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THE COEXISTENCE OF THE FORMS OF HETEROGENEOUS ACTIVITY IN IMM

Corina-Ana Borcosi', Mirabela-Lavinia Borcos?

“Constantin Brancusi” University of Tg-Jiu, Geneva Street, Nr. 2, Gorj, corina_ana@hotmail.com
2 Consiliul National al Intreprinderilor Private Mici si Mijlocii din Romania, Bucuresti, sondaje@cnipmmro.ro

ABSTRACT. The small and intermediate companies are economic and social entities in witch they are produced goods and services destined to the market for
satisfying the needs of the clients and obtaining profit. Even if, initially, at the making of an IMM it exists a single principal activity object, the desire to be competitive,
to last on a market witch is in a continuous transformation has generated also the appearance of other activities witch the firm does, this coexisting in the same firm.
The joint of these diverse activities at the level of IMM isn’t easy to do, this paper work containing the presentation of the specific and the ways of combining in an

entity.

CBHBMECTHO CbLUECTBYBAHE HA PA3NIW4HN BUOOBE AEMHOCTU B MC

Kopuna-AHa Bopko3s?, Mupabena-flasuHus bopko3?

" Yuusepcumem “KoncmanmuH bpankyw”, Tepey XKuy, yn. XKenesa Ne 2, l'opdx, corina_ana@hotmail.com
2 HayuoHaneH cbeem Ha yacmHume npednpuemayu 8 PymbHus,bykypeuw, sondaje@cnipmmro.ro

PE3IOME. Marnkute 1 cpegHu NpesanpusiTis ca MKOHOMWYECKU U COLMAnHN eQUHULM, B KOUTO Ce MPOW3BEXAAT CTOKM U YCryru, NpeaHasHaveHn 3a nasapa ¢ uen
YOOBMETBOPsIBAHE Ha HYXOWTE HA KNWEHTW W nonyyasaHe Ha nevan6a. [Jopu, korato npu cbagasaHeTo Ha MCIT To pa3BuBa camo efHa eauHCTBEHA [EVHOCT, B
noCrneaCTBYE XENaHNETO 3a KOHKYPEHTHOCMOCOGHOCT M NO3WLMK Ha Na3apa, KOeTo 03HayaBa HempeKkbCHATO TpaHC(OopMUpaHe, reHepupa Cb3faBaHeTo U Ha apyri
[eHOCTU 3a (hMpMaTa, KOUTO CbLUECTBYBAaT eAHOBPEMEHHO. OBeaMHABAHETO HA Tean AeHOCTU He e necHo Ha Hueo MCII. HactoswmsaT poknag npefcraes

CI'IeLLVICbVNHI/ITe nbTULla 3a KOMGMHVIpaHe Ha eiHOCTUTE B €4HO npeanpuaTue.

1. Introduction

The IMM-s thro the nature of their structure witch is less
complex than that of the big companies, have a bigger
adapting capacity to the always changing needs of the market.
This adaptation presumes the realization to a lot of distinct
activities, harmonizing continuously the resources and the
structure of the company whit the new types of activities
introduced. Distinct activities witch can coexist swimmingly at
the level of o single IMM can be: production activities render
services, unrepetitive activities and innovation activities.

2. Production activities

The classic structures of the IMM-s were conceived for the
production of material goods. The splitting of the production in
phases is considered the key of the concept of structure. Every
phase of the goods production is defined as the exploded view
assembly of the capacities, behaviors and technical means of
witch specific allows obtaining the effect of experience.

Initially the effect of experience is accredited to the learning
of the work witch has to be made dew to repetition, reducing
the time of execution and of the rerun. Latter we distinguish
more factors of internal experience:

- the learning, witch concept it bents over the production

systems and conceiving products;

- innovation, witch allows the more easy development of
the production, more cheeps, allowing the growth of the
product quality.

To these internal factors are joining some external ones like
the series effect. The longer the series are, it is manifested the
interest of purchasing some automatic means. These generate
the reducing of the production costs and of those annexes of
working the tools, with stops for changing the fabrication.

Earning experience leads to standardization and leveling the
product. If the bid overcomes the demand they are no
problems, because the demand is the main engine of the
market. In this context until were we can go? How can coexist
the big and the small series? These are questions witch the
companies’ debate more and more often. A lot of time the
fabrication of long and short series was considered
incompatible, dew to the difference of the means of realization,
rigid in one case and flexible in other.

To be able to profit fully of the advantages of the big series
production there has to be right forecasts. Small series allow a
higher incertitude. It's difficult the coexistence of a large series
production and a small one in the same firm, because it
generates technical contradictions, the type of the equipment,
and the degree and nature of automation.



It exists and some structural contradictions, the specialization
degree and the coordination way, because the big series is
more mechanist, in contradistinction to the small series, more
organic. We meet even cultural contradictions, because the big
series needs a higher conformity and strict exercise of the
hierarchy and doesn’'t admit improvisations. In change the
short series need a higher freedom of action.

The time of execution distinguishes big series from the small
ones thro the horizon, allocating and delays. The differences
between the companies with mass production and the ones
with low series production have the tendency to be stopped.
Small series allow a different attention and a prompt answer is
the demand of the clients. Big series generate the reducing of
the production costs and the accessibility of the product of a
large number of consumers. To be competitive the companies
have to accumulate advantageously the two situations.

About the structure of the IMM-s, we notice two major
changes. A global and transversal organization examines
permanently the product under all aspects: style, technical,
realization method, to count the threats and opportunities of
every aspect. The study departments and methods are
reorganized to create area managers. The business managers
consider the fully realization of an assembly. The
responsibilities agents are associates in a department
becoming the animators of a competence network.

Adapting to the client exigency brings new elements of
variation and tension. For example, it is necessary the shorting
of the delay thro the separation of the demand from the
process of delivering, witch drives to the shorting of the series
lanced in fabrication. The simple optimization of the internal
functioning isn’t possible any more. The chain of values has to
be rethought and conceiving products has to be made in the
idea of minimization of the lanced costs and those generated
by changes in fabrications. The optimization can’t be realized
on the entirety chain of value, but must searched the
optimizations on phases. what it is lost now must recover from
the existent conexion between products. This could be realized
internal, if the guy and the diversity of product allow this thing,
or appealing at the tradesmans of big series. This evolutions
was made remarked in more compartments: textiles
(Benetton), automobiles, furniture (IKEA) etc.

It is a very important evolution because rehabilitate in
discussion the integrated conception of factory organize for the
optimizations of entirety chane of values. This phenomenon is
happening in the organized factories in that manner so is
realizing the concentration on the important phases (design,
assembling, commercialization post-sell services) on a part or
the involving a entirety of partners which occupy the studies of
chane values realizing important series on the other hand.

The success of this type of restructuring depends by the
capacity of integration in a common perspective by the
dynamics of market, more independent than in situation of
hierarchic coordination.

3. Activities of prestation services

The service is defined like a prestation with immaterial
character to a client. The service place the client to a particular
position of coproducer. Alain Dumont says: ,, the services have

like finality the transformation of human competence , by an
sick motif in a healthy on , by an ignorant in one educated [...]
the world of services is the kingdom of those who know what
they doing , which creating a binder between humans”.

The service can't be stopped because is realized and
consumed concomitantly. If so immaterial the service offer
must be materialized. That materialization is more necessary
with so is speaking about by a service with an impalpable and
powerful content. Neither factory can't defalcate to the delivery
activities of services that occupying a place more or less
preponderant.

The service can be associated with a physic product. It can
be incorporate to one or many products having a
complementary function in the satisfaction of a need
(satisfacting the needs of displacement by an assembly
compose by putting at finance, the assurance).

Because of immateriality the facilitation of accessing to
services is an element induced for its activity. The location a
strategically variable fundamental in this area.

The growing participation of the client has a preponderant
function in the obtain satisfaction. Whatever will be the
complexity of processes needed for realizing the service, the
client satisfaction depends by the contact between front-office
and the direct relation with the client. The client participation
can be settling from conception to the commercialization of the
service and could have a direct consequence to the cost and to
his profitableness. If the administrate on in front-office made or
not call to an interpersonal relation, the client involving offers to
the information and communication an essential function.

The human dimension has a direct function to the client
satisfaction. She represents another variable agent of offer.
The aptness of the employs from front-office (commercial,
institutional, technical) fluctuate in function of the nature of
relation with the clients them level of complexity not being
always compatible with the level of subaltern employs.

