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CLAMPEX — ratunalniko podprto naértovanje vpenjanja
pri struZenju

CLAMPEX — a Computer-Aided Clamping Task Planning
in Turning Operations

DRAGICA NOE

Nacrtovanje vpenjanja, kot del procesa nacrtovanja obdelave, je za razvoj in uporabo
racunalnisko podprtih sistemov kljucnega pomena. V ta namen je bil razvit racunalnisko
podprt sistem CLAMPEX (CLAMPing EXpert system), ki po opisu strojne komponente z
oblikovnimi elementi ter ustreznega vgrajenega znanja s podrocja tehnike vpenjanja, za
stvarno okolje izbere ustrezen nacin vpenjanja, deloci vpenjalne povrsine ter izdela potrebno
tehnolosko dokumentacijo. Ta vkljuc¢uje dolocitev lege na stroju, izracun vpenjalnih sil ter
izbiro ustreznih vpenjal. V prispevku so predstavijeni posamezni koraki pri razveju ter
testiranju sistema.

The clamping task planning, as a part of the manufacturing process planning, is signi-
ficant for the development and use of the computer aided planning systems. The CLAMPEX
(CLAMPing EXpert system) as a computer aided system was developed. The system is
capable to make decisions how to chose appropriate clamping way, selecting the clamping
surfaces and calculating the technological data on the base of the feature part description and
integrated technological expert knowledge an the clamping technic field and also the real
workshop environment. The technological data include the workpiece position description, the
clamping forces calculation as well as the clamping devices selecting. The presentation of the

steps in the system development and the system testing is the item of the article.

0 UVOD

V zadnjem desetletju so se povecali napori
pri iskanju racunalnidko podprtih sistemov, ki bi
lahko sprejemali ustrezne odlo¢itve na¢rtovanja
vpenjanja pri obdelavi. Raziskave so bile usmerje-
ne v razvoj prilagodljivih vpenjalnih pripomockov,
rac¢unalnigko podprto konstruiranje vpenjalnih pri-
pomockov, dolo¢anje zaporedja vpetij prizmati¢nih
obdelovancev kakor tudi v racunalnigko podprt izbor
vpenjalnih pripomoc¢kov pri struzenju [11, [2], [3].

Dolo¢itev &tevila in zaporedja vpenjanja, nacin
centriranja v posameznih vpetjih, izbira vpenjal-
nega pripomocka in izracun parametrov nasta-
vitve pripomoc¢ka pri struZenju so naloge sistema
CLAMPEX (CLAMPing EXpert System). Razvoj
sistema temelji na predpostavki, da naj ima racu-
nalnidko podprt sistem enake lastnosti kakor in-
teraktivni sistem, kjer nac¢rtovalec sprejema od-
lo¢itve po lastnem znanju in izku&njah. Seveda pa
naj tak sistem sprejema optimalne odloc¢itve na
podlagi vgrajenega znanja, predstavi in razlozi
svoje odlocitve, dopusca dograjevanje ter se pove-
zuje s sistemoma CAD in CAM. V predlozenem
prispevku Zelimo prikazati le nekatere korake pri
razvoju in testiranju sistema [6], [7].

0 INTRODUCTION

There have been increasing efforts in the
last decade to develop an appropriate computer-
alded (CA) system for making clamping decisions
for machining mechanical parts. Research has
been directed into the development of flexible
clamping devices, CA design of clamping devices,
CA-determination of clamping sequences for
prismatic parts, as well as a CA system for the
selection of clamping devices for turning opera-
tions (1], [2], [3].

The tasks of CLAMPEX (CLAMPing EXpert
system) are: the determination of the number
and sequences of set-ups, determination of cen-
tring ways for each set-up, selection of clamping
devices and the calculation of setting parameters
in turning operations. The development of the
system is based on the assumption that the CA
system should have the same performances as
an interactive system, in which the planner
makes decisions based on his knowledge and
experience. The CA system has to make optimum
decisions based on built-in knowledge, present
and explain the decisions, and allow upgrading
and linking with CAD and CAM systems. The
presented paper is intended to show only a few
;steps of the development and testing of the system
61, [7].
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1 IZHODISCE

Naloge na¢rtovalca pri sprejemanju odlo¢itev o
vpenjanju so del aktivnosti tehnologa pri naérto-
vanju procesa obdelave in le hkratno nacrtovanje
obdelave in vpenjanja lahko prinese optimalne
rezultate. Za dolocitev optimalnega na¢rta vpenja-
nja upoSteva tehnolog korelacije med obdelovalnimi
in vpenjalnimi povr&inami, obdelovalnimi in vpe-
njalnimi silami, strojem, obdelovancem in vpenjal-
nim pripomoc¢kom, natan¢nost obdelave ter eko-
nomske kriterije.

Naértovanje vpenjanja pri struzenju vkljuéuje
dolo¢itev nacina vpenjanja, ki je doloceno s Stevi-
lom vpetij, ter z na¢inom centriranja v posameznih
vpetjih. Izbira pozicionirnih in vpenjalnih povrsin
ter doloc¢itev vmesnega stanja strojne komponente
so tudi naloga tehnologa. Izdelava naérta vpenjanja
je kon¢ana z izbiro vpenjalnega pripomocka za po-
samezna vpetja ter z izra¢unom vpenjalnih para-
metrov, npr. vpenjalne sile, deformacije in izracun
referenc¢ne tocke (sl. 1).

Clamping surfaces
determination

T O T, Dologitev natina
CW1,...CWi vpetja

s ES - Clamping method

determination
K\
: o=} "E . ’
= l:: 1 ‘| Doloditev vpenjalnih

il ol i et ¢ ploskev

4 Fa 1
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1 BASICS

The planners tasks, when making deci-
sions about clamping, are a part of machining
process planning activities. Only the simulta-
neous planning of machining process and clam-
ping tasks can yield optimum results. To determi-
ne the optimum clamping the planner has to con-
sider the correlation between the machining and
clamping surfaces, machining and clamping forces,
machine, part and clamping device, machining to-
lerances and economic criteria.

