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Racionalizacija v serijski proizvodnji po natelih tipske tehnologije
Rationalization of Series Production by Applying the Principles of Type Technology

ANDREJ POLAJNAR — BORUT BUCHMEISTER — MARJAN LEBER

V élanku je predstavijen primer dejanskega vkljucdevanja tipske tehnologije, v katerem
smo najprej postavili ustrezen model tipske tehnologije s potrebnim razvrscanjem elementov
do izdelave tipskega delovnega nadrta in uporabo taksnega delovnega nacrta. Prav tako so
prikazani razvoj in delovanje interaktivnega programa za grafiéno in numeri¢no definiranje
tipskega delovnega poteka in risbe ter potreben pretok informacij pri uporabi tipskega de-

lovnega poteka v dejanskih delovnih razmerah.

An example is given in the paper of the principles of introducing type technology into
production. A model of type technology was set by grouping all necessary elements, a type
working plan was created and its application shown in practice. The paper also presents the
development and working of an interactive program for graphical and numerical definition of
the type working process and of a drawing, and the information flow necessary in applying

the type working process in real conditions.

0 UVOD

Skrajsevanje pretofnega &asa od ponudbe
do dobave je nujno potrebno za zagotavljanje pri-
lagodljivosti pri izdelkih in zmoZnosti dobave.
To lahko dosegamo z optimiranjem izdelovalnih
postopkov ob hkratni integraciji konstrukcije,
izdelave in zagotavljanju kakovosti. Povezava
med temi tremi podro&ji je na¢rtovanje izdelave,
ki dolota izdelovalne postopke, izdela delovne
natrte, nacérte preizkusov, zagotovi potrebne
vpenjalne priprave in izdela numeri¢no krmiljene
programe.

V serijski proizvodnji, ki je obi¢ajna v
avtomobilski industriji, e posebej pri proizvodnji
motorjev, pa moramo v okviru naértovanja pro-
izvodnje vkljutevati tipsko tehnologijo, kjer na
podlagi podobnosti geometrijske oblike elementov
izdelamo tipski, vnaprej predpisan postopek iz-
delave. S tem prakti¢no izklju¢imo moZnost, da
se dva podobna dela izdelujeta po dveh popolnoma
razli¢nih tehnologkih postopkih. Prav tako lahko
z uporabo tipske tehnologije razmeroma hitro
vnaprej dolo¢imo stroske izdelave, potrebna
delovna sredstva, morebitne potrebe po novih
oziroma dodatnih strojih in podobno [1],
[31.

Pri uvajanju tipske tehnologije moramo
paziti, da je model tipizacije dovolj prilagodljiv.
Model mora namre¢ omogoéati ustrezno prilaga-
janje pri uvajanju novih tehnologij in novih spo-
znanj s podro¢ja obdelovalne tehnike.

0 INTRODUCTION

The reduction of flow time from offer to
delivery is indispensable for asssuring the incre-
asing necessity for the adaptability of products
and deliveries. This can be achieved by optimizing
production processes and, simultaneously, integra-
ting in them design, manufacturing and quality
assurance. In manufacturing planning, all three
fields are linked to define manufacturing proces-
ses, elaborate working and testing plans, assure
all necessary clamping devices, and prepare NC-
programimes.

In series production, which is characteristic
for the automobile industry, especially in the pro-
duction of motors, type technology must be inclu-
ded into production planning. With type technology
we elaborate, with respect to the geometric si-
milarity of elements, a previously determined type
of the manufacturing process. In this way, we
practically exclude the possibility of two similar
parts being manufactured by completely different
technological processes. We can at the same time
determine costs, necessary production means, and
possible requirements for new or additional
machines relatively quickly in advance etc. [1]1, [3].

