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Abstract: There are situations when the problem of usingotsgimachining processes is formulated and
there is not a mechanical workshop in which theessary machine tools exist. In such a case, a poly-
functional minimachine tool could be appreciateduasful, in order to achieve many distinct mackgnin
processes. An analysis of the existing solutionpdtyfunctional machine tools and of the reseasctie-
veloped about various constructive solutions of/ffurictional machine tools, respectively, was adiev
The ideas diagram method is one of the methodepgtisle to be applied in order to facilitate an in-
crease of the use of the technical creativity.ofder to identify improved versions of a polyfuontl
minimachine tool, the principles specific to thead diagram method were discussed and applied., Thus
some constructive aspects concerning a polyfunagtiorinimachine tool were defined. If the ideas dia-
gram method facilitates identifying of various vers of the desired solution, it must be appliedsso-
ciation with adequate methods of highlighting dletpossible solutions, methods for diminishing the
number of solutions to be analyzed in detail andeghod able to carry out the most convenient smiuiti
Such considerations were applied in order to firmbgble solutions for a polyfunctional minimachine
tool.

Key words: polyfunctional minimachine tool, ideas diagram heoet, frame, machining units,
solution selection

1. INTRODUCTION certain specialists prefer to use, in the last ¢fsenon-
conventional machining processes) the concept of
%quipment for machining by a certain nonconventiona
machining method.

A polyfunctional machine toalould be defined as a
machine tool on which various machining processes
could be materialized. This could mean that distme-
chining processes, like turning, milling, drillingtc.
could be achieved on such a machine tool.

One could mention that other concepts are also used
when the problem of existence of a machine tocd &bl
materialize various machining processes is appeshch
Thus, one can meet the use of concepnholtifunctional
machine toolq3, 9, 10, 14, 18]polyfunctional machine
tools [3, 7], multi-purpose machine toolfl], special
machine tool$12] or multimaching4].

One the other hand, one could formulate the problem
of achieving small polyfunctional machine tools;clsu
polyfunctional machine tools could find application
fields of real interest. For example, polyfunctibnani-
machine tools could be used in fine mechanicsyicob

In accordance with the concept accepted in machin
building field, the machine toak a work machine able to
be used in order to generate various types of cesfay
a cutting process and meeting certain requestsecoing
the material removal rate, machining accuracy amd s
face quality. There is a large variety of machioelg,
able to materialize processes of turning, millidglling,
grinding, lapping, honing etc. If initially theseachine
tools took into consideration the so-callddssical ma-
chining methodsnowadays there are machine tools for
achieving machining processes by means of the ltedca
nonconventional machining methoedad there are ma-
chine tools able to use processes of electricahdige
machining, electrochemical machining, ultrasonic- ma
chining, laser beam machining etc. In order tooidtice
a difference between the machine tools used innmhte
izing processes of machining by classical machining
methods and by nonconventional machining methods
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Plahteanu, S. Velicu, T. Auritépok into consideratio
some categories ahultifunctional machine tools [].
The general problem of pdunctional machine tool
was approached by D. Ghelase, in a paper publish
1995 [7].

Ample researchesoncerning the multifunctional a-
chine tools weraleveloped by teams including rese¢h-
ers from the Mechanical Engineering and Researsi-
tute of Bucharest and from the Department of Mact
Manufacturing Systems from Politehnica Univey of
Bucharest. Thus, impapers published by L.aun, V.
Avramescu, R. Grejdanescu, H. Teodorescu, C. Dag
S.T. Caciunoiu, S. Popescu, E. Sjescu, C. Bsu, N.
Predincea etc., there were approachsects concernir
the use of composite materials, problems of achg
computer numerical controlled machining movem,
dynamic behaviouor other detail aspects valid in t
case of polyfunctional machine tools [, 14, 1].

The problem of polyfunctional machine tools co
be discussed also in connection with th-calledmodu-
lar machine toolsor reconfigurable machine toc. A
modular machine tool could be achieved by takirtg
consideration distinct mades, which areassembled in
accordance with the practical necess [8]. A recon-
figurable machine tool is a machine whose subassesn
could be associated in various ways, also in accwe
with the customer requests [6].

