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Pretocni cas operacije

The Flow Time of Operation

Marko Starbek - Janez Grum - Janez KusSar

Pretoéni ¢as operacije, ki je najkrajSa enota pretocnega casa narocila, pomeni izhodiséni podatek za
dejansko nacrtovanje in krmiljenje proizvodnje. Tega ¢asa ni mogoce izracunati, ampak ga je mogoce le meriti.
Slovenska podjetja vidijo v skrajSanju pretocnega casa operacij in s tem tudi narodil veliko priloinost za
dosego ¢im vecdje konkurencrosti na domacem in tujem trgu.

V prispevku je pokazana razlika med enodimenzijskim, dvodimenzijskim ter srednjim preprostim in
tehtanim pretocnim casom operacije. Posebna pozornost je dana izbiri nacina izvedbe meritev pretocnega
Casa operacije in konstruiranju izvedenim meritvam pripadajocega diagrama pretoka. Ker pretocni as operacije
ni vedno enak, temveé se s ¢asom spreminja, je v prispevku prikazan postopek izvedbe nadzora pretocnega
Casa operacije, ki sloni na Demingovem krogu stalnih izboljsav.

Prikazani so rezultati izvedbe meritev in nadzora pretocnega casa operacije v podjetju, ki izdeluje
stroje za kemicno industrijo.
© 2000 Strojniski vestnik. Vse pravice pridrzane,

(Klju¢ne besede: ¢asi preto¢ni, diagrami pretoka, operacije, vsebine dela)

The flow time of operation (the shortest unit of flow time of an order) is the initial data for realistic
production planning and control. This time cannot be calculated — it can only be measured. Companies in
Slovenia would like to reduce the flow time of operations (and thus reduce the flow time of orders) to improve
their competitiveness in domestic and world markets.

This paper presents the difference between one-dimensional, two-dimensional, and mean simple and
weighted flow time of operation. Special attention has been paid to the measurement of the flow time of opera-
tion, and the construction of a corresponding flow-time diagram. The flow time of operation is not a constant
value (it changes with time) and therefore this paper presents a procedure for operation flow-time control
based on Deming s circle of continuous improvements.

Presented are the results of the operation flow-time measurements and control in a company that

produces machines for the chemical industry.

© 2000 Journal of Mechanical Engineering. All rights reserved.
(Keywords: flow time, flow diagrams, operations, work contents)

0 UVOD

Ko govorimo o preto¢nem ¢asu, moramo
razlikovati med:

— pretoénim ¢asom operacije in
— pretoénim ¢asom narodila,
kar prikazuje slika 1.

S slike 1 vidimo, da pomeni pretoéni ¢as
operacije ¢asovni korak, raunan od asovne tocke
konc¢anja naro€ila na prejdnjem delovnem mestu in
Casovno toc¢ko koncanja narodila na opazovanem
delovnem mestu. Preto¢ni ¢as narocila je ¢asovni
korak, racunan od ¢asovne tocke sprejema narocila,
do ¢asovne tocke kon¢anja zadnje delovne operacije
in je sestevek pretocnih Casov operacij opazovanega
narodila.
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0 INTRODUCTION

When dealing with flow time it is neces-
sary to distinguish between two terms:
— the flow time of a working operation,
— the flow time of a working order.
as shown in Figure 1.

It can be seen from Figure 1 that the flow time
of an operation is an interval calculated between the time
point when the order has been finished at the previous
workplace and the time point when the order has been
finished at the treated workplace. The flow time of an
order is an interval calculated between the time when the
order has been released and the time when the last work-
ing operation has been finished. It is therefore, the sum
of the flow times of the operations of the treated order.
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Pretoéni éas operacije TO/

Flow time of operation FT

-’
%

<4

Cas prehoda TPRE/
Passing time TP

Y

Cas izvedbe TIZV/
Processing time PT

Lezanje PO predhodni ope
Lying AFTER the previons

aperation ‘1 ransport time |

peraciji/  ¢u¢ pansporta/  Lezanje PRED opazovano operacijo/
Lying BEFORE the treated operation
<

>
Bl

Pripravljalno
zakljuéni gas/
Setup time

Cas obdelave/
Time of work

>
l Ll Bl

hal

Operacija/ . _ [
Operation
Tz s, - - -
Naroéilo/
Order %

Pretoéni &as narocila/Flow time of order

ry

SI.1. Pretoéni cas operacije in narocila
Fig. |. Flow time of a an operation and of an order

Preto¢ni ¢as operacije [1] pomeni najkrajso
enoto pretoénega ¢asa, ki jo se lahko merimo. In ko
bomo govorili o nadzoru preto¢nih ¢asov, bomo
mislili na pretoéne Case operacij.

