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Abstract: The modernization of manufacturing processes iregby all means the development and evo-
lution of the technological processing, assemblg aantrol equipment by developing new solutions in
the field of blank and tool orientation and clamgirraining, support, guidance, stiffening and tséar

devices.

Multi-criteria optimization of the technological $gm is determined by the complexity and dynamic
character of its components, laying emphasis omlitity to adapt quickly and efficiently to theriety

of the production tasks.
In our research we have developed and used mat

lehatodels and optimization algorithms to design

new structures and components for device, equipar@htmachine-tool construction and modernization.
The systematic analysis of the optimization problemolved in the technological process and equigme
is required by the need to highlight the multitialdactors and their interdependence with a vievege
tablishing rational solutions in the field of maaafuring engineering.

The optimization methods presented in this papem the optimization of blank surface orientatiamda
clamping, the optimization of orientation and clangp device construction, the optimization of new
structure development to the method of automatieggion of the manufacturing equipment structures
are important steps in the complex optimizatiotheftechnological processes.

As a systematic and objective approach of this pape have defined a general graph to describe the

structures of the manufacturing equipment and &
Key words. design algorithm, mathematical model,

1. INTRODUCTION

The problem of the technological process optimiza-
tion, related to the solving method and its comipyex
requires a thorough analysis and a complete fortiuala
of the problem and of the optimization criteriori.he
paper [2, 6] emphasizes the fact that the searthadef
a technological problem optimal solution involvd®e t
following steps:
developing the problem mathematical model,
defining the optimization criterion;
designing the solving algorithm;
solving the problem.

The mathematical modeling of an optimizing problem
requires an objective description of the processher
equipment to be solved as well as of the optinirati
criterion involving the following steps:
mathematical formulation of the optimization purpos
as an analytical expression of a criterion calleact
tion-purpose or performance purpose;
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aated mathematical model used to optimize them.
optimizattomponents, processing equipment.

e mathematical formulation of the interdependencies
between the characteristic elements as analy&éta r
tionships representing restrictions or constraiots
the real system functioning.

As far as technological processes optimizatiorois c
cerned, the technological system mathematical nruglel
as a whole, as well as its components modelingots
only useful but also more economical because mieli
nates many lengthy expensive practical attempfintb
the optimal solution.

2. OPTIMIZATION METHODS

The systematic approach of the technological poces
optimization presented in the papers [2, 7, 5, &hib
necessary to highlight the multitude of factorstheir
interdependencies. It is also necessary to emphalsez
fact that in industry optimal solutions are notfgigntly
developed and the complex optimization of the maowf
turing processes and equipment is not at all simytest
authors in papers publishedfso [6, 8, 3, 9] have shown
significant research on optimizing the blank choide-
termining the optimal number and sequence of ojmerat
and phases of the technological process, detergiinin
optimal tooling allowance, optimizing cutting regirand
finding optimal device orientation and clamping ectes
for blank processing in machine-tools.
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Our most recent research aims to develop, modernize
and increase the efficiency of the manufacturirocpss-
es and systems. To this purpose, we have desigmbd a
used new computing methods, mathematical models,
optimization algorithms, processing methods andiai
solutions of structures for the construction ofqassing
equipment. All these achievements have resulteth-in
dustrial applications which have increased therelty-
ical equipment performance and flexibility.

The optimization methods which we have designed
and which will be presented in this paper reprefedl

optimizations, being research stages necessaryhfor Fig. 2. Technological graph.
technological process and equipment complex opéimiz ) )
tion. informational symbols cannot be analyzed using the

SEFA methodology from the point of view of accuracy
2.1. Blank orientation and clamping surface optimiza- and characteristics_, beyond the blank contact area.
B Subsequently, in this paper [5] we have proposed a
tion. , ~_ new method for calculating support constructioreota-
The improvement of manufacturing technologies is, errors €..c) and a mathematical model for their

conditioned by the development of processing, aem optimization. The model in its generalized form Keo

or control equipment, in which the device is an amant like this:
component that must ensure the technological system mn
accuracy, productivity and flexibility. minC =% > %¢;
The first optimization stage is shown in Fig. 1 in i=1j=1
which, on the basis of the requirements imposethén ”zr % RELR
work piece drawing and in the plan of operatiorSF& = : (2)
methodology is followed [2, 3] and the optimal oitie- n
tion and clamping scheme O-OCS (SOF-O) is designed 2% =L x; =1sau0

for each operation. 1=

The optimal solution, expressed by means of inferma Lo
tional symbols, only takes a rigorous account ofttz
kinematic, construction, technological and economic
aspects in the blank and support element contaatamnd
only a partial account or no account of those cotatk
to the complete structure of the supports.