The impossibility aculation of services made more difficult
taking serious the variation of demanding and adaptation to the
clients demand. Plus this correspondence demand-offert has a
directly function to the client satisfaction. The possibility of
equalize the frequency demand by tariffs it is one of few
instruments, available but without universal application.

The quality of services is a delicate problem. The client has a
global perception and limited to the components of the service.
His global satisfaction could be decreased by the weaklinessof
a component also if it is marginal. Because of relative
perceptions, the thinking of clients it isn't homogenous
depending by the accounts with the services producer and by
aleatorys elements which don’t depends necessary by the
delivery conditions.

The adaptation of structures centered on products at
commitment of services performance isn't spontaneous. The
services administration implicates a reflection departing by the
client, by his expectances, by the type and his grade of
implication. A central structure of production tends to
accentuate the fabrication of its products. If we wish the



disposition of the client in the center of structure, we have
three operations with key function in organizations: marketing,
the transaction of human resources and communication.

The services administration made difficult pedimental division
of works. Pedimental because the executors must understand
the concept of service at who they must contribute for being
performant.  Horizontal because must evitated the
strengthening of adaptation capacities immediate by reason of
distributing compartments.

The services administration needs more tacit understanding,
the contact agents with clients must be teachable with an
important capacity of initiative. The services administration and
bureaucracy isn’'t compatible, with exception of situation when
the client is in an absolute and dependent position.

One of the services administration target is to adapt to the
individual kind of which client and each situation. The
avalanche of services in majority of the factories isn't strange
by the priority accorded to the client and by the symbolic
switching of hierarchic pyramid.

The characteristic of activities conduct to the modifications of
the classic model of structure of procedure, norms, necessary
standards for them who works directly with the client and also
those for the back-office. The appreciate of necessity of the
requirement of derogation must be most frequently quick, just
instantaneous, in consequently, the treatment of the
exceptions have not to be complete on hierarchical line.

The development of outsourcers is achieved frequently
through the multiplication of the duty point's independent one
from the others. Thus are formed meshes of agents, shops,
hotels, restaurants. Depending on nature job and the density
customers from one zone, these meshes intend to cover a
geographical space more or less dense. Their development is
rested on instruments of growth as franchise.

4. No repetitive activities

In an environment in full of scientifically development, with
possibility of diversify the bid of products and jobs, the
innovation represent the initiatives of enterprise.

The numerousness failures and successes bring into prime
even the idea that must be the first in order to obtain from
innovation competitive important advantages. Therefore, the
enterprise must not only to stand large opened to exterior,
responsive to evolution of society but also capable of generate
quick new products and jobs and to offers them at the
opportune moment.

The Innovation don't is reduced only to the technically or
technological content and calls into play an ensemble of
complex process organizational, relational and intellective. This
process regards whole productive system in which activities
the enterprise.

The enterprise discover in a space of innovate which is built
temporally through interactions with and between investigatory,
education and industrial institution. At her turn the enterprise

must to create and to develop a new bid, new markets, new
contacts with the partners, the customers, the purveyors.

The innovation cause cooperations and decisions who
exceeds the frame of the enterprise. In certain schemes, the
technique innovation tends to externalize it self with the
purpose to enable the enterprise to focus on the market, to
theirs customers.

The hierarchical-functional model drives to division of
responsibility of the innovation between the development
department and research department. Due to the specifically
work, constrain whereat they are submissive and the external
factors wherewith enter into relationships, the engineers which
works to innovate belong to a professional communities that is
expanded outside of the frontiers of the enterprise.

Innovation doesn’t adjust to the possibilities and rhythms
from the functional hierarchical frame where the reiterative
activities take place. The cyclical vision of exploitation involve
a rapport with time in which times limits can be excided while
the innovation needs for his production a much more regular
time. The plugging dates represent for innovation fundamental
elements in challenge of decisions or arbitraries which cannot
be achieved in uncertainty.

In the innovation domain the concept of project found a
privileged way of utterance. Organize on projects determine a
change of work system and allow the proximity of some jobs
whose eclecticism do not allow cooperation in a normal way. It
introduces multiple relations and varied agreement between
professionals, about replacement of collective and iterative
processes, and linear processes produced by horizontal and
vertical division of work.

Regardless of organization’s maturity, it is necessary to
transform the structure on functions in a structure which
intercross the functions and the projects of innovation. This
transformation is easier for a company with a powerful
transversal maturity, in which exists the custom of
communication between the personnel. When administrating a
continual flux of innovations, this intercross can go fill a
matricidal structure where the innovation is incorporated to
exploitation in a perspective on a medium term corresponding
to a life cycle of a gamut of products. This way obliges to
identify the new actors, to create a process with union of
different functions.

The first difficulty is to accept the projects on functions. On
the other side, introducing a global tackling of the optimization
which can undermine the optimization on functions, it is
consolidate the level of technical constraint instigate at a
compromise.

The second difficulty ensues in construction of a
multidiscipline but limited team. The third difficulty is to adopt
the organization on logical functions of project, designate
responsible at level of studies, methods and fabrications for
entireties defined while conceiving the project.

Regardless of the meeting with difficulties, the successful
union of inconsistent activities from a company contrive at its
development.



5. Conclusions

The different activities and the coexistence forms under
which they appear, either referring on the product of material
goods, services or innovation, they diversified, adapting on the
requirements of the society which evolves.

The production of goods, either is a small or large serial, has
as a base the client’s needs. In the performing services activity
the client is seen as a co producer of that service, this relation
contribute at the standardization of some difficult services, the
relation with the client being a source of performing variation.

The no reiterative activities represent an exception,
exceptional commands of goods and services and the
manufacture of prototypes. The success of this commands
depend on optimization of production capacities available. The
achievement of an exceptional command requires changing
the structure on functions, which is useful only in the reiterative
commands. Sometimes it must be build an operationally
structure which intend only to reach the purpose settled: to
perform carry out an exceptional command the innovation of a
product or service. This new structure is similar to a company
whose existence limits itself to a certain goal.

To obtain from an innovation competitive advantages, the
company must be perceptive to the changes, sensitive to
society, to evolution but also capable to generate products and
services which have been offered to the market at the timely
moment. In innovation case is also used the projects structure
which determine the transformation of the work system and
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allow the approach of the professions whose eclecticism
doesn’t permit the normal cooperation.

The tensions between functions and projects are a source of
progress if they have as a result detection of technical and
organizational practices objectives, development of knowledge
and functions or projects abilities.

The coexistence of the heterogeneous activities forms at the
company level about the harmonization of the classical
structure on functions with the ones structured on projects is
the essence of company’s evolution which must be always
adapted to the market's requirements.
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ABSTRACT. In the actual situation of Romanian integration in European Union, the major directions of development of the country will be assign be lead with
programs witch will structurate the legal bed, economic, social in witch they could use the UE fund’s. The ability to have idea’s of affair's realistic, incorporated in
projects and plan’s of affair professional elaborated assures the access to the fund’s unreadable but repayable (in the case you address to a bank to obtain a borrow)
and contributes to the development of own affair.
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PE3IOME. Mpu peanHoTo WHTErpupaHe Ha PymbHMS B EBpOMMICKMS CblO3 OCHOBHWTE HACOKM Ha pa3BMTME Ha CTpaHaTa ca CBbP3aHW C Mporpamu, KOUTO
CTPYKTypWpaT 3aKoHOBaTa paMmKa, KaKTo U MKOHOMUYECKWTE W COLManHUTe acmekTy Mpu ycBOsSIBaHETO Ha oHposeTe Ha EBponeickus cbros. CnocobHocTTa 3a
reHepupaHe Ha WAEeW M BbBEXAAHETO UM B MPOEKTV W Cb3[aBaHETO Ha NpoecOHanHM NnaHoBe 3a AeiiCTBUE OCUTypsiBa [OCTbN A0 (hOHOOBE (JOPM B Cryvai,
koraTo ce obpbLuaTe kbM HaHka 3a NonyyaBaHe Ha 3aeM) U AoNpUHACs 3a pa3BUTUETO Ha coBCTBEHNS G13Hec.

