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Upoatevanje ergonomskih obremenitev prl dologanju casa Izdelave
v prilagodljivi proizvodnjl

Considering Ergonomic Stresses In Determining Production Times
in Flexible Manufacturing Systems

ANDREJ POLAINAR — VEKOSLAV VERHOVNMIK

Na zmanjsanje obremenitev, ki se pojavijajo pri delu. vpliva dodatnl das v akviru
dejansko potrebnega casa za izvedbo dela. V ¢lanku predstavijamo uporabo metode dolocanja
ergonomskih obremenitev pri delu z izratunom ergonomskega kolicnika K,. In njegovo
vkljucevanje v enache za [zracun dasa v prilagodljivi proizvodnji. 8 tem smo dopolntf
dosedanja spoznanja z novimi, kar bo vodilo k plodnejgemu in humanejsemu defu.

The reduction of stresses at work Iz Influenced by the extra time in the total production
time. Thiz papar shows the application of the method for the ealculation of ergonomic loads
at work and the calculation of the ergonomic coefficient K. and its integration In the
equations for the calculation of time in flexible manufacturing svstems. In such a way we
supplemented previous conceptions with new conditions in up-to-date production which will
result in more productive and more humane waork.

0. UVOD

Delavec In okolle, v katerem dela, sta speci-
ficen ergonomski sistem. V delovnem okolju je ved
dejavnikov, ki delujejo na delavéev organizem. V
organizmu se, zaradi obremenitev, pojavi obre-
menjencst. Med obremenitvami in obremenjenost jo
Je ravnovesje, tako da ve®je obremenlitve povzrota-
Jjo vedje obremenjenostl. Spremembe, Ki nastanejo
zaradi obremenitve, so v doloéenih mejah zdruglji-
ve z obicajnimi fizioloskimi reakcijami ¢loveka.
Te meje so najvetje dovoljens obremenjenosti.
Obremenjenost!l lahke ocenimo 2 merjenjem para-
metrov v delavéevern organizmu (krvna slika,
analiza urina, kardiovaskularne funkcije, delovanje
plju¢ itn.). Velikostl teh parametrov morajo biti
v mejah obiéajnih vrednostl.

Obremenitve so lahko psihiéne, Tlziéne in
ekologke. Obremenjenosti so lahko fizitne in psi-
hitne.

Ce sistem obremenitve — obremenjenosti ni
v ravnovesju, se pojavljajo: utrujenost, poskodbe,
poklicne boleznl itn. Zato moramo obremenitve
objektivno merltl In ¢e ne ustrezajo predplsom.
Jih moramo popravitl.

~ MoZen ukrep za zmanjanje obremenlitev je
tudi dodatni &as v okviru dejansko potrebnega casa
za lzvedbe dela. Zato smo v velletnl raziskavi
ugotavljall vpliv delovnega okolja na &loveka in na
¢as |zdelave, kar smo kot nove metodo dolocanja
ergonomskih obremenitev pri delu v strojni Indu-
striji e predstavili [6].

Ta élanek pa predstavlja uporabo navedene
metode pri vkljuéitvi ergonomskega koli¢nika K.
v enafbe za lzrafun éasa v prilagod] jivl prolzvodnjl.

0. INTRODUCTION

The operator and his working environment
represent a speciflc ergonomic system. A number
of lTactors [(stresses) from the working environ-
ment exert pressure on the operator's organism,
the consequence of which Is the strain incurred.
Stress at work amd inducing strain are interde-
pemdent, the gpreater the stress, the larger the
straln. Changes In the operator's organiam due
to stress may represent normal physlological
reactions Il they remaln within the permissible
physiological limits. These limits are taken as the
maximum strain permitted at work. Straln can be
assessed by controlline  certain  physiological
parameters in the worker's organism (blood and
urlne analysis. cardiovascular functions, lung
functlon. etc.). the values of which must not
exceed normal amounts,

Stress can be psychological, physical and eco-
logical. Straln may be physical and psychological.

If the stress-strain balance 15 disturbed, the
effects induced are latigue, injurles, occupatlonal
diseases ete, Stresses should, therefore, be mea-
sured by ohjective methods and they should be
remedied IT they do not comply with the standard.