1 DOLOCANIJE PRETOCNEGA CASA
OPERACLE

Ko govorimo o pretoénem Casu operacije,
moramo razlikovati med:

— enodimenzijskim preto¢nim ¢asom narocila na
opazovanem delovnem mestu in

— dvodimenzijskim pretoénim ¢asom naroéila na
opazovanem delovnem mestu.

Enodimenzijski preto¢ni ¢as narocila na
opazovanem delovnem mestu (dimenzija je Cas)
sestavljata das prehoda in ¢as izvedbe naroéila, kar
prikazuje slika 2.

FT

The flow time of the operation [1] is the
shortest measurable flow-time unit. When talking
about flow time control we have in mind the flow
times of operations.

1 DEFINITION OF THE FLOW TIME OF AN
OPERATION

When dealing with the flow time of an op-
eration it is necessary to distinguish between:

- one-dimensional flow time of the order at the
treated workplace,

- two-dimensional flow time of the order at the
treated workplace.

The one-dimensional flow time of the or-
der at treated workplace (time is a dimension in this
case) consists of the time of passing and the time of
processing the order, as shown in Figure 2.

TP

PT

Y

[ g

Cas[Dd] /
Time [Wd]

tEpy

tB tE

™ ™

Sl. 2. Enodimenzijski pretocni éas narocila na opazovanem delovnem mestu [2]
Fig. 2. One-dimensional flow time of the order at the treated workplace [2]

tE,,, - Casovna tocka konca izvedbe opazovanega
narocila na prejinjem delovnem mestu
tE,,, - Casovna tocka konca izvedbe opazovanega

naroéila na opazovanem delovnem mestu

IE,, - time point at the end of processing of the
treated order at the previous workplace
(E,,, - time point at the end of processing of the

treated order at the treated workplace
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(B,,, - Casovna tocka pricetka pripravljalno
sklepnih del na opazovanem delovnem mestu

TP - ¢as prehoda narodila

PT - ¢as izvedbe naroc¢ila na opazovanem
delovnem mestu

FT - pretoéni ¢as naroCila na opazovanem

delovnem mestu
Dvodimenzijski preto¢ni ¢as narocila na
opazovanem delovnem mestu (dimenziji sta ¢as in
vsebina dela) pa sestavljajo €as prehoda in ¢as
izvedbe operacije ter ¢as za narocilo, kar prikazuje
slika 3.

Vsebina dela/
Contents of work A

tB_, - time point at the beginning of setup activi-
ties at the treated workplace

TP - passing time of the order

PT - processing time of the order at the treated
workplace

FT - flow time of the order at the treated work-
place

The two-dimensional flow time of the or-
der at the treated workplace (time and contents of
work are the dimensions in this case) consists of the
passing time, the processing time of the order, and
the time for the order, as shown in Figure 3.

[Nh ] ¢ =l »|  OT - ¢as za naroéilo
L TP e BT OT - time for order
/ ¥
l_.
o
Y .
a Cas[Dd] /
Time [Wd]
’ -
tEPM By tE

SI. 3. Dvodimenczijski pretocni éas naroéila na opazovanem delovnem mestu (2]
Fig. 3. Tivo-dimensional flow time of the order at the treated workplace [2]

Za enodimenzijski in dvodimenzijski
pretocni ¢as naro¢ila na opazovanem delovnem mestu
velja, da ga lahko dolo¢imo iz rezultatov meritve
¢asovne tocke konca izvedbe opazovanega narocila
na prejsnjem delovnem mestu (£, in Casovne tocke
konca izvedbe opazovanega narocila na opazovanem
delovnem mestu ¢E£ saj je:

FT=

Na opazovanem delovnem mestu se v
opazovanem &asovnem koraku P izvede mnoZica
narocil O (1<y<m) z razliénimi &asi za narocilo OT.

Delovno mesto si lahko predstavljamo kot
lijak, v katerega naro¢ila O, prihajajo, ¢akajo na
obdelavo in iz njega Odhdjﬂjﬂ Ce v opazovanem
¢asovnem koraku P zapisujemo podatke o prihodu
in odhodu naro¢il (Stevilka narocila, ki je prislo
oziroma odslo z delovnega mesta, ¢as prihoda
oziroma odhoda naro¢ila, normirana oziroma
dejanska vsebina dela narocila), lahko narisemo dia-
gram pretoka narocil prek delovnega mesta.
Konstruiranje diagrama pretoka se izvede v zaporedju
petih korakov (slika 4):

1. korak: risanje kumulativnega histograma odhoda
narocil (od tocke 1 k tocki 2),

2. korak: dolocitev zaCetnega stanja narocil (od tocke
1 k tocki 3),

3. korak: risanje kumulativnega histograma prihoda
naroéil (od tocke 3 k tocki 4),
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The one- and two-dimensional flow
times of the order at the treated workplace can
be determined by measuring the end time of the
processing of the treated order at the previous
workplace, £, , and the end time of the pro-
cessing of the treated order at the treated work-
place, (£,

—tE,, (1).