The planning of clamping in a turning ope-
ration involves the determination of the clamping
method, determined by the number of set-ups
and the centring way for each set-up, the deter-
mination of positioning and clamping surfaces as
well as the determination of intermediate part

'data. The planning of clamping is complete by the

determination the clamping devices for the indi-
vidual set-ups and by calculation of clamping pa-
rameters such as clamping forces, deformations
and a calculation of the reference point (Fig. 1).
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Sl. 1. Naloge racunalnisko podprtega sistema nacrtovanja vpenjanja pri struzenju
Fig. 1. The tasks of the computer-aided system for planning clamping in turning operations

Razvoj racunalnigko podprtega sistema za
nacrtovanje vpenjanja pri struzenju zahteva obli-
kovanje podatkovne baze strojne komponente pred
obdelavo in po njej ter avtomati¢en prenos po-
datkov iz CAD kakor tudi oblikovanje podatkovne
baze za delovno okolje (stroje, vpenjalne pripo-
mocke). Osrednje delo pri razvoju sistema pomeni
dolocitev ciljev sistema v posameznih fazah na-
¢rtovanja, zbiranje odlo¢itvenih parametrov za
postavljene cilje ter izdelavo programov za spre-
jemanje odlo¢itev na podlagi zbranega znanja in
podatkov.

The development of the CA system for
planning of clamping in turning operations invol-
ves creation of a data base for the part before
and after the automatic transfer of the data from
CAD and also the creation of a data base for the
machining environment (machines and clamping
devices). The crucial task of the system develop-
ment is the determination of the system aims in
the individual planning phases, determination of
the decision parameters for the aims and pro-
gramme development for decision making based
on the collected knowledge and data,
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2 OPIS STROJNE KOMPONENTE PRED
OBDELAVO IN PO NJEJ

V proces obdelave vstopa surovec s svojimi
geometriénimi in mehanskimi lastnostmi. Strojna
komponenta je v sistemu CLAMPEX opisana z
geometrijskimi oblikami, ki so v topolo&kih raz-
merjih, in njihovimi geometrijskimi elementi, za
katera so podana dimenzijska in toleranéna raz-
merja. Opis z oblikovnimi elementi [4] se je poka-
zal kot obetaven nacin opisa strojnih komponent
v vseh fazah naértovanja. Podatkovno bazo se
ustvari Ze pri konstruiranju strojne komponente,
v CAD. Prenos podatkov iz CAD v sistem
CLAMPEX je avtomati¢en prek vmesnika [5].

Strojna komponenta je opisana s splosnimi
podatki, npr.: identifikacijska 3tevilka (identno),
stevilka narocila (ordno) in oznacba materiala ter
podatki o geometrijskih oblikah. Strojna kom-
ponenta je tako sestavljena iz ene ali ve¢ zuna-
njih oblik (exshap), nobene notranje ali ve¢ notra-
njih levih (intishap) ter desnih notranjih oblik
(intrshap). Posamezni elementi geometrijskih ob-
lik pa so medsebojno v razmerjih tolerance pozicije
(tolpoz) in tolerance oblike (to/form). Podatki so
dopolnjeni 8e s podatki, ki so bistveni za naérto-
vanje vpenjanja. Taki dodatni podatki so &tevilo
geometrijskih elementov (shapno), razmerje med
skupno dolZino in najve¢jim premerom (r), naj-
ve¢ji premer (md), dolZzino vseh geometrijskih
elementov (/ength). Podatki so v podatkovni bazi
spravljeni lo¢eno za surovec (blank) in obdelovanec
(part) in jih je mogoce predstaviti z medsebojno
shemo (sl. 2). Opis vmesnega stanja strojne kom-
ponente (imp) pri obdelavi v ve¢ vpetjih je identi-
¢en. Podatki zanjo so enkrat spravljeni kot obde-
lovanec za prvo vpetje in drugi¢ kot surovec v

2 PART DESCRIPTION BEFORE AND
AFTER MACHINING

The part enters the machining process as a
blank with its own mechanical and geometrical
properties. In the CLAMPEX system, the part is
described by geometrical shapes, with their to-
pological relations and by the geometrical ele-
ments for which dimensional and tolerance
relations are given. The description by the shape
elements [4] has been found to be a promising
way of describing the parts in all planning phases.
The data base is already created when designing
the part by CAD. The transfer of the data from
CAD to CLAMPEX is performed automatically by
a transfer program [3].

The part is described by general data such
as identification number (identno), order number
(ordno), by material designation and by data on
geometrical shapes. The part consists of one
or more external shapes (exshap), one or more
internal left shapes (intlshap) and internal right
shapes (intrshap). The individual geometrical
elements are related by position tolerances
(tolpoz) and by form tolerances (tolform). These
data are supplemented by data relevant for
clamping planning: number of shape elements
(shapno), maximum length/diameter ratio (r),
maximum diameter (md), length of all shapes
(length). Data for blank (blank) and part (part)
are stored in the database separately and they
can be presented by data relations presentation
diagram (Fig. 2). Description of the intermediate
state (imp) when machining with more than
one set-up is identical. Here the data is stored
as a part for the first set-up and as a blank
for the second set-up. The intermediate part
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Sl. 2. Povezovalni diagram surovcev in obdelovancev
Fig. 2. Blank part and intermediate part data relations presentation
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drugem vpetju. Dolo¢eno vmesno stanje kompo-
nente se navezuje to¢no na podan proces nacrto-
vanja in se oblikuje pri vsakem naroc¢ilu na novo,
odvisno od razmer pri obdelavi. Povezava je poda-
na z razmerjem imp (ImpartNo, BlankNo, PartNo).

Za ponazoritev je na sliki 3 podan opis geo-
metrijskih oblik, ki smo jih uporabili pri testira-
nju sistema CLAMPEX. Koordinate strojne kom-
ponente so podane glede na ISO/R 84, zunanje in
notranje leve oblike so &tete z leve proti desni in
desne notranje z desne proti levi.

is generated for each order automatically in
accordance with the machining environment.
Connections are made by the relation imp
(ImpartNo. BlankNo, PartNo).