The problem of design and ugelyfunctional na-
chine tools was also a research object for resees
working in other countries. Thus, Guergowestigated
the possibility togenerate a 3D simulation model in 1
case of reconfigurablaultifunctional machine tool []].

In 2008, the Japanesesearcher T. Moriwaki [b-
lished some considerations concerning the desigi-
ples, kinem#c configurations, controlprogramming,
and assessment wiultifunctional machine tools [].

A problem appeared in the ladécades was thaff
design and use of polyfunctionahinimachine tools.
Such machine tools could @inapplicatiois in situations
how are the followings: dh the case of isolated dvl-
ings, when the necessity of modifying or repairia
certain part appearand when the requests concern
the productivity and the machining accuracy aretoo
high. In such a case, the polyfunctionghimachine tool
has to be used by persons which have some know
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Fig. 1. Ideas diagram.

and abilities irthe mechanical field, but the knowledge
and abilities are not amplb) In the case of small work-
shops existing usually within enterprises whose m
activity object is not manufacturinof mechanical as-
semblies, but t@ high extent they use various medi-
cal structures and equipme(fior example, textile enr-
prises, chemical enterprises, wood processingr-
prises, food processing enterprises . In such situa-
tions it is possible to appear necessity of repairintast
manuacturing of simple parts and these pecould be
achieved on a polyfunctionatinimachine tool. The use
of this equipment could need a worker having relag
ample knowledge and abilities ihe field of machining
processes; chn a certain connection with the situati
presented in the paragraph a) ci be the necessity of
using a polyfunctionaminimachine tool within the |-
colage activities. It is expected that in the futums,the
people age increase or the people have more fmes
the necessity of using polyfunctio minimachine tool
increase also; dWithin professional training of the
schoolboysor their early familiarization with the mu-
facturing equdbment and processes, a polyfuncti
minimachine tool could be also necessary. One
mention that especially in the case of schoolbayd
from the ecological point ofiew, a pedal powered fy-
functional minimachine could present a certanterest,
inclusively if the problem o§timulating theschoolboys’
technical creativityis formulatec €) In the case of a
more complex polyfunctioneminimachine tool, eventu-
ally equipped with computer numericalntrolled sub-
systems, the familiarizing with the various probge
specific to computer numerical control could bp-
proached and exerified. One ma mention that in such
a case, essential probie concerning the machinit
processes must be know and this means that a ps
professional trainingf the future workers or other e-
gories of specialistould be necessa

The above mentioned arguments showed that a ¢
polyfunctional minimachia tool could not satisfy th
requestdor all situations and, for this reason, a gen
approaching of distinct destinats of the polyfunctional
minimachine tool$as to be taken into considerat

The main objective of the research presented &
paper was to analyzgome situations when a polyc-
tional minimachine tool could be necessary and tos-
tigate some essential problems concerning the tate
of such a machine tool. A useful instrent in defining
the structure of thepolyfunctional minmachine tool
could be the so-calleitieas diagram meth¢ as this
method is used as a method of stimulation of thhni-
cal creativity [2, 5, 17].

2. PREMISES FOR USING THE IDEAS
DIAGRAM METHOD IN IDENTIFYING A
SOLUTION FOR A POLY FUNCTIONAL
MINIMACHINE TOOL

The technical creativity could be defined as a hu
capacity to find new or improved soluts for solving
technical problems.

There is a high numbef factors able to exert iru-
ence on theechnical creativity; some ofese factors are
specific tohuman being, while other factors are larc
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connected with the human society, who could deeigiv of the creativity stimulation is formulated. Subsenqtly,
influence the manifestation of the creativity imgeal or  along a horizontal line (Fig. 1), the main distiscibas-
of the technical creativity, in particular. semblies of a possible solution are showed. It may
Knowing the importance of the technical creativity, specified that not only the main subassemblieshef t
there was normal that researchers search and fetd-m possible solution could be taken into consideratitimg
ods and instruments able to increase or to stimula  this horizontal line, but also every possibility dlassify

use of the technical creativity. or differentiate distinct versions of the solutiofhus,
There are many possibilities to classify the meshod one could consider the positions of the distindbasu
which aim to contribute to the stimulation of tleehini-  semblies (up, down, on the right or on the leftegith

