ) o Dopolnind keefiolent Ka (%) 10,54 10,98 10,85 11,80 11.00
Neposredna aviomatska obdelava - % b =
1| : s 4935 54,89 53,12 55, .
3 |H!Pmﬁdﬂl rodna obdelava 0.95 288 282 ¥ 1,70
al mabivial iy ]
Culgobnos! delavca pri avtomatsken delowanju
b wls3 * s £.18 8,54 8.20 6,65 7.46
Lol a [YRetiage in Lpenjarie. cmdie s 0.45 0,50 0,95 073 0,65
s [Vpenianje in izpenjanje cbdelovanca 7.88 8.28 750 10,87 B.18
& '""‘"‘1"}' dimenzy 2,88 1.75 3.06 2.26 239
Checking dininsions
7 :ﬂc anje NC-programa 0.84 0.8 019 0.87 047
parl program  bidlng
Skupa] - Total 67,65 75,04 76,97 75,45 74,37
: 1 w m sty 033 0,16 .82 0,55 0,48
¢ Tz s o . 0,04 - . 0.01
Ry Wik directlives _studying
T Sludbenl rargoves
H
i 3 SO 0,06 0,08 0,18 0,34 017
E Priprava anodja
LY
: p| ] M 0,96 1.08 0.25 0,60 075
¥ ' 032 0,16 1,78 1,04 0,78
L il e
'2 g 212 2430 063 1.6 182
™
E
- 5.67 6.03 593 6.48 607
.[
Skupal - Total 8,53 9,88 2,63 10,40 8,81
N y [Calnie ra delo -  dolumenmacte 0,06 . - 0.43 0,14
[ (Waiting for work - directives _migsing
E u | 2 |Gokanjs na dels ;m IFaASpEAEY F. T
P
L Cakanje na mosini 2oy
R - - -
: x % LR 012 0,03
v liZeine Ofoern, sl 9,72 1.29 057 0.56 261
A
o
'!' e Sickeivont |k pockets 412 443 - 2,04 277
! - 5"""“";'"""’ nidhmodd 064 062 0,63 0.65 0,64
a - 7 |lzpad slelariéns enargie 5
s ¥ Broakdown of lectic Supply Mtwork : -
L g [Prerod - popredo “::a 0.57 1,72 0,60 0,64
Sundstill - repainng tools
9 Pomod na drugem delawnam most o
Helping at_othar workplaces
Skupal - Total 15,18 661 293 4,30 5,80
Privaini razgovor
i |
|FI.II.I. Private_conversatio 457 3,85 4,87 7,74 4,48
Ty [y fheopeadfny mm"’:’ z delowege meets 3,09 480 548 4,09 433
Skupal - Total 166 §.45 _10.45 8,83 B8l
SKUPAJ- TOTAL 100,00 100,00 164,00 100,00 100,00
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Preglednica 2: Potrebne ergonomske dispoziclje za uspedno delo, dobljene 2 OADM.
Table 2: Ergonomic dispositions obtalned by job analysis and evaluation, and required for successfull