Fig. 3 contains the description of shapes
used when testing the CLAMPEX system. The
coordinates for parts are set in accordance with
ISO/R 84, outer shapes and left inner shapes
are counted from left to right, and the right
inner shapes are counted from right to left.

zunanja oblika:
stozéasta oblika
external shape:
truncated cone

geometrijski el.:
leva ploskev
desna ploskev
external shape: vmesna ploskev
cylinder 08

zunanja oblika:
valj

T wmctrlca] elem:
b eft plane

right plane
intermedia plane
! axis

notranja oblika: eometrijski el.: notranja oblika:

okrogla luknja eva/desna ploskev stozéasta luknja
internal shape: vmesna ploskev internal shape:
-cylinder hole os truncated hole

2

L,

7 S 5 efo;rw't‘ncail elem:

t/right plane
7 /1 inter, plane
! axis

geometrijski el.: Primer: Example: zunanje
leva ploskev geometrijske
desna ploskev oblike
;rsncsna ploskev ) 2 4 n 5 o
Bl U geometric
eometrlcal elem: s te
eft plane
right plane notranje
inter,plane leve in desne
axis gometrijske
/ blik
?comctrqskl el: Slidze sl - I e
a/desna ploskev intachal
vmesna ploskev left and right
05 geometric
shapes
‘}%’Sg}ﬁ"g;gf’n obdelovanec
inter.plane part
axis

Sl. 3. Geometrijske oblike in primer opisa strojne komponente.
Fig. 3. Chosen geometric shapes and machined part composed by geometric shapes

3 PODATKOVNA BAZA DELOVNEGA OKOLJA

Sistemn za na¢rtovanje vpenjanja pri struzenju
vkljucuje 3e podatkovno bazo delovnega okolja.
Medtem ko je oblikovanje podatkovne baze za
strojne komponete delo konstrukterja, je obliko-
vanje podatkovne baze delovnega okolja delo tehno-
loga. Pri tem je oblikovanje podatkovne baze
uporabnigko usmerjeno, kar pomeni, da se zbirajo
podatki za podjetje, ki bo sistem uporabljalo. Poleg
geometrijskih, tehnologkih in splosnih podatkov je
za stvarno naértovanje $e nujno potrebno pozna-
vanje razpoloZljivosti posameznih obdelovalnih
strojev in vpenjalnih pripomoc¢kov. Pri struZenju
uporabljajo v veéini primerov standardna vpenjala,
uporabna na ve¢ obdelovalnih strojih. Tudi ta raz-
merja so podana v bazi okolja. Del podatkov so 3e
spremembe dimenzij mehkih ¢eljusti. Medsebojni
diagram prikazuje le nekaj primerov podatkov, pri-
pravljenih v sistemu CLAMPEX (sl. 4).

Tehnolog izbira med razpolozljivimi struzni-
cami (L,;), vpenjalnimi glavami (JJ§) z razlienimi
vpenjalnimi ¢eljustmi, trni (M), sojemali (DP,,)
in drugimi standardnimi ter namenskimi vpenjali.

3 THE MACHINING ENVIRONMENT DATABASE

The planning system for clamping in turning
operations includes also a machining environment
database. While the parts database is created by
the designer, the machining environment database
is created by the technology expert. The creation
of this database is user's oriented. That means that
data entered into the database are actual data of
the enterprise using the system. In addition to
geometrical, technological and general data for
actual planning, the data on the availability of in-
dividual machines and clamping devices are impor-
tant. Universal clamping devices which could be
used for different machines are usually used in
turning operations. These relations are also given
in the machine environment data base. Data also
include the deformation of soft chuck jaws. Only a
few samples of data included in the CLAMPEX
system are presented in the diagram (Fig. 4).

Available turner's lathe (L), chucks (4Jy)
with different jaws, mandrels [Ml, driving pla—
tes (DP,) and other standard and special clam-
ping devices could be chosen.
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vpenjalne glave

. o .

delovni prostor strufnica
working area lathe (L)
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Sl. 4. Povezovalni diagram delovnega okolja
Fig. 4. The machining environment E/R diagram

4 DOLOCITEV IN 1ZBIRA VPENJANJA
4.1 Cilj1

Nac¢rtovanje vpenjanja pri struzenju vkljucuje
dolo¢itev nacina vpenjanja (Clamping Way, CW),),
ki je opredeljeno s 3tevilom vpetij (Set-Up, SU,)
ter z nac¢inom centriranja (Centering way, Cy) v
posameznih vpetjih. Podan surovec za Zelen obde-
lovanec je mogoée obdelati v enem, dveh ali vec
vpetjih (SU;). Nac¢in centriranja C), v posameznih
vpetjih pa je doloc¢en z lego surovca v vpenjalnem
pripomoc¢ku glede na os centriranja in referen¢no
tocko stroja (sl. 3).

4 CLAMPING METHOD
4.1 Goals

Planning of clamping in turning operations
includes the determination of the clamping me-
thod (Clamping Way, CW),), defined by the number
of set-ups (Set-Up, SU;) and the centring method
(Cy) in each set-up. A given blank could be ma-
chined in one or more set-ups (SU;). The centring
method Ck in each set-up is determined by the
position of the blank in the clamping device with
reference to the centring axis and the reference
point of the machine (Fig. 5).

01 - refrentna totka vpenjala
clamping devices reference point

Oy - referenéna totka obdelovanca

part reference point

- razdalja med referenéno totko vpenjala (O1)
in referenéno tofko obdelovanca (O:
distance between clamping devices reference
point (O1) and part reference point (02)

l2 - dolZina surovca
blank length

Sl. 5 Lega strojne komponente v vpenjalnem pripomocku, referencne tocke in vpenjalne sile
Fig. 5. The machined part position in the clamping device, reference points and clamping forces

Ob uporabi standardne opreme na struznicah
je mogoce dolociti devet osnovnih nacinov centri-
ranja pri struZenju (sl. 6). Sistem CLAMPEX je
odprt tudi za uporabnigko usmerjene posebne
vpenjalne pripomocke in druge nacine centriranja
ter vpenjanja.

V splosnem je mogo&ih neyyy razliénih naci-
nov vpenjanja. Ce so neyy (1), vsi nacini pri ob-
delavi v enem vpetju in neyy (2); vsi nacini pri
obdelavi v dveh vpetjih, je skupno stevilo razlic-
nih vpetij:

Using standard equipment for turner's la-
thes, nine basic centring ways could be determi-
ned (Fig 6). The CLAMPEX system is also open
to the introduction of other special centring and
clamping methods.

In general, there are ncy, different clam-
ping methods. If new (1), are all the possible
clamping methods for one set-up and neywy (2);
are all the possible methods for two set-ups,
then the number of all the different set-ups is
given by:
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Sl. 6. Osnovni nacini centriranja komponente pri struzenju
Fig. 6. Elementary centring ways in turning operations (Ci)

Now = Dcwl])l + ncwlz}j

kjer pomenita:

9
ncw (1, :Z Cx
=1

Cilje iskanja, to je mogo¢e nacine vpenjanja
CWj in s tem cilje izvedenskega sistema za dolo-
¢itev na¢ina vpenjanja, lahko zapisemo v naslednji
obliki:

CW1: &tevilo vpetij je ena, centrirati je mogoce
zZunaj,

CW11: stevilo vpetij je dva, v prvem vpetju cen-
triranje zunaj in v drugem vpetju centri-
ranje znotraj.

