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Prilagoditveno in variantno konstruiranje vrtljivih zvez
Varlant and Adjustable Design of Rotational Connections

IVAN PREBIL — SAMO ZUPAN — PREDRAG LUCIC

0. UVOD

V strojnigtvu je velik del razvoja posameznih
lzdelkov izpeljan s prilagoditvenim all variantnim
natinom kenstruiranja. V prispevku so raziskane
moznosti metod konstrukel)skih postopkov, ki so
vezan! na natin konstrulranja in uporabo ratunal-
nistva na podrocju konstruiranja v proizvodnji
vrtljivih zvez. Razvoj programskega sklopa na
podlagl znanja za snovanje In konstrulranje vrtlji-
vih zvez je pokazal, da je to uspeina In edina pot
za lzbolj3anje kakovostl in ufinkevitostl stan-
dardnih sistemov CAD.

1. NACINI KONSTRUIRANJA

Spekter uporabe vrtljivih zvez velikih dimezij
je zelo Sirok. Najvedji delez zavzamejo najrazlié-
nejée vrste dvigal In druglh transportnih strojev
in naprav, vendar je znanih tudi mnogo izpeljav v
razliéni tehnologki opremi. Vrtljiva zveza mora 2
veemi =sestavnimi element] zadostiti zahtevanim
kriterljem tako glede nosilnostl kakor tudl velike
natancnostl pri obratovanju. Siroka namemba pa
terja tudl veliko oblikovnih modelov. Predvsem so
pomembne tehnologke podrobnosti, kl v preteini
meri vplivajo na nosllnost in obratovalne zmok-
nostl vrtljivih zvez. Oblikovni modeli pa se lahko
glede na namen le malo razlikujejo.

Konstrukelijski proces je obltajno  dodatno
podprt z ustreznim natinom oblikovanja in uporabo
ratunalniske tehnologije. S tem razvo) izdelka
sledi cilju, tj. omejeni ¢as, manjil stroidkl In
boljsa kakovost. lzdelovalcu posameznega lzdelka
se pri tem zastavi vpradanje, katere metode Kon-
strulranja in kateri pripomotkl so primernl In so
v konstrukclskl praksi uéinkevito uporabni. Pra-
vilna odlotitev o izhirl konstrukcijskega postopka
Jje mogota samo tedaj, ¢e so poprej analizirana
vsebinska vpralanja posameznih stopenj razvoja:
natrtovanje, zasnova, osnutek in izdelava (sl. 1) —
In znani ter definiranl posameznl natinl Konstrui-
Fan ja.

Iz literature [1) so znane naslednje definicije
Za posamezne nactine Konstrulranja:

— konstruiranje na novo: sprejeto je povsem
novo nacelo resitve pri enakem, spremenjenem all

0. INTRODUCTION

In mechanical engineering, a great many pro-
ducts are deslgned by applying varlational or ad-
justment principles. This article describes the pos-
sibilities of designing procedural methods related
to the use of computers In the field of rotational
connections design and production. The develop-
ment of a knowledge-based program complex for
rotational connection design has proven to be the
only successful way of providing high guality and
efficlency augmentation of conventlonal CAD
systems.

1. TYPES OF DESIGN

Large diameter rotational connectlons have a
very broad scope of use. The major share is taken
by warious kinds of cranes and other lifting and
conveying machinery, although many applications
in industrial processing equipment are known as
well. A rotational connection, with all itz ele-
mente, haz to satisfy the required criteria of load
carrying capacity and running accuracy. Further,
the broad scope of use requires a large number of
different models. The greatest Importance is at-
tached to technological detalls that greatly affect
the load carrving and operational capabilities of
rotational connections. The models, though, may
differ only slightly with respect to thelr Intended
use.

The design process is usually additionally
supported by an appropriate design procedure and
the application of computer technology. Such sup-
port is required to achieve the primary goals:
short times, lower costs and higher quality. It is
up to the manufacturer of a particular product to
decide which design procedures and alds are sult-
able and efficiently usable in practice. The right
decision on the selection of a deslgn procedure can
be reached only after a detalled analysis of every
single development stage - planning, preliminary
deslgn, outline, manufacture (Flg. 1) - and an
exact definition of design procedures.

The literature [1] gives the following defini-
tions of different deslgn procedures:

— Novel design: a completely new principle
of solution has been devised while the baslc
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Sl. 1. Potek razveja izdelka po priporocifu VDI 2232,
Fig. 1. Complete design process of a product according to VDI 222 recommendations.

na novo postavljenem sistemu (naprava. stroj,
all skupina sklopov ali podsklopov);

= prilagoditveno konstruiranje: prilagojen je
znan sistem (nafelo resitve je znano In ostane
nespremenjeno) glede na nove zahteve, pri tem je
treba v wvedinl primerov posamezne sestavne
elemente all podsklope konstrulratli na novo;

— varlantno konstrulranje: variante so posa-
mezne velicine all razporeditve v mejah vnaprej
postavljenega sistema, funkeija In natelo resitve
ostaneta nespremenjena, znani pa so tudl para-
metri materiala, tehnologlje in obremenitev.

