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Rezumat. Reducerea costurilor n industria de Abstract. Reducing costs in the automotive industry can
automobile se poate realiza prin utilizarea unoteniae be achieved by using new materials able to satisfy
noi, capabile & satisfad cerirtele tehnice impuse, dar cu technical requirements, but with economic advantage
avantaj economic. Astfel de materiale sunt in cazulSuch materials are for inner door waist belt the
parapetului interior al portierei combifea TPV-E/PP  combination TPV-E/PP  (vulcanized thermoplastic
(elastomer termoplastic vulcanizat / polipropilen@a  elastomer / polypropylene). Like any new materialBy
orice materiale noi, TPV-ki PP aduc cu sine o serie de PP-E and bring along a series of questions on dhare
intrekiri de natuli tehnologid si de design, ce trebuie of technology and design, to be resolved. One e$éh
rezolvate. Una dintre aceste probleme este gradul dproblems is the degree of compression of the nateri
comprimare a materialului In faza ulteridgsreluctrii later phase thermal processing (extrusion). Thigeteof
termice (extrudare). Acest grad de comprimare esteompression is essential for compliance with length
esemial pentru respectarea toletalor de lungime, de tolerances, typically + 1 mm, functional requirergen
regui £ 1 mm, impuse de necesite fungionale In  imposed by car. Studies conducted show a dependence
automobil. Studiile de&§urate arat o dependeti intre between the environmental temperature (in the
temperatura mediului  Thconfitor (in zona de conditioning) and the degree, respectively the tiofie
condtionare)si gradul, respectiv timpul, de comprimare a compression the waist belt. The final conclusionthef
parapetului. Concluzia findla autorilor esteactolerana authors is that tolerance of + 1 mm length of theshed

de £ 1 mm pentru lungimea produsului finit nu pofite product can not be achieved without conditioning
atingi fara condiionarea profilurilor debitate la supragot profiles cut to over dimension. This technologistdp to
Acest pas tehnologic trebuie implementat Tnainte debe implemented before final stamping. To remove the
stanarea final. Pentru a elimina influga temperaturii  influence of environmental temperature in the
mediului Tnconjuiitor Tn zona de contibnare asupra conditioning on the time required to achieve maximu
intervalului de timp necesar atingerii compiithmaxime, compression, the authors recommend between final
autorii recomandl intre extrudaresi stantarea final o extrusion and punching a conditioning window ofeaist

fereasti de condionare de minim 4 ore. 4 hours.

Cuvinte cheie: TPV-E, PP, EPDM, extrudaredijere, Key words: TPV-E, PP, EPDM, extrusion, cutting,
tolerana, ingustare tolerance, shrinkage

1. Aspecte generale 1. General aspects
Nevoia permaneaitde reducere a costurilor n Constant need to reduce costs in the automotive

industria  de automobile este o0 realitateindustry is a contemporary reality. This can bealon

contemporain Aceasta se poate realiza pda o to a certain limit by streamlining production

anumit limita prin eficientizarea proceselor de processes. Another possibility is the use of new
produgie. O alt posibilitate congtin utilizarea unor materials able to satisfy technical requirements, b

materiale noi, capabilei satisfad cerinele tehnice  with economic advantage.

impuse, dar cu avantaj economic.

Pentru astfel de materiale sunt necesare studii For such materials are required extensive
ample ale propriétilor mecanicesi a compor- studies of mechanical properties and physical and
tamentului fizicsi chimic, in vederea valiii pentru ~ chemical behavior, for validation to use in cars.
utilizarea Tn automobil. Aici trebuie inclussi This topic should be included and execution
tematica toleragelor de exedie, pentru a asigura tolerances to ensure integrability in car component
integrabilitatea componentei Tn automobil.
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2. Descrierea materialelor folosite pentru 2. Description of materials used for the car
sisteme de etagare a portierei door sealing systems
automobilului

Materialele folosite pentru sistemele de The materials used for the car door sealing
etarsare a portierei automobilului sunt polimerii, Systems are polymers, namely elastomers (EPDM -
mai exact elastomerii (EPDM — etilena propilenaethylene propylene diene monomer), thermoplastic
dien monomer), elastomerii termoplastici (TPV-E - elastomers (TPV-E - vulcanized thermoplastic
elastomer termoplastic vulcanizaf) termoplastele elastomer) and termoplastele (PP - polypropylene).
(PP - polipropilena). Natura soligiti din Nature of the request of the car, semi-dynamic or
automobil, dinamica sau semidinamica estedynamic, is decisive for the choice of material.
hotiratoare pentru alegerea materialului.