cal creativity. If the role of the intuition withithe proc-  front or in back etc.), various materials, disticciours
ess of searching and identifying new or improvelli-so etc. Under each subassemBly distinct versionsij of
tions for a technical problem is taken into consadien, the subassembly could be considered; these versions

it may notice two essential groups: could be the results of an attentive examinatiorthef
a) Intuitive methodswhen the intuition is appreci- ways in which the subassembly could be materialized
ated as the essential factor and the methods iedliml Usually, the simple use of the ideas diagram is not

this group must offer possibilities of full manifagon of ~ enough to finally establish a new or improved téchin
intuition. This group could be divided imethods based solution and other stages or even methods muspbe a
on the changing the position of problem examinationproached. Thus, he possible next stage necessarg to
(trial and error method, advocate’s method, metbbd approached after the elaboration of ideas diagrantdc
uninitiated persons, input-output method, method ofrefer to establishing the combinations obtainedatiyng
provoked dream, teratology scenario method, metfod into consideration a single version of each subabbe
intersecting the real with the imaginary etc.), mets  If the numbers of versions corresponding to eadfasu
aiming the revelation of correlations between the pro- sembly are high, the necessity of analyzing a migim-
posed objectives and words or images logicallyaal-r  ber of combinations could appear. Thus, for exaiple
domly selectedassociation method, method of inventory there aren, versions for the subassemi#ly ng versions
of attributes, method of using the catalogue, netbb  for the subassembB and so one, the total numidgrof
forced crossbreeding, method of using words rangoml combinations susceptible to be examined is givethby
selected — method of using the Kent-Rozanoff list,product of versions numbers corresponding to eabh s
method of puns, method of random couples, method ofissembly:
focal objects, method of projection etcethods sup-
posing the application of quantitative of qualitai Ny =ny-ng-nc-.. (1)
changegcombination, division, modifying by replacing,
shape change, change by re-dimensioning, modiflying
removing, modifying by re-arranging, Osborn’s inter
rogative lists etc.), andomplex intuitive methodbased
on the use of many simpler methods from the oneseab
mentioned (method of lateral thinking, method a$cas
ciations chains, brainstorming, synectics, Philip6
method, Delphi method, Frisco method etc.);

b) Systematicor logical or algorithmic methods
when by applying usually rigorously establishedysta
it is expected to obtain the desired new or impdove
technical solutions. Methods like morphological ras
method, method of generalized object of the tedinic
creativity, TRIZ method or Altshuller’s algorithraxio-
matic design method, method of heuristic approaches,

general heuristic method, general algorithm of imivey ’
etc. could be included in the larger group of gystic IDENTIFYING DISTINCT SOLUTIONS FOR A

methods aiming the stimulation of technical crastiv POLYFUNCTIONAL MINIMACHINE TOOL

The researchers appreciate that sometimes thac is Taking into consideration the problem of identifyin
possible a strict differentiation between intuitivethods  a convenient solution for a polyfunctional minimanh
and logical methods, since usually it is diffictdtcom-  tool in the conditions specified in the first seatiof this
pletely neglect the role of the intuition or of thagic paper, one considered that at least some usefglestig
approach within a certain method. tions could be obtained by using the ideas diagram

As above mentioned, at least in some of its stabes, method in analyzing and developing a principle ctre
ideas diagram method has a more logical charamétg  for the polyfunctional minimachine tool.
based on a systematic/logical analysis of the iegjist One noticed that a first analysis offered a largg-v
technical solutions. ety of points of view concerning the subassemidies

Essentially, when the ideas diagram method hag to bceptible to be considered or the criteria able ¢negate
applied, a certain graphical representation isaktied,  distinct versions of polyfunctional minimachine ko
but this graphical representation is firstly theulée of In this way, a version of the graphical represémtat
analysis of one or more existing solutions, abldigh-  corresponding to the use of ideas diagram methosl wa
light the main components necessary when the proble gradually elaborated (Fig. 2).