wark,
Potrebno |e - Required dispositions
£
£ ]
-
€
2 2 =2
Delovne mesto - Waorkplace E 2 i
E ;. 2
§ ) B i
- )
£i: :i i ! il B : 3 g 3
= ¥ B| & 3 5 I: S
g | SES IR TR I
! iR
; HERIERIER IR 1R8I
q Strugar na NC- vretenskl struinicl % ¥ ¥ % % ) x
Turner at NC-apindle lathe
2 Strugar na MC-karusel strufnlel X ¥ X % X X
Turner al NC-turntable lathe Rk
a Rezkalec na NC-obd, centru-sredn]l X ¥ ¥ ¥ ¥
Miliing worker at FMS - medium
4 Rezkalec na NC-obd. centru - wellkl ¥ X % %
Milling worker at FMS - large
3 & 4 4 - 1 2 - 4
Preglednica 3: Energetska poraba. Table 3: Energy consumption.
PODJETJE - COMPANY METALNA n=8 TAM n=zz ELKO n=§ Z n=36
m STATISTIENE SPREMEHLINEE [
* |mEkLsATsKE vELMNE
It MOMNTLIATIC YALUES
L] 1 2 3 & 5 & T a -] 10 11 12 13
1 MADU _ (dmh ) 386901601 508 |3058 (2677 | 5.4 |3063|27.80 (11393030 (2352 | 902
Frﬂﬂlﬁdﬂlﬁﬂ 4 Tﬂp}gznp Fkﬂ.’jﬂ'. Table 4: Thermal environment.
FODJETJE - COMPANY METALMNA n=8 TAM n=22 ELKO n=& L n=is
Zap BTATISTIONE SPALMENLINYEE Ll
. FATRT.MAMMMEY | X |sD |sE| X |sD | s | X |so |sE| X | so | ==
“ | KLIMATEKE VELWEINE
It |cumamc vaLvEs
[ 1 2 |l alsls | sl 78 [ o [40] 1] 2]
1 Tz (') 248 050 |oi8 260 |ogx |o20 |28 057 023 [2sa |es7 |0
2 AV (%) 403 [536 |180 [s77 Jo7s lose [ses [138 loss [s48 [318 loss
3 v_{mis) 019 |06 |o06 o8 |ota [oems [oas [o12 Joos Joaz 014 [oge
4 NAT (°C) 221 los7_[oa1 [236 [101 loze |226 |ose [oao 227 096 0.6
Preglednica 5: Osvetljenost. Table 5: Lighting.
PODJETJE - COMPANY METALNA n=g TAM n=22 ELKO n=6 NOR
Zap STATESTISNE SPREMENLINVKE MATIV
it STATET. VAMABES| % | saen | max | X | mn [ max | X | min | MAX |gran
*  |EKOLOSKE MERITVE
L. |ECOLEICAL MEASUREMENTS DARD
] 1 2 3 L 5 ] T B ] 10 11
1 MEHGSL] ="+ HOHTING 1489 TO 419 | 2429 | 130.7 50T 238.2 123 423 00
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2.2.4 Ropot

V preglednicl 6 je prikazana ekvivalentna
stopnja ropota (Leq) v decibelih.

2.2.4 Noise

Table 6 presents the level of nolse (Leq) In
decibels.

FPreglednica 6: Ropot. Table 6. Nolse,
PODJETIE COMPANY METALMA n=8 TAM n=22 ELKD n=8 E n=38

h STATISTICNE SPREMERLIVEE
ir, soamar. vanoes| 3 | on | ge | ¥ |ep | s | % |=o | =e | ¥ | 8D | sE
" |EROLOSKE MERITVE
". EEOLOGIEAL WEASURFWFNTE
[ 1 2 lal sl sl el z] oo [10][11a]12]1a]

ROPOT . NOISE
1 Leq. (48 BA)] 792 | 137 | 048 | o8 | 127 | 0,27 | 81,2 | 0,85 | 0,35 | BO4 | 1,06 | 0,19

2.2.5 Aerosoll, pare in plini 2.2.5 Aerosols, Vapor and Gases

V preglednici 7 so prikazane koncentracije Table 7 shows the concentratlion of dust.
prahu.
Preglednica 7; Prah. Table 7: Dust.
PODJETJIE COMPAMY METALMA n=8 TAM n=22 ELKD n=8 Y n=238 HoR
STATISTICHE SPREMENLANVEE [WATTY

. STATT. YARBLES| ¥ | o | gE | X |SD |SE | X |Sp | SE| X | sD | SE |sTam
" |emouodxe MERTYE DARD
It |EcolnascAl MEASUREMENTS
0 1 2| a]lals szl elo o]zl
¥ | "“”ﬁ“m;“ OF DUST | 520 [0.02 | 0,01 | 0.32 | 0,08 | 0,02 | 0.20 | 0,01 [ 0.00 | 0.24 |04 [0 | 5

2.2.6 Monotonija

Delo je sestavljeno 1z majhnega tevila pri-
Jemov, ki so enakl In Easovno nespreminjajodl ter
lzvedenl prl zmernem éasovnem pritisku.

2.2.7 Izracun tock obremenitev

Glej preglednico 8.