EPDM este un elastomer tolut prin EPDM is an elastomer obtained by blending
amestecarea polimerilor cu aditiyi vulcanizarea polymers  with  additves and subsequent
ulterioati a acestui amestec. Astfel iausteae puti  vulcanization of the mixture. Thus arise irrevelesib
chimice ireversibile intre molecule, asevitoare chemical bridges between molecules, similar to
celor din cauciucul natural. Aceasta egtexplicaia  those of natural rubber. This is the explanation
proprietitilor elastice aseamitoare a celor dau similar elastic properties of both materials. EPDM
materiale. Paleta de variante EPDM este ilarg is wide range of options, materials and are
particulariitile materialului  fiind dependente de dependent on prescription mixing and processing
reteta amesteculyi de modul de procesare. Datdrit mode. Due to its properties, EPDM can be used for
proprietitilor sale, EPDM se poate utiliza atat pentruboth elements of the door sealing system dynamic
elementele sistemului de etare a portierei Stress (e.g. main door seal) and for the required
solicitate dinamic (de exemplu: garnitura principal ~ semi-dynamic (e.g. the inner waist belt of the gloor
portierei), catsi pentru cele solicitate semidinamic
(de exemplu: parapetul interior al portierei).

TPV-E este un amestec intre un element de TPV-E is a mixture of a thermoplastics (e.g.
baz de natui termoplast (de exemplu: PP), PP), paricule elastomer (EPDM) and any additives.
particule de elastomer (EPDM) eventual aditivi. During mixing occurs complete dynamic
In timpul mixirii are loc vulcanizarea dinaniic Vvulcanization of the elastomer. TPV-E structure is
completi a elastomerului. Structura TPV-E sedafl between elastomers and thermoplastics. Analog to
intre  elastomeri si  termoplaste. Analog thermoplasts is induced a state under the influence
termoplastelor se induce sub inflg@naildurii o of heat plastic, after cooling the material backhwi
stare plastig, dupi ricire materialul avand din nou elastic behavior. If TPV-E bonds is physical nature
un comportament elastic. In cazul TPV-E naturawith reversible under the influence of heat. Tlsis i
legaturilor este fizid, cu caracter reversibil sub the essential difference from elastomers. TPV-E can
influenta cildurii. Aceasta estesi deosebirea be used for production of sealing elements required
esemali fati de elastomeri. TPV-E se poate folosi semi-dynamic car of the door.
pentru producerea de elemente de stan a
portierei automobilului solicitate semidinamic.

PP este caracterizat de macromolecule cuform PP is characterized by macromolecules with
lunga, care dezvoit legituri fizice. Influenta termic long form, which develops physical links. It causes
cauzeax o stare plastic in care remodelarea este thermal influence net, the remodeling is possible.
posibii. Datoriti stabilititi geometrice si a  Due to geometric stability and low elasticity, P i
elasticititi reduse, PP nu se utilizeasingular la  not used to produce as single element door sealing
producerea elementelor de etme a portierelor. elements. The solution technique is the use ofnPP i
Soluia tehnic folositi const in folosirea PP in zona the fixing of seals on the body to elastic areas
de fixare a elementului de etare pe caroserie, required using the semi-dynamic coextruded TPV-
pentru zonele elastice solicitate semidinamicE.
utilizdndu-se TPV-E coextrudat.

Cu toate & o lungi perioad de timp EPDM a Although a long time was EPDM solution for
reprezentat solia standard pentru realizarea the realization of automotive door sealing systems,
sistemelor de etaare a portierei automobilului, use of TPV-E or a combination TPV-E/PP always
utilizarea TPV-E sau a combiei TPV-E/PP  gains ground because the benefits:
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c&tiga permanent teren dataridvantajelor oferite:
» proprietti si performane similare elastomerilor;
» procese simple de prelucrare, aseitoare
maselor plastice;
» grad mare de libertate in coextrudarea de
materiale diferite; different materials;
» grad mare de libertate a design-ului; high degree of design freedom;
>
>
>
>
>

» properties and performance similar elastomers;
>
>
>
greutate redussi astfel contribtie pozitivi la » lightweight thus positive contribution to
>
>
>
>

machining simple processes, like plastics;

high degree of freedom in coextrusion of

reducerea emisiilor automobilului; reducing vehicle emissions;

reciclabilitate 100%; 100% recyclable;

bilant energetic eficient la prelucrare, datirit energy balance effective treatment due to lack
lipsei vulcanirii; of vulcanization;

calitate ridicai a suprafeei; high surface quality;

stabilitate geometric ridicati i abateri high geometric stability and low dimensional

dimensionale reduse. deviations.
3. Necesitatea studiului gradului de 3. The need to study the degree of
comprimare al materialului compression grade for the material
Ca orice material nou, TPV-E (sau combiaa Like any new material, TPV-E (or combination

TPV-E/PP) aduce cu sine o serie de irirede  TPV-E/PP) brings a number of questions on the
natu@ tehnologi@ si de design, ce trebuie rezolvate. nature of technology and design, to be resolved.
Una dintre aceste probleme este gradul déne of these problems is the degree of compression
comprimare a materialului in faza ulteridar of the material in later phase thermal processing
preluctrii termice (extrudare). Acest grad de (extrusion). This degree of compression is esdentia
comprimare este esgm pentru respectarea to meet the tolerances required by the needs of the
toleranelor impuse de necesile din automobil. car.