A possible way to decrease stress on a work-
er Is to allow extra time in the total production
time. In an Investigation lasting several vears, we
concentrated on the impact of the working envl-
ronment upon a person and consequently upon pro-
duction time. This new method of determining
ergonomic loads in the machine-building Industry
was already explained [6].

The present paper shows the application of
the above mentionsd method and the integration
of the ergonomic coefficlent K. in equations for
calculating stamdard tlmes in flexible manufac-
turing sysitems.
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. UPORABLJENE METODE
1.1 MTO, OADM, MADM 1n K,

Metoda trenutnih opaZanj MTO, ocenjevalna
analiza delovnega mesta OADM, merska analiza
delovnega mesta MADM In metoda lzratuna er-
gonomskega koeficlenta K so bile 2e predstavlje-
ne [6].

1.2 Casovna dolotila
v prilagedljivi prolzvodnjl

Temel] avtomat|zirane prolzvodnje so nume-
ritno In ratunalnitgke krmiljeni strojl. prl katerlth
dolo¢imo Cas za lzdelavo enega kosa po enatbi [4]:

{,= [lKA 3 ('EI{N ¥ In){l

kier pomenijo: fea — tas avtomatskepa vodenja
stroja (min), tppy = Cas, na katerega lahko vpliva
operater (min), t. — ¢as zaustavitve zaradl proce-
sa (min), K, — koli¢nik napora, K, — Koli¢nik
okolice, Ky — dopolnilnl koli¢nik.

Cas avtomatskega vodenja stroja fie o,
Daleimo ga lahko z analititne metodo po
enachbi:

kA = tin * tlnn "ltat (Eppr * ":pru:-z

pri tem pomenijo: ty, — glavni tehnoloski ¢as pri
avtomatskem vodenju, tyup — pomoznl strojni cas
pri avtomatskem vodenju, ., — tas za zagon
vretena, f,.., — Cas pozicioniranja arcrdjul. bpor ™
tas zamenjave orodja, f,.., — ¢as sukanja mize,
tovr — Cas za spremembo smeri vrtenja, L
tas programiranega zastoja, f,. — tas za bralnik
luknjanega traku.

Ce &e nimamo na voljo programa NC za obde-
lavo, lzvedemo éasovno preratunavanje z empiriéno
metodo po enatbi:

fica

Kjer pomenijo: ty, — tehnoloski glavni tas (min),
0.2 m = dele2 ¢asa vseh sprememb smeri vrtenja
vretena, (0,2 — povpretno potrebni &as za ustavlja-
nje in zagon pogonskega motorja ter preklop sklop-
ke (min), m = &tevile sprememb smerl vetenja v
prﬂgl‘emul ¥w - Cas, potreben za vse zamenjave
orodja (min) (¥ — povprecno potrebnl fas za zame-
njavo orodja (min), w — stevilo zamenjav orodja
v programu), 0,174 = 0,106 + 0,065 — dodatek za
zagon vretena, primik s startne tocke ter po kon-
canem ciklu odmik v startno tocke In ustavljanje
vretena, £— koliénik dodatka za vse druge pomoZz-
ne &ase, na katere delavec ne more vplivati,

= ba*02m+ yw + 0074 & b F

1. METHODS LUSED
1.1 Actlvity sampling, analysls and

cvaluatlon of the workplece, measurement
of the workplace conditlons, and K.

Activity sampling, analysis and evaluation of
the workplace, measurement of the workplace
conditions, and the calculation of the ergonomic
coefficient Ky, were already described [6].

1.2 Time standards In
flexlble manufacturlng systems

Automated production is based on numerl-
cally controlled and computerized numerically
controlled machines (NC- and CNC-machines).

The standard production time per plece (4] Is cal-
culated Mrom the equation:

Ko k) (1 + Ky)

where: tg s — time for the numerical control of
the machine [ min). gy — time controlled by the
operator (min), t. — delay time due to the Inter-
ruption of the process (min), K, — strain coef-
Micient. K, — environmental coeflicient, Ky — ad-
ditional coefliclient.