Tehnolog — naértovalec lahko teoreti¢no izbira
med vsemi moZnimi na¢ini vpenjanja, vendar vsi
nacini tehnolo&ko niso sprejemljivi. Dolo¢eni na-
¢ini centriranja se lahko medsebojno izkljucujejo,
nekateri nacini centriranja pa so dovoljeni le v do-
lo¢enem zaporedju. Pri razvoju sistema CLAMPEX
je bilo na podlagi analize ugotovljeno, da je tehno-
losko mogocih le 36 natinov vpetja izmed 90 teo-
reti¢no mogocih.

Vplivni parametri

Studi j vpenjanja rotacijsko simetri¢nih obde-
lovancev pri struzenju je pokazal, da je za spreje-
manje odlo¢itev potrebno znanje. Pomemben del
naloge pri razvoju je bil tako zbrati ustrezno
znanje, ki naj kar se da nedvoumno opredeli, kdaj
se za doloéen surovec in obdelovanec izbere eden
ali ve¢ nacinov vpenjanja (CW,). Naloga pri raz-
voju rac¢unalnisko podprtega nacina vpenjanja pri
struzenju je bila zbrati to znanje, definirati odlo-
¢itvene parametre za izbiro ter znanje pripraviti v
ustrezni obliki za procesiranje.

where:

Now (2]j 5
k

]
Ci
|
Research aims, that is possible clamping
methods CW, which are the goals of the expert
system for the determination of clamping methods
may be presented by the following expressions:

CW1: Number of set-ups is one, external centring
is possible,

CW11: Number of set-ups is two, in the first
set-up centring is external and in the se-
cond set-up the centring is internal.

Theoretically, any possible clamping method
could be chosen, but all methods are not techno-
logically acceptable. Some centring ways are
mutually restricted and some are permitted only
in a fixed sequence. Analysing the problem when
developing the CLAMPEX, we found that only

36 clamping methods are acceptable out of 90

theoretically possible ones.

Influence parameters

Studying the phenomenon of clamping rotary
symmetrical parts for turning operations, we fo-
und that knowledge is necessary for making the
decisions. An important task when developing the
system was collecting the relevant knowledge, to
definitely determine, when for a given blank one
or more clamping ways are chosen (CW)). Deve-
loping the CA system for clamping in turning
operations required the collection of knowledge,
to define the determination parameters, and the
arrangement of the collected knowledge in a way
that enables automatic processing.
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Pri razvoju sistema CLAMPEX smo se pogo-
varjali s tehnologi — naértovalci, zbrali podatke in
znanje in nasvete iz knjig in katalogov ter anali-
zirali Ze izdelane naérte vpenjanja. Nekaj nasvetov
ali znanj, po katerih se ravna tehnolog pri odlo¢a-
nju, je mogoce zapisati:

— Ce je proces struzenje, uporabi struznico.

— Izberi struznico, ki ima ustrezen vpenjalni
pripomocek.

— Kratke surovce centriraj v glavo, na trn ali
v stroénico.

— Dolge osi in gredi centriraj med konice.

— Ko vpenja§ v trde c¢eljusti, odvzemi kar
najve¢ materiala.

— Prednost imajo na¢ini vpenjanja, ki uposte-
vajo le vpenjanje na zunanjih povrsinah.

— Preracunaj deformacije pri tankih obdelo-
vancih.

— Referenéne povrsine obdelaj v prvem vpetju
in jih v drugem vpetju uporabi za centriranje.

Kljub nenatan¢nim izjavam je mogoce izluséi-
ti, da je izbira natina vpenjanja (CW),) odvisna od:

— geometrijske oblike in dimenzij komponente
pred obdelavo (surovca) in po njej (obdelovanca),

— kakovosti vpenjalnih povrsin surovca,

— dolo¢itve povrsin, ki naj bodo obdelane v
danem vpetju,

— zahtevanih toleranc oblike in lege obdelo-
vanca,

— vitkosti in trdnosti obdelovancev,

— cene obdelave.

Pri tem je poudarjeno, da je razmerje (F)
med dolZino (L) in najvecjim premerom surovca
(MD) (R = L/MD) odlocilen parameter za izbiro
nacina vpenjanja. Oblikovane so bile stiri skupine
(R,,... R,) glede na podano dolzino L in najvecji
premer surovca MR. Ugotoviti je mogoce, da
obstaja soodvisnost med nacini centriranja C,
razmerjem R, (sl. 7).

When developing system CLAMPEX it was
spoken to technology experts, collected knowledge
from published books and catalogues and analyzed
completed clamping plans. Some pieces of the
knowledge and advice could be written as:

— If turning is to be done, use a turner's lathe.

— Choose a lathe with a suitable clamping
device.

— Short parts centre into the chuck, on the
mandrel or collet.

— Long axes centre between centring points.

— When clamping into hard jaws,
remove as much material as possible.

— Clamping methods using only outside clam-
ping are preferred.

— Calculate deformations of thin parts.

— Process the reference surfaces in the first
set-up and use them for centring in the second
set-up.

In spite of non precise statements, it is
possible to assume that the determination of
the clamping method (CW,) is influenced by
the:

— geometrical shape of blank and part,

— quality of the clamping surfaces,

— determination of the surfaces which are
processed in a given set-up,

— required shape and position tolerances,

— slenderness and rigidity of the part,

— machining price.

It has been pointed out that the ratio (R)
between the length (L) and maximum diameter of
the blank (MD) (R = L/MD) is the decisive pa-
rameter for choosing the clamping method. Four
groups, (R,,... R,) considering the given length
L and maximal diameter of the blank MR, were
formed. It was found that a correlation exists
between the centring method C, and the ratio
R, (Fig 7).