Ce izhajamo Iz teh definicij, potem v splog-
nem velja v strojni industriji, da pretezni del, to
Jg 70 odstotkov konstrukterskega dela (analize
velikih podjetij) [1], odpade na prilagoditveno in
variantno konstruiranje In le manjsi del na
Konstruiranje na novo.

1.1 Postavitev metod konstrukterskih
postopkov

lzkusnje in statistiéne analize [2] kazejo, da se,
neodvisno od natlna kenstrulranja, metode obliko-
vanja v industrijski praksi uporabljajo vedno manj,
kar velja 3e posebno za manjsa podjetja. To naza-
dovanje konstrukterji opravi¢ujemo z neprilagodl ji-

system (instrument, machine, a group of struc-
tures or substructures) can be the same, slightly
changed, or completely new.

— Adaptive design: a known system Is adapted
to satisfy new demands (the principle of solution
is known and remalns unchanged). In most cases
it Is necessary to design the Individual components
and substructures anew,

— Varlant design: some magnitudes or layouts
are varied in the limits of a predetermined system.
The function and the principle of solution remain
unchanged, and the parameters of material, loads
and technology are known,

Based on the above definitions, it can be
stated, according to analyses in big companies,
that approx. 70% of design work consists of adapt-
ive and varlant design, and only a miner part can
be characterized as novel design.

1.1 Methods In Deslgn Procedures

Experience and statistical analyses [2] show
that the use of design methods in industry s de-
clining, regardless of the method of deslen. This
i= true especlally for smaller enterprises. The de-
slgners justify this decline by lack of flexibility,
abstractness and excessive formalism of methods
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vostjo, abstraktnostjo in formalizmom metod in
analiti¢nih postopkov, ki so bili razvitl v sedem-
desetih letlh, kar %e posebej velja za nemiko
vplivino podrodje. Metode dejanske vsiljujejo, naj
poteka konstrukterski proces od stopnje do stopnie
v linearnem zaporedju, od zastavljenih nalog pa do
izdelave dokumentacije, ¢eprav avtorjl teh metod
vedno znova opozarjajo na nujnost iterativnostl
postokov. [zkugnje potrjujejo to obrazloZitev, Glede
na zapletenost konstrukterskih nalog, sestavo
konstrukterske skupine In razpoloiljivepa casa
konstruiranja so metode sploino znanih stopenj
konstruiranja: nacrtovanje, snovanje, oblikovanje
In Izdelava razporejene obi¢ajno tako, da zadostijo
potrebam dopolnjevanja in stopnjevanja Konstruk-
terskega procesa, To velja za vse nadlne Konstrul-
ranja, posebej pa 3¢ za prilageditveno in variantno
ter zamisli in resitve z majhno konstrukeljsko
svobodo. Raziskave [3] KkaZejo, da so stopnje
konstrukterskega procesa povezane z znalilnostjo
delovnih korakov in ne sledijo druga drugl deter-
ministi¢no, ampak se lahkoe po potrebl spremenijo.
Delovni koraki potekajo pri tem v obliki cikla.
Veak delovnl cikel pa se sme gledati kot Krog
pravil poudarjenih korakov, tj. oblikovanje, lzva-
janje in vrednotenje delovnega koraka.

and analytical procedures which were developed
in the seventies. These peculiarities are especlally
apparent in the German influenced regions. The
methods actually sugpest that designing should
proceed step by step in a linear fashlon. from de-
sign specifications to creation of documentation,
although the authors have repeatedly pointed out
the necessity of iterative use of procedures. Ex-
perience confirms this. The methods of the well
known design steps (planning, drafting, actual
design, manufacturing) are usually set up so as
to fulfill the requirements of supplementing and
Intensifying the deslgn process, taking Into ac-
count the complexity of the required design, the
composition of design team and the time available.
This applies to all methods of deslgn, especlally
to adaptive and variant design as well as to con-
cepts and solutions with little freedom of design.
Research [3] shows how the steps of design pro-
cess are linked by the work step characteristle.
They do not follow one another In a determinis-
tic way, but can be changed If required. Work
steps take the form of a cycle. Each work cycle
can be regarded as a circle of rules of emphasized
steps, that is - formulation, execution and evalua-
tion of a work step.

Natrtovanje
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Zasnova -
Basic Goncept {5

Dsnutek
Design

lzdelava |
Manufacturing
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Sl. L. Prikaz delovnega procesa kot iterativna povezava delovnih korakov.
Fig. 2. Wark process as (terative linkage of work steps.

Slika 2 prikazuje potek delovnih korakov, ki
lahko potekajo v dolofenem konstrukcijskem pro-
cesu. Prl tem Jje jasno, da so konstrukterske
stopnje: nafrtovanje, zasnova, osnutek in lzdelava
obravnavane le kot ¢leni Konstrukterskega procesa
in ni¢ ved kot posledica delovnih korakov, Delovne
korake spreminjamo skokoma med posameznimi
konstrukeijskimi stopnjami. Konstrukterskl proces
pa se tako z iterativnim povezovanjem delovnih
korakov postopoma razjasni.