(min) (1),

Time for the numerical control of the machine ty 5
It can be determined using the analytical
method Mrom the equation:

3o buaiend

(min) (2),

por tove i * tpr ® ‘m}
where: ty, — maln machine time in the numeri-
cally controled process, ¢ ap T machine idle time
in the numerically controlled process, ¢ .. — time
for starting the spindle, ¢, — time lor position-
Ing the tools, t,,,,. — time for replacing the tools,

Loz — time lor turning the table, dener =S HI0S
for changing the rotating direction, ¢, — time for
programmed delay. ., = time for reading the

perforated tape.

If no numerically controlled machining pro-
gram Is avallable, the time calculation can be made
using the empirical method from the equation:

(3),

(minl

where: t,, — main machine time ( min), 0.2 m —
proportion of time lor all changes in the rotating
direction (0.2 — average time necessary to stop
and start the deive motor and to engage the clutch,
m — number of changes in the rotating direction),
¥w — time for all replacements of tools (min),
(v — average time for tool replacement (min),
w — number of tool replacements in the program).
0.174 = 0.106 + 0.065 — extra time for starting the
spindle, advancing the tool from the starting polnt
and returning the tool to the starting point after
the finished cyele, and stopping the spindle, f —
additional coelTicient [or all delay times which
are not controlled by the operator.
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Cas, na katerega delavec lahko vpliva tyy

Poleg avtomatskega vodenja Imamo na strojih
NC tudl moZnost rotnega vnatanja podatkov z upo-
rabo tipkovnice na krmilni enotl. Tak natin dela je
v nasprotju z avtomatizacijo prolzvednje In Je
upraviéljiv le v posebnih primerih (¢e se npr. ob-
delovanec nekollko razlikuje od programiranegal.
Za to delo je porabljen glavni éas, na katerega
vpliva operater (fma)s #a izrafun pa veljajo Iste
formule kakor za glavnl éas, le da upostevamo e
#as rofnega vnatanja podatkov.

V okviru Izvajanja neke operacije se pojavljo
tudi prijemi, ki jih delavec lzvaja v &asu, ko stroj
miruje, npr. vpenjanje, lzpenjanje, centriranje,
tl&tenje vpenjalnega mesta, morebitno merjenje,
kil terja zaustavitev avtomatskega cikla, In prije-
mi, ki niso povsod avtomatizirani (zamenjava
orodja, zasuk mize Itn.). Potreben ¢as za navedene
prijeme zajamemo & pomoZznim ¢asom, na katerega
vpliva delavec.

Skupnl ¢as, na katerega delavec lahko vpliva,
Je tore):

N = Ima *

Cas zaustavitve zaradi procesa (t.)
Zaustavitve procesa obdelave navadno niso po-
trebne v vsakem clklu, ampak npr. po dolotenem
Stevilu ponovljenih ciklov zaradi obrabe orodja,
deformacije noZa oziroma doseganja mer zunaj to-
leranénega obmocja. V' tem primeru dolotimo cas
zaustavitve po enachi:
top

Foding

pri tem pomenijo: t., — predvideni tas zaustavitve
{min), doloéimo ga s snemanjem ali s sisteml
vnaprej dolofenth casov (uporaba preglednice stan-
dardnih &asov), n, — Atevilo ohdelovancev, ki smo
jih obdelall med dvema zaustavitvama.

Cas (t,) za izdelavo enega kosa
Zajema osnovni normativni ¢as, ¢as za okre-
vanje ter dodatni ¢as. Dolotimo ga z enatbo (1),

Pripravljalni in konéni tas (t m)

Tudi prl pripravijalnibh in konénlh delih mo-
ramo upodtevati dodatni ¢as za okrevanje ter do-
datni #as, ki upodteva organizacijske izgube:

boz ™ toza(1 + Kk ) (1 + Ky)

Vrednosti za glavni pripravijalni in koncni
tas I, dobimo Iz standardnih preglednic, ki jih
za posamezna delovna mesta izdelamo s snema-
njem prijemov s kronometrom ali s sistemom
vnaprejinjega dolotanja casov.