Co1 | C02 | CO3 | CO4 | CO5 | CO6 | CO7 | CO8 | CO9

zelo kratek very short LIMD = R < 0,5 0 0 0 0 0 0 0 1 1
kratek short 05 > LMD =R < 3 1 1 0 0 0 0 0 1 1
dolg long 3 >LIMD =R < ]2 1 1 1 1 1 1 1 0 0

zelo dolg very long LIMD = R > ]2 il 0 1 1 1 1 1 0 0

Sl. 7. Soodvisnost med nacini centriranja C, in razmerjem R,
natin centriranja je mogo¢ - 1 in ni mogoé - 0

Fig. 7. The correlation between R, and centring methods C,
1 - clamping is possible, 0 - clamping is not possible

Geometrijska oblika surovca in obdelovanca
je drug vplivni parameter pri izbiri nacina vpen-
janja. Veliko 3tevilo razliénih oblik surovcev in
obdelovancev povzroca dokajsen problem pri dolo-
¢itvi tega vpliva. Pri nacrtovanju vpenjanja se je

The geometric shape of the blank and the
part is the second parameter which influences
the determination of the clamping method. The
vast number of different blanks and parts causes
a considerable problem when dealing with this
question. For clamping planning purposes, grouping
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pokazala smiselnost razvr&canja komponent v
znadilne skupine glede na moZnosti vpenjanja. Tako
je bilo oblikovanih nekaj zna¢ilnih skupin v katere
so surovcl (BG,) in obdelovanci (PG;) pred na-
¢rtovanjem avtomati¢no razvrsceni (sl. 8 a). Ze-
lena obdelava je tretji kriterij, ki bistveno vpliva
na izbiro na¢ina vpenjanja. Z vidika vpenjanja je
mogoce dologiti pet znacilnih skupin (MG,) (sl. 8b).

of parts according to clamping possibilities proved
useful. Some characteristic groups were formed.
Blanks (BG,) and parts (PGy) are automatically
sorted Into a few characteristic groups before the
actual planning starts (Fig.8a). The desired machi-
ning is the next parameter with a significant in-
fluence on the determination of the clamping me-
thod. From the clamping point of view, five cha-
racteristic groups can be formed (MG,) (Fig. 8b).

BGO1 PGO01 | BG04 PG04 | BGO7 PG07 | BG10 PG10 MG1 MG4
7

// — e

BGO02 PG02 | BGO5 PGOS | BGO8 PG08 | BG11 PGl11 MG2 MGS5
4
a sbabe ﬁ/ ------ £ - S [ e - e Sl R e e e b

vl AT v

BGO3 BG06 PG06 | BG09 PG09 MG3
. ploskve, ki jih
7‘ __ obdelujemo
HiEe k777 z __ i ‘‘‘ T _%- machined surfaces

Sl. 8. Znacilne skupine oblik surovcev, obdelovancev a) in obdelav b)
Fig. 8. Parts, blanks a) and machining b) significant groups

Razpoznavanje in razvritanje komponent in obde-
lave v skupine je del sistema CLAMPEX in teme-
lji na analizi $tevila, dimenzij in razporeditve geo-
metrijskih elementov, kakovosti povréine ter nji-
hove medsebojne povezanosti, kakor tudi poznava-
nja vpenjanja. Modula za razvricanje sta grajena
kot izvedenska sistema.

Geometrijska oblika suroveev (BG,) in obde-
lovancev (PG;) v povezavi s predvideno obdelavo
(MG, jasno cfo]oéa mogoce nacine vpenjanja.

Primer:

Recognition and grouping of parts and processing
types is a part of the CLAMPEX system. It is ba-
sed on an analysis of the number, dimensions and
arrangement of the geometrical shapes, surface
quality and their interconnections. However, the
clamping knowledge is also implemented. The two
grouping modules are built as expert systems.

Geometric shape of blanks (BG,) and parts
(F‘GJ-) in connection with envisaged machining
(MG)) clearly defines the possible clamping me-
thods.

Example:

BGO1&PGO4&MG1->C WD ali (or) CWIOS,

kar pomeni: valjast surovec (BGO01) za valjast ob-
delovanec z enostransko luknjo (PG04) pri obdelavi
¢elne ploskve in notranjih ploskev (MG1) je lahko
obdelan v enem vpetju, centriran zunaj z podpira-
njem (CWA1) ali brez njega (CWD08). Z dolocitvijo
razmerja (R) pa dobimo le en sprejemljiv nacin
vpenjanja, to je obdelava v enem vpetju in centri-
ranje zunaj brez podpiranja (CWU08):

which means: a cylindrical blank (BGO01), and
cylindrical part with one side hole (PG04), in a
machining operation of the front and inside sur-
faces (MG1) can be machined in one set-up with
centring outside and with support (CWO1) or
centring outside without support (CW08). Taking
into consideration the relation (R) gives only one
acceptable clamping method: one set-up with out-
side centring without support (CW08):

BGO1&PGO4& MG1& zelo kratek (very short) ->C WO0S.

Ugotovitli je mogoce, da je skupno Sstevilo
mogocih oblik za posamezne cilje:

It was noted that the number of all possible
conditions is:

n=ngg- Npg: "mMG- MBR

kjer so:

ngg — Stevilo razli¢ih oblik surovcev

npg — Stevilo skupin obdelovancev

nyme  — Stevilo skupin obdelav

ngr — Stevilo moznih razmerij K za surovce.

where:
nge — the number of blank groups
npg — the number of part groups
npc — the number of machining groups
ngr — the number of relations R groups
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Za podan surovec predvidene obdelave in poda-
na razmerja R je mogoéih 876 razliénih oblik za
vsak nac¢in vpenjanja CW. Za zmanj8anje moZnosti
eksplozije so pri ustvarjanju baze znanja uposteva-
ni le tehnolosko sprejemljive dvojice BG&FPG. Na
primer: valjast surovec je sprejemljiv BGO1 za
vse obdelovance, surovec skupine BG10 pa le za
obdelovance skupine PG10.

Tolerance lege so bistven kriterij za dolocitev
naéina centriranja pri obdelavi v dveh vpetjih ter
pri dolo¢itvi vpenjalnih ploskev. Ugotoviti je treba,
ali obstajajo tolerance lege obdelovanca, tip tole-
ranc in poiskati geomerijske elemente, ki so v
medsebojni toleranéni povezavi.

Tl o Bl
e {5 iy i 65
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For given blank, machining operations and re-
lations groups, there are 876 different possible
conditions for each clamping method CW. A know-
ledge base explosion was avoided by taking into
account only technologically acceptable blank and
part pair and groups BG&PG. For example: a cy-
lindrical blank BGO1 is acceptable for all groups of
parts, but blank BG10 only for part PGI10.