wherei = graph node;
m = numbers of nodes;
j = considered variant index;

N = number of variants in nodp
REL = relational operatog( =, >);

2.2.  Support construction optimization X; = variantj in nodei;

_ Informatio_nal syn_IboIs,_ necessary fothe determina- . = coefficients corresponding t; variant for R

tion of the optimal orientation and clamping blagikr- " )

faces, do not have and cannot have so many suggest "estriction; S

graphic signs for the multitude of support condimec R = wpporsed restI|Ct|0n in node

variants used in the design and development ofigpec ~ C = objective function;

devices SD (DS) and modular devices MD (DEM). The-  G; =] variant cost in node

se structures which do not have a correspdndehe This mathematical model must be individualized on
the basis of the technological graph in Fig. 2peisged
with the construction of a blank orientation andnsping
device, in which the three nodes represent the eurob

E01 symbols for the O-OCS (SOF-O) orientation supports.

IE_02 _______ The constructive variants of the supports in eacten
will be written with x;;...x;, (for node 1),X,;...X,, and
Xa1.-- X3, FESpPECtively.
The mathematical model has as a function object the

|SOF-TP |—>| cT.

cost of the device (C), and as restrictions acgufag,
productivity (), flexibility (f), the type of manufacturing
assimilation {) and exploitation bahavioue), The struc-
ture combination of the three types of support Whic
EO03 simultaneously fulfill the conditions of imposed-re
strictions and minimum cost will become the optimal

Fig. 1. Optimizationphase€OCS/SOF. variant.

I
I
I Phase 01 Phase 02
I
I
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We can admit that any technological equipment is
JIE== generally a reunion of constructive-functional Ikec
| (CFB) ((BCF)), with specific composition laws (SGL)
‘ ‘ ((LCS),), each block being able to contain sub-blocks.
For a support, the general constructive-functianatel
Fig. 3. Multi-function mobile support. is the one shown in Fig. 4.
The keeping or the replacement of a constructive-
Thus, after establishing O-OCS (SOF-O) by using thefunctional block leads to the existence of a mudté of
SEFA methodology, the stage of structure optimarati Variants of technological equipment subject to dipé-
for the construction of supports and both speda(SS) mization criteria.

and modular devices MD (DEM) is followed. To solve the problem by means of informatics, the
following steps will be taken:
2.3.  New structure development optimization 1. The support drawing (or that of another structure)

Modern manufacturing requires the development of ~ Will be done with AutoCAD design; _
new structures of the components used in processing. Elements making up the support will turn into bisck

equipment construction. to obtain the intelligent drawing;

In the paper [4], the structure evolution can be de 3. The multitude of supports which are based on the
scribed using linear complex functions, presentethe general constructive-functional model will be auto-
specialty literature as transformation functionartieu- matically generated.
larized for the considered case, these functioasinky To solve steps 2 and 3, an algorithm written inudis
the form Basic is used, following the next steps: designihg

user interface, setting properties, forms and odstr
L(Xgy %o X)) = T (% + A%, Xp + DX, X, +0X,)  (2) writing the code and testing the application.

have allowed the gradual development of component8. GENERAL ALGORITHM FOR COMPONENT
shown on the diagram tree levels as the most irapbrt DESIGN-OPTIMIZATION FOR PROCESSING
support structures for the construction of sped@lices EQUIPMENT CONSTRUCTION
SD (DS) and modulation devices MD (DEM).

One of these solutions is the auto-placement ahd su
sequent blocking multi-function mobile suppant Fig.
3., in which certain functions, connected with tiee of
the support element, its positioning and its cotinac
with the system, have been developed with the dm o
obtaining new modular structures for the constorctf
processing devices and equipment.