2.2.8 [zracun ergonomskega koeflclenta K .
Ergonomskl koeficlent je:

At. tock obremenitev
(number of load points)

flgr ™
maks. t. tofk obremenitev
(maximum number of load points)

3. RAZPRAVA IN SKLEPI

Za lzvedbo neke operaclje je v vsakem pri-
meru treba dolotiti normativnl éas, ¢e hotemo
optimalno organizirati izvedbo dela. Zaradi veé-
plastnega pomena casa je nujna stalna analiza in
poznavanje ¢asov oblikovanja proizvodnih sis-
temov. Le-ta je tem uspesnejsa, €lm natancneje
Je ¢as dolo¢en. Prl tem je v vellko pomo¢ ergo-
nomskl keeficient K., ki upoiteva ¢as oziroma

dodatek za okrevanje po dolofenl obremenitvi
lzvajanja dela.

226 Monotony

The operations consist of a low number of
grasps, which are equal In time, and are performed
at a moderate temporal straln.

2.2.7 Calewlation of load points

See table §,

2.2.8 Calculation of the Ergonomic Coefficlent K ,.
The ergonomic coefficlent ls:

6.1
® 0423 = i——
21

+ 03423 = 0,089 = 9.9 %

d. DISCUSSION AND CONCLUSIONS

It is necessary to determine the standard
time to perform an operation If optimum organi-
zation of work is to be achieved. Due to different
meanings of time, the analysis and thorough
knowledge of time in designing productlon pro-
cesses 1s of great Importance. The analysis is the
more successful, the more accurately the time |2
determined. Here it Is greatly helpful If we know
the ergonomic coefficient K., which determines
extra time required for the operator’ s recovery
due to overload at work,



PANOGA : Kovinsko predelovalna
PODJETJE : TAM

BRANCH :

Metal working

COMPANY : TAM
DELOVNO MESTO : CNC - obdelovalni center (srednj) - OCH 500

SIFRA - CODE :

OBRAT - PLANT :
WORKPLACE : CNC - working centre (medium) - OCH 500

ol 1 2 3 4 5 8 T
v Dinamiéne | Statiéne Toplotne  |Obremenitve
OPIS DELA obremenitie | Sisemantve | ohisrasnit vida Ropot Aerosoll  |Pare In plinl| Manotonlja
Dynamlc Thermal Yapours
It DESCRIPTION OF WORK ey Statlc straln pree Visual strain Holse Aerosols | 4 gases Manatany
V] RACLIA - WORK OPERATION | MIN s (MN| s |mn| s [mN| s [mn]| s [MmiN| s |[MN] S |MIN]| S | MIN
e o 2478 | 1 |2a78| 1 |2e7m| 2 |2av8| 2 |2a78| 2 |247| o |2e78| 0 |2e7e| 1 |2478
Direct automatic machining
2 Heposredna rofna obdelava ¥ 5 "
Direct manual working of material
JIpAREEIN i GRS . 33 | v+ |asE Rz |sa:] 2l aa]| 2 |saliofas o [aa] o4 80
Clamping and wnclamping of tools
4 |YPeninle In impenjanly ‘hdeivymnse 489 | 1 |a8a | 1 |4sa| 2 |89 | 2 |4se| 2 |48e| 0 |480| O (489 | O | 489
Clamping and_unclamping of workplece
g |Preverjanje dimenzi] w2 | 1 [102] 1 |1w02] 2 [102| 2 [102]| 2 [102] 0o |102]| 0 [102]| o | 102
Checking dimanslons b )
o [Tootinnly NC-progusss 2,8 v ag it kas | 2 |Laey] 24 ae | 2 [aelro Las | o | a8l 0 | ae
NC part_program testing
¥ Odsotnost delavea prl aviomatskl sbdelavl 299 1 29,8 1 209 2 23,8 2 288 2 289 0 29 0 | 289 ] 29
Absence of worker from automatlc operation
s [Priprava delovnogs mests oo | 1+ |29 1 |20 2 |20 2 |29 2 |20| o 20| 0 |20] 0| 20
Workplace preparing
g [Studll dokumentaclje 1 i L 2 2 2 0 : 0 2 o
Work_directives studylng
(i [ Ote. 2.8 t |2l v lon | 2 |28l 2 ]2 | 2 | 28| o Jiza| o | 28°] 0] 26
Freparing tools
11 |Dvig In umerjanje orodja a7 1 47 1 4.7 2 AT 2 47 2 47 [} 4.7 0 4.7 0 4.7
Tool plek-up and callbratlon
1z |Ctienje stroja 7 | v | eriRIEr | & | EThl o2 | Bl n |ao |.&r | 6 | &7 0 &P
Cleaning the machine
13 |Drumeo 899 | 1 |es9| o |ese| 2 |eos| o [es9| 2 |es | o |ma| o |eoe| o | @0
14 |E 450 450 450 450 450 450 450 450 450
15 |Steviio tofk - Mumber of polmts I = 8,1 1,0 0,6 1,5 1,5 1,2 0 0 0.3