Za ratunalniko podprto kenstruiranje je
primerna uporaba modulnih struktur, Ki se dobro
izkazejo pri modulni gradnji. Za modulno sestav-
ljene delovne Korake je priporotena uporaba pod-
sistemov, kar 3e posebej velja pri variantnem in
prilagodl jivem konstrulranju, pri katerih obitajno
potekajo le delne kenstrukcijske stopnje.

Fig. 2 shows the flow chart of work steps
that can be executed In an actual design process.
It is clear that individual design stages — planning,
drafting of the initial design, and manufacture —
are assessed merely as links Iin a design process
and not, as before, as a result of work steps.
Work steps change by leaps among individual
design steps. The design process can thus becla-
rified gradually by way of iterative linking of
waork steps.

In Computer Aided Designing It is reasonahble
to use modular structures, which demonstrate
their advantages in module oriented product de-
signs. The use of subsystems is recommended for
the modular setup of work steps, especially with
adaptive and variant designs, where usually only
partial design steps are carried out.
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1.2 Ra¢unalniska podpora procesa
konstrulranja — podatkovna baza

Ce se proces konstruiranja razume kot obde-
lava informactj, potem lahko te informachje logiéno
preuredimo In postopoma rafunalnitke obdelamo.
lzkuznje kazejo, da je treba celoten razvojni in
proizvodni proces razdeliti na posamezne odseke in
jih %ele nato ratunalniske obdelati kot delne pro-
cese (sl. 3).

1.2 Computer Support of the Deslgn
Process—Data Base

If the design process can be Interpreted as
information processing, then this information can
be logically arranged and gradually computer-pro-
cessed, Past experience has shown that the entire
development and production process should be
separated into segments, and these segments then
processed by a computer as partial processes
(Fig. 3).
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Sl. 3. Predstavitev integrirane obdelave podatkov s skupno bazo.
Fig. 3. Integrated data processing with common data base.

Vzrok za tak3en natin razmisljanja je pomanj-
kljiva programska oprema, ki ne omogota popolne
podpore rafunalniftva in njegove povezave s Kon-
strukcljskiml metodami in postopki. Le 40 odstot-
kov dejavnostl, ki je v konstrukterskem procesu
ratunalnizko podprta, odpade na stopnji zasnove in
oblikovanja. Preostall del je veran na izdelavo do-
kumentacije. Podatki o izdelku so med seboj pove-
zanl z doloéenimi razmerji in so med seboj odvizsni.
V konstrukel jskem procesu vrtljivih zvez se obseg
podatkov od stopnje do stopnje razvojnega procesa
zelo povecuje. Podatki, ki v popolnosti popisejo iz-
delek skozi vse njegove razvejne stopnje, so obl-
cajno razdeljeni v stirl glavne skupine;

— geometrijski podatki o makro in mikro
peometrijski obliki, popidejo tudi dimenzije (mo-
dela, tolerance, ujeme itn.);

— tehnoloskl podatkl o materialu, postopkih
obdelave, obdelovalnih centrih, itn:
funkcionalni podatki o vzdrievanju in
delovanju lzdelka (rezultati wvrednotenja, funk-
cijske strukture, navodila za uporabo 1tn.):

The choice of such an approach Is conditioned
by deficlent software, which does not allow
complete computer support and Its connectlon
with design methods and procedures. Planning and
actual designing amount to only 40% of computer
supported activities in the design process, while
the rest is associated with creation of documen-
tation. The product data are interconnected by
certain relations, and are interdependent. The
amount of data in the design process Increases
dramatically from one development step to an-
other. The data describing the product in full
throughout its development phases can be divided
into four main groups:

- geometric data, providing macro- and mi-
cro-geometry, shape and general dimenslons (of a
model, tolerances, fits etc.);

— technological data, providing characteris-
tics of material, machining procedures, machining
centres etc,

— functional data, covering product malnte-
nance and operatlon data and Instructions (eva-
luation results, functional structures, Instructions
for use, ete.);
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— organizacljskl podatkl razpoznavajo izdelek
(protokol pregleda, klasifikacijo ponovne uporabe,
pripadnost elementa itn.).

Funkelje, pripadajota delovna natela, oblikov-
ni modeli in funkcljske povezave so poplsane zelo
natanéno in so tako organizirane, da je za lzbrane
delovne funkelje mogod izbor veeh znanih stvarnlh
oblikovnih modelov, nacelnih in e Znanlh resitev,
predpisov, standardov, priporogil, materialov, teh-
nolodkih parametrov, poteka montaZze itn.