The treated workplace processes a set of
orders, qu (1 <j < m) within the treated interval,
with various times for the OT order.

Each workplace can be represented as a fun-
nel into which orders, Oj, flow, wait to be processed,
and depart from it. Having collected the data about
the flow of orders (order number which arrived at or
departed from the workplace, arrival and departure
time of the order, normative and actual contents of
the order) through the particular workplace during
the analysed interval P, one can construct the dia-
gram of the flow of orders for the particular work-
place. The flow diagram is drawn in five steps (Fig-
ure 4):

Step 1: drawing the cumulative histogram of the de-
partures of orders (from point 1 to point 2),
Step 2: definition of the initial state of orders (from

point 1 to point 3),
Step 3: drawing the cumulative histogram of the ar-
rivals of orders (from point 3 to point 4),
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4. korak: dologitev kon¢nega stanja naro¢il (od tocke
2 k tocki 4),

5. korak: risanje kumulativnega histograma prihoda
narocil pred opazovanim obdobjem (od tocke 3
k tocki 5).

/" PRIHODI naroéil/
k ARRIVAL of orders

Vsebina dela/ 4
Contents of work
. Eh]

Step 4: definition of the final state of orders (from
point 2 to point 4),
Step 5: drawing the cumulative histogram of the ar-
rivals of orders before the treated interval (from
point 3 to point 5).

Lad

Nivo stanja/
Level of siate

STANIE narogil/
LEVEL of state

Kumulativni
histogram prihodov/
) I%Eam ative
histogram of arrivals

tanje!
state

Konéno si
Final

Kumulativni histogram
odhodov/
Kumulative histogram of

departures

/" ODHODI narogil/ j
‘\ DEPARTURE of orders

MODEL LIJAKA/
FUNNEL MODEL

SL. 4. Modela lijaka in diagrama pretoka [3]
Fig. 4. The funnel model and flow of orders diagram [3]

Ko govorimo o pretoénem Casu operacije,
torej vedno mislimo na srednji pretoéni ¢as narodil,
ki so v opazovanem obdobju P presla prek delovnega
mesta.

V primeru, ko imamo opravka z
enodimenzijskimi preto¢nimi &asi naroéil, govorimo
o srednjem preprostem pretoénem &asu delovne
operacije FT,:

2 FT,

FTE = 251
FT; - srednji preprosti preto¢ni ¢as delovne
operacije
FT, - pretocni ¢as j-tega naroéila
m - Stevilo naro¢il, ki so v opazovanem obdobju

odsla z delovnega mesta
V primeru, ko imamo opravka z
dvodimenzijskimi preto¢nimi &asi narodil, pa
govorimo o srednjem tehtanem pretoénem &asu
delovne operacije FT,,:

3 r1,07,

ST,

FT =t

FT. - srednji tehtani pretoéni ¢as delovne /=
operacije
OT, - Cas za j-to narotilo

Cas [Dd}/

Obdobje./Period P
e ETo Time [Wd]

DIAGRAM PRETOKA/
FLOW DIAGRAM

Therefore, when talking about the flow
time of an operation, we always have in mind the
mean flow time of those orders that have passed
through the treated workplace during the analysed
interval P,

When dealing with the one-dimensional
flow times of orders, the term mean simple flow time
of the working operation FT, is used:

@)
m
FT, - the mean simple flow time of the working
operation
FT, - the flow time of the j-th order
m - the number of orders that have departed

from the treated workplace during the ob-
served interval
When dealing with the two-dimensional
flow time of orders, the term mean weighted flow
time of the working operation F7', is used:

(3)

FT, - the mean weighted flow time of the work-
ing operation

- the time for the j-th order

STREJNISK]
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Analiza Casov za izvedbo narotil OT, v
nekaterih slovenskih podjetjih je pokazala, da
obstajajo precejSnja odstopanja med Casi OT; in zato
bo treba pri izvedbi nadzora preto¢nih éasov delati s
pojmom srednjega tehtanega preto¢nega casa
operacije.