Position tolerances were significant criterion
in clamping decisions, particularly when clamping
in two set-ups and in determining clamping sur-
faces. For a given part and blank, the presence
of tolerances must be checked, and what kind of
tolerances they are. Further, the shapes with
position tolerances have to be identified.

BG01&PG068&MG03&diskast ali kratek = CW32 ali CW33
(CW32 obdelava v dveh vpetjih, centriranje zunaj v obeh,
CW33 obdeva v dveh vpetjih, centriranje zunaj v prvem in
centriranje v referencni luknji v drugem wvpetju)

obdelovanec a: ¢e CW32 ali CW33 in (ToPoz) je "no", potem
Cw32

obdelovanec b: ¢e CW32 ali CW33 in (TolPoz) je "yes" in je
luknja z referenéno ploskvijo za ploskve obdelane v drugem
vpetju, potem CW33

obdelovanec ¢: ¢e CW32 ali CW33 in (TolPoz) je "yes" in je
luknja z referentno ploskvijo in vse povezane ploskve lahko
obdelamo v istem vpetju, potem CW32

BG01&PG06&MG03&very short or short = CW32 or CW33
(CW32 machining in two set-ups, centring outside inboth set-
ups, CW33 machining in two set-ups, centring outside in first
set up and centring in the reference hole in second set-up)
part a: if CW32 or CW33 and (TolPoz) is no, then CW32
part b: If CW32 or CW33 and (TolPoz) is yes, and the hole
is the reference surface for the surfaces machining in the
second set-up, then CW33

part ¢ If CW32 or CW33 and (TolPoz) is yes, and the hole
is the reference surface and all related surfaces are machined
in one set-up, then CW32

Sl. 9. Vpliv tolerance lege
Fig. 9. The position tolerances influence

4.2 Predstavitev In procesiranje znanja

Za avtomatizacijo izdelave nacrta vpenjanja je
bilo nujno potrebno to znanje ustrezno urediti in
predstaviti. Pri tem se je pokazalo upraviceno,
zlasti tudi zaradi procesiranja znanja, zapisati
znanje v obliki pravil ¢e - potem. V splosnem
so pravila, s katerimi je zapisano znanje pred-
stavljena z grafom v obliki drevesa, kjer so
na koncu vej posamezni nacini vpenjanja, v ¢le-
nih pa pogoji ter vrednosti za pojav cilja (sl. 10).
Pri razvoju sistema za doloc¢itev nadina vpenja-
nja se je pokazalo, da je za preiskovanje znanja
pomembno zaporedje oblik oziroma stopnja v
drevesni strukturi pravila. Izlo¢evanje neobetav-
‘nih poti za dosego cilja je uéinkovito, ¢e je na
¢im visji ravni.

4.2 Knowledge presentation
and processing

For the purposes of clamping planning, it
was necessary to structure and present the
knowledge in a suitable way. It proved to be
practical, especially for processing, to present
the knowledge in the form of production rules
if — then. In general, the rules presenting the
knowledge are shown in a tree pattern, where
the goals — possible clamping methods — are on
the tops of branches and the conditions to achieve
goals are in the branches (Fig. 10). The sequence
of rules in the branch pattern proved to be im-
portant for investigating the knowledge. Avoiding
non promising ways is more effective if it occurs
on the highest possible level.
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Ce je proces P iz skupine (P,..P), in je razmerje eno izmed
skupin (RG,..RG,), in je surovec v eni izmed skupin
(BG,..,BG,;) in obdelovanec spada v eno izmed skupin
(PG,...,.PG,) in, je predvidena obdelava (MG,..,.MG;) in, so
ali niso na obdelovancu prisotne tolerance poloZaja, in je na
voljo struznica z dovoljinjim delovnim prostorom, in je
vpenjalni pripomocek razpoloZljiv,

potem je podan surovec za predviden obdelovanec mogoce
vpeti na en izmed predvidenih nacinov vpetja CW1 do CWhn.

If process P is from group (P,..P), and the relations RG
is one of group (RG,..RG,) and the blank belongs to one
of the blank group (BG.,...,BG,;) and, the part belongs to
one of the part group (PG,..,PG;) and, for given blank
and part, the machining belongs to one of the machining
groups (MG,...,MG;) and, the position tolerances are, or are
not presented, the lathe has enough working area and the
clamping devices are available

then the given blank and given part can be clamped in the
way CWI1 to CWn.

Sl. 10. Predstavitev dela baze znanja za doloc¢itev nacina vpenjanja
Fig. 10. Knowledge base presentation for making clamping decisions

Potek dolo¢itve nacina vpenjanja posnema
razmisljanje tehnologa. Prva skupina pravil so
pravila za razpoznavnanje surovcev, obdelovancev
in obdelave. Razpoznavanje sloni na opisu kompo-
nente z oblikovnimi elementi, ki so bili uporablje-
ni Ze pri oblikovanju v CAD. Znanje obsega pred-
vsem analizo podatkov za surovce in obdelovance,
pri tem so podatki ¢rpani iz ustreznih podatkov-
nih baz.

Primer:

Ce je stevilo zunanjih elementov surovca
enako ena, notranjih levih in notranjih desnih
enako ni¢, potem razvrsti surovec v skupino
valjastih surovcev (BG1).

Ce je surovec valj (BG1) in obdelovanec valj
(PG1) in dolZina surovca veéja od dolZzine obdelo-
vanca ter kakovost leve c¢elne ploskve surovca
enaka hrapavosti celne ploskve obdelovanca ter
sta hrapavost desnih razli¢ni in sta premer surov-
ca in obdelovanca enaka, potem se predvideva ob-
delava samo c¢elne ploskve (MGI1).

Drugo skupino sestavljajo pravila za razpo-
znavanje delovnega okolja. Na¢rt vpenjanja in ob-
delave je mogoce dolociti le, ¢e so razpolozljivi
ustrezni stroji in vpenjalni pripomocki. Tu gre
predvsem za prireditev surovca v delovni prostor
strojev in pripomockov in njihovo razpoloZljivost
v dejanskem ¢asu.

Primer: Preveri: c¢e je za podan surovec v de-
lavnici delovni prostor na stroju in delovni prostor
vpenjala, potem je mogoc¢e dolo¢iti na¢in vpetja.

The clamping planning procedure simulates
the planner's way of thinking. The first group of
rules consists of the blank and parts recognition
rules and machining rules. Recognition is based
on the description of geometrical shapes which
has been set in CAD. The knowledge consists
mainly of the analysis of the blank and part's
data, which are stored in the corresponding da-
tabases.