Omogoceno je preprosto dopolnjevanje podat-
kovne baze in znanja z novimi rezultati raziskav
in dosezki s podrocja vrtljivih zvez, le2ajev veli-
kih dimenzij, dinami¢no obremenjenih vijacnih
zvez, valjastih zobnigkih dvojic 1tn. Zapls znanja
je strukturiran, znanje je podano z zbirke dejstev
in & splodnimi postopki za delovanje, sklepanje pa
se lahko Izpelje £ enotnimi mehanizmi. Prednosti
strukturiranega zaplsa znanja so v tem, da je vsak
podatek predstavijen le enkrat, da je mogote do-
dajati nove ne da bi bilo treba spreminjatl Ze zapl-
sano lastnost ali proces za opravilo z njimi (4],
[5]. Osnovne In povezovalne funkel je so predpisane
z algoritml za popls flzikalnih funkelj, prostorskih
razmerl], prenosa energije i1tn. Dopolnilne funkeije
natanéneje dolofajo osnovno funkeljo: smer vrte-
nja, medosni razmik, kotalnl premer, togost si-
stema itn. Delovna natela popisujejo pojmi: vijaéna
Zveza, tesnjenje, vrsta ozobja itn. Stvarni obli-
kovnl modell so poplsani z Imenl: vijak. le¥aj Itn.
in so definirani samo na ravni elementov In pod-
sklopov. ]

2. SNOVANIE VRTLIIVE ZVEZE —
(MEHANIZEM SKLEFANJA)

Uporabnik dolegi 1zhodig¢no stanje — funkeljo,
ki naj jo dejansko zveza opravija [5]1. Vse osnovne
in dodatne funkcije, ki jih sistem podpira, so0 na-
vedene v bazi funkel), ki je dostopna prek poseb-
nega ukaza. Po te] fazl se zatne sklepanje oziroma
iskanje produkcljskega pravila. katerega funkcija
ustreza IzhodiZCnemu stanju.

V trenutku, ko je resitev znana, se pokaZejo
vsa delovna nacela. ki Izpolnjujejo  izhodidéno
funkcijo. Na tem mestu se lahko postavi zahteva
po dodatnem wprasanju: uporabniku je omogoden
vnos dopolnline funkelje. Sistem preveri dopolnilne
funkeije le tistih delovnih nacel, ki 2e izpolnjujejo
osnovno funkeijo. Uporabnik se na podlagl tega
odlozi za tiste sestavne elemente In pripadajote
oblikovne modele, za katere 2eli, da so uporabl jeni
v vrtljivi zvezi. Proces sklepanja se nadaljuje na
ponavljajot natin do vzpestavitve dejanskega teh-
nig¢nega sistema, ki izpolnjuje na samem zacetku
podano funkcijo. Pri tem izhajamo iz uporabniskih

— organizational data, identifying the product
between the manufacturer and the user linspec-
tion protocol, reuse classification, element adher-
ence, etc.).

The planning and manufacture of rotational
connectlons requires the functions, work princl-
ples, geometric models, and functional connectlons
to be defined very accurately. They are organized
s0 that we can, for chosen working functions,
select any known real geometric model, general
and previously existing solution, standard., re-
commendation, regulation, materlal, technologlc
parameter, order of assembly etc. The data and
knowledge base can ecasily be supplemented with
new results of research and achlevements from
the field of rotational connections, large diameter
ball bearings. dynamically loaded screw connec-
tlons. frontal gear couples, etc. The record of
knowledge 1= structured. The knowledge 1s pre-
sented by a list of facts and general procedures
for manipulation, and conclusions can be reached
by applyving uniform mechanisms. The advantages
of a structured record of knowledge are that
every fact is presented only once, and it s pos-
glble to add new facts without changing or rear-
ranging the existing ones or their manipulation
procedures [4], [5]. The basic and linking functions
are defined by algorithms for physical functions,
space ratios, energy transfer, etc. Auxillary
functions are defined by the facts which more
accurately determine the basic functlon — sense
of rotation, interaxial distance, raceway diameter,
stiffness of system, etc. Work principles are
deseribed by keywords: screw connection, sealing,
type of gearing, etc. Real geometrical models are
described by names: screw, bearing, etc., and are
defined only on the level of components and
Rl]l‘.lﬂt!"Ll{‘.'Llll.‘ES,

2. PLANNING (DRAFT) OF ROTATIONAL
CONNECTION - (CONCLUSION MAKING
MECHANISM)

The user defines the initlal conditions — the
required function of rotational connection [51. All
the basic and additional functions supported by the
system are stored in the function base, accessible
via a reserved command. After this stage the
conclusion making process begins, the search for
the production rule, the function of which cor-
responds to the initlal conditions.

The moment the solution is found, all the
work principles fulfilling the Initial conditions
become evident. At this point, an additional ques-
tion can be set - the user Is able to enter a sup-
plementary function. The svstem checks supple-
mentary functions of only those work prin-
ciples which already fulfill the basic function.
On the basis of the available Information, the
user selects the component parts to be used in
the rotational connection. The conclusion making
process continues repeatedly until a real technical
system fulfilling the initially defined function Is
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Sl. 4. Zgradba In Informacljski tok v konstrukterskem programskem slstemu, temeljedem
na bazl znanja (SBZ).
Fig. 4. Set-up and information flow in a knowledge-based design software.