2 NADZOR PRETOCNEGA CASA OPERACIIE

Osnovno zamisel o oblikovanju postopka
izvedbe nadzora pretoénega ¢asa operacije smo dobili
po pregledu objavljenih del s podro¢ja nadzora
proizvodnje ([1] do [5] in dela [6]), ki obravnava
problematiko Demingovega kroga stalnih izboljsav.

Analiza vrste in zaporedja dejavnosti znotraj
Demingovega kroga stalnih izbolj$av nas je pripeljala
do sklepa, da bi bilo primerno tudi za izvedbo nadzora
pretoénega Casa operacije oblikovati krog stalnih
izboljsav.

Da bi definirali vrste in zaporedja dejavnosti
nadzora pretoénega ¢asa operacije, je bila izvedena
delavnica ustvarjalnosti, ki je pokazala, da naj krog
oziroma postopek izvedbe nadzora pretoénega Casa
operacije vkljuéuje pet dejavnosti oziroma korakov,
katerih vrsto in zaporedje prikazuje slika 5.

5.
Nacrtovanje in izvedba
ov za skraj§anje
jega tehtanega
pretoénega asa operacije/

Planning and carrying out
actions to reduce mean
weighted flow time of
operation

Analiza odstop gnsrednjega
tehtanega pretotnega Casa
operacije/

Analysis of deviations of
mean weighted flow time of
operation

1.
Dolocitev
CILJNE NAIJ- vrednosti
srednjega tehtanega pretoCnega
asa operacije/

Definition of TARGET reference
value of mean weighted flow
time of
operation

Analysis of order processing times, 0]},
in some Slovenian companies has shown that large
deviations of OT, times exist, so it will be neces-
sary to use the mean weighted flow time of the
working operation when dealing with the flow-time
control.

2 FLOW-TIME CONTROL OF AN OPERATION

We developed a basic idea for the flow-time
control procedure after having made a survey of the
literature in the field of production control ([1] to
[5]), and that dealing with Deming’s circle of con-
tinuous improvements [6].

Analysis of the type and sequence of activi-
ties within the Deming’s circle of continuous im-
provements led us to the conclusion that it would be
sensible to use the circle of continuous improvements
to implement the production control.

In order to define the type and sequence of
operation flow-time control activities, a creativity
workshop was organised, which revealed that the
circle (i.e., the procedure for the flow-time control
of an operation) should consist of five activities or
steps, as shown in Figure 5.

Zajemanje JE-vrednosti o
pretoénih €asih narocil/

Acquisition of ACTUAL
values of flow times of
operation of orders

Tzradun JEvsredn]e%
tehtanega pretocnega ‘asa
operacije/

Calculation of ACTUAL
mean weighted flow time of
operation

Sl. 5. Postopek izvedbe nadzora srednjega tehtanega pretocnega ¢asa operacije
Fig. 5. Implementation procedure of the mean weighted flow time control of an operation

Namen izvedbe nadzora pretoénega ¢asa
operacije je obvladovanje, uravnavanje in vodenje
srednjega pretoénega Casa operacije. Pomanjkljivo
obvladovanje pretoénega Casa operacije bi pomenilo
dodatna stanja ali nezasedenost zmogljivosti.
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The goal of the implementation of flow-time
control of the operation is the co-ordination, control
and management of the mean flow time of an opera-
tion. Inadequate flow-time management of the opera-
tion causes additional states or unoccupied resources.
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1. korak: Doloditev CILJINE NAJ-vrednosti
srednjega tehtanega pretocnega ¢asa operacije

Osnovni namen nadzora srednjega
tehtanega pretofnega ¢asa operacije je, da JE-
vrednost (FT, |, ne prekoraci mejne NAJ-vrednosti
FT. ), kar prikazuje slika 6.

Reakcija/
Reaction

- The Flow Time of Operation

Step 1: Definition of the TARGET reference value
of the mean weighted flow time of the operation

The basic goal of the mean weighted flow-
time control of an operation is that the ACTUAL
value (FT.,), will not exceed the limiting TARGET

reference value (FTW . » as shown in Figure 6.

Mejna vrednost/
Limiting value

(FTw)x

.

(FTy) g

A

Cas [mesecT/’
Time [month]

Sl. 6. CILJNA vrednost srednjega tehtanega prefocnega casa operacije
Fig. 6. TARGET value of the mean weighted flow time of an operation

Mejna vrednost srednjega tehtanega
pretodnega ¢asa operacije pomeni najve¢jo vrednost
preto¢nega asa, ki e zagotavlja rentabilno proizvodnjo.