The methods presented in Chapter 2 of the present
paper are local optimizations which we consider- pre
optimization stages of the processing equipmeneyTh
represent a gradual approach of complicated prablem
related to the complex optimization of the manufaog
processes in the car industry.

3.1. The general design-optimization algorithm of
the processing equipment

For a more rigorous and more comprehensive analy-
vgis of the processing devices aglipment, from simple
components to complex manufacturing systems, we pro
pose the design-optimization algorithm shown in Big

It is based on O-OCS (SOF-O) system in SEFA
methodology as well as on the other optimizing rodth
we have presented, from which a diversityspxcial,

24. Methods of automatic generation of structures
for processing equipment construction

Once the optimization stages presented above ha
been followed, it is necessary for the constructain
special and especially modular processing devices a
equipment to identify and use structures alreadstiex
in the database or to develop structures in theseoaf
designing They will configure both simple and complex
processing systems, automatically and interactjweith
a view to determining the optimal solution througéu- Eol E02  E03  E04  EOS  E06  EO7  EO8

alising the system structure and functioning. SOFO
In the paper [1], the analysis of the diversitysap- (SEFA) @ W @ @ @ @ @
port, device and manufacturing equipment variants

shows that they are made up of constructive-funetio
blocks.

Fig. 5. Design-optimization algorithm.
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specialized or modularized structures result, g X4 — mobile bolt support in wear bush Wit@
the following steps: . self- placement and hidroplast blocking,
Eo;. Knowing or determining O-OCS (SOF-0), ap- Node 2:
plying SEFA methodology, expressed as information
symbolization of the three types of support; _
Ege. Setting the technological graph of the processing*22 — flat base support with support platess—-.
equipment constructive variants; Node 3:
Eos. Formulating the mathematical model on the basisx31 — self-centering mechanisife™,
of the graph, mentioning the component elements (th Node 4-
objective function, restrictions, other relations); ’ ) )
Eo. Defining the algorithm for solving the mathe- 41 — SCréw clamping mechanism,
matical model; X4 — Screw and lever clamping mechanism,

Eos. Solving the mathematical model; X435 — hidroplast clamping mechanism,
Eos. Generating and configuring the processing Node 6:

equipment structures; il blank orientati dcl ina devicthwi
Ey7. Establishing the optimal solution of the process- Xe1 — Special blank orientalion and clamping deviceiwi

Xy, — flat base support with support plugs+—-,

ing equipment components; motherboard and moulded monobloc body
Egs. Establishing the optimal solution of complex Xs; — special blank orientation and clamping device
processing systems. made up of modular elements (DEM)
Node 8:
3.1.1. Setting the technological graph Xg, — special milling-centering machine

To describe the structures of the processing ecgripm
we have shown in Fig. 6 the general technologicaply
of constructive variants, from the simple variaofshe  Xg3 — modular milling-centering machine
support type to the more complex variants of the- pr
cessing system type. The nodes of the graph reprdse
types of structures analyzed and the arcs of thphgare
their constructive variants:

Xgo — Milling-centering aggregate machine

The conceptual development of nhew components of
the processing equipment presented in Subchapger 2.
makes it possible to develop multifunction struetur
whose characteristics and performance are better th
Node 1 — variants of support 1 22 those of the existing structures. The constructiaant

X, is a multifunctional component of the orientatimd

clamping device OCD (DOF) which include a self-
centering support and a flat base. Thus, in therstary

Node 2 — variants of support 2~ =,

Node 3 — variants of support 3™,
Node 4 — variants of the clamping mechanism,

Node 5 — variants of the multi-function mechanism, technological graphx,; is the rational solution as an
Node 6 — variants of the blank orientation and ¢am alternative to the node 2 and node 3 combinatibike-
device OCD (DOF), wise, archxg, represents a construction variant of pro-

Node 7 — variants of the transfer device TD (DT), . . . : . .
. : cessing equipment which, in the same solution,gsrin
Node 8 — variants of the complex processing system. . . .
The sianificance of the arcs of the araph as con together the blank orientation and clamping de¢D
. 9 . 9 p (DOF) and the transfer device TD (DT), attachedhi
structive variants of structures is the following:

basic components of the machine-tool MT (MU).