1. Introduction F. The financial plan;
The affair plan is a method of management witch anticipates G. Appendices;
the future witch the enterprising want's for his affair. Exists
even other situations beside acquire a borrow, for witch to dra In continuance will we present each component of the plan
a affair plan: in the case to associate with another firm, in the affair to understand what really means a affair plan.
case of privatisation of the company, in the case to be quoted
at the stock exchange. Beside his use in the situation distinctes The synthesis of the affair plan comprise a short information
attendanced anterior, the affair plan wont be a appliance presentation of the firm, informations about products/services
managerial if he with not be use periodic in next aims. offered, about their market. It's describe the approach of
- evidenceat affects of different factors externalto the firm realization and assignment products/services to clients. The
(the market, the bed economic-legislativ etc.) synthesis is finished with the necessary of funds granted and

the sources of financing, making a analyse economic-financial

- the dra of proections financial for future, with the care : e )
witch demonstrates the efficiency of the affair.

that the analyse economic-financial to be favorable to

the firm, that means the indicators economic-financial to The presentation of the firm is a chapter introductory witch

reflect the return of future affair evolution . familiarize with society. They comprise here information such

o . . as: the name of the firm and administrator, behavior judicial,

To update periodic the content of a affair plan, this becomes the profile of the firm, short historical concerning the activity
a appliance decisional important of the manager. evolute.

The description of the products and services of the firm

2. Structure of a affair plan assumes the presentation of the tips of products and services
Although the structure of a affair plan is not a structure obtained, the description of processes of fabrication witch lead

standard, however, all affair plans includes the same essential at ther e realisation, to point the features characteristic of

elements : products/services accomplished (cost, attribute, performance,

A. The synthesis of the affair plan; etc.) accentuate the necessity of technology changes,

B. The presentation of the firm; indicates the evolution of techniques and technology in the

C. The description of the products and services; respective domain, at world level.

D. The program of marketing and sales;

E. The development of the products and services;
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The marketing program and sales describes the segment of
market witch the products/services address to, present the
situation of sales in the past, present and future, comprises the
possibility's of promotion and distribution of products/services,
sale conditions and payment. This chapter is very important
chiefly because him should convince the fact that the affair has
market and he is and will be gainful.

The development of the products and services comprise
informations about the future generation of products/services,
own actions of research, development, innovation, determined
the products/modern services, the market segment for each
product/new  service, valuation elaboration of new
products/services in next years. These chapter is accentuation
the band between the activity of research-development and
what the market wants.

The financial plan explains in numbers the efficiency of
activity's made be the firm pointing the success of the affair.
Here are information’s and foreseeing s concerning the costs
performed and finance collected be the firm, a situation of
cash-flow, making a foreseeing on medium term of this with the
specification of sources of financing possible. In this chapter is
very important that the foreseeings for next years to be as
more as realistic, being necessary for this for informations as
more as exact.

The plan affair is finishing with the attaching of documents
with reference to the activity and performance of the firm, to
bring a plus of information favourable, necessary to maintain
the affair plan. This documents are grouped in addition to the
affair plan, witch comprise between others and: balance
accountant agreement, agreements with actual clients, to
prove the intention of future clients to buy products/services
witch they will accomplish, price offers for machinery,
technology wich will be acquire, price offers for raw materials,
materials necessary technology process. Laying out for a affair
answers the needs to be informed on the next elements
banded on own affair:

- opportunity of the affair;

- the factors — key witch depend the success of the affair;
- resources used in starting/developing the affair;
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- the opportunity’s in evolution of the agent internal and
external witch could disturbance the starting/developing
the affair.

3. The implementation of the affair plan

The implementation of the affair plan assumes the inking to
the level of the firm witch he was made for. For his unwinding
could be extended on more years, the implementation carry’s
and revision and his adaptation to the new reality’s of the firm.
The revision of the affair plan means in fact the test of the
validity of the objectives determineed, the financial plan, the
marketing plan and their accommodation to the new situations
internal and external of the firm. Because a plan affair to be
applied with success it's necessary that the revision should be
made terminal.

In the implementation of the affair plan could appear
situations unforeseen like: modifications legislative, strikes,
natural calamity’s, etc. witch they can actuate even at the
necessity to make another affair plan.

4. Conclusions

The plan affair, as method of management, is use be
managers for setting up and development of the affairs. This
it's address with priority to management of high level of the
firm, the potential investors and creditors, making it easy to
communication internal and external over what it wants to be in
the firm in future.

The importance of building a affair plan is given be the fact
that this is an appliance of work that actuate at cognition and
conviction of the future affair partners: investors, creditors, on
affair success.
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ABSTRACT. The vector control which consists of maintaining the orthogonality between the flux and active current, strengthens the advantages of using the induction

motors, compared to the continuous current motors.
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Pestome: BeKTOpHIAﬂT KOHTpON, KomTo npeacraenaea noadbpXaHe Ha OPTOrOHANHOCT MeXAY NOTOKa W peanHua TOK AaBa NpeayMCTBO Ha WU3MNON3BaHETO Ha
WHAYKUMOHHMTE eNnekTpoaBuUraTenin B CpaBHeEHNE C eNeKTpoABUrateniTe Ha HenpeKkbCHaT TOK.

1. Introduction

For a long time, the induction motors were not a technical
solution for adjustable control (driving), even though they are
superior to the continuous current motor considering
dimensions, weight, rotor ineptness, effective power, cost,
reliability, exploitation expenses, etc.

Along with the recent developments in the power industrial
electronics domain, with applications in variable speed driving,
the adjustable driving with induction motors are used in a wide
scale.

| talk about two development directions: one connected to
the semiconductor devices (electronic valves) and the other
one connected to their command circuits.

From the point of view of the automated speed adjustments
systems with alternative current motors, a different approach
must be considered, compared to the case with continuous
current motors. At the continuous current motors, the flux and
current in the induced circuit are independent (not coupled)
and because of this, simple adjustment schemes have been
designed, fully controllable and with good dynamic
performances.

2. Asynchronous motor control principles
Until recently, the most used revolution adjustment method
for an asynchronous motor was “Scalar Control” (or “V/HZ").
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For this method, the motor works in an area in which the rotor
flux is constant (volts proportionally to speed).

In case of the asynchronous motor with short-circuited rotor,
the static converter must ensure the motor with the necessary
active and reactive power for magnetization, because it
external sources for excitation don’t exist. They must be found
in the statoric coiling of the asynchronous motor, both currents:
excitation (reactive) and couple generator (active).

Field oriented control uses the spatial phases for modeling
the AC motors, their complex structure being able to be
transformed in one similar to the CC motor, characterized by
the orthogonality between flux and current. As a consequence,
the electromagnetic couple developed by the motor has
permanently an expression of scalar product between flux and
current, similar to the couple developed by the continuous
current motors with separate excitation and so, maximum
value. Adjustment of the couple through this method is done
through decoupling the active and reactive components of the
statoric currents, generators for couple and flux.

Because the expression of the electromagnetic couple may
be written in different referential systems, solidary with the
statoric, rotoric or magnetization flux, there are a lot of variants
for adjustment schemes for each type of command.

Field control is made in a referential system which is solidary
with the flux we need information about. The components of


mailto:%20alina@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:%20alina@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:marian@utgjiu.ro

the statoric current in the corresponding referential system are
similar to the excitation and to the induced current, from the
CC motor case. To elaborate a corresponding command for
the inverter, the statoric currents must be in report with a fixed
coordinates system, solidary with the stator, through a simple
coordinates’ transformation, function of the system the
command was elaborated into.

The implementation of the vector command with orientation
after the rotoric field is the most used method.

The vector command with statoric filed orientation presents
as disadvantage the necessity of measuring the statoric
tensions which in the case of the inverters with pulse width
modulation, very often used in practice due to their
advantages, are very strongly deformed and difficult to
measure.

In the specialty literature there are command modalities with
magnetization flux orientation.

There are a lot of vector command modalities, no matter the
type of orientation, with direct and indirect methods.

Direct methods need measuring of the flux (command with
flux reaction) through direct measuring of the specific
quantities with Hall sensors, measurement inductivity or
measure from the statoric coiling. These methods have been
abandoned because they present a series of disadvantages:

- the Hall sensores, mounted orthogonally, measure the
powerfully deformed signals because of the rotor's cuts’
effects and they are mechanically and thermally
solicited. The method needs special construction motors;

- the measurement coils eliminate the effects of the rotor’s
cuts through geometric mediation, but they need special
motors. Also, the measurement coils detect the flux
variations, which determines a weak behavior at low
frequencies;

- use of statoric coiling as measurement coils eliminate

the necessity of some special motors, but there is
necessary to compensate the drop of resistive tension
before integration.