In introducing type technology, we must pay
attention to making a sufficiently flexible type
model. A model must, namely, allow adequate
adaptations in introducing new technologies and
new know-how from the field of forming
techniques.
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1 POTREBNA IZHODISCA ZA IZDELAVO
TIPSKEGA DELOVNEGA NACRTA

Pri delovhnem naértovanju so priprava,
dokumentacija in ponovna uporaba informacij
pogosto uporabljene za izdelavo tipskega delovnega
naérta. Ta vsebuje vse operacije in raunske
predpise za skupino izdelkov v obliki, ki ni od-
visna od naroéila. Vrsta in obseg podatkov sta
odvisna od variabilnih parametrov glede na tip
skupine izdelkov. Pri zasnovi takih tipskih de-
lovnih naértov — potekov pa moramo upostevati
razvrstitveni klju¢, s katerim postavimo ustrez-
ne skupine za tipsko tehnologijo ter definiramo
in nato racionaliziramo tehnologijo izdelave teh

skupin [4].

1.1 Razvrstitveni klju®

V Tovarni avtomobilov in motorjev Maribor,
za katero smo v okviru veéletne raziskave raz-
iskali moZnost uporabe tipske tehnologije, smo
uporabili razpolozljivi razvrstitveni kljut. Na osno-
vi tega kljuta smo razvrstili vse dele v posamezne
skupine. Ko imamo spisek vseh elementov v sku-
pini, moramo Ze preveriti, ali so v skupini tudi
morebitni neaktivni elementi, ki jih izloéimo iz
obravnave [4].

1.2 Pogoji za izdelavo tipske tehnologije

Sedanje stanje tehnologije moramo za uvedbo
tipske tehnologije racionalizirati. To uredimo po-
stopoma:

— Izlotitev nekaterih strojev (proizvodnih
mest), ¢e ista operacija poteka na dveh podobnih
strojih (nekateri elementi skupine na enem, drugi
na drugem stroju). Pri tem moramo paziti na
zmogljivost in obremenitve strojev.

— Prenos nekaterih operacij na drug stroj, da
razbremenimo ali izlo¢imo prvega. Pri tem mo-
ramo upostevati dejanske moZnosti (orodja, vpe-
njalne naprave).

— Zamenjava vrstnega reda operacij, ¢e je to
mogodce.

Na$ cilj je ¢im krajsi in ¢im preudarnejsi
tipski delovni potek.

V danem primeru ene skupine elementov smo
po analizi sedanjega stanja izlo¢ili est proizvodnih
mest. V konéni obliki je vseboval tipski delovni
potek le %e 33 operacij, namesto 56, s katerimi
lahko zajamemo izdelavo vsakega elementa v se-
danji skupini [4].

Uvajanje tipske tehnologije izvedemo torej v
naslednjem zaporedju:

1 NECESSARY GUIDELINES FOR THE
CREATION OF A TYPE WORKING PLAN

In work planning preparation, documentation,
and repeated use of information are frequently
applied in the creation of a type working plan.
This plan must include all operations and calcula-
ting definitions for a group of products, in a form
which is independent of an order. The type and
scope of data depend on variable parameters with
respect to the type of a product group. In designing
such type working plans, a classification key must
be considered which helps to define suitable
groups and define and rationalize their production
technology [4].

1.1 Classification key

We applied the existing classification key in
the automobile factory in Maribor, for which we
have investigated, in the scope of long-term
research, the possibility of introducing type
technology. With this key, we grouped all parts
in individual groups. Once we have a list of all
elements in a group, we must check whether
inactive elements also feature in the group, and
eliminate them from processing [4].

1.2 Conditions for the elaboration of
type technology

For the introduction of type technology, the
existing state-of-the-art must be rationalized.
This can be done in several steps:

— Elimination of some machines (workplaces)
if the same operation is performed on two similar
machines (some group elements on the first
machine, others on the second machine). Here,
the capacities and loads of machines must be
taken into account.

— Transfer of some operations onto the se-
cond machine to reduce the load or to eliminate
the first machine. Actual possibilities must be
considered (of tools, clamping devices).

— Change of the sequence of operations if
possible.

Our objective is to obtain as short and ratio-
nal a type of working process as possible.

In the studied example of a group of ele-
ments, six workplaces were eliminated after
the analysis of the existing state. In its final
form, the type working process contained only
33 operations instead of 56, which were sufficient
to cover the machining of all elements in a
group [4].