Node 1 | bile bolt ¢ with self The general technological graph of the processing
¥, Special, mobile bolt support, with se equipment construction variants has certain cheriset
placement and blocking tics:

X;,— modularized, mobile bolt support, Wit@ + in the graph presented above we have shown struc-
self- placement and blocking tures of orientation supports, clamping mechanism,

multifunctional components, orientation and clamp-
ing devices, transfer devices and basic comporants
machine-tool; this graph can be extended, adding
nodes for other structures (components for toodl-gui
ance, tools, tool training devices) or it can hepi-

fied reducing the analysis to a small number ofesod
and types of structures;

< the general technological graph is defined from the
point of view of the design-optimization logic aad
der from simple to complex, so that the optimizatio
of a processing complex system includes the optimi-
zation of the other components of every node;

« the following of the general technological grapp-re
resents a systematic approach of the optimization
problems of the processing equipment, but, at the
same time, allows a local graph to be described in

Fig. 6. The primary technological graph. every node in which specific structures will be -ana

X,5 — special, mobile bolt support in wear busﬁg;
with self- placement and blocking,
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lyzed and Qeveloped using the optimization methods MINC = € Xy + CpoXeo +---+C'51X;;1+---+063X63
presented in Chapter 2;

. . <
« in every node of the graph only the specific eletmen €11%11 +€12X12 T €13X13 T €14X14 S € gmax
to every type of structure of the respective node a P11X11 F P12X12 + P13%13 T P14%14 = Pimin
analysed, without making any reference to those
y ) g any rex fixas + fioXo + figXag + FiXes 2 Fiin
taken from the previous nodes which have already
been evaluated: ty9Xgq F U oXgo HHXgg +taXg S ey
» the construction variants of the analysed strusture €11X11 T 815X +€13%13 T €14%14 2 1y
can be special, specialized or modularized or their (4)

combinations for simple components as well as for

4
> X =L x;=1sauQ jD{12,3,4}
complex systems. =

j=1
3.1.2. Formulating the mathematical model

To formulate the mathematical model, the general
technological graph in Fig. 6, also named primaap
must be converted into a secondary graph, alldbleno-
logical routes representing Hamiltonian roads Eg,in
Fig. 7, where:

Node 1 —variants of support(l ?A)

Node 2 — variants of multifunctional support 2¢— +
),

Node 3 — variants of the clamping mechanism,

Node 4 — variants of the multifunctional mechanism,
Node 5 — variants of the orientation and clampiagick
OCD (DOF) integrated to the transfer device DT (DT)
Node 6 — variants of the complex processing system.

In this secondary graph the new variable‘(gz,

After interpreting thexj variables, the next problem

is that of mathematical programming in integer narsb
of the binary decisions. For this reason, we usenthth-
ematical programming method in bivalent variable fo
solving.

3.1.3. Algorithm for solving the mathematical model
The algorithm for solving the system involves the
following steps:
PO1. The initial data (constant and variable) whigh
be introduced into the system are given on thesbasi
of the mathematical model,
P02. For every node of the graph, the variantshef t
vectors which fulfill the conditiorEXij =1; % =1
j=1

Xp3.. X0 COdify groups of structures in the following
way:

X2 = X1+ X3

Xo3 = X1 ¥ Xg2 |

, 3)

Xpq4 = Xpp + Xgq or 0 are identified;

P03. The model restrictions are checked for evenjor,
keeping those which fulfill the imposed conditions;

PO4. The function object is calculated for everggible
vector combination of nodes which verifies the re-
strictions;

P05. The smallest function value and the vectorlipa:

Xo5 = Xop  X3p

where the signs (=) and (+) do not have, in alesas
strict mathematical interpretation (§, =1, then x,, =1

and x;, =1; if x,, =0, thenx,, =0and x,, =0).
The other codification of the structures of nodansl tion leading to it are chosen.

6 has the same significance. In case there is a relatively small number of carst
The mathematical model of the general technologicakjve variants and restrictions imposed on the systais
graph associated with the processing equipment conalgorithm can be carried out manually, only for or

structive variants, in which we propose co8) @s the  complicated cases is the computer used.

objective function and accuracy ), productivity @),
flexibility (F), fabrication preparation timer( and ex-
ploitation behaviourE) as restrictions, is the following:

X61

Fig. 7. Secondary technological graph.