2. korak: Zajemanje JE-vrednosti o pretocnih
¢asih narodil

Da bi prisli do podatkov o pretoku naroéil,
ki so v opazovanem obdobju P pri§la oziroma odSla
z delovnega mesta, moramo za vsako naro€ilo zajeti
podatke o:

— $tevilki narogila, ki je pri§le oziroma odslo z
delovnega mesta,

— ¢&asu prihoda oziroma odhoda narodila z
delovnega mesta,

— normirani oziroma dejanski vsebini dela narocila.

Zbrani podatki o pretoku narocil prek
delovnega mesta v opazovanem obdobju P omogocajo
konstruiranje diagrama pretoka narocil delovnega
mesta ter vris povr§in dvodimenzijskih preto¢nih casov
naro¢il, ki so odsla z delovnega mesta.

Povréina pod kriviljo Gasovnega spreminja-
nja preto¢nega ¢asa j-tega naro€ila, ki je v opazo-
vanem obdobju P od$lo z delovnega mesta, je:

FTA, = FT,-OT, =\(E,, —1E,, )OT,

PTA, - povrina pretodnega ¢asa j-tega naroCila
FT, - pretocni ¢as j-tega naroCila

The limiting value of the mean weighted
flow time of the operation is the maximum value of
the flow time when production is still profitable.

Step 2: Acquisition of ACTUAL values of the
flow times of orders

In order to get data about the flow of orders
through the workplace during the analysed interval P,
the following data has to be collected for each order:
— the order number which arrived at the workplace
or departed from it,
— thetime of arrival at and departure from the work-
place,
— the normative and actual contents of the order.
Having collected the data about the flow of
orders through the particular workplace during the
analysed interval P, one can construct a diagram of
the flow of orders for that workplace, and draw the
areas of the two-dimensional flow times of orders
that have departed from the workplace.
The flow time area of the j-th order that has
departed from the workplace during the analysed
interval P is defined as:

(4)

PTA; - the flow-time area of the j-th order
FT, - the flow time of the j-th order
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OT - €as za j-to naro¢ilo

?Er,-,:,;, - ¢asovna tocka konca izvedbe j-tega narocila
na opazovanem delovnem mestu

tE ru, - Casovnatocka koncaizvedbe j-tega narocila
na prejinjem delovnem mestu

3. korak: lzrafun JE-srednjega tehtanega
preto¢nega ¢asa operacije

Zbrani podatki o povriinah pretocnih ¢asov
narocil, ki so v opazovanem obdobju P odsla z
delovnega mesta, omogocajo izra¢un JE-srednjega
tehtanega preto¢nega asa operacije.

(7.), =

w

A

4. korak: Analiza odstopanj srednjega tehtanega
pretoénega ¢asa operacije

Primerjava zajetega JE-srednjega tehtanega
pretoCnega Casa operacije (FT.), s ciljno NAJ-
vrednostjo |FT. |, lahko pokaZze, da je:

(F7.),

ali

(F Tw )/l =

1. (FT, , < |\FT ), — ni ukrepanja

2. \FTw), > \FT. ), — ukrepanje (ugotoviti je treba,
zakaj je pri§lo v opazovanem obdobju P do
odstopanja in nacrtati ukrepe za skrajSanje
srednjega tehtanega pretocnega Casa v naslednjem
¢asovnem intervalu P=P+1).

v Tloénem lahko razmejimo dva primera, in sicer:

5. korak: Naértovanje in izvedba ukrepov za
skrajSanje srednjega tehtanega pretoénega ¢asa
operacije

Ce je (FTW)A > (FTW)R,je treba analizirati
dobljeni diagram pretoka oziroma preto¢ne ase
naro¢il, ki so v opazovanem obdobju P odsla z
delovnega mesta in pripraviti ukrepe za skraj$anje
le-teh.

Najpomembnej8i ukrepi za skrajSanje
preto¢nih ¢asov naro€il in s tem tudi srednjega
tehtanega pretoénega casa delovne operacije so:

— dosledno upostevanje FIFO-prednostnega pravila
izvedbe narocil (naroéilo, ki prvo pride na
delovno mesto naj bo tudi prvo izvedeno);

— kraj8anje pripravljalno sklepnih ¢asov z uporabo
metode SMED [7];

— uvedba metode na obremenitev usmerjenega
spus¢anja narocil ([3] in [8]).