Type technology is introduced by observing
the following sequence:
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Pregled sedanjega Razvritanje operacij po Racionalizacija Izdelava tipskega delovmega
stanja proizvodnih mestih tehnologije nadrta-poteka

Survey of the existing Grouping operations per mp> | Rationalisation of | == Creation of a type

ok workplaces technology working plan

2 MODEL IZDELAVE TIPSKEGA DELOVNEGA
NACRTA

2.1 Tipski delovni naért — potek

Zgled tipskega delovnega naérta — poteka
prikazuje slika 1, s katere je vidna zgostena obli-
ka podatkov za izdelavo vseh elementov v skupini.
Bistvo tipskega delovnega naérta — poteka je v zbi-
ru vseh moZnih operacij posamezne skupine
elementov (npr. NOSILNA STENA — sl. 1) in v
izkustveni formuli za izradun norme, ki omogocta
izratun predpisov za vse dimenzijsko razliéne
elemente v skupini.

2.2 Porazdelitev tasov pri tipskem
delovnem nadrtu — poteku

V tipski tehnologiji mora biti izpolnjena zahte-
va po enakem rezalnem orodju, dologenem za ope-
racijo, pri vseh elementih skupine in seveda o ena-
kem materialu za vse elemente skupine. V prime-
ru razliénosti materiala moramo pri izra¢unu nor-
me upoStevati dodatni faktor materiala, s katerim
vplivamo na pravilnost izratuna norme.

Norma t, je odvisna od razmer pri dani ope-
raciji x in od dolZine obdelave 1, ki pri frezanju
pomeni dolZino obdelave, pri vrtanju, povrtavanju
in rezanju navoja globino luknje, pri struZenju pa
dolZino poti orodja. Odvisnost je podana v obliki:

2 A MODEL FOR CREATING A TYPE
WORKING PLAN

2.1 Type working plan

An example of a type working plan is given
in Figure 1 from which a condensed form of data
for machining all elements can be seen. The essen-
tial feature of the type working plan lies in the
accumulation of all possible operations for a group
of elements (e. g. LOAD-BEARING WALL,
Figure 1) and in the empirical formula for calcu-
lating the standard for all dimensionally different
elements in a group.

2.2 Time structure in the type working plan

In type technology, the requirements for a
constant cutting tool for an operation and for the
same material must be fullfilled for all elements
in a group. In the case of different materials, we
must consider, in calculating the standard, an
additional factor for the material to obtain the
correctness of calculations.

The time standard ¢, depends on the conditions
of a given operation x and of the length of machi-
ning 1, which represents the length of machining
in milling, the depth of a hole in boring, finish
boring, and screw cutting, and the length of a tool
path in turning. The dependence is given in the
form:

i, ~x: 1 Jmn (1.

Pri tem pomenita: / - dolZino obdelave ali poti
orodja, globino luknje; x - faktor, odvisen od raz-
mer pri operaciji (stroj orodje — podajanje, vrtilna
hitrost, &tevilo prehodov), ugotovljen z meritvami.

V nakaterih operacijah (predvsem pri vrtanju
in struZenju) je podobna odvisnost podana tudi za
doloZitev vrtilne hitrosti, ki je lahko izraZena z:

¥
s

Pri tem pomenita: y — faktor, odvisen od
orodja, ugotovljen z meritvami; d — premer orodja
ali obdelovanca na mestu obdelave.

Norma ¢, za operacijo je vsota tehnolo3kih ¢ta-
sov posameznih faz, pomoZnih &asov in dodatnih
¢asov. Pri izratunu norme po izkustveni formuli
pride na ¢isti tehnolodki ¢as (¢as rezanja) od 32 do
58 odstotkov celotnega casa t, [4].

Here [ is the length of machining, the tool path,
or the depth of a hole, and x is the factor depen-
dent on operating conditions (movements of tools
towards a machine, rotating speed, number of
passes) and determined by measurements.