Time controlled by the operator Ly

In addition to the automated control, the NC-
machines offer the possibility of manual data in-
put using a key board on the control unit. Such an
operation mode Is contrary to automated produc-
tlon and Is allowed only in special cases, such as,
for example, when producing a workplece slightly
differing from the programmed one. This operation
Is performed In the main production time, which
can be controlled by the operator (¢, ). It I5 ob-
tained from the formulas for calculating main
production times by taking into consideration the
time for manual data Input.

Operatlons consist also of grasps performed by
the operator when the machine Is at a standstill,
such as, for example, clamping, unclamping, cen-
tering, cleaning the clamping jaw . possible measu-
rements which require an Interruption of the auto-
mated cycle. as well as of grasps which are not
automated in all types of machines (replacing tools,
turning the table, etc.) The time necessary to per-
form the above operations is considered to be idle
time, which is controlled by the operator.

The total time which can be controlled by the
operator 1s:

! {min) (4).

map

Delay time owing te the interruption of the
process (i 1..’

Interruptions of the machining process do not
occur In every cycle but after a certaln number
of repeated cycles inducing wear of tools, defor-
matlons of the knife or a change of workpiece di-
menslons which surpasses the tolerance range. In
guch ca=ez, the interruption time ig determined
from the equation:

{min) (3),

where: t., — predicted Interruption time (min),
which Is determined by recording the Inter-
ruptions or by applving the predetermined time
systems (using the standard time tablesl, n,
number of workpicces machined between two
interruptions.

Standard time per plece (t,)

It Includes the baslc standard time, the fa-
tigue recovery time. and additional time. It Is de-
termined from equation (1),

Setup and cleanup times (t mr}

In determining the setup and cleanup times,
the fatipue recovery time and the time allowance
required to cover organizational losses must also
bae taken Into conslderation:

(min) (B).
The basic setup and cleanup times tpzo are
obtained by using standard tables compiled by ti-

ming grasps by a chronometer or by predetermined
time systems.
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Cas, potreben za izvedbo narotila (ty)

Cas, potreben za ljzdelavo narotene kolitine
lzdelkov, dolo¢imo z upostevanjem prejinjih ele-
mentov po naslednjl enachi:

= fpp * N = by * n[:,m sen *te) (10 Kok ) (14 Kg)

Normativnl In pripravijalnl kenéni éas ob
upostevanju Kolicnika K .

Ob upodtevanju koliénika K., Ki nadomesta
koli¢nika K, in K, dobi splogna enatba za izratun
norme naslednjo obliko:

t! & [tlﬂ E 'tjll‘l 4 ('tl‘.ﬂl" - fl,r e 'tpul- "

Pri tem sta casa t,, In [, tasa avtomatsKega
tehnoloskega oziroma pomoZnega prijema, medtem
ko moramo ¢asovno trajanje strojno-roénlh in
roénih prijemov popraviti na dejansko vrednost z
ergonomskim koliénikom K .

V razmerah avtomatizirane prilagodljive pro-
izvodnje pa dobl enatba za normativnl Kosovni ¢as
naslednjo obliko:

- [IKA ¥ (II{N * .[._.)(]

Vrednosti za tya dolofimo 1z enacéb. Ki so
za posamezne vrste obdelav ter prijeme definirane
v [4].

Prileme, na trajanje katerih lahko delavec
vpliva, prav tako standardiziramo za posamezne
vrste obdelave ter tako dolotenim standardnim
prijemom doloéimo pripadajote ¢casovne vrednostl.
ki veljajo v dolotenem delovnem okolju in pri
predpisanl delovnl metodi.

Enatha za pripravljalni konénl ¢as dobl obliko:

L

Tako doloéeni ¢asovnl normativi bodo kot eden
od sistemov vnaprejinjega dolotanja casov podlaga
za vnaprejinjo ocenitev strozkov izdelave, kakor
tudi za natrtovanje rokov lzdelave.