zahtev, ki popl3ejo zunanje ocbremenitve zveze, vir
in prenos energlje, naéin vpetja, vrsto objekta in
Iz tega lzhajajoto varnost, okolje In klimatske
razmere, natin montaZe, nadzora itn. [3]. Bistveno
& obremenitveno stanje, po katerem se v danih
razmerah vgradnje po dopolnjenih [3], [6], [7]
metodah dimenzioniranja kotalnih letajev, zobnis-
kih dvejic in vijatnih zvez, izoblikuje oblikovni
model lezaja vellkih dimenzij kot osnovnega dela
vrtljlve zveze (sl. 3).

lzbira mehanlzma sklepanja poteka z uporabo
modula za dialeg (sl. 4). Mehanlzml sklepanja po-
menijo izbor metod dimenzioniranja In kriterije
omejitev. Narava konstrukeijskega procesa je taka,
da vrstnl red posameznih operacij ni vedno pred-
pisan. To zahteva prepletenost programskih pod-
sklopev ozliroma baz. Rezultatl posameznih po-
stopkov dimenzloniranja morajo bitl ofitnl In na
voljo pri drugih preratunih., na primer: mo2ni
razdelnl premer zobnlka na le2aju je odvisen tud
od kotalnega premera le2aja, razdelnega Kroga
vijatne zveze, premera vijakov itn. Rezultati se
lahko pojavljajo kot vhodni podatki v preostalih
podsestavih. Omogocajo zamenjavo podatkov all pa
dopol jujejo posamezne baze z novimi podatki. Pre-
tok podatkov je omogoten v smerl modula za di-
menzioniranje in lzdelavo dokumentaclje In na-
sprotno. To je %e posebej pomembno prl optimi-
ranju posameznih geometrijskih modelov (sl. 5),
ki se z analizo funkcionalnosti dolo¢ijo v wvseh
nadrobnostih [3]. Tako je tehni¢ni model podan z
geometrijsko obliko, tolerancami In podatki o
funkcionalnosti.

achieved. The assumptions take into account ex-
ploitatlon requests describlng the external loads
of the connection, energy source and transfer,
kind of fixing, type of baslc object and resulting
safety, environmental, and climatic conditions,
method of assembly, Inspection, etc.[3]. Vitally
important are the lead conditions on the basis of
which - with given Installation conditions accord-
ing to the medified [5], (6], [7] dimensioning me-
thods for roller bearings, gear pairs and screw
connections - the geometric model (Fig. 5) of a lar-
ge diameter ball bearing Is formed, representing
the maln part of a rotatlonal connection.

The conclusion making mechanism 1s chosen
by way of a dialogue module (Fig. 4). These
mechanisms consist of a selection of dimensioning
methods and limiting criteria. The nature of the
deslgn process Is such that the order of separate
operations is not always determined, which In
turn requires complex intertwining of data bases
and subsets. The results of every single dimensi-
oning procedure must be transparent and avallable
to other computation procedures, e.g.: possible
gear pltch circle depends on bearing raceway dia-
meter, SCrew connection pll‘.ch. screw dlameter,
etc. The results can be used as input to other

substructures of the program. They can be
changed or they complement individual data bases
with new data. Data flow is possible in both di-
rections, to and from the dimensioning and docu-
mentation creation module. This is particularly
Important In optimizing individual geometric mo-
dels (Fig. 5) that are defined in detall by the ana-
lysis of functionality [5]. The technical medel is
thus defined by geometry, tolerances and data on
functionality.
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Na dobo trajanja vrtljive zveze ob znanih pa-
rametrih [3] vpliva tudi porazdelitev obremenitve
pri posameznih kotalnih elementih. Pri tem je
neenakomernost porazdelitve obremenitve odvisna
od razmerja togosti nasproti leze¢ih podpornih
konstrukelj. Zato je za zahtevne sisteme treba
preveriti deformacijsko stanje nosilne konstruk-
clje (sl. B) In lezaja pri razliénih primerih obre-
menitve .

The lifetime of a rotational connection of
known parameters [5] Is also affected by the dis-
tribution of loads on separate rolling elements.
Here the non-uniformity of the distribution de-
pends on the stiffness ratio of oppositely supporting
parts. With complicated systems, it is therefore
necessary to check the deformatlons of the sup-
porting structure (Fig.6) and bearings at different
loads.

AT

i

b

Sl. 5. Primer popisa tehnicnega modela.
Fig. 5. Example of technical model description.

Sl. 6. Model le2ajnera mesta.
Fig. 6. Model of incorporated bearing.
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Prenos In uporaba dolofenih dvodimenzio-
nalnih geometrijskih podatkov olajsa in pospesl
izdelavo tridimenzionalnega modela s postopkom
konénih elementov (FEM), ki je primerna metoda
za preverjanje podpornih konstrukelj. Rezultati
vrednotenja pa so podlaga za Izbire parametrov in
oblikovanje tetine le2aja: ohlapnost, pritis, imenski
kot nofenja Itn. (sl. 7).

The transfer and use of certaln two-dimen-
stonal and three-dimensional geometric data sim-
plifies and speeds up the creation of a FEM model,
which Is a sultable method of supporting structure
checks. The results of the evaluation are the basis
for the choice of raceway parameters: play, pres-
ging, nominal carrying angle, ete. (Fig. 7).