Predlagani ukrepi za skraj8anje preto¢nih
¢asov naro¢il, ki so bili sprejeti na podlagi rezultatov

OT, - the processing time of the j-th order

tEr, - time point at the end of processing of the j-
th order at the treated workplace

tEp, - time point at the end of processing of the j-
th order at the previous workplace

Step 3: Calculation of the ACTUAL mean
weighted flow-time of the operation

The data collected about the flow-time areas
of orders that have departed from the workplace during
the analysed interval P allow for the calculation of the
ACTUAL mean weighted flow time of the operation:

2 PT4,
=7, (5).

Sor,
j=1

Step 4: Analysis of deviations of the mean
weighted flow time of the operation

A comparison of the ACTUAL mean weighted flow
time of the operation (ﬁu.)}: with the TARGET ref-
erence value |FT, ), may show that:

= (FT“')R

or (6).
(Fz.),

1. (FT.), < (FT.), = no action

2. \FT..), = \FT. ), — action (it is necessary to find
out why a deviation occurred during the analysed
interval and to plan actions to reduce the mean
weighted flow time during the next interval
P=P+1).

In Teneral there are two different cases:

Step 5: Planning and carrying out actions to re-
duce the mean weighted flow time of the opera-
tion

If (F T )f! > (F Ty )R it is necessary to analyse
the flow diagram obtained (i.e. flow times of the orders
that have departed from the workplace during the treated
interval P) and take actions to reduce these times.

The most important actions for the reduction
of the flow times of orders (and thus the reduction of the
mean weighted flow time of the working operation) are:
—  strict compliance with the first-in-first-out (FIFO) prin-

ciplewhen processing the orders (the order which reaches
the workplace first should also be processed first);

— reduction of time for setup and finishing activi-
ties by using the (SMED - single digit minut ex-
change of die) method [7];

— implementation of a method for releasing orders
based on the load ([3] and [8]).

The proposed measures for the reduction of
the flow times of orders, which have been obtained
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analize diagrama pretoka naro¢il prek delovnega
mesta v opazovanem obdobju P, bodo vplivali na
skraj$anje pretoénih ¢asov naro€il oziroma srednjega
tehtanega pretoénega ¢asa operacije v naslednjem,
to je (P+1) obdobju.

Prvi testi predlaganega postopka izvedbe
nadzora pretoénega ¢asa delovne operacije so pokazali,
da je za izvedbo drugega in tretjega koraka postopka
nujna radunalniska podpora, saj se za ro¢no konstruiranje
diagramov pretoka in izra¢un srednjih tehtanih preto¢nih
¢asov delovnih operacij porabi preveé Casa.

Sodelavci Laboratorija za proizvodne
sisteme smo stopili v stik s sodelavei Indtituta za
tovarniska postrojenja TFA Univerze v Hannovru, ti
so nam sporoéili pregled ponudnikov in imena
programskih paketov, ki se nanasajo na pretocni ¢as.

Po seznanitvi z zmogljivostjo imenovanih
programskih paketov smo opravili razgovor s sodelavci
slovenske hiSe programske opreme, ki je ponudnik
poslovno-tehniénega informacijskega sistema
slovenskim podjetjem, in se odlo¢ili, da z njihovo
pomogjo izdelamo ra¢unalniski program FS-CON-
TROL za hitro konstruiranje diagramov pretoka, vris
povriin pretoénih ¢asov naroéil in izra¢un srednjih
tehtanih preto¢nih ¢asov delovnih operacij.

Ko smo izdelali raéunalni$ki program FS-
CONTROL, nam je hi$a za programsko opremo
omogocila testiranje raunalniSkega programa
oziroma postopka izvedbe nadzora pretonega Casa
operacije v nekaj slovenskih podjetjih.

3 PRIMER DOLOCANJA IN NADZORA
PRETOCNEGA CASA OPERACIJE

Predlagani postopek doloéanja in nadzora
preto&nega ¢asa operacije smo preskusili v podjetju,
ki je proizvajalec strojev za pekarne in kemiéno
industrijo.

Po dogovoru s poslovnim vodstvom
podjetja smo v preskus dolo¢anja in nadzora
pretoénega Casa operacije vkljuéili delovno mesto
M33.248 — struzenje. Delovno mesto je bilo
opazovano v obdobju od 130 Dd do 190 Dd.

Zbiranje podatkov o pretoku narocil prek
delovnega mesta bo izvedeno roé¢no, saj podjetje Se
nima avtomatskih snemalnih naprav.

Glede na predlagane korake izvedbe
nadzora pretoénega Casa delovne operacije, se je
poslovno vodstvo v prvem koraku odloéilo za ciljno
NAlJ-vrednost srednjega tehtanega preto€nega Casa
operacije:

on the basis of the analysis of order flow through a
workplace during the analysed interval P, will cause
areduction in the flow times of orders (i.e. reduction
in the mean weighted flow time of the operation) in
the next interval (P+1).