Indirect command methods are based on determining the
amplitude and position of the flux phase from the so called flux
model on the basis of the measured quantities (tensions,
currents). These methods, despite their sensibility to the
machine’s parameters’ variation and of the necessity of the
speed transducer to be expensive and precise, they have a
high applicability because they don't need field transducers
(special motors). Another advantage is that two statoric
currents and the rotation speed are necessary as reaction
measured signals, the other reaction signals being calculated
in real time from the “in current’ model of the motor. That
means the stator's parameters don't affect the model, because
the statoric currents are measured.

The only important parameter of the asynchronous motor
which can be modified is the time rotor constant, Tr, which
increases in the high speed domain (decrease of flux),
because of the desaturation of the machine and decreases
with the increase of the resistance, at high temperatures.

Because of this reason, the indirect vector adjustment
methods for the speed of asynchronous motors are mostly
used, even though these methods need calculating the
reaction quantities, development of the digital signal
processors (DSP), they allow the implementation of the
complex control functions specific to the AC motors, using the
software instead of hardware components (which are more
expensive)

In fig. 1is shown a FOC control system. The AM is driven by
the conventional voltage-source inverter. This system can be
implemented using the DSC sZdspTMS320F218 and some
additional hardware.
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The C2812 is generating six pulse width modulation (PWM)
signals by means of space vector PWM technique for six
power — switching devices in the inverter. Two input currents of
the AM (ia and i) are measured from the inverter and they are
sent to the ¢218 via two analog — to — digital converters. The
current on the third phase is not necessary to be calculated
because it is obtained from the relation:

I, +1, +1, =0

The rotor position is required for variable transformation from
stationary reference frame to synchronously rotating reference
frame. The rotor position is obtained from the encoder. As a
result of this transformation, the so called Park transformation,
the g-axis current will be controlling torque while the d-axis
current is forced to zero. In this case “d” means direct and “q”
means Quadrature.

The Park transform has been around for 78 years. This
theory requires very much mathematical calculations (matrix
multiplications), which can be made in real-time with the help
of DSPs.

This theory is not limited to sinusoidal distribution and can be
applied to any kind of vector.

We start from the alimentation voltages’ vector (Vs) of the
stator (the voltage vector applied to the stator):

Vs1
Vs =|Vs2

Vs3

In fig. 2 is shown the change of the reference through Park

transformation.
v COst
/ .

Fig. 2

This referential change transforms the Vs vector in a new
vector as written below:
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Va1 Vsd Vsd 4 Vs1
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Vs3 Vso Vso Vs3
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For a three-phase balanced system the following relations
can be written:

Vg +V, +V =0

Vg Vg =0
Vg Vg =0
Ve Vo =0

sq
where:

- (Vsd, Vsq, Vso) are called the Park coordinates;

- Vsq — is direct Park component;

- Vsq— is squaring Park component;

- Vso— is homo-polar Park component;

- vsois null for a three-phase balanced

- each pair of components is perpendicular to each other.

In specialty literature is used the normalized Park transform

for which the inverted matrix is much easier to calculate and
which allows building an orthogonal referential change:

0)]- 2

€0s O

cos[es—ﬁ) —sm(e —Ej
3 3
cos[ﬂs—ﬂ) —sin(es—42—nj
i 3 3

The normalized Park can be seen as a result of the
combination of the Clarke transform combined with a rotation.

—sinfg
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Clarke transform converts balanced three-phase quantities
into balanced two-phase orthogonal quantities, as in fig. 3:

V2 VB

Vd

95 ost

Vs1= Va
V3

Fig. 3

Combining the Clarke and Park transforms as defined above,
we move from the three-phase rotating domain to the
stationary domain: we just need to control DC quantities in
real-time.

To drive the power switches with new values we have to re-
transform these stationary control values back into the three-
phase rotating domain. This is done with a similar transform
function called “Inverse Park’, as in fig. 1. The control itself is
done with 3 instances of a C-cellable function “PID".

3. Conclusions

The vector control offers to the asynchronous motors major
advantages in report to the CC motors for the revolution
adjustment systems.
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FUZZY ALGORITHM FOR THE COMMAND OF THE POSITION FOR THE PISTON OF AN
ELECTRO-HYDRAULIC SYSTEM
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ABSTRACT. This paper presents the way to create a fuzzy regulator used to command a fluid flow servo-valve with force reaction, this servo-valve being the
execution element of an electro-hydraulic adaptation system which adjusts the position on one axel. Practically, beginning from a value of the reference (the position
in which we wish to move the free extremity of the hydraulic cylinder’s piston’s cane), for example at half the distance the piston covers and at a value of the speed
with which the piston moves at a certain moment, the paper goes through all the stages of fuzzy algorithm and a firm value of the command which the regulator
produces in this case. The spread of the applications’ field of the numerical systems for adjustment and control of the technological processes is, obviously, sustained
by the superior performances achieved by such systems, as is the case of the fuzzy system, comparing to the conventional analogical automated systems.

ANrOPUTHM 3A YNPABINEHUE BYTANOTO HA ENEKTPOXUAPABITUYHA CUCTEMA
KonHcmanmun Kpucmunen Bunan, He6yHy [JaHuena, Kepken KoHcmaHmuH
YHugepcumem “KoHcmaHmuH Bpaxkyw”

PE3IOME. To3u [oknaj MpeAcTaBst HAauMH 3a Cb3fiaBaHe Ha PerynaTop 3a ynpaBneHuWe Ha cepBo-kmana 3a noToka Ha (hnywpa, kato Tasu cepBo-knana e
W3MbIHUATENHIUS eNEMEHT OT ENEKTPO-XWAPAaBNMYHA CUCTEMA, KOSTO Perynupa nosuuusiTa Ha efHa OT ocuTe. Ha mpakTuka, 3anouBaiikv OT JajeHa CTOMHOCT
(No3uuwsiTa, OT KOUTO MCKkaMe Aa NPUABWKIM BYTANoTo Ha XWAPABNUYHNS LUMUHOBP), HAMPUMED, HA NONOBUHATA OT PA3CTOSIHUETO, MOKPUTO OT BYTANoTo U CKOPOCT,
C KosITO ByTanoTo ce ABUKM B ONpesernieH MOMEHT, oKNadbT NpeMUHaBa Npe3 BCUYKM €Tany Ha anropuTbMa W CTOMHOCTTa Ha koMaHaaTa, KoATo Aasa perynatopa B
Aafiedns cnyyait. LLMpoKOTO pasnpocTpaHeHUe Ha MPUMOXEHWUE Ha YMCTIEHUTE CUCTEMM 3a perynupaHe U ynpaBneHue Ha TEXHOMOMMYHUTE MPOLIECH 0YEBUAHO Ce
MoALbPXa OT XapaKTEPUCTUKUTE HA Te3U CUCTEMM, KakTO e B Crlyuyasi Ha pasMUTUTE CUCTEMM, B CPaBHEHME C KOHBEHLMOHANHWTE aHanoroBi aBTOMAaTU3MpaHu
cucTemu.

INTRODUCTION The experimental model (fig. 1) we designed to observe the

In the last years, a significant increase of the number of ways in which a fluid flow servo-valve with force reaction can
various fuzzy applications has been noticed. be controlled, is a one axel positioning system.

Applications of this type have extended upon different The servo-valve we used is one of the 72 series, built by
domains, such as: hi-tech filming devices (photo and recording MOOG and is voltage controlled (-10 + +10 Vcc), with 300Q
cameras), washing machines, micro wave devices, and also resistance at the command coil.
upon the industrial control systems and the high performance
medical instruments. The hydraulic cylinder with double effect has a distance of

250mm for the piston to cover and piston’s diameter of 60mm.
‘Fe*' The position transducer WE used is a resistive transducer
Servo- Position (multiple shift potentiometer), and consists of a system which
D valve Etransducer converts the translation movement of the piston into a rotation
~ “with force L \ .
Acquisition reaction movement which is transferred directly to the potentiometer.
———— <@ board—
The control of the process is made with the help of the
computer through an acquisition and control board which is
Engine @ P based on a ATMEL 89C52 microcontroller, and which
PUP communicates with the calculus system though the serial port.
The acquisition system has:
: a _’Hyd_raulic — an analogical input to read the potentiometer;
- cylinder —an analogical output for the numerical-analogical
|TJ|< converter which controls the servo-valve;
an

— a serial communication channel for the connection with
the computer.

