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Abstract: Axiomatic design is a desigh method promoted amdiepin the last decades in order to help
the designer in systemizing his activity, by takimg consideration some essential principles psgmb

by the Korean scientist Num Suh Pyo et the enlgegbrevious century . On the other hand, the roteti
molding is a manufacturing method applied whendwlparts made of plastic are necessary. The method
is based on the rotation of the mold around twoppedicular axes. The paper presents the results ob-
tained by taking into consideration the principtEsaxiomatic design in the case of a device addptab

a universal lathe. The device is able to facilitdte application and the study of the rotationalldimg of
plastic parts. The placement of the device onlaelahould ensure a simple modification of the rotet
speed. Chain and conical gear transmissions weeel s obtain the second rotational motion. The anal
ysis developed by means of the stages specifietaxiomatic design facilitated the highlightingsoime
specific functional requirements and practical swos for defining the design parameters. A matrix
model was conceived by taking into considerati@nftimctional requirements and the design parameters
There were defined three groups of functional regquents; uncoupled and uncoupled solutions were
identified. As direct result of applying the priplas specific to the axiomatic design, a constuecsolu-

tion for a device allowing the applying of the rodaal molding was proposed.

Key words: axiomatic design, principles, rotational moldirgastic part, device, lathe, motion transmis-
sion

1. INTRODUCTION systematic design, the global design method edtitle
“new product design” etc.

One of the methods used in the last decades isothe
called method of axiomatic design [14]. The first r
searches in the field of axiomatic design were hipel
by the Korean scientist Nam Suh Pyo, when he was pr
fessor at the Massachusetts Institute of Technolagy
Boston (United States of America); one must spetify
the Korean professor considered that a new streiattir
the mechanical engineering is necessary, by pagsing
the knowledge based exclusively on physical phemame
to knowledge which takes also into consideration
knowledge belonging to biology and informatics. He
by approving and delivering the drawings necessary expressed also the opinion that the knowledge_ a_bout
the manufacturing process. Qe3|gr_1 a_nd man_ufacturmg processes must be agmmlla

In order to optimize the design process, variousiUSt Within the high school education. One may aers
methods could be used: design for six sigma [1RIZT that there are three essential principles includiv so-

(theory of inventive problem solving) [13], methad  called axioms, domains and zigzag processes.
The domain of the axiomatic design arg:The cus-

tomer domain, where the customer nedtiNg are high-

Nowadays, one of the scientific research significan
objectives is the integrated approaching of thedpcod
life; new knowledge are established and appliedalky
ing into consideration the whole existence of thedpct,
from the identifying of a market need and to thagst
when the product is disassembled and its partsaae
lyzed in order to determine the possible reuseeading
to the enterprises where the workpieces are olataime
various ways.

Within the life cycle of a certain product, aftdret
stage of selecting and sketching a possible solutio
design stagés necessary; this activity must be finalized
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Al. The axiom of independendy accordance with were established as result of a detailed investigaf
this axiom, the functions of a device (Functiona-R the interaction between the laser pulses and the

guirements) must be considered as independent; workpiece material.

A2. The axiom of informatigrihis axiom needs that Grozav [5] explained (2008) the significance of the
the quantity of information necessary in order é¢veglop  axiomatic design for the improving of the produatli
the activities of the product design must be minimu ty; he considered that the design must take intsider-

ation the quality requirements imposed by the austo
He highlighted also the usefulness of making hahigs
and zigzag decompositions for identifying the optim
solutions of the product.
A parallel could be made between two ways applica-
in finding the product functions [2]; thus, hiit the
axiomatic design, the functions are identified esult of
a zigzagging and hierarchical technique, while e t
systematic design successive additions facilitagefuinc-
tion decomposition.

Goncalves-Coelho and Mouréo [4] took into consid-
eration the axiomatic design as a tool for bettelysis
of each product and related manufacturing processes
they highlighted also the possibility to use théaatic

There are various ways to apply the principlesxdf a
omatic design in the social-economic activitieseréh
were developed investigations concerning the apglyi
of the axiomatic design in manufacturing enginegrin
design of highways, study of impact phenomena, -plan ble
ning the surgery activities, improving of the phageu-
tical products quality when such activities have an
urgent character, water waste etc. In order to ghan
information concerning the axiomatic design, theuhs
of research activities and applications, at eaah\tears,
an international conference is organized [6 and 7].