In this way, it is possible to reach very high \eddor
the numbeiN; and in order to arrive to a reasonable num-
ber of solutions that has to be examined in detailous
methods of diminishing this number could be applied
Finally, a more detailed method of analysis cowddibed
in order to detach the most convenient solutiontsmhs
able to meet the proposed objectives for the desiotu-
tion.

The application of the ideas diagram method and of
the subsequent stages could need a high time cgasum
tion and, in order to faster identify a useful sin,
some simplifications of the above mentioned sudoass
of stages could be applied.

USE OF IDEAS DIAGRAM METHOD FOR
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Polyfunctional minimachine tool
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Fig. 2.1deas diagram proposen the case of a polyfunctional minimachine .

As a first subassembly or rather a fipoint of view
of analysis, oneould take into consideration the distil
machining units which could be ingmrated in the e-
sired polyfunctionalminimachine tool. Onecould find
thus the following versions: There is the possibility
use a single unit for adequate answering eacheopds-
sible necessitie®f machining; for example, the sai
unit has to be adaptable for materializing processk
turning or milling or drilling etc.; 2)A second versiol
could take into consideration two machining undag
for turning and the second for milling; one consédk in
this casethat a distinct drilling unit is not strictly nes-
sary, since thereare portable drilling minimaches,
which could be easily foxd and used when the proble
of drilling could appear; 3By developing the abov
mentioned onsiderations, another polyfunctio mini-
machine tool could include three distinct machir
units, able to materialize, for exampprocesses of turn-
ing, milling, drilling or, extending this aspecur na-
chining units, when a supplementary unit for cuftor
grinding etc. could be taken into considera

Another subassembly of the polyfunctic minima-
chine tool that could be anaba in order to hihlight
distinct versions of final solution ke principle versiol
of the machine tool bed. A succinct analysis higfftied
the following principle versionef the bed correspondir
to the polyfunctionaiminimachine too a) Casted bed,
the casting facilitating the direct obtaining ofdbecm-
plex shapes, but needing the insuraoca possibility of
obtaining casting parts; Bed obtained by weldinparts
obtained previously by me accessible machining rh-
ods; c¢) Bed obtained byechanical assembling of pa
previously obtained by other machig methods d) A
laminated profile could be usefisuch a profile could b
identified so that the requests specific to polyfunc-
tional minimachine tool are meg) Another solutior

could be a combination of the rsions above mentioned,;
in fact, various combinations could be now congd
(using machined parts, casted parts, welded sum-
blies, subassemblies obtained by mechanical assen
etc.).

If the way in which other units could be addedhe
polyfunctional machine tool ianalyzed, some of the
possible solutions could ba) Without a proper solutic
for attaching other machining units; ttmeans that all
the machining units will be attached in the sanaeg b)
A column could be attached the polyfunctional mii-
machine tool bedin order to be used when milling
drilling or cutting units has to be attact ¢) A C-shaped
frame could faititate the simultaneous existing of 'i-
ous machining units, which could be used sssively.

An important problem concerning the solution ¢
polyfunctional minimachine tool could be the drivi
subsystem. One could take into considera a) A port-
able drilling machine, which could be moved at-
tached to the machining unit wt there is the necessity
to materializea certain machining proce b) A unique
alternative current electric motor could be an asitde
solution, but problem of changinhe number of revolu-
tion per minute of the main shaft could app c) A
unique direct current electric motor could factitahe
change of the main shaft rotation speed, but afier-
transformer subsystem is necess d) A solution in
which a foot pedal drivingutsystem could be also ac-
ceptable in certain situatiol especially from the eco-
logical point of view, but other problems concernihg
machining conditions have to be solved in suchsa

If a turning unit must be included in the polyc-
tional minimachine tool, the problem of seation be-
tween the tool holder and machine tool tacould be
analyzed:a) Thus, the first case could be that whe
turning units is not included and the problem giasa-
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tion between tool Hder and minimachinetool table
practically could not be considerel) A version coulc
take into consideration the use of a unique minhirax
tool table, on which the tool holder could be pt c) A
more complex version could use distinct subasse®
corresponding to théool holder and minimachine to
table.