Sl. 7. ProZna funkcljska struktura prilagoditev.
Fig. 7. Flexible functional structure of adaptations.

3. POVEZAVA 7 GRAFICNIM MODULOM
3.1 Prilagoditveno konstrulranje

V prvi stopnji razvoja so raziskane metodiéne
reditve in kombinacije delnih funkel). Temu sledi
grobo oblikovanje, dimenzioniranje, simuliranje in
preverjanje nosiinih funkcij. Po dimenzioniranju je
oblika vrtljlve zveze dolotena v grobem, t). dolote-
ne so mogofe velikosti najpomembnejgih dimenzij.
Zaradl raznovretne uporabe wrtljivih zvez se
pojavljajo pomembne razlike pri moZnih resitvah
e pri naé¢inu pritrditve, obliki vijatne zveze in
razporeditvl vijakov, ki je lahko simetri¢éna ali
tudi nesimetriéna, obliki tesnjenja, natinu ma-
zanja, obliki in kombinaciji kotalnih elementov,
vrstah In oblikah ozobljenja itn. (sl. 7). Vseh teh
reditev. ni  mogote matematiéno  ovrednotiti.
Konéna izbira temelji na subjektivni odloCitvi
konstrukterja in je zeveda odvisna tudi od njegovih
izkuien).

Na te] stopnjl se v splodnem izvede prilagodi-
tev razpolozljivim dimenzijam vgradnje ter upo-
rabnostim Iin kinematiénim razmeram. YV tem
primeru Je prevzem zasnova prilagoditvenega

3. LINK TO GRAPHIC MODULE
3.1 Adaptive Design

In the first stage of the development, the
methodical solutions and combinations for partial
functions are examined. The next step Is rough
shaping, dimensioning, simulation and carrying
function checking. After dimensloning, the shape
of a rotational connectlion |8 roughly defined, l.e.
the pogsible megnitudes of the most important
dimenszions are specified. Because of the wide use
of rotational connections there are important dif-
ferences in possible =olutions of the kind of Fixing,
shape of screw connectlon (symmetrical or asy-
mmetrical), type of sealing, lubrication, shape and
combination of rolling elements, types and shape
of gearing, ete. (Flg.7). All these solutions cannot
be mathematically evaluated. The final choice Is
bazsed on the subjective decizion of the designer
and also depends on his/her experience.

At this stage, most of the dimensions are
adapted to the available dimensions of fixing,
exploitation and kinematic conditions. In this case
the concept of adaptive design Is actually an im-
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konstruiranja bistven korak v razvoju. To omo-
gota graficni del programskega sklopa, ki temelji
na makro sintaksi paketa CAD In je povezan s
konstrukeljskim delom sistema prek krmilnega
modula. V njem se prek zaslonskih izhorov iden-
tificira koda leZzaja |z podatkovne baze, Program-
ski paket avtomatsko sestavi posamezne elemente
all sestav vrtljive zveze Iz ustreznlh makro
modulov. Nekateri primeri, ki jih zajamejo taki
modull so prikazanl na sliki 5.
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portant step in development. This is provided by
the graphic part of the software package, which
iz based on the macro-syntax of CAD package,
and communicates with the design part via the
control module. In this part, by way of screen
menus, the identification code of the bearing Is
chosen from the data base, by means of which the
program package automatically assembles separate
components or a rotatlonal connectlon structure
from corresponding macre modules. Some exam-
ples of entities contained in such modules are
shown In fig. 8.

Sl. 8. Primerl modulov, iz katerih sistem gradi vrtljive zveze,
Fig. 8. Examples of modules used in the assembly of rotational connections.

Detajle, ki po nakljutju ne ustrezajo, lahko
prilagodimo z interaktivno spremembo podatkov,
ki detajl dolotajo v podatkovni bazi. Tudi te spre-
membe se opravijo prek izborov znotraj grafitnega
programskega sklopa z uporabo grafiéno predstav-
ljenih navodil. lzkusen konstrukter lahko to naredi
s ¢rkovno Atevkovnim vnosom 2e v stopnjl sno-
vanja &e preden se oblikuje prva razlitica leZaja.
Tak nacin sicer nekoliko omejuje svobodo kon-
struiranja razliénih oblik, vendar Izkusnje keZejo,
da je velik odstotek wrtljivih zvez oblikovno po-
dobnih In se razlikujejo samo dimenzijsko. Pred-
nost takine metode je tudi v tem, da omogofa na
preprost in zanesljiv natin pretok informacij v
obeh smereh med konstrukeljskim sistemom na
temelju znanja in graficnega dela programskega
sklopa. V primeru enkratnih izvedb vrtljivih zvez
komercialni paket CAD, ki je podlaga program-
skemu sklopu, omogota dovolj hitro in preprosto
prilagoditev detajla tudi z uporabo njegovih vgra-
Jenih funkeij. Seveda take lzvedbe niso popolnoma
definirane v bazi skupin podatkov. Medsebojna