The specialty literature highlight a diversity qfpdi-
cations and research subjects concerning the akimma

design and connections of this method with othesigie design as a support for the decision — making Eowe

methods. : .
. the d f fact .
Thus, Nathalie Lahonde developed a doctoral re- © design of manufacturing processes

search concerning the optimization of de desigrcgss 2 PROBLEM FORMULATION

(by taking into consideration inclusively the axiatic '

design) and proposed a model applicable in seleaifo In the Department of Machine Manufacturing Tech-
the methods able to help the decisions making [8]. nology from the “Gheorghe Asachi” Technical Uniiers

Houshmand and Mokhtar [7] analyzed the possibili-ty of lasi, there was the intention to develop a research
ties to use a road-map in order to implement usaler concerning the so-called rotational molding mettudd
manufacturing platform considering the axiomatisige  obtaining plastic parts (Fig. 1).
methodology. They appreciated that a significardl-ch It is known that the rotational molding is a maroifa
lenge could be the development of investigations- co turing process which allows the obtaining of pawith
cerning the new controllers for a large set of desiand hollow forms and having an approximately constant
equipments so as robots, conveyors etc. thickness of the part walls.

Han et al. [6] used the axiomatic design in order t Essentially, the rotational molding supposes tha-ro
define a high-brightness wafer dicing machine, lsat t tion of the mold so that the liquid material fouimdthe
the mechanical and thermal effects are minimizes. A mold cavity flows, contacts the internal walls bé&tcavi-
process equipment, they used an ultra-fast based noty and solidifies on these walls (Fig. 1). Finallge ex-
thermal LED dicing machine. The design parametergernal shape of the part corresponds to the cavigynal

External frame

L

Internal frame

a b

Fig. 1. Schematical representation of the rotational maigirocessa — mold rotation around two perpendicular axes;contact of
the plastic liquid with the mold walls, as a consemce of the two rotation motions.
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shape. Inindustrial companies, there is the possibility
heat the mold, so that the material introduced psw-
der into the mold is affected by a melting procedtr-
wards, as consequence of timeld rotation around tw
perpendicular axes, the liquid plastiaterial adheres
the mold cavity walls. When the liquid material adtd
sufficiently to the cavity walls, a cooling procassy be
started, while the mold rotates yet. After to dification
of the material found into the mold, the rotatiootimns
stops and by opening the mold, the part could Ieaet-
ed.

In the case of simplified equipment of rotatio
molding, two components are used in order to ob&
plastic part; a compone is a liquid material and tt
second component may be thabstance which could |
added to the first liquid and which determines $bhédi-
fying of the this liquid material.

As one can see, the results of applying the ratati
molding process could be inaced by many groups
factors: poperties of the plastic material, its capacity
adhere to the cayitwalls and to solidify in #easonable
time interval etc.)and some kinetic condition

Thus, the rotation of the mold must be so mateeal
that the liquid material contacts entirely the tawalls,
but without developing high centrifugal forces, eatb
generate the accumulation of the liquid mal in cer-
tain pits of the cavityThe rotation motions around tv
perpendicular axes must beharacterized by spee
which allow the contact between the liquid mateaad
the mold cavity; as above mentioned, at the same,
the rotation speed must be not too high, to noegdn
significant centrifugal forces (440 rpm.

In accordance with such conditions, usueexperi-
mentalresearches are necessary to determine the of
kinetic parameters specific to the rotational mudg
proces; such researches were developed in varie-
search laboratories.

Gogos et al. [3proposed initially a detailed theai-
cal model specific to the rotational molding proces
plastics; afterwards, differentiaind lumped parame
numerical models wereleveloped. The authors n-
tioned that the results of applying the proposedieis
are in a good agreement with the experimental id&n-
tified in the specialty literature and allow theudy of

FRs
FR1: Using
a universal

CNs
CN1: Adaptation

on universal machine tool
machine tool FR.2: Variable
CN2: Vanation speeds of the
of the mold rotation
rotational FR3: Clamping
speeds molds with

various
dimensions

Functional
domain

Customer
domain

influence exerted by some key dimensionless grauyg
the process duration.

A finite element simulation model concerning -
thermal phenomena developed during the rotati
molding of plastics waproposed by Olson et ¢[10];
they made also several experimental , in order to
establish the correspondenof the simulation model
with the real situations. The considered that tiserep-
ancy between theesults obtained by using tmodel and
the experimental results could be explained bytrtbet-
ment of the phase change in the simulation; thx-
pressed théntention to extend the researches about
detailed temperature profiles specific to the pssc

Various actual applicatienof the rotational molding
were highlighted by Maplestol[9]. He considered that
some developments were possible on the base dirgg
marked improvements. A significant advantage of
rotational molding is the simplicity of the equipnteas
disadvantages, one may mention the low product
and the possibleariation of the products qual.