In this case, the computer needs that the matheahati
model and the technological graph configurationustho
be written in matrix form:

ATX =U

A" (eX) < €104
A" (PX) = Prin
A" (FX) = Frin »
A*(TX) < Thax
A*(EX) 2 E,
min(CX)

®)
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where, A={a; | is the incidence matrix associated with

the graph in whicha,-j elements are established in the

following way:

+1  if pointi is the initial extremity of arcy; ,

1 =171 if point i is the final extremity of the arc,

#10%£0,075 E5] L]

if pointi is an extremity of the arc .

A" = the positive side of the incidence matrix,
X = column vector of the constructive variants

X =[X11-X12-X13-----X33----X63] t

U = column matrix with m elements equal to 1,

u=[111...1"
- . 170+0.120
To express the other restrictions, the square cestri
of the form
Fig. 8. Construction optimization of the orientation sugpaf
¢, 0 O O O 0 the device.
0 ¢ 0O 0 O 0 . .
12 Variants of construction of structures supportstfar
0 0 & 0 O 0 set SOF-O are coded as follows:
0O 0 0 g4 O 0
6 v
0 0 0 0 g ol © ¢ ?* .ot T }
O 0 0 0 0 ¢ 0 Xz — bolt in steps with short guidance oradd
o Te2 d, (double guidance on different diameters);
0 0 0 0 0 .. 0 egg 8 X, — lis bolt directly in the device body;

* Xs — lis bolt in wear bushing with adjustable
are introduced. backlash or locking by hidroplast;
Finally, after solving the system of inequations (5),
the optimal construction solution of the processing o o o X — surface materialized through seating

equipment is obtained. In this optimal solution, thk caps (or pads);
equipment components, from simple supports to cexpl
systems, are setting by means of the gradual giron X10— self-centering systems with left-
on the basis of the technological graph. l right screw and jaws
Our initial research, as a work method, has been ex 11 — self-centering systems with left-
tended also to the customizations needed to opmimiz right screw and jaws with adjustable pad.

fitted with devices of an entire technological pss.

One determines the graph of constructive variants
4. CASE STUDY (Fig. 9) and associated mathematical model, takiiy
account as restrictions only processing accuragyard

In order to achieve the general algorithm for desig floxibility ():

and optimization of machining equipment, we present

case study, in which we analyse only a sequenceof

ondary technology graph where variants of strustue

nodes 1, 2 and 3 define the construction of a @evic [
In Fig. 8, the workpiece of lever type for directio mMiNC =C3X3+C X4+ CeXe+CgXg +C10X10

system of an automobile needs a guidance devicthéor € 1uXn

drilling operation @106 ®°”*whose optimal guidance and €3X3+E€4X4+E€6Xp S € max1

fixing scheme, established with the SEFA, is: faXg+ faXa+fexe =1

¥x =1, x;=100, iD{3,4,6}
SOF-0: +O +-0-0-0- 8 * i
3

] ) ) o €5Xg = € max2
Form the optimum orientation and fixing scheme fgxg =1
(SOF-0) one develops design optimization algorithim x =1, x=100
i

construction of the device (or of any other equiptme
which includes the device).

It is considered a small number of constructive-var
ants of structures and limitations (accura@nd flexibil-
ity f), but sufficiently suggestive and coveringr fthe
confirmation of the theoretical principle and mattai- \
cal calculus.

€10X10t€11X11 £ € max3s
froX+fuxy 21

Yx =1, x;=100, iD{lo,ll}
i
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Xs

2

Fig. 9. Graph of constructive varians.

Setting the coefficients:
» for gz the relation:

SWC%X 2( ’e1+e +e2 ]fp/2+ HK), from work [5] is

used, where: e=0.01; e =0.01; £=0.01;
H
jf , = 0.724000.029 = 0.0209, for the case q.tsh—7

with: | .=1.5d andH ;= 19,HK = 0.016617
Eoea3)™ 2(0.02 + 0012 + 0012 + 002209+ 00166)= 00888;
€5 = 0.0888,;

2
- |1 2,2
Emax3 = \/(ng3] _(So & j :

where T,3= 0.4 (for the dimension 9.

Determination of coefficients of flexibility is macby
comparison of variants taking into account the ciapa
of adaptation of the production variation.