Fig.1. The functional scheme of the designed
experimental system
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DESIGN OF THE FUZZY REGULATOR
CHOOSING THE LINGUISTIC VARIABLES AND TERMS

To adjust the position of the cylinder's piston, we defined
three linguistic variables, associated to the input quantities
(position error and movement speed of the piston) and output
quantities (command):
- position error — an input linguistic variable which varies
between [emin <+ €max] mm;
- movement speed of piston — the second input linguistic
variable which calculates as the ratio of the distance between
two successive readings of the position transducer and the
time between the two readings, with values in the interval [Vmin
- Vmax] mm/s;
- command - output linguistic variable which varies between
[Umin +Umax].
Observation: The variation domain of the output (command) is
considered in unities of the numeric-analogical converter
(NAC) MAX 536, used for the command of the servo-valve.
This is a convertor on 12 bits with differential output (-2,5 +
+2,5), the domain in which the command of the fuzzy regulator
varies is (0 + 4096). So:
- when we want a 0 command, the number of NAC must be
2048;
- when we want a (-2,5 + 0)V command, the number of NAC
unities must be between (0 + 2048) ,
- when we want a (0 + +2,5)V command, the number of NAC
unities must be between (2048 + 4096).

It follows a vague representation of the position error for the
variation domain [emin + emax] mm and of the movement speed
of the piston for the [ vmin + Vmax] mm/s domain, through the
affiliated functions and a vague representation of the command
for the [Umin +~Umax] domain.

The linguistic variables position error may be vaguely
characterized through the following linguistic terms:
e€mn — high negative position error - with the affiliation
function:
MsMn=(emin , €min, €Mn, ezen) (1)
¢man — medium negative position error - with the
affiliation function:
Mzmdnz(eMn , €mdn , 0) (2)
€26 — Z€ro position error - with the affiliation function:
Msze=(ezen ,0, ezep) (3)
emdp — Medium positive position error - with the
affiliation function:
Hsmdp=(0 , €mdp , eMp) (4)
emp — high positive position error - with the affiliation
function:
Msz=(ezep, €Mp , €max, emax) (5)
where emin , emax ,6zen AND ezep are given as initial
data, and other parameters are to be calculated for generality
with the following relations:

Uip = emax/3; Uin = emin/3; €min = - 250, Emax = 250, €Man = 2* Uip,

€mnd = Uin; €mdp = Uip, (6)
EMap = 2* Uip;, €zen = - 100; €zep = 100;

As is observed in fig. 2a and b, for the linguistic variables:
position error and movement speed of the piston, the shapes
of the affiliated functions afferent to the linguistic terms ewmn,
Vin, €Mp, Vivp, IS like a trapeze, and for the linguistic terms eman,
Vimdn, €ze, Vze, Emdp Si Vmdp IS triangular symmetric.
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Linguistic variable speed of movement of the piston can be
vaguely characterized through the following linguistic terms:
vmn — high negative speed with the affiliated trapeze
function:
MvMn = (Vmin , Vmin , VMan ,Vzen) (7)
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Fig.2. The shape of the affiliated functions for the linguistic
variables: position error and speed of piston
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Fig.3. The shape of the affiliated functions for the linguistic
variable command

vman — medium negative speed with the affiliated
triangular function;
Mvmdn= (VMan , Vmdn ,O) (8)
Vze — zero speed with the affiliated triangular function:
Mvze= (Vzen ,0, Vzep) (9)
vmdp — zero speed with the affiliated triangular
function:
Mvmdp= (0 , Vmdp ,VMap) (10)
vmp — the high positive speed with the affiliated
trapeze function:
Mvmp= (Vzep , VMap ,Vmax , Vmax) (1 1)



To represent vaguely the linguistic variable speed of
movement for the piston, | adopted the following calculus
relations:

Uip = Vmax/3; Uin = Vmin/3 ; Vmin = - 100, Vmax = 100, VMan = 2* Uip,
Vmnd = Uin; Vmdp = Uip, (12)
VMap = 2 *Uip; Vzen = '40; Vzep = 40,

The linguistic variable command can be vaguely
characterized through the following linguistic terms:
Um.n — high negative command with the affiliated
trapeze function:
Mum-n = (Umin y Umin , UMan , Umdn) (13)
Umdn — medium negative command with the affiliated
triangular function:
MUmd-n = (UMan, Umdn, Uzen ) (14)
Unn — low negative command with the affiliated
triangular function:
Humn= (Umdn , Uminn, 0) (15)
Uo — zero command with the affiliated triangular
function:
Muo = (Uzen, 0, Uzep) (16)
Ump — low positive command with the affiliated
triangular function:
Mum-p = (0, Uminp, Umdp) (17)
Um¢p — medium positive command with the affiliated
triangular function:
MUmd-p = ( Uzep, Umdp, UMap)
Uwp — high positive command with the affiliated trapeze
function:
Mum-p = ( Umdp, UMap, Umax , Umax) (18)
To represent vaguely the linguistic variable
command, | adopted the following calculus relations:

Umin= 0; Umax= 4096; Uzen= 2000; Uzep= 2096; uin= (Uzen— Umin)/3;
Uminp=2048+ (Umdp - 2048)/2; Uminn= 2048- (Umdp - 2048)/2 ;
Umdp=2048+ Uzep + Uin} Umdn=2048- Uzen - Uin; Ump= 2048+Uzep +
2*Uin; UMn= 2048-Uzep + 2*Uin; (19)

The shape of the affiliated functions afferent to the linguistic
terms Uwn si Unyp is a trapeze, while the one of the Umdn, Um,
Um-p, Umda-p and Uo are triangular symmetric as seen in fig. 3.

When | built the base of rules, | took into account:

- the number of sequences of the base of rules (not to
mistake the number of sequences with the number of rules) is
equal to the number of linguistic terms of the input linguistic
variable position error;

- we continue to consider that the position reference is
situated at the half of the piston distance to cover;

- we consider the high positive position error when the piston
is retired into the cylinder;

- we consider the zero position error when the piston is close
to the half of the distance;

- we consider the high negative position error when the piston
almost got out the cylinder;

- the speed is positive when the piston moves to right (forward
move) and negative when it moves to left (withdraw move);

- also, the command can be low, medium and high in a
positive way when the piston goes forward, so that its speed to
become positive, low, medium and high in a negative way
when the piston retreats, and zero command when the piston
doesn’'t move.
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Taking into account the considerations above and all the
situations which may appear in the regulated process, the
whole resulted base of rules is:

R1: IF (emn ANDvwn) THEN Uwn;
R2: IF (emn AND Vman) THEN Umn;
R3: IF (emn ANDvze) THEN Uw.p;
R4: IF (emn AND vmgp) THEN Umn;
R5: IF (emn AND vmp) THEN Um_p;
R6: IF (Emdn AND VMn) THEN Umd n,
R7: IF (Emdn AND Vman ) THEN  Umd_n;
R8: IF (Emdn AND Vze) THEN Umd_n;
R9: IF (gmon AND vmgp) THEN Unn;

R10: IF (€man AND vmp) THEN Unmin;
R11: IF (Eze AND vwn ) THEN  Um_n;
R12: IF (Eze AND den) THEN Un_n;
R13:1F (¢ze ANDvze) THEN Uy;

R14:IF (€ze AND Vmdp) THEN Unmp;
R15:IF (€22 ANDvmp) THEN Umdp;
R16: IF (€msp AND vmn) THEN  Umd p;
R17:IF (€mdp AND Vman ) THEN  Umd_p;
R18: IF (€msp AND vze) THEN Umd_p;
R19: | (Emdp AND Vidp ) THEN

R20: |

F
F
F
F Umdfp;
Unm_p;

UM?p;
UM_p;

F (Emdp AND VMp) THEN
R21:IF (emp AND vmn) THEN
R22: IF (emp AND vman) THEN
R23:IF (emp ANDvze) THEN Ump;
R24:1F (emp AND vmgp) THEN Unm p;

R25: IF (emp AND vmp) THEN Uw_p;

For another value of the reference, the basis of rules will
have to be modified accordingly, in order for that a new
sequence of the basis of rules to be evaluated function of the
value. To reduce the complexity of this algorithm, we'll
consider the reference at half the distance between min and
max.

VAGUE INFERENCE. EVALUATION OF THE IF ...THEN
RULES

The vague inference is the algorithm after which the
implications IF (premise) — THEN (conclusion), reunited in a
base of rules, are evaluated. In the evaluation of the inference
we can use the MAX - MIN, MAX - PROD or SUM-PROD
compositions.