Abu-Al-Nadi et al. [1]Jused adaptive fuzzy systems
order to control the rotational molding procespeesl-
ly the machine oven temperature, by conside¢ the
some process parameters. They concluded that Hp-
tive fuzzy network could be applied in manipula
opering of the valve on the fuel syst.

Revyako and Khrodeveloped[12] a research con-
cerning the heat and mass transfer during theiootl
molding process. They elaborated a theoretical ir
which couldbe applied in order to optimize the proc
parameters and to find the optimum design of théd-
ing tool for practical applicatior

In this way, the necessity to design and ach
equipmentor a device able to allow some researc
concerning the rotainal molding appeare

3. APPLYING OF SOME PRINCIPLES SPECIFIC
TO THE AXIOMATIC DESIGN

In order to apply some elements specific to tho-
matic design in such a cag4fig. 2), some customer
needs could be formulated; a customer, one can con-
sider aresearcher interested to better understand a
study the process of rotational moldi

Thus, the customer needsuld be the following

FVs
DP1:Lathe
DP2: Mechanisms PV1: rotation
speed

for variation

of the speerl_s PV2: mold
DP3: Elastic dimensions
clampling

elements

Process

Physical .
domain

domain

Fig. 2. Domainsspecific to the axiomatic design of the devicetf@ study of the rotational moldi.
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1. The equipment could be adapted on a universal FR2.3.Changing the direction of the second rotation-
cutting machine tool, by taking into consideratithe al motion;

fact that such machine tools offer a relativelygéset of FR2.4.Ensuring variable rotation speeds of the mold
rotation speeds of their main shaft; around a vertical axis;

2. In order to be used for reaching some resedreh o FR3.1.Accepting molds with various dimensions;
jectives, the device could ensure a possibilitghange FR3.2.Positioning the mold;
the rotational speeds of the mold. FR3.3 Fixing the mold in the device.

Because in the laboratory for non-conventional tfech ~ One can take into consideratitime design parame-
nologies there was a lathe, the decision to usertfa- ters DPscorresponding to the first level functional re-
chine-tool was established. The main functionalimeg quirement FRs:

ment could be the following: DP1.1 Lathe;
FRQ Clamping the mold and ensuring two variable  DP1.2.Gearbox of the lathe;
rotation motions around two perpendicular axes. DP1.3 Transmission of the motion by shafts;
The deeper analysis may highlight (TablgHg func- DP1.4 Double Cardan shaft;
tional requirements (FRs) of first level: DP1.5 Possibility to place the transmission shaft at
FRZ1 Using a universal machine tool from the labora- various heights;
tory of non-conventional technologies, in ordeotmain DP2.1 Chain transmission with a fix wheel;
variable rotational speeds at least for the ergeshmaft of DP2.2 Chain transmission;
the device; DP2.3.Conical gear transmission;
FR2 Ensuring variable speeds of the mold rotation  DP2.4. Chain transmission with changeable chain
around the second rotation axis; wheels;
FR3 Ensuring the clamping of the mold having vari- DP3.1.Elastic elements of clamping;
ous dimensions. DP3.2 Alternating dispositions of the elastic ele-

The second-level requiremergsuld be the follow- ments;
ing: DP3.3 Elastic elements whose contractions clamp
FR1.1 Obtaining the rotational motion from the main the mold.
shaft of the machine tool; Zigzagging activities were developed during the
FR1.2. Ensuring a variable rotation speeds of theelaboration of the functional requirements and ifigd
mold around the horizontal axes; design parameters. In this way, there was find rthe
FR1.3 Transmission of the motion in order to obtain quirement that the device have a possibility tabapta-
the rotational motion of the mold around a horizabnt ble not on the first lathe identified in the labory of

motion; non-conventional technologies from the “Gheorghe
FR1.4.Compensation of the eventual deviation from Asachi” Technical University of k- Romania, but also
the alignment; on other type of lathe existing within the depanine
FR1.5.Possibility to adapt the device on various ma-such a requirement could be considered in the dpvel
chine tools of the same type; ment of a future device of rotational moldings result
FR2.1 Obtaining the second rotational motion from of the activities of defining the functional recgiinents
the main rotational motion; FRsand the solutions to adequately answer to these re
FR2.2.Transmission of the second rotational motion quirements, the Table 1 was elaboratadhis table, the
to the subassembly in which the mold is clamped; functional requirements at various levels were rihsd
Table 1
Functional requirements and design parameters
Line Design parameters DPS
no.l
2 Design parametersof first level
3 DP1 | DP2 | DP3
4 Design parameters of second level
5 DP1.1|DP1.2|DP1.3|DP1.4|DP1.5|DP2.1|DP2.2|DP2.3|DP2.4|DP3.1|DP3.2| DP3.3
6 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18
Col.
no. 1
7 Func-| FR1 |Func- FR1.1 X
8 tio- tio- | FR1.2 X
9 |nalre- nal | FR1.3 X
10 | quire- re- | FR1.4 X
11 |ments qui-| FR1.5 X
12 | of ["FrR2|re- | FR2.1 X
13 | first ments FRo 2 X
14 | level of "FR2.3 X
15 S€- "FR2.4 X
16 FR3 CI%”“ FR3.1 X
17 vel FR3.2. X
18 FR3.3 X
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along the columns, while the design parameters °
included along a horizontal line. The correspone
among the functional requirements and the desia-
rameters able to matelige the functional requiremen
were highlighted by using the lettér