2. REZULTATI RAZISKAY
2.1 lzratun totk obromenitev

Obremenitve je mogede lzrazitl z ekoloskim,
fizlolodkim In psiholozkim indeksom. Indeksi so
tehtanl. Utez vsebuje faktor teze in tasa ekspozi-
clje obremenitve. Tea je izraZena s Stevilom totk,
katerlh seltevek — najvet 21 totk — naj bi bil
enak Sestim oziroma osmim obravnavanim obre-
menitvam.

Primer izratuna to¢k obremenitev prikazuje
preglednica 1 [5].

tor ) (1% Kop )] (1 + K4)

e ™ tpmo (1 + Kor) (1 + Ka)

Time for executing an order ()

The time necessary to produce the ordered
quantity of products is determined from the fol-
lowing equation by taking into consideration the
above stated elements:

(7).

(min)

Standard, setup and cleanup times and the
application ol Kee

Introducing the coefficient K., which re-
places the coefficients K, and K. into the gene-
ral equation, the standard time Is:

(min) (8).

where t,, and 1, are the times for automated
and semi-automated grasps, while the time for
machine-manual and manual grasps must be cor-
rected to the actual value by applying the ergono-
mic coefficient K,..

In automated [lexible manufacturing systems,
the equation for calculating the standard time per
plece is:

Kor) (1 + K4)

The values f[or tga are obtalned from the
equations lor calculating times for different
machining processes amnd grasps known In the
literature (4],

The grasps which can be controlled by the
aperator are also standardized for Individual ma-
chining operations. The obtalned standard grasps
are then assigned adequate time values which are
valid in a set working environment and with the
required working method.

The equation lor the setup and cleanup time
Is:

({min) (9).

(min) (10).

Time standards determined in this way are
one of the predetermined time systems and serve
as a basis for planning production and making the
preliminary caleulations of production costs.

2. RESULTS OF INVESTIGATIONS
2.1 Calculatlon of load polnts

Work losl can be expressed with ecological,
physiological aml psychological indexes. The cal-
culation of the indexes includes the factors of load
intensity and of the time of exposure to load. The
pondering is expressed by a total of points, the
maximum being 21. obtalned by summing up all
load points in the table. The sum Is supposed to be
an adequate assessment of 6 or 8 discussed loads,
respectively.

Table 1 is an example of the calculation of
load points in the metal working industry [5].
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Preglednica 1: Jeradun tock obremenitev. Table 1: Calculation of load points.
PANOGA : Kovinsko predelovalna BRAMCH : Metal working SIFRA - CODE :
PODJETJE : TAM COMPANY : TAM OBRAT = PLANT :
DELOVNO MESTO : CNC - wislenska strunica AT 400 1. WORKPLACE : CNC - spindie lathe AT 400 1.
E: 1 2 3 4 5 8 1 ]
OPIS DELA Dinamitne | Stations | Toploiss [ORremen® | Ropet | Asrosol [Pare in piei| Monctonlle
I DESCRIPTION OF WORE """.:” Staths atradn m Wisuad srain Holee Asrosals m Mgt oy
- WORK TioW [ MiN_| 5 [mN | 8 3 [ww| 5 [wm| 5 Jww| s [wuw| 8 [Mu| 8 [
[ i bligiiod wmn | 1 |mmo| 1 |eme| 2 |mee| 2 [220] 2 |ame| o |mae| o |zo| v feme
12 1 1d 1 2| 2 |wnt] 2 LF- 2 L3 - 12 o || e |12
a0 1 a0 1 =0 2 28 2 =0 2 20 -] 20 o 0 o n
kLR 1 54 i | E-A] 2 Tt z 34 2 e -] 54 o A o A
120 1 |vme| 2 jwe| 2 |wpof| 2 [@0] 2 [0 0 |0 0 |1e) 0 130
w il e | |2 | 2 || 2 |2 || 0 2|0 |28 0 |28
e 1 wa 1 Cif ] 2 Ft) 2 aTh Ed s o TR ] ara a e
] 1 (P a2 (w2 [0 | 2 J1a| @ |t @ [vEa] R |18
1 1 2 FH H L] ] ]
43 1 |43 ]| 1 |43 | & |48 ] 2 |43 | & |43 | & |43 | &6 Ja3 | & | 43
15 1 15 1 15| 2 5| 2 | 1@ z 14| @ | 18 I I
s 1 | ws | 1 | e | s |ns | 2 |08 | 8 |08 | o | e8| o e | o | s