Example:

If the number of the blank's external ele-
ments is one and the number of internal left and
inner right elements is zero, then the blank be-
longs to the group of cylindrical blanks (BG1).

If the blank is a cylinder (BG1) and the part
is a cylinder (PG1), and the length of the blank
is greater than the length of the part, and the
surface quality of the left front plane is the
same as the roughness of the left front plane
of the part and the roughnesses of the right
planes are different and the diameters of both
are the same then only the machining of the
right front plane is forseen (MG1).

The second group consists of rules for
working environment recognition. The clamping
and machining plan can be set only if suitable
machines and clamping devices are available.
Here the blank has to be adjusted to the ma-
chine’s and clamping device’s working space,
and their availability in real time.

Example: Check if: for a given blank, wor-
king space at the machine and clamping device is
available in the workshop, then clamping method
can be determined.
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Sele, ¢e sta opravljena prva dva koraka, to je
razpoznavanje Komponente ter razpoznavanje de-
lovnega okolja, je mogoce proziti pravila, ki vse-
bujejo znanje za doloc¢itev na¢ina vpenjanja.

Za procesiranje znanja je bil uporabljen jezik
T-PROLOG, ki sloni na matemati¢ni logiki in je
zmozZen delati sklepe na podlagi dejstev, zapisanih
v pravilih. Razvoj sistema je mogo¢ brez program-
ske lupine, kar je ugodno pri postopnem razvoju,
ko &e raziskovani problem ni povsem natané¢no do-
lo¢en. Mogoce je interaktivno delo, grafi¢na pred-
stavitev in dograjevanje znanja. Grafi¢na predsta-
vitev je pri nac¢rtovanju v proizvodnji vedno po-
membna, ker omogoca nacrtovalcu vkljucitev
osebnega presojanja. Programski modul je razde-
ljen v del za komunikacijo s tehnologom, bazo
znanja ter preiskovalnik znanja. V razvojni fazi je
bila baza znanja vkljucena v programski modul.

Znanje je zapisano v naslednji obliki:

Only if these two first steps are com-
pleted, that means the blank and working en-
vironment have been identified, can the rules
containing the knowledge for determination of
the clamping method be applied.

The computer language T-PROLOG was used
for the knowledge processing. This language is ba-
sed on mathematical logic and is capable of produ-
cing conclusions based on facts described in the
rules. The development of the system is possible
without the programming shell, which is comfor-
table at step by step development, when the rese-
arch problem is not yet exactly defined. Interactive
work, graphic presentation and rebuilding of the
knowledge base are also possible. Graphic presen-
tation is important in manufacturing planning be-
cause it enables the planner to incorporate personal
judgement. The programming module is divided into
a communication part, knowledge base and inter-
face machine. In the development phase, the know -
ledge base is incorporated into the program module.

The knowledge is written in the following
form of rules:

clamp(BlankldNo, PartldNo, OrdNo, CW): -
process(BlankldNo,PartldNo,OrdNo, turning),
turning-machine(BlankldNo, PartldNo,OrdNo,yes),
blank(BlankldNo,short),blankg(BlankIdNo,BG),

partpg(PartldNo, PG),

machg(BlankIdNo, PartldNo, OrdNo, MG,
poz-tol(PartldNo,no/yes),!.
turning-machine(BlankldNo, PartidNo, OrdNo, yes

Mehanizem iskanja prebira pravila, primer-
ja podatke in izbere pravilo kot cilj iskanja ter
spravi dobljeni rezultat. Mehanizem iskanja ima
naslednjo obliko:

The searching mechanism goes through the
rules, comparing the data chooses the rule as the
goal of searching and stores it. The searching
mechanism has the following form:

select(BlankldNo, PartdNo,OrdNo):
clamap(BlankdNo,PartidNo,OrdNo, CW),
assertz(clamping(BlankldNo,PartldNo,OrdNo,CW),!.

Kar pomeni: i3¢i za podan surovec ( BlankIdNo),
podan obdelovanec (PartidNo) in &tevilko narocila
(OrdNo), ustrezen nacin vpetja (CW), tako da pre-
is¢es vsa pravila clamp(BlankldNo, PartldNo, OrdNo,
CW) v bazi znanja in rezultat spravi v podatkovno
bazo: clamping(BlankldNo, PartldNo, OrdNo,CW).

Za podan surovec (1001), obdelovanec (1111) in
naro¢ilo (nl1) (sl. 11), je nadin vpenjanja dolocen
takole:

Which means: search for given blank (Blank-
IdNo), given part (PartidNo) and order (OrdNo), the
appropriate clamping method (CW), by looking at all
the rules clamp(Blank IdNo,PartldNo,OrdNo,CW)
in the knowledge base and store the results in the
data base: clamping(BlankldNo, PartldNo, OrdNo,CW).

For a given blank (1001), part (1111) and or-
der number (nl), the clamping method is deter-
mined as follows:

clamp (1001, 1111, nl, cw31):
process(1001,111,nl,turning),
turning _machine(1001,111,nl,yes),
blank(1001,short),blankg(1001,bg01,
partg(1111,pgl0),
machg(1001,1111,nl.mg2),
poz_tol(PartdNo.reference _cholel,!.

turning _machine(1001,1111,nl,yves): -

bmd(1001, _,M).bexlengh(1001,L),
lathe(_,M1,L1).M<M],L<L1).!.
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blank(1001,short):-
br(1001,R)IR>0.5R<3,!.
poz-tol(1111,reference_chole): -

ptolpoz(1111, ToIName,pintll, _,pext.5, ), TolName=centric,!.

Kar pomeni: podan surovec (1001) za podan
obdelovanec (111) in naro¢ilo (n1), je mogoce vpeti
na na¢in CW31, kar pomeni obdelavo v dveh vpet-
jih v prvem vpetju centriranje zunaj (C08) in v
drugem vpetju centriranje znotraj (C09) (sl. 11).

CLAMPEX vkljucuje Se druge programske
module, ki avtomati¢no in delno interaktivno po-
magajo na¢rtovalcu izbrati mesto vpetja in vpen-
jalni pripomocéek. Za podan primer je izdelano Se
vmesno stanje obdelovanca za prvo vpetje in suro-
vec za drugo vpetje. Glede na nacin vpetja so iz-
brane vpenjalne povrdine ter vpenjala zanje. Prog-
ramski modul ponuja naértovalcu ve¢ vpenjalnih
glav ter ustrezne trde ali mehke ¢eljusti, glede na
stanje povrsine surovca. Ni¢elna totka spredaj na
obdelovacu je izratunana avtomati¢no po podatkih
o vpenjalu, vpenjalnih ¢eljusti in podatkih o su-
rovcu ter obdelovancu. Najvecja sila vpenjanja je
odvisna od pojavljajo¢ih se rezalnih sil, ki so izra-
¢unljive avtomati¢no na podlagi podatkov, ki jih
poda tehnolog, ter obdelovalnega materiala.