It is considered for a support that cannot be mtuse
f=0
f3 = 1, because for this type of support another beit
cause with different diameter cannot be adaptedussx
the centering in the hole (body) cannot be modified
f,= 3, because it can accommodate multiple mobitaste
with different diameters outside the hole
fs = 5, because they can adapt more hole diameters in
outside of the hole and can be used in more pogcisi
conditions due to the play compensation;
fg = 2, because the setting caps adapt more easity th
pads;
fio = 4, because it is self-centering with adjustmient
wide limits but cannot compensate for the errorghef
contact elements as deviations from the head height

fi1= 5, it has all the benefits of version 10 butauoidi-

« for & 4, from the same relation, customizing e = 0, tion. the adjustment of the contact elements withgart.

e, =0, relation is:
= 2(v0.02 +%209+ 0.0166 = 0074; ¢, =

It is accepted = 1 because theoretically and practi-
cally it is possible to appear a semifinish witle ttame
dimension.

Using these coefficients the system of inequatisns

[ minC:C3X3+C4X4+C5X6+C8X8+C10X10
1C 11 X1
0.088x 3 + 0.074x, + 0.0282%; < 0.079

Eocs(4)
0.074; .
« for g , from the same relation, with customizing: rewritten and solved.
e,=0,jf, =0, HK = 0,
gmax —_ Ja a2 2 - . -
OCS(6) 2( 0.0 + 00X +O+0j—0.0282, €& =
0.0282;

o for gnax it is used the relation:

2
1
Emax1 = \/(ngl] —(Ecz, + 8f2) , from work [5],

where: Ty, = 0.24 (for 170 %*%°), ¢,
Thus,

2
_ (1 (2 2) _
8max1'\/(§ [024] (o + 001 ) -
=v0.08 - 0012 =/0.0063= 0079,

=0,&¢ =0.01.

X3+3X4+5X6 >1
Xa+X4+Xeg=1, X3,%X,% =100
0.015xg < 0.075

2%Xg =21

Xg =1

0.061X10 + 0021X11 < 0.133
AX0+ 5% 21

X10+X11:1, X10 ,X11=1|:|0

A

\

4.1. Algorithm for matricial solving of the technologi-
cal graph for the case study
Starting from the technological graph in Fig. 9e w

gg = 0.015 (represents deviation of parallelism of th build the mathematical model. The incidence matrix

sitting surface);

€ max 2= 0.075 (the inclination of the axis of the hakea
displacement within the limits of its tolerance Idie
(plo + 0,075 )

. [o 027, 0. 015] + 003+ 001= 0061,
2 2

where:g ;0= 0.061 and:0'027+ 0015_

0.03 = non perpendicularity of the jaw;
0.01 = dimension tolerance of the collar for theteot
element with the part (caps);

0.027 0.015 _ _
£1= (T : j 0021, &;, = 0.021;

associated to the graph arcs denoted by A is :

Arcs (columns Nodes ( rows)
3 X2 Xs Xg X0 X1

-1 —11/

1 1 1 0
A=[-1 -1 -1 1 0 02 @)
O 0 0 -1 1 13

The graph is browsed clockwise.

The positive part of the incidence matrix is written
(A"), which takes in consideration, in browsing the graph
clockwise, only the elements that starts from nodes de-
noted by +1; the negative elements (-1) in this case they
are becoming 0:
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X3 Xa X Xg X10 X11 (Mb)(X) = (V) (14)
11100 0\ _ _ .
A'=l0 0010 0l2 ®) whereV is the column vector of the device variants:

After calculations the system of the constructianiv
000011)3 ants of the device is obtained:

To solve the questioned optimization problem and

Xz + Xg + X9 =V
shown in the technological graph in Fig. 9, the mathe- 3078 0T

matical relationships that exist between the analyzed X3 Xg + X1 =V,
structures as variants of the device's construction and Xy + Xg + X0 = V3

L - - . . 15)
optimization criteria selected as objective and function (

Xg+Xg+ X1 =V,
X+ Xg + X10 =V5

restrictions are written in matrix form.
It is considered that the sum of arcs of the construc-

tion variants within a node is 1: X+ Xg + X1 =V
(A)(X) =), 9) To express restrictions imposed to the systemrehe
lations for the two chosen selection criteria: aacy
whereA" is the positive part of the incidence matrix, guidance expressed as actual guidance errand the
X — column vector of the constructive variants; flexibility of adaptation f) of the equipment. We chose
U - column vector that has elements equal to lonly two restrictions for ease of calculation.