s 1 |'zesl 0 (288 2 [vees| o (veme| 2z |vEme| O |vEes| O |iaas( O (1388

A58
l{:|hmmh :_ Wumber of points T = 8,03 1,0 1 1,5 1,8 [ [ 0,3
2.2 Izratun ergonomsklh koliénikov 2.2 Calculatlon of ergonomic coolflclonta
Z enatho: Liging the equation:
R Stevilo totk obremenitev (number of load points) 99 (1
il najvedje Stevilo tock obremenitev (maximum number of losd points) '
objavljeno v [6], emo izracunali ergonomske koli¢-  presented in [6]. the ergonomic coefficients for
nike za tri skupine obdelovalnih strojev CNC. Re-  three groups of CNC-machines were calculated.
zultati so podani v preglednici 2 [5]. The results are shown in Table 2 [3].
Preglednica 2 Table 2
Zap. St. todk Majvetje 5t. totk Ergonomski Kolitnika
at. Delovno mesto obremenilve obremeniley kolienik K K. K,
Number of Max. number of Ergonomic Coellicicnts
No. Workplace load points load points cocll. K K. K,
vrelenska
struinica CNC
1 GNC-spindle 6,05 k) | 00,0495 0,145
lathe
karusel
strufnica CNG
0
2 CHC=turntable 6.1 1 0.099 0,143
lathe

ohdelovalni CNC

center-srednji

S NG okl 6.1 21 0,009 0.143

centre (medium)
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2.3 Dolotanje norme
v avtomatiziran! prolzvedn]l

MNormativni ¢as za izdelavo okrova crpalke
(sl. 1) na struznicl NC Georg Fischer smo ocenili
z uporabo enacbe (8) in enach (3), (4) in (5):

2.3 Dotormining standard time
In automated proeductlion

The calculation of the standard time for ma-
chining a pump casing (fig. 1) on a NC-lathe,
made by Georg Fischer, was made from equations
(8), (3), (4), and (3):

b= [tiea + (ten + 1) (1% Kon) ] (1 + Ka) = 12485 + (1,697 + 0,032)(1 + 0,098)(1 + 0,14)

L, = 16,395 min

Pripravljalnl in konénl ¢as je (10):

tpz = tpm{' s Hnr)(j s
= 2255 min

Cas za serijo 100 Kosov je:

/
$'8l. 1. Okrov ¢rpalke

Fig. 1. Pump casing.

The setup and cleanup time equation (10) Is:

Ky) = 182796 (1 + 0.008)(1 + 0.14) =

The time for a 100 plece series is:

Ly ™ Lo, *+ mt, = 2285 + 100~ 16,393 =
= 1868 min ali {or) 31,13 ur (hours)

Ob upostevanju enach (1), (6) In (7). v katerih
sta uporabl jena koliénika napora In okolice Ky in
K,. so vrednostl lzratunanih ¢asov:

t, = 16,430 min, £, = 237 min, ty = 1550 min
all 31.33 ur.

Manj%e obremenitve in obremenjenosti, ki
smo jih ugotovill v avtomatiziranl prolzvednji s
strojl NC In CNC se kazejo v ergonomskem kalie-
niku K . In Imajo zato tudi niZje. realne ¢asovne
vrednosti.

3. RAZPRAVA IN SKLEFI

La izvedbo nekega dela je v vsakem primeru
treba dolocitl normativni ¢as, ¢e hofemo optimalno
organizirati njegovo izvedbo. Predstavljen primer
dolotanja ¢asa potrjuje. da lahko to delo dobro

Considering equatlons (1), (6), and (7)., In
which the strain coefficient Ky and the environ-
mental coefficient K, are applied. the values cal-
culated for Individual times are:

ty= 16,430 min, £, = 237 min, ¢y = 1850 min
or 31.33 hours.