As above mentioned, aiming only to illustrate
possibilities of generating an ideas diagram, feasss-
tems of the desired polyfunctional minimachine 1
were taken into consideration (Fig- #)a more comple
approaching analysis has to be developed, othes-
semblies or criteria of obtaining distinct versiasfsthe
polyfunctional minimachine tool could be used (éx-
ample, the presence and the position of the leegivs
the possibility of using constriuee modular solutior
etc.).Once the ideas diagram elaborated, one coui-
mate the total number of possible versions forgbly-
functional minimachine tool. Taking into consiation
only the 4 versions for the subasserrA, 5 versions for
the subassemblB, 3 versions for the subassemiC, 5
versions for the subassemtly and 3 versions for th
subassembl¥, the total number of possible solutions
polyfunctional machine tool could be:

N, =4-5-3-5-3 =900 version. (2)

It is clear that adetailed analysis of 900 versions
the polyfunctional minimachin&ol is not possible an
somemethods could be used in order to obtain a deci
of the solutions which has to be analyzed etail. Such
methods could be the method of global evaluatse-
guential selective method, method of dividing inb-
morphologies, method of simple randomizing, hod of
weighted randomizingselecting by random feed, sc-
tion by taking into consideratiotine similarities et [2,
17].

In order to facilitate a succinct analysis of tberii-
fied versions, each version will be syatized by using i
code includingthe version for each considered ss-
sembly. For example, the cod@B3C2D1E2 could cor-
respond to a polyfunctional minimachine tc(Fig. 3)
that includes only units for turning and millinA2), a
frame obtained by mechanical assemblB3), a column
attached to the frameCR), portable drillng machine
used in order to drive each machigiunite D1) and a
table able to support the tool hold&2j.

Another version of polyfunctional minimachineol,
which could be driven by means ofi@ot pedal, is pre-

Slide for drilling
‘milling, cutting efc,

(miting, cuting etc) . LF]
The same portable "
driffing machine

Fig. 3.Version of polyfunctional minimachine to

sented in Fig4. The code attached to this versiis
A2B3C2D5E2, in which D5 corresponds to pedal fc
driving.

One has to mention that when using the pedal
driving the question if a simple turning processhwa
low intensity of the cutting process could be eved by
means of such avay of driving. In order to verify th
power necessary to materialize a turning proceassc-
terized by a depth of cat, = 1 mm, cutting feed=0.1
mm/rev and a cutting speed= 30 m/min, the following
relation [16] could be used:

_ Cya, fY1HB™v @)
N 60000 ’

whereF, is the main component of cutting for, v is the
cutting speedHB — the hardness of workpiece mate
C, —a constant supposed as having the vC,;= 279 in
case of using a normal turning tool and the harsind
the workpiece material beirHB = 170 andx,, y;, n; —
exponentexperimentally determine

By using the equation (3nd taking into considera-
tion the valuesy = 1, y; = 0.75,n; = 0.35, one could
obtain N = 0.249 kW and one considered that suc
power could be obtained by means of foot pedalrmyi

Before the succinct analysis of tversions appeared
as a consequence of usitiee ideas diagram nhod, a
solution to highlight all thepossible versions could be
taken into consideration. Thus, on could considey
lexicographic method or the matrix method

When analyzing the identified possible versions
the polyfunctional minimachine tool, the followisgua-
tions could be met:

- impossible solutionsvhen these proposed solutic
could not exist, due to flagrant violation of ploadi or
general scientific principles of functionit

- known solutionswhen practically there are <wu-
tions used just in the initial stages of applyihg ideas
diagram method. It is clear that these solutiori mat
be taken into consideration if improved solutioasé to
be identified;

- solutions which present lower chicteristicswhen
they are compared with the known solutions. Thetu-
tions will be also eliminated in developing the se-
quent analysis;

- interesting solutionsthis meaning that some iir-
esting aspects, from various points of view coutdste
and onlythese solutions will be later analyzed in de

When by applying a method of diminishing the t

Slide for drilling
{milling, cutting efc.)