To understand the inference mechanism which is the base of
a fuzzy regulator, we have the following case study: We
consider that at a certain moment, the position error has the
value 125 and the movement speed of the piston is 25 mm/s.

To determine the affiliation degrees of these firm quantities at
the corresponding linguistic terms, we used the affiliated
functions of triangular and trapeze type.

The afferent value of the affiliation degrees of firm quantities
¢ = 125 to defined linguistic terms are according to relation
(17).

£0=10,0.,0,05,037) (20)

Proceeding in the same way for calculation of affiliation
degrees of firm quantities v=25 of piston movement speed, this
are according to relation (18).
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In any T moment, fuzzy algorithm activate rules from BRF
(as parallel process). The output of each fuzzy rule is a fuzzy
value, which result from basic operations in fuzzy logic.
Therefore each rule from BRF represent a logic expression
realized with conjunction AND operator.

Thereafter we apply AND operation of fuzzy sets, after that
on output we obtain a punctual minimum of affiliation functions
from entire definition domain of output variables.
So, for a rule from BRF with form:

R1: IF (emn ANDvmn) THEN Umn
we have:
wUwm_n=MIN (0, 0) = 0;
where:
wUw_n— is activation scalar value of fuzzy set Uu_n.
So this is a rule which won't use because the activation scalar
value of fuzzy set Uw_nof output variable is zero.

(22)

Follow up we retain only the useful rules for the supposed

numeric case which are 4.

R18: IF (emdp AND vze) THEN Umdp
For this rule the activation scalar value is: w uma_p = MIN (0.5,
0.37)=0.37;

R19: IF (imdp AND Vmdp ) THEN Umd_p
For this rule the activation scalar value is: w uma_p = MIN (0.5,
0.75) = 0.5;

R23: IF (emp ANDvze) THEN Ump
For this rule the activation scalar value is: w um_p = MIN (0.37,
0.37)=0.37;

R24: IF (emp AND vmgp) THEN Um_p
For this rule the activation scalar value is: w um_p = MIN (0.5,
0.75)=0.5.

We remark that in inference process the rules can have like
result the same output fuzzy set, in generally activated by the
different wi coefficients. This is the case of rules R18 and R19
from this example which have the output fuzzy set the
command Umd_p, respectively R23 and R24 which have the
output fuzzy set the command Uw_p. Thereafter, the inference
operation is analyzed on the entire level of BRF through a
composition technique of the elementary inferences results
(from each i rule activated).

In this case we use the composition method noted as MAX,
according whom the rules which have the same output fuzzy
set, this (output fuzzy set) is activated (ponderate) with the
maximum value of w i coefficient.

Therefore the rules R18 and R19 the output fuzzy set Umd_p
will be ponderated with w Uma_p coefficient calculated in this
way:

W Umd_p= MAX (w18, w19) =
=MAX (0.37,0.5)=0.5 (23)
respectively for the rules R23 and R24, the output fuzzy set
Uwm_p will be ponderated with w Um_p coefficient calculated in
this way:
W Um_p= MAX (w23, Wa4) =
MAX (0.37,0.5)=0.5 (24)

The form of each activate fuzzy set from entire domain of

output variable, depends on used “coding” diagram.
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We will use a coding process with correlation by product,
according to the fuzzy output of the system result by the
multiplication of the affiliation functions of the output variable,
with activation scalar value of i referred rule.

For supposed example the fuzzy output of the system is:
0 = MAX (w1s, W19) M umd_p +
+ MAX( wz3, wa4 )-mum_p (25)
which geometrical is summarized to the reunion of determinate
areas by fuzzy sets resulted from coding, figure 4.

Hu
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0,57
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2048
Fig. 4 Output fuzzy set

UNFUZZYING VAGUE INFORMATION

In this application we opted for the most used method of
unfuzzying, which offer the most consistent results, the weight
center method (centroid). According with this, if output fuzzy
sets are determinate by the inference method with product
correlation, then we may calculate global weight center from
local weight centers of each i rule from BRF, as:

+ | c +...
Umd_n Umd_n Umd_n
+..+0 |
M_p uM_p

| +o |

M_n UM_n md_n u

md_n

et o |
UM_p

| +o |
M _n U|\/|_n md

C
UM_p UM_p

+..1+0 |
M_p UM_p

(26)

(0)
v _n U md_n

where:
- wiis activation scalar value of i rule from BRF;
- liis surface area (triangle area or trapezoidal area);
- ciis the ordinate of weight center of output fuzzy set fit to i
rule.
For this numeric case the value of output is:

+o | c
"Mpmp UM _p
|

UM_p

® | c
U = Umd_p Umd_p Umd_p
k™ ® - +®
Umd_p Umd_p U
~0,5-333,3-2762,2+0.5-583,2 - 3620

0,5-3333+05-532

M_p
=30959

@7

Because the number obtained is a real number and digital —
to — analogical converter work only with integers, the value
3095,9 is rounded to proximate integer, that is 3096.

In figure 5 is represented the command interface of the
experimental system implemented in LabWindows CVI. On this
interface can observe the shape of the real response of
positional system to few variation of position reference. The



small variation of the system response around reference in
stationary condition is due to impreciseness of the position
resistive transducer.
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Fig. 5 Interface with real response of the system
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CONCLUSIONS

The control fuzzy algorithm implemented in this example with
LabWindows CVI software offers betters performances so in
transitory condition and in the stationary condition than classic
PID algorithm. (this is based on practice) being visible the
fuzzy control anticipation effect of next evolution of the piston.
The advantage comes even from capability to modify the
variation interval of linguistic defined terms, the capability
offered by relations (6), (12), (19).
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ABSTRACT. Using Digital Signal Processor (DSPs) for command and control of asynchronous motors, make these much more important in comparison with direct
current motors. The extension of numeric systems is preferable because they improve the performance and the reliability.
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PE3IOME. V13non3saHeTo Ha LMcpoBY NPOLIECOpU 3a yNpaBneHue Ha acHXPOHHU ENEeKTPOMOTOPY T MpaBy Aaned Mo-4eCTo W3NoN3BaHu OT eNexkTpPOMOTOPHUTE C
npas Tok. MpeanoynTa ce U3NoM3BaHeTo Ha LGPOBUTE CHCTEMM, ThiIt KATO Te MOAOGPSBAT XapaKTEPUCTUKUTE W HAAEXOHOCTTA.

1. Introduction With all these advantages, DCM have, compared to ACM,
The industrial processes use actuation systems which help some disadvantages:
start mechanical systems. To convert different forms of energy - have a bigger size and are more expensive for the same
(electric, hydraulic, pneumatic, thermal) into mechanic energy, developed power;
the help of motors is required. - need higher maintenance expenses because of the
brushes’ presence and of the collecting lamellas which
Usually, the electrical actuation is used because of: deteriorate in time and need to be replaced.
— electric power’s availability;
— simple connection to energy source; In the last 20 years, the revolutionary development of the
— electric motors robustness which allows overcharge in electronic systems and of the power semiconductors has been
large limits for mechanical load; determined by certain requirements regarding rational use of
- very good dynamic performances (Short time for response electric energy, reactive power Compensation, miniaturized of
between the moment when the common is applied and the the electronic systems. In this period new power
moment of it’s execution) semiconductor devices appeared and have been improved
— high energetic efficaciousness (modules with power transistors, DMOS and IGB + transistors,
— high reliability other devices with high performance isolated grill, hybrid
— low price, cost and maintenance cost systems, intelligent modules).

— possibility to modify revolution in large limits

— compatibilities between the command systems and electric
motors Texas Instruments designed the platform TMS320F2812
destined to the command and digital control of electric motors.
It ensures a high performance level, and also a low cost for the
whole command system, its architecture being built around a

DC motors, compared to the AC ones, have much higher DSP microcontroller.
performances.

— command circuits are more simple

- large domain for revolution adjustment (between 5%-
100% from the nominal revolution)

They allowed inventing (building) new types of converters.

Electric motors used in actuations may be: DC motors (Direct
current motors), AC motors and stepper motors.

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;
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2.

simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced,;

the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

the cost price decreases significantly.