In some operations (especially in boring and
turning) a similar dependence is used also for
determining the rotating speed, and expressed by:

min (2).
Here y is a tool dependend factor established by
measurements, and d is the diameter of a tool or
workpiece at the point of machining.

The time standard ¢, for an operation is the
sum of all technological times needed for individual
phases, auxiliary times and time allowances. In
calculating the standard according to the empirical
formula, the net technological time (cutting time)
represents from 32 to 587% of the total time ¢, [4].
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2.3 Izdelava delovnega na&rta po
tipskem delovnem na&rtu — poteku

Kakor smo Ze omenili, je tipski delovni
natrt — potek vsota vseh operacij z ustreznimi
podatki za izdelavo vseh elementov v skupini.
Po izdelanem tipskem delovhem naértu — poteku
lahko tehnolog izdela dologeni delovni naért
— potek za element v skupini. Pri tem uposteva
dejanske izmere elementa, ki v delovhem naértu
— poteku vplivajo na izraéun norme ¢,, in po-
trebne operacije iz tipskega delovnega natrta —
poteka. Seveda je lahko to delo opravljeno s
prepisovanjem potrebnih podatkov iz tipskega
delovnega natrta — poteka ali pa je ratunalnisko

podprto [4].

3 KOMPLEKSNA ZASNOVA OBRAVNAVANE
TIPSKE TEHNOLOGIJE Z
UPORABO RACUNALNIKA

Za izdelavo tipskega delovnega natrta — po-
teka moramo najprej doloZiti skupino elementov,
ki jo bomo obravnavali. Za doloé¢itev skupin upo-
rabimo razvrstitveni kljué. Z njim lahko skupino
elementov nedvoumno dolo¢imo. Ko je skupina
doloéena, jo lahko zaénemo obravnavati po modelu
za izdelavo tipskega delovnega naérta — poteka.
Kompleksnost resitev na ratunalniku je raz-
vidna iz prikazane strukture ukazov v programu
(slika 2) [5].

V bazi so podatki za tipski delovni potek
med seboj povezani tako, kakor ga prikazuje sli-
ka 3.

Tipska delovna risba je podrejena tipskemu
delovnemu poteku in vezana na Stevilko tipskega
delovnega poteka, Stevilko operacije in zaporedno
stevilko risbe za to operacijo. Skupna je za vse
dele, ki imajo to operacijo. Ce vseh faz operacije
ne moremo narisati na eno risbo, ima ta operaci-
ja vet tipskih delovnih risb. V tipskem delovnem
poteku je dologeno Stevilo delovnih risb za opera-
cijo.

Delovne risbe izdelamo za vsak element
oziroma del, ki ima to operacijo. Podrejena je tip-
ski delovni risbi in vezana na element dela, 3te-
vilko operacije in zaporedno Stevilo risbe za to
operacijo.

Zaradi medsebojne podrejenosti podatkov
moramo najprej definirati tipski delovni potek,
nato tipsko delovno risbo in na koncu delovno
risbo.

Zato vpeljemo indikatorje stanja, ki oznatu-
jejo, v kateri fazi definiranja je skupina podatkov.
Tukaj je skupina podatkov tipski delovni potek ali
tipska delovna risba [6].

2.3 Creation of a working plan according
to the type working plan

As mentioned above, the type working plan
or process is a sum of all operations containing
adequate data for manufacturing all elements in a
group. With the type working plan, a technologist
can prepare the actual working plan for an element
in a group. Here he must consider the actual
dimensions of elements which influence the
calculation of the standard t,, and all necessary
operations from the type working plan. This work
can be done by copying the necessary data from
the type working plan, or it may be computer
supported [4].

3 COMPLEX DESIGN OF THE PRESENTED
TYPE TECHNOLOGY BY THE USE
OF A COMPUTER

To create a type working plan we must first
define the group of elements which we want to
study. To define groups, we use a classification
key which allows us to define a group of ele-
ments without ambiguity. When a group has been
defined, we can proceed according to the model
for the type working plan. The complexity of a
computer solution is evident from the illustrated
structure of commands in the program (Fig. 2) [5].