Accldentally unsuitable details can be changed
interactively by changing the relevant data which
determine the particular detail in the base. These
changes are also made through selectlons within
the graphic part of the package by way of graphi-
cally presented instructions. An experienced de-
signer can make them by way of an alphanumeric
entry even In an earlier stage, before the first
varslon of the bearing iz constructed. The fact is
that this kind of work somewhat limits the
freedom of design of certain shapes, but expe-
rience shows that a large percentage of rotational
connections are very similar In shape, and they
differ only In dimensions. Another advantage of
such a method is that it provides a simple and
reliable information flow between the knowledge-
-based design system and the graphie part of the
program package. In the case of completely unique
designs of rotational connections, a commercial
CAD system, forming the basis of the program
package, provides sufficiently fast and simple
adjustment of details by using its built-in
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povezava posameznih elementov  (modelov) v
sklopu je v grafitnem programskem paketu vodena
prek kosovnice, ki pomeni dejanski sistem vodenja.
Tako nastane sklenjen model z naslednjimi pred-
nostmi:

— popolnoma razpolozljive lastnosti vrtljive
zveze [(funkelja, oblika, tehnologljal so med sebhoj
povezane;

— prepreti se zamenjava datotek s sorodno
vaehino:

— popolna prehodnost vseh podatkov skozi
stopnje konstrukcljskega procesa od zahtev do
kompletne dokumentacije;

= iz popolnega modela 1zdelka se lahko 1zpelje
potrebne podatke In podlage za ohranjanje kako-
vostnih datotek In nadaljnjo uporabe (NC, doku-
mentacija). To omogoca uspesno in preudarno pri-
lagoditveno in variantno konstrulranje.

3.2 Varlantno konstrulranje

Lezajl prevzemajo pri vrtljivi zvezl pomembno
funkeijo tako pri nosilnosti kakor tudl pri prenosu
vrtilnega momenta. Za dolofene uporabne razmere
definiramo dokonéen geometrijski model, pri ka-
terem ostaneta funkeclja In nafelo reiltve v pre-
teZni merl nespremenjena. Spreminjajo se le po-
samezne velléine ali razporeditve vnaprej postav-
ljenih robnih pogojev. Varlantno konstruiranje po-
sameznih delov ali sklopa se zato odvlja po natané-
no dolodenih konstrukeljskih pravillh (oblikovni
modell, kriterijl, potek lzdelave 1tn.) In klasifika-
cljskem sistemu, ki omogota ponovno uporabo. V
ta namen so pripravljeni podatki o razvejanostl in
kosovna lista za strukturiranje celotnega sklopa
oziroma samo elementov. To pomeni, da je doku-
mentacija konstrukcije le¥aja vet kakor samo
spreminjanje geometrijskepa modela posameznih
elementov. To je pravzaprav spreminjanje celot-
nega sestava pod pogojli. ki jih definirajo konstruk-
cijska pravila in klasifikacijski sistem. Variantno
konstrulranje je tako definirano po naslednjih
stopn jah:

— za posamezne elemente all sestav z enako
topologijo in spreminjajoco se geometrijsko obliko,

— za posamezne elemente ali sestav 2z
spreminjanjem topologije in geometrijske oblike po
pravilih konstruliranja.

Vrtljiva zveza je obitajno sestavljena iz posa-
meznih elementov: zunanji (zunanjal in notranji
(notranja) obrotlal, vijaki, Kotalnl elementi, dis-
tanéniki, mazalni sistem, ¢ep In zatie. Najpre)
vedno polzkusamoe po pravillh konstrulranja in
klasifikacije poiskati vrtljive zvezo s ponovno
uporabo in %ele nato pristopimoe s programom za
generiranje k spreminjanju geometrijskega modela

functions. Certainly, such solutions are not fully
defined in the data and macrobases, The Inter-
connection of separate components (models) in a
substructure is made in the graphic part of the
package via the parts list, which is the actual
control system. Thus the complete system Is
created, with the following advantages:

— fully avallable properties of the product
(function, shape, technology) are relationally
Interconnected,

— mistaking files with similar contents Is
practically impossible,

— complete transitivity and accessability of
data through all stages of the design process from
the initial requirements to complete documen-
tation, and

— the relevant data and bases for maintaining
good quallty flles and for further use (NC, docu-
mentation) can be derived from a complete product
model. This property then enables efficient and
economlical adaptive and variant design.

3.2 Yarlant Deslgn

In rotational connectlons, the bearings have an
important function in relation to carrylng capacity
and torque transfer. For certain exploltation con-
ditions, a final geometric model iz defined, the
function and solution principles of which remain
to a large extent unchanged. Only separate dimen-
slons or layouts according to the pre-set boundary
conditions are varied. Variant design of individual
components or substructures, therefore, follows
precisely determined design rules (geometric mo-
dels, criteria, manufacturing procedure, ete.) and
a classification system supporting the reuse con-
ditlons. For this purpose, data on tree structure
and parts list for the structuring of substructures,
or merely components, are prepared. The docu-
mentation of bearing design is, in this case, more
than just a varlation of the geometric model of
separate elements. As a matter of fact, this repre-
sents a variation of the complete structure under
conditions defined by design rules and classifica-
tion system. Variant design can thus be defined by
the following steps: - varlant design for indivi-
dual components or a substructure with fixed
topology and varied geometry, and - variant design
for individual components or a substructure with
variations of topology and geometry on the basis
of design rules.