The matrix expression corresponding to the r-
mation included in Tabld about the first level of th
functional requirements and design parameters &
following:

FRL) [X 0 0](DPL
FR2!=| 0 X 0 [{DP2!. 1)
FR3| |0 0 X[ DP3

One maynotice that in such a case there are u-
pled designsUncoupled designs could be find also in
case of the functional requirements and designnpe-
ters corresponding to thiérst group of functional e-
quirements:

FRL1] [X 0 0 0 0](DPLL
FRL2| |0 X 0 0 0| DPL2
FRL3/=[0 0 X 0 OfDPL3}. (2)
FRL4| |0 0 0 X O|/DP14
FRL5/ |0 0 0 0 X|| DPL5

In the caseof the second group of functionae-
quirements,uncoupleddesign seems to be appliebut
there are also solutions when design parameted doe
used in ordeto materialize various functional rece-
ments:

An uncoupled design may be found also in the cé:
the third group of functional requiremelFR3

FR31) [X 0 07](DP31
FR32!=|0 X O0[{DP32}. ()
FR33| |0 0 X/ DP33

As process variable¢PV9, one carconsider: 1) Ro-
tation speeds of the moldaand twc perpendicular axis;
2) Possibilities to clamp molds with various dimensi.

4. PROPOSED SOLUTION

In accordance with the above mentioned cona-
tions, tre solution presented iFig. 3 was proposed and
developed. One can see tlta¢ device for the study
the rotational moldingnay be placed on the cri slide
of a universal lathe.

The rotation motion could be obtained by mean
the universal chuck mounted on the main shaft ef
lathe; indeed, a cylindrical bar is fixed ine universal
chuck. The rotational motion is transmitted to #imft
necessary to obtain the rotinal motion of the mold
arounda horizontal axis by means ofdouble Cardan
shaft The presence of such a coup ensures conditions
to use the device on anotheniversal lathe, character-
ized by some different dimensions comparison with
the device considered initiallThe double Cardan shaft
is necessarglso to compensate eventual low differen
concening the deviation from thalignment between the
main shaft of the lathe and the shaft for achievimng
rotational motion of the mold around the horizorateis

A second solution necessary to compensate sof-

FR21] | X 0 0 O0}/DP21 ferences betweethe positions of the lathe main sh
FR22 0 X 0 O0|/DP22 and the horizontal shaft of the device must ensbe
FR23 0 0 X 0llpp23[" ®3) mqtion qf the hori;ontal 'axis on the vertical matiand

fixing it in a position which corresponds approxtelg
FR24 0 0 0 X][DbP24 to the position of the lathe main sh

Hciusu.ug C:_) Conical gear drive
] » ~External frame
- : // / Internal frame
Gearbox Driving chain ‘ 7
Universal chuck [1]
\]l Double Cardan shaft o Tailstock
| N\

: =1

I =1 — _ =h/f|_r\_
e =
. ]
Horizontal shaft Live centre
AR
Cross slide -qu\
I
Shaft supported
[ kg}y I by the external frame

Fig. 3. Structure of the device for study of the rotasibmolding
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The horizontal shaft of the device is placed on two  systemsAdvances in Polymer Technology, Vol. 24, No. 4,

cylindrical ball bearings found in a metallic haugi a 2005, pp. 266277. _ N
housing cover allows the adjusting of the spacavéen [2] F. Banciu, G. Dighici, Product functional decomposition
the elements of the ball bearings. A fix chain whse in axiomatic designProceedings of the 16th International

Conference Modern Technologies, Quality and Innowvati
ModTech 2012 — New face of TMCR, Editors: D.
Nedelcu, L. Sitineanu, S. Mazuru, O. Milosevic, pp.

clamped by screws on the housing cover. At the same
time, an external frame made of wood is fixed byanse

of a nut on the right end of the horizontal sh@fn this 73-76. Sinaia, Romania, 226 May, 2012, ModTech
external frame (which is rotated by the horizorsiahft Publis,hing House kB ' ’ ’

around a horizontal axis), a wood housing was nexlint 3] G. Gogos, L.G. dlson, X. Liu, V.R. Rashahew models

to support the shaft which receives the rotationation for rotational molding of plasticsPolymer Engineering &
from the horizontal shaft of the device. Science, Vol. 38, No. 9, 2004, pp. 138398.