(U :(1 1 1)T) for the number of the nodes of the

technological graph:
For the considered case, one writes:

|. Precision constraint, in matrix form, is:

(A)(E)(X) < (ema) (16)
X3
X4 wheree .. is the error limit of precise condition:
111000 %6 1 The coefficients
000100 =1 (10)
000011 "8 1 €3:€4--£10:€11, € 1max: € 2max: € 3max
X10
x are calculated and introduced in relation:
11
and gets after calculation: £,= 0088, &, = 0074, £,=00282, & = 0015,
X3+ X+ X | (1
Xg =|1], (11) £0= 0061, &= 0021, &, = 0079,
X0t X1 1 €omax = 0075, €3nax = 0133

whence the system which establishes the relationship

between construction variants of the device: We get:
Xg+ Xq + X5 =1 0088x5 + 0074x, +0.0282x 0079
=1 . (12) 0015xg <| 0075|. (17)
X0+ %=1 0061x; + 0021, 0133
The analyzed structures coded Ry, X,,... X0, X1 are The following system of inequations is obtained:
bivalent variables taking values 1 or 0. The structure
matrix for equations (12) is built putting the bivalence 0088x, + 0074x, +0.0282xs < 0079
condition: 0015x, < 0075 . @s)
0061x,, + 0021x,, < 0133
100110 10 1
100101
010110 4.1.1. Checking therestrictions for the structures that
Mb = 01010 11" (13) comprise the device options and meet the re-
quirement of bivalence.
001110
001101 I. The precision condition hasthe form (16).

For analysis of device variants derived from combin-  Devicevariant V:
ing structures3*1*2=6) one writes the relation: The following calculation shall be carried out:
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Devicevariant Vi: | First row of the bivalence matrix

First row of the bivalence matrix

\(1) 1 00 0 0 0)1)—
0088 0074 00282 O 0 0 kO 0079 111000 0 3000 0|0 1
0 0 0 0015 O 0150075 0 0500 0f0
0 0 0 0 0061 0021 0133 000100 00020 01 2| 11(24)
1 000011 1
0 0 00O 401
0088) (0079) (False - 00000 5)0
— | 0015/<| 0075!|=| True (19) The calculation shall be carried out:
0061 0133 True 1
0
Conclusion: For variant ¥/not all structures satisfy 135000 0 1 1 1 True
the precision condition. 000200 11% 1l =]2|z|1{=|True
All variants results for restriction of precisionarepre- {0 0 0 0 4 5 1 4 1 True
sented in Table 1. 1
0
II. Therestriction of flexibility in matrix formis: (25)
. Conclusion: all structures satisfy the precisiondie
(AD(F)(X) 2 (Finax) - (20)  tion.

All variants results for restriction of flexibilityare
presented in Table 2.
From the analysis of precision and flexibility mést

where F,, is the limit error of the flexibility conditions:

faXg+ £, + feXs ) [ famax tions the system of inequations is satisfied leyftilow-
faXg 2| fomax (22) ing types of structures, which give the followingnabi-
f +f f nations of device as follows:
10%0 * TaXa 3max

V3 =X +Xg + X0, Vg = X4 + Xg + X4
V5 = Xg +Xg + Xq0; Vg = Xg + Xg + Xqq

The coefficients
fa, 4. F10r T11 Famaxe Fomax Tamax  @re  calculated and
introduced in relation:

f3=1, f4=3, f6:5’ f8=2, f10:4, fll:5

(26)

I11. Of the solutions in the relationship (55) the one
that minimizes the cost of objective function (tbed
function or performance) is chosen. The expressibn
the costs is put in matrix-form:

fimax=1, fomax=1, fanax=1

X3+ 3X, +5Xg 1 Xg+3X, +5%5 21
2Xg >1| = 2% =1 . (22) [Mb] [c]=[cV], 27)
4Xq10 + 5% 1 1 40 +5%, 21 where:

Mb - is the bivalence matrix of the structure typed tha
satisfy the restriction s of precision and flexiil(those
from V;3,V,, V5 andVg);

C — column matrix of the costs for structure varsant

Cv — column matrix of the costs for variants of tha-a
lyzed device variants.