A rotational connection consists of separate
components: outer and inner ring, screws, rolling
elements, distance rings, lubrication system, plug
and pin. First, we always try to find a reusable
rotational connection taking into account the de-
sign rules and classification. Next comes the
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za zelene pogoje, pri demer je na voljo tudi seznam
standardnih  delov (ketalni elementi, mazalnl
sistem, distanénikl, zatiél itn.) (sl. 9).

variation of a geometric model (Fig. 9) for desired
conditions, by means of the generation program
and using the available list of standard parts
(rolling elements, lubrication system, distance
rings, bolts, ete.).
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Sl 9. Spreminjanfe dimenzij gecmetrd jskega modela.
Fig. 9. Dimension variation of geometric model.

Iz geometrijskega modela se lzdela dokumen-
tacija za posamezne nestandardne sestavne ele-
mente in programe za numeritno krmiljeno prolz-
vodnjo. Za izdelavo so pomembnl take geometrijski
modell — eksplicitne informaclje, ki upostevajo
priporotila razli¢nth predpisov  In  standardov
(hrapavost, simboli geometrijskih elementov itn.),
kakor tudi implicitne Informacije, Kl pomenljo
nestandardizirana znanja o natinu in parametrih
obdelave, vpenjanju. Vse te informacije se na-
hajajo v podatkovnih bazah, ki vsebujejo strukture
in podatke o organiziranostl, geometrijski obliki,
funkelonalnosti. tehnologkih parametrih ter glavne
in stranske Ffunkelje. kI so dostopne v wvseh
stopnjah razvoja. Uporabljene so tako pri nume-
ri¢no krmiljent prolzvednjl kakor pri lzrisu stan-
dardne dokumentacije, ki e vedno edina omogodéa
natanéno  vidno preverjanje postavljenih  peo-
metrijskih in tehnoloskih zahtev, |z tega izhaja,
da je natan¢en popis oblikovnega modela in prenos
podatkovne baze v numerléno krmiljen sistem
histven za izdelavo kakovostnih vrtljivih zvez.

4. SKLEP

Proizvodnja le2ajev za vrtljive zveze je pri
nas v Sloveniji kakor tudi po svetu prece] Indivi-
dualna. Ob primerni tehnoloski  opremljenosti
proizvoednje so glavnl problemi razvoj in konstrui-
ranje ter priprava proizvodnje.

Razvoj programskega sklopa na temelju znan-
ja za snovanje In konstruiranje vrtljivih zvez je
pokazal, da je to uspesna pot za izbolj2anje kako-
vostl in utinkovitosti standardnih sistemov ratu-
nalnisko podprtega konstrulranja, ki jlh je mogote
dopolniti do mere, da je omogoten celoten pretok
informacij tehni¢nepa modela od snovanja do di-
menzioniranja. krmiljene proizvodnje in izdelave

The geometric model 1s then the basis for the
creation of documentation for nonstandard parts
and NC programs. Both are Important for produc-
tion, the geometric models - explicit information,
taking into account recommendations of wvarlous
regulations and standards (reughness, geometrle
elements symbols..) as well as implicit Informa-
tion — non-standardized knowledge about the me-
thods of machining, its parameters, fixing. The
sources of all this information are data bases con-
taining structures and data on organization, geo-
metry, functionality, technological parameters, as
well as the main and auxillary functlons available
In all stages of development. They are used In nu-
merically controlled production as well as in the
creatlon of classic documentation, which 1s still
the only means of exact visual inspectlon of the
zet peometric and technological requirements.
Consequently, it could be =aid that an exact defi-
nition of the geometric model and the transfer of
the data base to the NC system is essentlal for the
production of high quality rotational connections.

4. CONCLUSION

The production of bearings for rotational
connections iz largely individual, When suitable
technological equipment 1s avallable, the main
problems are development, design, and preparation
of production. The development of a knowledpe-ba-
sed program package for the planning and design of
rotational connectlons has proved thls to be a
successful way to Improve the quality and
efficlency of conventional CAD systems. They can
be adapted to such an extent that a complete
technical model information flow, through pla-
nning, dimensioning, NC controlled production and
creation of technical documentation, is provided.
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tehnitne dokumentacije. Namen programskega
sistema ni popolna nadomestitev strokevnjaka —
konstrukterja, pa® pa je mamenjen kot pomoé pri
razvojnem procesu, saj so nekatere odloéitve pri
Izboru ponujenih mogoéih reSitev prepulcene prav
njemu. Programski sklop mu poveta preglednost
resitev glede na podane robne pogoje in mu omo-
goda bistveno vedjo utinkovitost.

The program system is not meant to fully replace
an expert - designer, but it should be regarded
rather as an aid in the development process
since some decisions In the selection of possible
solutlons avallable are always up to the designer.
The program package only Increases ovérview
of the possible solutions with regard to the given
boundary conditions, and facllitates essentially
higher efficlency.
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