Description of the system

The performance of the exclusively digital structures are
limited by the sampling in duration, which affects the dynamic
of the system (response time), and of the sampling in
amplitude of the signal, which affects the adjustment precision

Fig. 1

in amplitude. To compensate these disadvantages, the
following measures can be taken:

designing some performing adjustment algorithms, which
must compensate the sampling errors;
use of fuzzy techniques and of the neural networks;

The use of DSPs offers a supplementary series of
advantages:

higher speeds of operation and higher resolutions;

there can be used highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;

lots of data can be calculated in a short time being gifted
with powerful instructions (simultaneous addition and
multiplication)

allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;
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- can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;

- allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.

In fig. 1 (below) is presented the block diagram of the speed
of a AC motor from an adjustment system:

The current through the motor is measured with the help of
two Hall transducers, mounted on two phases. The signal
output from the transducers is adapted with the help of circuit
in fig. 2.

The current transducers are LTS 25-NP type (LEM) with Hall
effect and has the transfer characteristic:
Vout = f(Ip), as in fig. 3

Vout [V]
A

Fig. 3

For a certain pin connection, the effective nominal current
from the primary circuit,
Ipn = 8A,
and the nominal output voltage is
Vour = (2,540,600)V.

In this application, the nominal current of the motor is 0,6A
and the maximum value of the current through the motor is 1A.
In this case, the maximum output voltage from the transducer
is:

Vour = (2,540,6/8)V = (2,5+0,075)V
with a 75 mV variation.

The Operational Amplifiers (OA) from the adaptation circuit
must have the offset voltage as low as possible, or even zero.

The first OA eliminates the 2,5V level, and eventually the
offset, and the second one concentrates the signal to 1,5V
because the DSP allows on the analogical inputs signals of
0+3V.
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The DSP’s analogical-digital converters are on 12 bits and
the signal will have to be adapted to 2,8672V for F, = 1A.

The signal at DSP’s input will have maximum variation
(1,5%1,3672)V with 0,7V/quantum.

To adapt the output signals into PWM and the digital input
ones, logical circuits, open collector type, are used.

3. Conclusions

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;

- simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

- influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced;

- the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

- the cost price decreases significantly.

The use of DSPs offers a supplementary series of
advantages:

- higher speeds of operation and higher resolutions;

- there can be wused highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;
lots of data can be calculated in a short time being gifted
with powerful instructions
(simultaneous addition and multiplication)
allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;
can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;
allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.
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ABSTRACT. Because of the intermittence of the cutting at milling, the tool and the material are subjected to periodic oscillations, caused by the interaction of the tool
and the material processed.

Often, at processing by cutting autooscillations begin and this as a rule, brings to unsatisfactory quality of the processed surface and sometimes, to the tool breaking
and the blank damage.

The beginning of autooscilations brings to disturbance of the steady periodic motion of the tool centre, i. €. there is a presence of instability.

In the paper is researched the tool oscillation at milling by numerical simulation on the basis of simulative model of the milling process, including the tool dynamics
(the calculation scheme of the model is composed with rendering an account of the experimental dependences of the alteration of cutting force at metal processing
and the dynamic characteristics of the elastic system, determined experimentally by modal analysis) and the parameters of unevenness of the obtained surface. The
Poincare section is used in the analysis of simulation.

Dependences of cutting forces at the processing of rock materials are suggested.

The model adequacy regarding the regeneration of the surface at the rock materials processing is researched, which allows the field of the model application to be
assessed and enlarged.

The approach suggested, allows the zone of autooscillations of the system technological parameters to be determined and the quality of the processed surface to be
assessed.

LMePOBO MOOENUPAHE HA COBCTBEHWTE KONEBAHUA NPU OBPABOTKATA HA METANKU U CKANTHU MATEPUANU
YPE3 ®PE3OBAHE

Mukos U. H.", Llememoe M. I'.2, Poi6uH A. I'.2, MeseHyesa U. J1.2, CmechaHosa H. H.?

T Mockoscku ObpxageH MuHeH yHusepcumem, Pycus

2 HayuHouscriedogamesicku UHCMuUmym no aguayuoHHU mexHonoauu, Mockea, Pycus

3 MunHo-2eonoxku yHugepcumem "Ce. UsaH Puncku", Cogpus, brreapus

PE3IOME. [Mopagu npekbCHATOCTTa Ha psisaHeTo npu (ppe3oBaHe, MHCTPYMEHTLT W MaTepuambT ca MOANOXKEHW Ha MEpPUOAUYHM KonebaHus, NpeanssukaHn ot
B3aWUMOZECTBUETO UM.

Yecro, npu obpaboTka upes psizaHe, Bb3HWKBAT COOCTBEHM KonebaHWsi, KOETO, KaTo MpaBuro BOAM A0 HEYOOBMETBOPUTENHO KAayecTBO Ha obpaboTeHata
MOBBPXHOCT, @ NOHSKOTa - 0 CYyNBaHe Ha MHCTPYMEHTa 1 MOBpeX/aHe Ha 3aroToBkata.

Bb3HukBaHeTo Ha cobcTBeHN konebaHus B cucTemata npean3BuKBa HapyluaBaHe Ha PaBHOMEPHOTO MEPUOAMYHO ABWXKEHME Ha LEHTbPa Ha MHCTPYMEHTa, T. €
nory4asa ce 3aryba Ha yCTON4MBOCT.

B pabotata ce uscreaBa kone6aTenHoTo ABUKEHWE HA UHCTPYMEHTa Npu (hpe3oBaHe C M3MoN3BaHe Ha LMdpoBo MoAenupaHe Ha 6asaTa Ha cuMynaLuoHeH Mogen
Ha npoueca pe3oBaHe, BKMIOYUTENHO AWHAMMKATa HA MHCTPYMEHTa (M34MCIUTENHATa CXema Ha MOLena e CbCTaBeHa C OTYMTaHe Ha eKCriepyMMeHTanHuTe
33BMCUMOCTM Ha M3MEHEHWETO Ha YCUNMETO MpW psi3aHe npu MeTanoobpaboTka M AMHAMUYHWTE XapakTepUCTUKW Ha enacTWyHata CUCTeMa Ha MaluuHarta,
onpedeneHe eKkcriepuMEHTanHo, ¢ NOMOLLTa Ha MoAaneH aHanua). W napameTpute Ha HEPaBHOCTUTE Ha MONy4eHaTa MOBbPXHOCT. 3a aHanu3 Ha pesyntatute ot
MOZENMPaHETo e M3non3saHo n3obpaxeHnTa Ha MoaHkape.

B pabotata ca npeanoxeHu 3aB1CUMOCTM 3a CUNUTE Ha psisaHe npu 0bpaboTkaTa Ha ckanHu Matepuany. MscneaBaHa e agexkBaTHOCTTa Ha MOLiena o OTHOLLEHWE
pereHepaLsTa Ha NOBBLPXHOCTTa Npy 0bpaboTkaTa Ha ckamHu MaTepuani, KoeTo No3BonsBa Aa Ce OLieHM 1 pasLumpyn 0bracTTa Ha NpUNoXeHne Ha Mofena.
lMpeanoxeHnsT NoaxoA N03BoMsBa a Ce ONpeaeni 3oHaTa Ha COBCTBEeHUTE konebaHus B TEXHOMOMMYHUTE NapaMeTpu Ha cUcTeMaTa M Aa Ce OLEHU KayecTBOTO Ha
0bpaboTeHaTta NOBBLPXHOCT.

Quality of the surface obtained at milling is influenced by the stable cutting and obtaining of the required surface quality are
tool chatters and the forces arising between the tool and the provided to be separate.
blank. Depending on the values of the technological
parameters it is possible the values of these factors to become Different methods for assessment of the periodic oscillations
unacceptable in some areas. In such cases, it is said that a of the tool at milling have obtained wide use in the field of
loss of system stability appears, and more precisely, it has to metal working (Altintas Y., 2000; Inspeger, T., Stepan, G.,
be said that a loss of stability of its periodic motion appears. It 2000; l'ycbkoB A.M., Puibun AT, 2002). The adaptation of
is important the areas of processing parameters, where a computation models allows the use of these approaches also

at stone processing.
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The oscillating motion of the tool at milling will be computed
by use of numerical modeling on the basis of simulation model
of the milling process with analysis of the tool dynamics and
the roughness parameters of the surface obtained, suggested
for working of metals (Mukos W.H., Puibun A.l., MeseHuesa
n.01., 2008).

The computation diagram for the model in question is
presented in fig. 1.