Blank No: ShNo: Name: DI1: D2: L: Rl R2:
1002 1 cyl. 200 200 120 0,063 0,063
Relation Rb=D/L: 1,67

Ex_Shapea_No: 1

Maximal diameter: 200

Ex_Length: 120

Int_Left_Length: 0

Int_Right_Length: 0
Int_Left_Shapes_No: 0
Int_Right_Shapes_No: 0

Blank_Part_Group:  bg01

Part_No: Ex_ShNo: Name: DI1: D2: L: Rl: R
1112 1 cyl 120 120 40 0,016 0,016
1112 2 cyl 196 196 76 0,016 0,016
Part No: IntRShNo: Name: DI: Lt

LRSI oyl 150 40

1112 2 cyl 60 76

Relation Rp=D/L: 1,68

Ex_Shapes_No: 2

Maximal diameter: 196

Ex_Length: 116

Int_Left_Length: 0

Int_Right_Length: 116
Int_Left_Shapes_ No: 0
Int_Right_Shapes_No: 1

Part_Group: pgl0
120
~a - 116
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Which means: for a given blank (1001), part
(1111) and order number (n1), a possible clamping
method is CW31, which means machining in two
set-ups, in the first set-up centring is outside (C08)
and in the second, centring is inside (C09) (Fig.11).

Clampex includes some other programme
modules which help the planner automatically or
partially interactively to choose the clamping po-
int and clamping device. For the given example,
an intermediate part is generated which is the
part for the first and a blank for the second
set-up. For the chosen clamping method the
clamping surfaces and corresponding clamping
device are selected. The programming module
offers the planner various chocks with suitable
hard or soft jaws, depending on the blanks
surface condition. The zero point on the front of
the part is calculated automatically according to
clamping, chuck jaws, blank and part data. The
maximal clamping force is a function of the cut-
ting forces, which can be automatically calcula-
ted according to data provided by the technology
expert and material data.

First set_up !
Jaw chucks in database:
No: Min_Ex_Diameter: Max_Ex_Diameter:

102 147 257

193 197 313

Clamping diameter: 200

Chosen jaw chuck No: 102 O
Part reference point for No:1012 :T(0,236.25) 7
Jaw chuck No: 102 |
Body No: 11

Jaw No: 1

Material: C.0545

Clamping Force: 9368N

Second set_up!

No of Clamping shap: 1

Jaw chucks in database:

No: Min_Ex_Diameter: Max_Ex_Diameter:

103 108 220

104 72 180

Clamping diameter: 150

Chosen jaw chuck No: 104 o,
Part reference point for Mo 1111 :T(0,238)
Jaw chuck No: 104

Body No: 11

Jaw No: 2

Material: C.0545

Clamping Force: T910N

Sl. 11. Primer vpetja za surovec (1101) in obdelovanec (1111) ter narocilo (nl)
Fig. 11. Example of clamping for blak (1101) and part (1111) and order (nl)
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5 SKLEP

Razvoj racunalnisko podprtih sistemov za
na¢rtovanje vpenjanja pri razli¢nih postopkih obde-
lave terja poleg izdelave racunalnigkih programov
Se ustrezen opis komponente stroja, postavitev
celotnega poteka naértovanja ter zbiranje in obde-
lavo znanja o obravnavani domeni. Rezultat razis-
kovalnega dela je modularno grajen programski
paket CLAMPEX, ki delno avtomati¢no in delno
interaktivno podpira nacrtovalca pri sprejemanju
odlo¢itev o vpenjanju pri struzenju ter pri dolo-
¢anju parametrov obdelave. V osnutku je predvi-
dena povratna povezava s CAD, kjer bodo podatki
o moznostih vpenjanja avtomati¢no dostopni tudi
konstrukterju.

Povzeti je mogoce, da je:

— opis komponente stroja z geometrijskimi
oblikami primeren tudi za na¢rtovanje vpenjanja;

— pri obdelavi v ve¢ vpetjih treba nujno izde-
lati $e podatkovno bazo za vmesno stanje kompo-
nente stroja;

— podatke, ki jih avtomati¢no prenesemo iz
CAD, treba dopolniti 3e s podatki, ustreznimi za
vpenjanje in za obvladovanje neskon¢nega Stevila
razliénih strojnih komponent, je bilo primerno
razvrdcanje v skupine, enako velja za obdelavo;

— sistemati¢no zbiranje in obdelava tehnolos-
kega znanja bila nujno potrebna;

— za lzdelavo optimalnega nacrta vpenjanja
nujno potrebno se usklajeno naértovanje obdelave,

— predstavitev znanja s proizvodnimi pravili
ustrezna in je T—PROLOG primeren za procesi-
ranje znanja.

Raziskovalno delo je finan¢no podprlo Mi-

nistrstvo za znanost in tehnologijo Republike
Slovenije.

5 CONCLUSION

The development of a CA clamping planning
system requires in additon to the computer pro-
gram also a suitable part description, determina-
tion of the complete planning procedure and col-
lecting and processing of knowledge for the ac-
tual domain. The result of the research work is
the modular computer software C LAMPEX,
which is able to support the planner automati-
cally and partially interactively to select the
clamping method and to determine the machining
parameters. A feedback to CAD is foreseen in
the concept, providing that data about possible
clamping methods is automatically accessible for
the designer.

The following conclusions emerged:

— a description of the part by geometrical
shape is also suitable for the planning of clam-

ing,
P — when machining in more than one set-up,
it is necessary to create a data base for the in-
termediate part,

— the data automatically transferred from
CAD has to be supplemented by relevant clam-
ping data and to keep the infinite multitude of
different parts manageable, a suitable grouping is
necessary, the same is true for machining,

— systematical collection and processing of
the technological knowledge was absolutely
necessary,

— for optimal clamping, planning synchro-
nised machining planning is necessary,

— knowledge presentation by production
rules is appropriate and T-PROLOG is suitable
for knowledge processing.
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