Lower stresses and strains established In the
NC- and CNC-production are seen In the ergono-
mic coefficient K, ad consequently in the lower,
real time values.

4. DISCUSSION AND CONCLUSION

To perform an operation in due time It Is
necessary to determine the standard time if opti-
mal organization of work Is to be achieved,
Proof that this can be done is provided by the
above-stated example for determining the time
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opravimo In pri tem upostevamo vsa nacela huma-
nega dela. Studij In analiza ¢asa nista v nasprotju
z ergonomijo, ampak lahko rezultate raziskav s
teh podroéij zelo uspesne uporabimao pri poenostav-
ljanju dela In humanem oblikovanju dela, predvsem
pa za ugotavljanje In lzrafunavanje ¢asa, potrebne-
ga za Izvedbo dela. Uporablmo ga lahko veénamen-
sko [1), npr, za: stro2kovno ocenitev Izdelka, dolo-
canje rokov prolzvodnje, lzratun gospodarnosti,
investicljsko nafrtovanje, nafrtovanje zaposlitve
osehja, obllkovanje dela, primerjanje postopkov,
lzrafun stimulativnega dela dohodka za opravljeno
delo, racionallzacl jo dela.

lz tega izhaja, da je nujno potrebna stalna
analiza in poznavanje ¢asov pri oblikovanju proiz-
vodnih sistemov In je tem uspesnejsa, ¢im natand-
neje Je ta Eas doloden. Prl tem je v veliko pomoé
ergonomskl kollénik K, .. kl uposteva &as oziroma
dodatek za okrevanje zaradl dolocenih obremenitev
pri lzvajanju dela. Do sedaj postavijen natin z upo-
atevanjem koliénika utrujenosti K, in okolice K.
Jje v uporabl 2e dalj ¢asa. Razmere v danadnjl pro-
izvodnji so se tolike spremenile, da je nujno po-
trebno postaviti drugaéna merila ter podroéja ob-
remenitev raziiritl v ved skupin.

Ugatovljeni ergonomski keliénik K, pomeni
v povpredju za okoll 32 odstotkov manjil dodatek
kot dosedanja kolicnika K, ter K,, kar pomenl, da
smo za tolik#en dele? zmanjzali tudl éasovno vred-
nost strojno-roénih In roénlth prijemov med [zde-
lavo. Iz tega izhaja tudi ustrezno povecanje pro-
duktivnostl, seveda ob upo&tevanju predplsane me-
tode dela, ker le takani odmori in pocitki med de-
lom omogoéajo delaveu primerno storilnost, pri
tem pa utrujenost ne preseze dovoljenlh vrednostl.

which takes into consideration all principles of
work humanization. Time study and analysis are
not contrary to ergonomics. The results of In-
vestigation in these fields can be successfully
applied both in simplifving and humanizing work,
and especially in determining and calculating the
production time. The production time, once deter-
mined, can be used in numerous applications [1],
as for example: product cost calculations, pro-
duction scheduling, efficlency calculations, invest-
ment planning, employment planning, designing of
work tasks, comparling processes, calculating
stimulative wages for the work performed, ra-
tlenalization of work,

It Is evident [rom the above that analysis
and good knowledge of time Is of great Importance
In designing productlion processes. The more accu-
rately the time is determined, the more success-
ful is the analysis. It is very helpful here if we
know the ergonomic coefficlent K .. which de-
termines the extra time lor the operator's reco-
very [rom overload at work, The strain coefficient
K, and the environmental coefficient K, have
been in use for quite a long time. However, owing
to a considerable change of working conditions In
modern Industry, new criteria have had to be set
and new workload grades established.

The established ergonomic coefficient K.
shows a time allowance lower by about 32% as
compared to the allowance established by the coef -
ficients K. and K. This means that the propor-
tion of time for machine-manual and manual ope-
rationg in the total production time |z decreased
accordingly. Consequently, productivity Is Incre-
ased, on condition that the required working
methods are used. Short breaks and stops allowed
during work enable the operator to achieve normal
efliciency, without being tired above the permit-
ted level.
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