The main parameters are: cutter radius R , teeth number Z ,
feed of the toothS,, axial cutting depthb. Elastic
characteristics of the tool fastening: rigidity k , damping
value d , natural frequency of the system P, -

Fig. 1. Computation diagram

The projection of the cutting force on the axes OX and
Oy can be recorded as follows:

F=-F Sin( J)_ R COS(goj)
F=F, COS(¢1 )- ! Sin(¢i)

(1)
(2)

The forces in radial and circumference directions could be
approximated by the dependencies (I'ycekoB A.M., PbibuH
AT, 2002):

s )(h Y
Frj = grabbz( b \) (SJZJ
s\ (hY
Fll' = gxo_bbz( b \J (SiJ

Where ,,0d, - dimensionless factors, characterizing the

(3)

(4)

condition of the tool cutting edges; b - axial depth of cutting
[m]; o
S i
[m]; g - non-linearity factor of the dependency of the cutting

force on the chip thickness. It has to be mentioned that such a
form of the record is preferable from the point of view of the
dimensions theory and is invariant with respect to the system
of the used quantities.

- strength limit of the processed material [N / m? ];

8

- feed of the tooth [m]; h. - second chip thickness

z

The full system of equations, describing the kinematics and
dynamics of the system is as follows:
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X, =X, +S,Zt+u(t)

Y. =Y, +v(t)

Xy =X, + Rsin((pJ

X‘i = yc - RCOS(¢J)

_ = Fy Sin(qoj )_ Fy COS((”] )(5)

U=-piu-2dp,u+

3|~ 3|+

ﬁ:—p:V—deo‘}‘i‘ Frj COS(¢J' )_ Fq‘ Sin(q)j)

j-0
h, < Alx,,v,,5)

In the model presented, the second chip thickness is
determined with rendering an account of the shape forming of

the surface S . The processed surface S is determined as an

array of points S = {P | P(Xk Y ),k =1,2.. }

The trajectory of the cutting edge is approximated to another
circle determined by three points (three consecutive positions
of the cutting edge). Points located on the cutting edge
trajectory are added to the surface array in case of crossing of
the approximating curve and the polygon restricting the
surface. The points, which "have to be cut’, are extracted from
the array.

The chip thickness is determined as a distance from the
cutting edge to the point of intersection of the line connecting
the center of the cutter and the cutting edge with the line of the
surface.

The research in stability is made by the Poincare section. At
the section plotting, the points of intersection of the phase
trajectory of the system with some non-tangential straight line
have to be fixed, in this case, with the axis of ordinates of the
phase plain. This way, n points of the Poincare section
correspond to the steady periodic motion. In case of stability
loss, the number of points in the section alters. The plotting of
the section depending on any parameter (in this case, on the
spindle turning velocity) gives the bifurcation diagram.

The modeling has been made for milling at the following
parameters: cutting with two-tooth cutter with diameter
14 mm, feed of a tooth 0, 1MmM, radial cutting depth 1,

5mm. Parameters of fastening:
k=3-10°H/ m, &=0,06,v=300Hz
Factors for force dependences:

9,=2,0,=1, q=1,0, =750MPa .

The computations have been made for velocities of tool
turning 9000 min-' and 10000 min-'. In the first case, the
frequency of the system excitation (frequency of the teeth
cutting-in) is equal the natural frequency of the non-damped
system. The cutting axis depth has varied from 4, 0 to 9,
6mm.

The Poincare section and character of oscillations of the
centre of cutter mass obtained according to the computation
results are presented in figures 2 and 3.



The graphics show that in the resonance area the
oscillations of the mass center in the total range, the alterations
of the axial cutting depths corresponds to the periodical motion
with growing amplitude. In case of processing at velocity 10000
min', the loss of stability begins at cutting axis depth 5,
2mm. With the increase of the cutting axis depth, the
oscillations amplitude becomes bigger than the oscillations
amplitude at resonance frequencies. From the bifurcation
diagram a conclusion can be made that in the concrete case at
loss of stability begins Poincare- Andronov- Hopf bifurcation.

Poincare section Cutter mass center movement along the axis Z

XX lg T
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Fig. 2. Bifurcation diagram and oscillations of the centre of cutter
mass(axial cutting depth 9.6 mm) at processing at velocity of the
spindle turning 9000 min-*

The approach suggested also allows the quality of the
processed surface to be assessed.

Figure 4 shows the profile of the processed surface,
obtained as a result of modeling.

Poincare section
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Fig. 3. Bifurcation diagram and oscillations of the centre of cutter

mass(axial cutting depth 5.2mm) at processing at velocity of the
spindle turning 10000 min-!
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Fig. 4. Unevenness of the surface after processing at velocity
10000 min-' and axial cutting depth 5.2 mm
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For the unevenness of the processed surface has been
plotted a section, similar to that made for the oscillations. The
area of stability loss has also been well shown by the sections
obtained.

Traditionally, abrasive mills are used at processing of rock
materials, and the process of milling of stones is brought to
grinding. In order to be used, the suggested model of natural
oscillations analysis has to be adapted.
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Fig. 5. Shank cutter at contour milling

Stone processing by milling according two or three co-
ordinates is similar (analogous) to breaking out of the edge at
presence of one or two free surfaces (IMpotacos t0.1., 1995).

Under the influence of forces F, , Fy and F, the tool breaks
out layers- chips. The stone breaking consists in the following:
for example, at the motion of the cutting edge along the
axis Oy, the force Fy deforms a volume Vo of the stone

creating a compaction core (fig. 5.3). The forces Fx and F; act
respectively at motion along the axes OX andOz. The
compaction core compresses in direction of the force action
and expands in direction perpendicular to it, i.e. to the free

surface, working against the reaction force P of the stone. At
that a volume V of the stone is broken out. In connection with
the shape forming three phases has to be considered:



1. Micromotion of the cutter along the axis Z = H ;.

In this case, there is no milling, but the cutter operates as a
gouge (fig.6)

In this case the cutter will drive in to depth Hmin
(Mpotacos t0.W. 1995) if

116BkH
l:z min — — (6)
Hon
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Fig. 6. Shank cutter at contour microcut-in

2. Milimotion of the cutter along the axis z =H
within the limits of the cutter conic end (fig.7). In this case the

total force is a vector sum of F and F . Then

z.min y.min

oBkH

I:ymin ~ A 1.
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Fig. 7. Shank cutter at contour millicut-in

3. Operating motions of the cutter along the axis Oz
within the limits of the cutter cylindrical end. (fig. 5.2, 5.3 and
8). In this case the total force is the vector sum

F F and Fy .

z.min ? © y.min

View B_ Conical part at working milling-in
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Fig. 8. Conical part of a shank cutter at a contour millicut-in

In (Mpotacos t0.W., 1995) could be find the dependency of
the cutting force along the axis y.

_ oBKkH
ub

Where: o — tensile strength limit of the rock [N/mz]; B-
length of the operational part of the tool cutting edge, axial
cutting depth [m]; K - factor rendering an account of the
boundary conditions of stone breaking and ductility; H -
radial cutting depth [m]; L — Poisson’s ratio; b - factor of
the shape of the breaking out stone volume. Taking as a basis

F

y

, (8)
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, o ,
the general expression for the force F, = in local co-

ub
ordinates of the grain, a similar approach for description of the
forces can be used for each grain separately. Here A -
working area of the grain, similar to the product B- H . Then
the cutting forces influencing the instrument could be
presented as:

F =Y Fcosg
N

F, :;E sing,



where @, — angle of the inclination of the normal of the grain

cutting platform to the immovable co-ordinate system; N -
number of the examined grains. At summation by grains more
appropriate is the probabilistic approach to be used, for
example as it is suggested in (Rogelio L. Hecker, Igor M.
Ramoneda and Steven Y. Liang, 2003).

At the adaptation of the model for computation of natural
oscillations at every step of integration it is necessary the tool
contact line (described as a circle) with the blank to be
examined.

The suggested approach allows the area of beginning of the
natural oscillations of the system technological parameters to
be determined and the quality of the processed surface to be
assessed. The method allows the character of the stability loss
(the bifurcation type) to be disclosed. The frequencies of the
beginning oscillations are determined by the results of
computation, which is expedient to be used for identification of
the areas of natural oscillations at experimental researches.
The advantage of the numerical modeling is the fast adaptation
to the required conditions. For example, it is possible the
influence of hard inclusions in the rock material to be
researched by determination of their distribution in the
processed surface on accidental principle.

Recom