In the database, data for the type working
process are linked as presented in Figure 3.

A type working drawing is dependent on
the type working process and marked by the
number of the type working process, number
of operation, and the running number of the
operation drawing. This is a joint drawing for
all parts whose manufacture contains this ope-
ration. If all the phases of an operation cannot
be drawn on one drawing, the operation has
more type working drawings. The type working
process defines the number of working drawings
for an operation.

Working drawings are made for all parts
that need this operation. They are dependent on
the type working drawing and marked by the
identification number of a part, number of ope-
rations, and running number of the operation
drawing.

Due to the interdependence of data, we must
first define the type working process, then the
type working drawing, and finally the working
drawing.

To do this, we have introduced the indicators
of state which define in which defining phase a
group of data is to be found. In our case, a group
of data is a type working process, a type working
drawing or a working drawing (6].
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4 VKLJUCEVANJE IZDELAVE TIPSKEGA
DELOVNEGA NACRTA V
INFORMACIJSKI SISTEM PODJETJA

Zgled vkljutevanja tipskega delovnega natrta
— poteka v dani informacijski sistem podjetja je
prikazan na sliki 4. Prenos podatkov med bazo
tipskih delovnih potekov in tehnolosko bazo v
poslovni informatiki zajema:

— zapis datoteke s podatki o delovnem poteku
iz tipskega delovnega poteka v definiranem for-
matu,

— prenos datoteke prek mreZe na posebno
podroéje ratunalnika v poslovni informatiki,

— branje podatkov o delovnem poteku v teh-
nologko bazo na zahtevo tehnologa in brisanje da-
toteke za prenos,

— obvestilo analitikom €asa o spremembi de-
lovnega poteka.

RACUNALNIE TAMTOS COMPUTER TAMTOS
et A

4 INTRODUCTION OF THE TYPE WORKING
PROCESS IN THE INFORMATION SYSTEM
OF AN ENTERPRISE

An example of possible introduction of the
type working plan in the existing information
system is shown in Figure 4. The transfer of
data between the database of type working
processes and the technological base in business
informatics includes:

— creating a datafile containing data about the
working process taken from the type working
process in a defined format,

— transfer of the datafile via computer
network to a special directory of a computer in
business informatics,

— reading data about the working process
in the technological base, at the demand of a
technologist, and deleting the transfer datafile,

— message to time analysts about the change
of the working process.
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Sl. 4. Struktura podatkov pri prenosu v informacijskem sistemu podjetja [6]
Fig. 4. Structure of data at transfer to the information system of an enterprise [6]

5 SKLEP

S podjetniskega vidika je posebej pomembno,
da se inZenirji zavedamo, da je glavni cilj nasega
dela v podjetju denar. S predlagano racionalizacijo
dela v serijski proizvodnji po nacelih tipske teh-
nologije bomo dosegli naslednje cilje:

5 CONCLUSION

From the business point of view, it is espe-
cially important that engineers become aware of
the fact that money is the main objective of their
work in an enterprise. By applying the proposed
rationalization of work in series production accor-
ding to type technology, the following targets can
be achieved:
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— urejenost sedanje tehnologije (poenotenje
napray, orodij in ¢asov izdelave),

— tipska tehnologija pomeni sodobno tehno-
losko raven, ki je za podobne (klasificirane)
elemente Ze vnaprej pripravljena,

— hitro prilagajanje potrebam nove proiz-
vodnje,

— odpade standardni nagin izdelave delovnega
nacrta,

— olajsamo delo tehnologu in zmanj$amo ¢tas
izdelave delovnega natrta,

— ekonomski utinki se kaZejo tudi v proiz-
vodnji pri ¢asu izdelave.

— rationalization of the existing technology
(uniform equipment, tools, and production times),
— up-to-date technological level, which is

prepared in advance for similar (classified)
elements, \
— fast adaptability to the needs of new

production,

— elimination of the classical creation of
working plans,

— simplification of work for the technologist
and reduction of the time needed for the creation
of a working plan,

— relevant manufacturing times in production.
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