Preglednica 8: [zracun tock obremenitev.
Table 8: Calculation of load points.

6—L/Z66L (BE) WNYIMENT "DNMIINIONI TVIINVHOIN 40 TVNENOT — MNLSIA DISNFOHLS

Bl
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Pri postavljenem modelu dobime z metodo
trenutnih opazanj MTO strukturo ¢asovnih zasto-
panosti obremenitev. Ocenjevalna analiza delov-
nega mesta OADM da orientacijo za potrebno
merske anallzo In occene stopnje monotonlje. S
samo mersko anallzo delovnega mesta MADM
dobimo dejanske obremenitve In obremenjenosti,
ki jih uporabimo pri stopnjevanju obremenitev.

Stopnjevanje In vrednotenje obremenitev in
obremenjenostl je postavljeno po teoretiénih In
praktiénih izkusnjah. pri ¢emer velja predpostav-
ka, da vsaka obremenitev deluje neodvisno od
drugih. To je mogode pri delu v strojnl Industriji.

Dosedanje metode so obremenitve In obre-
menjenosti zajemale v dveh koeficlentih K, in K,
(utrujenost zaradi lizi¢nih aktivnosti in monotoni-
Je ter ekoloskega vpliva okolja). Obremenitve v
natem modelu pa smo sistemizirall in jih zdruzili
v skupni Iindeks K .. Pri tem smo upoitevall vedje
Etevilo obremenitev In obremenjenostl kakor doslej
(ropot, vid).

Ugotovljenl ergonomskl keeficlent K. po-
menl manj$l dodatek kakor dosedanja koeficlenta
K, In K v strojni Industriji, kar pomeni, da smo
za tolikZen dele zmanj8all tudl 2asovno vrednost
strojno-roénih in roénih prijemov v okviru &asa
izdelave, Iz tega izhaja tudi ustrezno poveéanje
produktivnosti, seveda ob upoStevanju predpisane
metode dela, ker le takini odmorl In poditki med
delom omogofijo delaveu obidajno storilnost, pri
tem pa utrujenost ne prese?e predvidenlh vred-
nosti.

By applying the activity sampling method to
a set model, the time structure of the load at
work 1s obtained. Job analysis and evaluation ser-
ves as an orlentatlon for the measurement of
workplace conditions and the assessment of mo-
noteny. By the measurement of workplace condl-
tions, actual stress and strain are obtained and
used in grading the workload,

Grading and evaluation of stress and straln
are based on theoretical and practical experlence,
with a presumption that each load |s applled In-
dependently of the other. This Is possible at work
in the englneering Industry.

The methods used to date express stress and
strain by two coefficients, K, and K, (fatigue
due to physical activities and monotony, and eco-
logical influence of the environment). In our mo-
del, stress and straln were systemized and united
In a joint index K,.. A higher number of stress
and strain items are encompassed (nolse, vislon)
In comparison with the old method.

In the engineering Industry, the established
coefficlent K ., represents a lower extra than the
old coefficlents K, and K,, which means that the
proportion of time for machine-manual and ma-
nual operations in the total production time has
been decreased. This results in an Increase of pro-
ductlvity If the required working methods are fol-
lowed, because short breaks during werk enable
the operator to achieve normal efficlency, without
being tired above the permitted level.
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