Portable drilling
machine

Fig. 4.Version of polyfunctional minimachine tool acted
foot pedal
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number of possible solution only a reasonable nurabe [5] G. Draghici, Recherche morphologiques des dispositifs a
solutions were considered as presenting interesthar usiner simultanément les orifices multiples parce®
method (for example, the method of value analysis) €rosion, Comunicrile celei de-a Vi-a Conferpe de

could be applied in order to select the most coieren proceseyi utilaje de prelucrare la recevol |, Institutul
solution or Eglutions Politehnic Traian Vuia Tigbara, 56 May, 1989.

. . [6] Florin, T.,Conducerea optiméla sistemelor de fabrigi
Professor Belous recommended [2] that the elimina- reconfigurabile (Optimal management of reconfigurable

tion of the impossible solutions or of inferior sibns manufacturing systems), Doctoral Thesis, “Brea de
has to be very attentively made, in order not tglext Jos” University of Gal@, 2016.

aspects of real interest and where the techniedtieity [71 D. Ghelase, Mgni-unelte polifungionale (Polyfunctional
could be efficiently used. machine tools)Al ll-lea Colocviu National Tehnic Inter-

disciplinar, pp. 13-14, Braila, October, 1995.
[8] M. Gostimirovi, P. Kova&, M. Radovanow, M. Madi,
5. CONCLUSIONS Z. Krajny, Modular design of unconventional cutting ma-
The problem of design and using a polyfunctional chine tools,Journal of Production Engineering, Vol. 18,
minimachine tool preoccupied the specialists and e g go'é}ez'g;gég& Z:EOIPaun V. Aviamescu. E zigscu
searchers, since there are situations when sudichine : ) . o = '

. . . Aspects regarding the motion possibilities of a CN@tim
too could be necessary. The literature review ggit:d functional machine-toolRecent Advances in Computa-

the existence of researches in such a directidrinuse tional Intelligence, Man-Machine Systems and Cykerne
first half of the previous century. At present, rhare ics, WSEAS Conferencg, C. A. Bulucea, V. Mladenov,
situations when a polyfunctional minimachine toouid E. Pop, M. Leba, N. Mastorakis (Eds), 1457, Puerto De
be the solution able to solve the problem of martufa La Cruz, Tenerife, December 2009, WSEWAS Press.
ing or repairing not very Comp]ex parts. [10] S. Guergov, 3D simulation model of a reconfahle

In order to define the principle scheme and thecstr mU“ifU”Cti‘l)”a' g‘aChi”e togl wit;scomggégunctiqrﬁebl
ture of such a machining equipment, various methods ﬁftn:)': PRI ro(IO%’3/ mergév_@?g &
able to contribute to a more efficient use of techhin df . accessed: 10.06.2016.
creativity could be used and the method of ideagrdim 11} T, Moriwaki, Multi-functional machine toolCIRP Annals
is one of them. Some principles of applying theagle — Manufacturing Technology, vol. 57, no. 2, 2008, pp

diagram methods were taken into consideration and a 736-749.

application was developed in the case of a polyfanal [12] V. Moraru, B. Plahteanu, S. Velicu, T. AuritMasini-
minimachine tool. As a first stage in applying fdeas unelte special¢Special machine tools), Editura Didaétic
diagram method, some main components of the poly- s Pedagogi, Bucurgti, 1982. _
functional minimachine tool were considered and- ver [13]L. Paun, G. Roxana, V. Avramescu, C. Dogaridl.S.
sions for these components were identified. By damb Craciunoiu, S. Popesciheoretical study of dynamic be-

. ) . fth vf i | minimi havior for a multifunctional machine tqorhe 3rd Interna-
ing various versions of the polyfunctional minima tional Conference on Computational Mechanics and Vir-

tool components, a high number of solutions couidte tual Engineering, COMEC 2009, pp. 5849, Braov,
but using adequate selection criteria, some mongero Romania, October 2009, “Transilvania” University, Bra
ient versions of polyfunctional minimachine toolsutd $OV.

be established. In future, there is the intentmdevelop  [14] L. Paun, V. Avramescu, N. Predincea, C. Dogariu, C.
the elements specific to the machine tool desigd an Bisu, Theoretical and experimental researches on a multi-

manufacture such a polyfunctional minimachine tool. functional machine tool made from composite malgria
Proceedings in Manufacturing Systems, Vol. 6, Np. 4

2011, pp. 251254.
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