The first tests of the proposed procedure for
the flow-time control of a working operation have
shown that computer support is necessary for carry-
ing out the second and third steps of the procedure
because manual drawing of flow diagrams and cal-
culation of mean weighted flow times of operations
is too time consuming.

The members of the Production Systems
Laboratory contacted members of the Factory Ma-
chinery Institute [FA, University of Hannover, who
sent us the names of suppliers and the names of soft-
ware packages that deal with flow time.

After having studied features of these soft-
ware packages we talked with members of a
Slovenian software company that otfers business and
technical information systems to Slovenian compa-
nies. We decided that we would jointly develop the
FS-CONTROL computer software for the quick de-
sign of flow diagrams, drawing of the flow-time ar-
eas of orders, and the calculation of the mean
weighted flow times of working operations.

After the FS-CONTROL software had been
developed the software company allowed us to test
the software (i.e. the procedure for flow-time con-
trol of operations) in some Slovenian companies.

3 SAMPLE CASE OF DEFINITION AND CON-
TROL OF OPERATION FLOW TIME

The procedure for the definition and con-
trol of the operation flow time, as described above,
has been tested in a company which produces ma-
chines for bakeries and the chemical industry.

In agreement with the company manage-
ment the workplace M33.248 the workplace was used
in the test case of definition and control of operation
flow time. The workplace was treated in the interval
from 130 Wd till 190 Wd.

Acquisition of data about the flow of orders
through the workplace was done manually, as the
company does not possess automatic recording de-
vices.

With reference to the proposed steps of the
flow-time control implementation, the management
of the company first defined the reference value of the
mean weighted flow time of a working operation:

(F7.), =6 Dd

Da bi v drugem koraku prili do podatkov
o preto&nih ¢asih naro¢il, so sodelavci podjetja za
vsako naroéilo, ki je priilo oziroma od3lo z
opazovanih delovnih mest v ¢asovnem intervalu

In order to get the values of the flow times
of orders (step 2), company employees obtained data
about the flow of orders through the treated work-
place during the interval from 130 Wduntil 190 Wd,




EEEE s o rasSi<a

od 130 Dd do 190 Dd, zabeleZili ¢as prihoda in
pripadajodo normirano vsebino dela oziroma
termin odhoda in pripadajoco dejansko vsebino
dela. Preglednica 1 prikazuje del zbranih podatkov
o pretoku naroéil prek delovnega mesta M 33.248.
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noting arrival time and the corresponding normative
contents of the work, and departure time and the cor-
responding actual contents of the work. Table | pre-
sents part of the actual data about the flow of orders
through the M33.248 workplace.

Preglednica 1. Zbrani podatki o pretoku narocil preko delovnega mesta M33.248
Table 1. The data obtained about the flow of orders through the M33.248 workplace

Delovno mesto: / Work- Obdobje: od 130 Dd do 190 Dd/
place: DM 33.248 Interval: from 130 Wd to 190 Wd
Zaporedna Stevilka Cas prihoda Dd/ | Normirana vse- Cas odhoda Dejanska vsebina
‘&t naroCila/ narocila/ Arrival time Wd bina dela / Nor- Dd/  dela/
Seq. order Order mative contents of | Departure time | Actual contents of
number number work Nh Wd work Eh
| 32072119 129 8,50 160 8,50
2 32073858 135 10,00 162 10,00
3 32067714 137 13,50 158 13,50
4 32068581 137 340 150 3,40
5 32068625 138 5,80 160 5,80
71 32076264 187 3,50 189 3,50
72 32055311 190 7,25 194 7,25
73 32054948 190 1,50 198 1,50
Zbrani podatki o pretoku narocil prek The data obtained about the flow of orders

delovnega mesta so predstavljali vhodne podatke za

delo z racunalniskim programom FS-CONTROL, s

katerim smo za delovno mesto izrisali oziroma izpisali:

- diagrame pretoka s povr§inami pretoénih ¢asov
narodil,

- ugotovljene JE-srednje tehtane pretoéne Case
delovnih operacij.

Slika 7 prikazuje diagram pretoka z
vrisanimi povr§inami pretoénih ¢asov narocil ter
ugotovljeni JE-srednji tehtani pretoéni ¢as (F7,, A
za delovno mesto M 33.248.

Analiza diagrama nas je privedla do naslednjih

sklepov:

— ugotovljeni JE-srednji tehtani preto¢ni Cas
operacije je nad mejno vrednostjo 6 Dd, torej je
potrebno ukrepanje,

— vrstni red odhoda narocil z delovnega mesta se
bistveno razlikuje od vrstnega reda prihoda
naro¢il, torej ni bilo upotevano FIFO-prednostno
pravilo (prvi pride, prvi postreZen),

— neupodtevanje FIFO-prednostnega pravila ima
velik vpliv na velikost povrSin preto¢nih ¢asov
naro¢il in s tem na srednji tehtani preto¢ni ¢as
operacije.