This shaft is placed on two ball bearings; at & | [4] A. Goncalves-Coelho, A. Mourddxiomatic design for
end of the shaft, there is a chain wheel trained inta- decision-making in manufacturing context: A caselgt
tional motion as a consequence of the external dram International Journal of Production Economics, V{9,
rotation. At the right end of the shaft, there iirst coni- No. 1-2, pp.8+89.
cal gear which transmits the rotational motion tshaft  [5] . Grozav Improvement of the quality by axiomatic design
on which the internal frame is placed; in this wéye (in Romanian). Buletinul AGIR, No. -2, 2008, pp.
second rotation motion (around an initial vertieals — 105-111.

Fig. 3) of the mold may be ensured. In its oppoeitd, ~ [6] S. Han, Y.-J. Kim, S. Park, Y. Kim, S. Kim, Bark, S.-W.
the internal frame has a shaft supported by thereat Kim, Axiomatic system design for non-thermal dicing of
frame quartz wafersProceedings of ICAD 2011. The Sixth In-
In 6rder to simplify the constructive solution, tae- ternational Conference on Axiomatic Design, Ed.:rMa
ternal frame has a small metallic cylindrical bolivhich Kathryn Thompson, 31 March, 2011, Dagjeon (Korea),

S - . pp. 185-189.
a center hole exists; in this way, the externam@ais [7] M. Housmand, A. Mokhtarlntroducing a road-map to

supplementary supported by the live centre. . implement the universal manufacturing platform gsine
As above mentioned, the mold could be clamped in methodology of axiomatic desigRroceedings of ICAD
the internal frame by means of some elastic ribbons 2009, The fifth International Conference on Axioimat
Design, Ed. Goncgalves-Coelho,8®, The New Universi-
5. CONCLUSIONS ty of Lisbon, Campus de Caparica, March-2%, 2009.

N. Lahonde,Optimisation du processus de conception:

: . Lo . 8]
The axiomatic design is a design method based esse|[1 Proposition d’un modéle de sélection des méthods po

tially on applying the axiom of the functions inceyl- l'aide a la décision.Doctoral thesis, Ecole Nationale
ence and the axiom of using minimum informationisTh Supérieure d’Arts et Métiers, 2010.

design method could be applied in order to solvioua  [9] P. MaplestonRotational molding: rotomolders take con-
economical and industrial problems. On the otherdha trol, Plastic engineering, Vol. 64, No. 10, 2008, dp-16.
the rotational molding is a manufacturing methog-su [10] L.G. Olson, R. Crawford, M. Kearns, N. GeigRotation-
posing the rotation of the mold around two perpeuidir al molding of plastics: comparison of simulationdaex-
axes. In order to design a device able to be usedd- perimental results for axissymmetric moRblymer Engi-
veloping investigations concerning the axiomatisigie, neering & Science, Vol. 40, No. 8, 2004, pp. 1-7b&54.

some stages specific to the axiomatic design were a [11] P-S. Pande, R.P. Neuman, R.R. Cavan8ighsigma. Cum
plied; the use of the axiomatic design principlesilitat- 151 |mbg'ruata;¢t'—:scsper.forma;:|e %'E ,{\A/lottorolla 5 daltfh
ed the identification of a solution correspondingtte companil de toSix sigma. How GE, Motorola and other

L . . top companies improve their performances). Ediflrh,
assumed objectives Thus, a device adaptable oivarun

) ' Bucursti, 2009, pp. 234329.
sal lathe and which ensures the rotations of théd mo [12] M.M. Revyako, E.Z. KhrolCertain problems of heat and

around two perpendicular axes was designed. Irfithe mass transfer in rotational moldingournal of Engineer-

ture, there is the intention to manufacture suatedce ing Physics and Thermophysics, Vol. 83, No. 5, 2440

and to experimentally study the rotational moldpg- 1089-1092.

cess, in order to determine the influence exerieddme  [13] A. Roderburg, F. Klocke, P. Kosh@rinciples of Tech-

input factors on the parameters which charactetiee nology Evolutions for Manufacturing Process Design

quality of the product. Proceedings of the TRIZFuture Conference 2009, George
Draghici (Ed.), pp. 6270, Politehnica University of
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