4.1.2. Checking the restrictions for the structures that
comprise the device options and meet the re-
quirement of bivalence.

Theflexibility condition hasthe form:

(A")(F)(X) = (Fray) (23) We obtain:
Table 1
Precision condition
Devicevariant V;: Devicevariant V; Devicevariant Vs
0088 0079 False 0088 0079 False 0074 0079 True
0015|<| 0075|=| True 0015|<| 0075|=| True 0015|<| 0075|=| True
0061 0133 True 0061 0133 True 0061 0133 True

For variant \{ not all structures
satisfy the precision condition.

For variant \4 all structures satisfy thg
precision condition.

2 For variant \{ all structures satisfy the
precision condition.

Devicevariant V4

Devicevariant Vs

Devicevariant Vg

0074 0079 True
0015|<| 0075|=| True
0021 0133 True

For variant \4 all structures satisfy
the precision condition.

00282 0079 True
0015 |<| 0075|=| True
0061 0133 True

For variant \ all structures satisfy thg
precision condition.

00282 0079 True
0015 |<| 0075|=| True
0021 0133 True

2 For variant \{ all structures satisfy the
precision condition.
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Table 2

Flexibility condition

Devicevariant Vi Devicevariant V, Devicevariant Vs
1 1 True 1 1 True 3 1 True
2|2|1|=|True 2|2|1|=|True 2|2|1|=|True
4 1 True 5 1 True 4 1 True
Devicevariant V4 Devicevariant Vs Devicevariant Ve
3 1 True 5 1 True 5 1 True
2|2|1|=|True 2|2|1|=|True 2|2|1|=|True
5 1 True 4 1 True 5 1 True
All structures satisfy the precision condition.
C, Optimization has been done for a limited number of
01011 0|C Cvs nodes_(the three types o_f supports _of the de_v_inm) a
01010 11C,| O (8) il amount of calouiaion hot to 100, arge: e
001110)GC C¥s stated in the paper, the optimization can be dnréa'ch
00110 1)Cy| (Cv% node of the graph or for entire graph.
Cu This paper will be followed by another dealing with
Terms Cs,Cy,Cq,CiCi0iCyy  Of the objective the presentation and choice of types of structtoeshe

function represent the costs in RON of constructiod
operation of the device supports of the compositibn
the four analysed variar@y;, Cv,,Cv;,Cvy. The values
calculated from literature ar€; = 116.92;C, = 105.09;
Ce =128.75Cg = 22.28;C1p = 238.43,C1; = 250.71.

By replacing them in relation (28) we obtain

10509+ 2228+ 23843 3658 Cv,
10509+ 2228+ 25071 _ 37808 _ Cv, . (29)
12875+ 2228+ 23843 38946| |Cvy
12875+ 2228+ 25071 40174) |\ Cyy

The condition of minimum of the cost leads to the [2] A. Bragaru, C Pics,

value Cy3; for the optimum device varian¥; whose
components is defined by the structures:

Vaoptim = (X4’ Xg, XlO) :

5. CONCLUSIONS

(30)

Product quality, work productivity, machine-tools [4]

loading degree, technological process mechanizatish
automation, new products in the manufacturing agsim
tion and making production cost-effective are mpostl
determined by the technological equipment design; c
struction and exploitation.

Our latest research aims to develop new structurefd]
whose characteristics and performance are bettr th

those of the existing ones, for the constructionthef
technological system components. They are basdbeon
optimization methods described in Chapter 2 which-c
dition and complete each other.

The authors’ original contribution and the novetty
this paper is connected to the formulation of aegein
algorithm for processing equipment design-optiniarat
the formulation of a general technological grapl af
the associated mathematical model. It is an overvie
systematic approach, which permits the local oi@mi

tion of every component, from simple to complex, as

well as of the whole technological system, intenfmd
the performance of an operation or of a group cifitte-
logical operations aimed to perform an operationaor
group of technological operations.

construction of devices and equipment for procegssin
but also by a third paper in which we intend topmse a

computer program for solving the inequation system
regardless of its complexity.
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