Rezultate prvega preskusa smo predstavili
poslovnemu vodstvu podjetja, ki je po izvedeni
analizi vzrokov dolgih preto¢nih ¢asov predlagalo,
da preskus ugotavljanja srednjega tehtanega
preto¢nega Casa operacije za delovno mesto M33.248
v prihodnosti ponovimo, in to ob doslednem
upostevanju FIFO-prednostnega pravila razporejanja
narocil.
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through the workplace was input data for the FS-

CONTROL software, which was used to get the fol-

lowing data for the workplace:

- flow diagrams with the areas of flow times of
orders,

- actual mean weighted flow times of working op-
erations.

A sample case of the orders flow diagram
is presented in Figure 7; areas of the flow times of
orders and actual mean weighted flow time FT. ?
for the M33.248 workplace are drawn in.

Analysis of the results obtained has led us
to the following conclusions:

— the actual mean weighted flow time is above the
limiting value of 6 Wd and therefore corrective
actions should be undertaken,

— the sequence of the departure of orders from the
workplace differs considerably from the sequence
of arrival of orders, which means that the FIFO
priority rule was not taken into account,

— the fact that the FIFO priority rule was not taken
into account had a large effect on the flow-time
areas of the orders and thus on the mean flow
time of operation.

The results of the first experiment were pre-
sented to the company management, which analysed
the reasons for excessive flow times and then pro-
posed that the experiment of defining the mean
weighted flow time of operation for the workplace
M33.248 be repeated in the future — this time in strict
compliance with the FIFO priority rule regarding the
processing of orders.
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Vsebina dela/ T A

Contents of work

[Nh.Eh] FS

i
D
A
Cas [Dd)/
il T Time [Wd]
— — | AN
< P

od 130 do 190/ Opazovani korak Dd/

from 130 to 190 Analysed interval Wd
61 Dolzina obdobja P Dd/

Period lenght P Wd

8,50 Zacetno stanje IS /
526,00 Prihod A /Nh
Arrival A Nh
450,35 Odhod D Eh/
Departure D Eh
84,25 Kon¢no stanje FS Nh/
Final state FS Nh
11,08 T

JE-srednji tehtani preto¢ni ¢as (F' T )A Dd/

Actual mean weighted flow time (FT W )A wd

S1. 7. Diagram pretoka in ugotovijeni JE-srednji tehtani pretoéni ¢as za delovno mesto M33.248
Fig. 7. Diagram showing the flow of orders and actual mean weighted flow time for the M33.248 workplace

4 SKLEP 4 CONCLUSION

Vse vefje domace in mednarodno Increasing domestic and international com-

tekmovanje podjetij ter prehod od trga prodajalcev k
trgu kupcev terja od podjetij stalno povecevanje
gospodarnosti, ki pa je v veliki meri odvisna tudi od
preto¢nih ¢asov operacij [9].

V prispevku je podan postopek dolo¢anja
pretoénih ¢asov naroéil, ki so v opazovanem obdobju
odSla z delovnega mesta oziroma operacije, na¢in
konstruiranja diagrama pretoka narocil ter naéin
izraCuna srednjega tehtanega preto¢nega Casa
delovnega mesta. Opisani so tudi najpomembne;jsi

petition for companies and a transition from a sellers’
market to a customers’ market requires that compa-
nies continuously improve their performance, which
largely depends on the flow times of operations [9].
This paper presents a procedure for defin-
ing the flow times of orders that have departed the
workplace or operation during the treated interval,
construction of the flow diagram of orders, and the
procedure for calculating the mean weighted flow
time of the workplace. We have described the most
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ukrepi, ki lahko vplivajo na skraj$anje tako preto¢nih
casov narodil kakor tudi srednjega tehtanega
pretoénega Casa operacije.

Rezultati izvedenega preskusa so pokazali,
da je srednji tehtani pretoCni €as delovnega mesta
oziroma operacije predolg in ga bo treba v prihodnosti
z izvedbo predlaganih ukrepov bistveno skrajSati in
se tako pribliZati v literaturi [3] podani ciljni vrednosti
pretoénega Casa operacije 6 Dd.

important measures that can reduce the flow times
of orders and the mean weighted flow time of opera-
tion.

The results of the experiment have revealed
an excessive mean weighted flow time of the work-
place, which will have to be drastically reduced in
the future by applying the proposed measures and
thus get closer to the reference value of a flow time
of operation (6 Wd) [3].
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