Pentru analiza acestei problematici, autorii  To analyze this problem, the authors are
pleaé@d de la exemplul parapetului interior al starting from the inside of the door waist belt
portierei, prezentat in Figura 1.Materialele fdlesi example, shown in Figure 1. Materials for waist bel
pentru realizarea acestuia sunt [1]: in Figure 1 are [1]:

* PP 50ShD - Mafill CR C1044 + Taboren PC33¢ 50ShD PP - CR C1044 + Taboren PC33 Mafill

T30 pentru zona rigidde fixare; T30 for the rigid fixation;

* TPV-E 65ShA — Santoprene 121-67 W175 pentrwe TPV-E 65ShA - Santoprene 121-67 W175 elastic
zonele elastice. areas.

Elastic areas
TPV-E 65ShA
(Santoprene 121-67 W175)

Rigid fixing area PP 50ShD
(Mafill CR C1044 + Taboren
PC33 T30)

Figura 1. Parapetul interior al portierei — S@aPV-E/PP [1]
Figure 1. Inner door waist belt — TPV-E/PP solufibh

Cerinele dimensionalei de toleram pentru Dimensional and tolerance requirements for
aceast componerit sunt prezentate in Figura 2s8A  this component are shown in Figure 2. As you can
cum se obsety domeniul de tolerad necesar este see, the required tolerance is £ 1 mm, both for the
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de +1 mm, atat pentru zona rigide PP (linia a), rigid PP (line) and the superior lip TPV lip-E @n
catsi pentru buza superioarde TPV-E (linia ¢). c). These tolerances must be achieved in terms of
Aceste tolerage trebuie atinse in conili de  statistical production process capability.

capabilitate statistica procesului de prodtie.
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Figura 2. Extras din desenul de exieal produsului finit pentru parapetul interiorpartierei automobilului [1]
Figure 2. Extract from the execution drawing of fimal product for inner waist belt of the car dgb}

Paii tehnologici principali pentru realizarea Technological steps for manufacturing the waist
parapetului descris anterior sunt prezgimeFigura 3.  belt described above are presented in Figure 3.

Extruding Punching
Extruded profiles shall be debited to over The profiles are cut to over dimmensipn
dimmension, perpendicular to the longitudinal and punched the final dimmension
axis. geometry desired heads.

—>

L

Figura 3. Psii tehnologici principali pentru realizarea parapet interior al portierei
Figure 3. Main technological steps in manufactutimginner waist belt

Intrekirile concrete pe care autosiile pun in Concrete questions, which the authors shall
cadrul prezentului studiu sunt uitoarele: bring in the present study are the following:
» Care este gradul maxim de comprimare « What is the maximum longitudinal and
longitudinak si transversal a materialului? transverse compression of the material?
» Care este intervalul de timp necesar atingeriic What is the time required to achieve maximum
comprinarii maxime? compression?

» Care este influaa temperaturii de procesare ¢ What is the influence of processing temperature
din scula de extrudare asupra gradului de of the extrusion tool on the degree of

comprimare? compression?

* Care este influea temperaturii mediului « What is the influence of temperature in the
inconjutitor Tn  zona de congonare conditioning environment (dimensional
(stabilizare dimension@l asupra gradului de stability) the degree of compression in the first
comprimare n primele 6 ore dupxtrudare? 6 hours after extrusion?
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4. Studiul gradului de comprimare al 4. The study of the compression degree of the
materialului pentru parapetul interior al material for the car door's inner waist
portierei automobilului belt

Pentru analiza gradului de comprimare al To analyze the degree of compression of the
materialului au fost debitate, perpendicular pematerial were debited perpendicular to the directio
direaia de extrudare, zece profiluri la cota de 725of extrusion, ten profiles to dimension 725 mm. The
mm. Setul de parametri folosit este cel din Tabeluket of parameters is used in Table 1. Profiles were
1. Profilurile au fost riisurate de-a lungul liniilor a measured along lines a and c, optical devices using
si C, cu ajutorul unei aparaturi optice désua de  a high precision measurement, immediately after
inalta precizie, imediat dup debitare si la  cutting and at the intervals shown in Tables 22nd
intervalele de timp &tate Tn Tabelele & 3. Aceste These tables include, in addition to measured
tabele includ, pe laragvalorile misurate,si gradul  values, and the degree of compression profile.
de comprimare al profilului.

Analizdnd datele aimute se obseidv ca Analyzing the data obtained it is observed that
materialele folosite, PR TPV-E, au grade maxime the materials used, PP and TPV-S have comparable
de comprimare longitudin&l comparabile, de maximum longitudinal compression of 0.35% and
0,35%, respectiv 0,36%. O alt observde  0.36%. Another important observation is that the
importanti este & procesul de comprimare se compression process ends at a time of 2 hours after
incheie la un interval de timp de 2 ore #lup extrusion.
extrudare.

Tabelul 1. Setul inial de parametri pentru studiul gradului de comjaienal parapetului interior al portierei
Table 1. Initial set of parameters to study therdeg@f compression of the inner door's the wailit be

Parameters Values
Processing temperature in the extrusion tool 200° C
PP pressure into main extruder 90 bar
TPV-E pressure in co-extruder 155 bar
Extrusion speed 4.5 m/min
Water temperature for cooling resulted extrudedilero 15°C
Outside temperature into the conditioning area Q9-°

Tabelul 2. Centralizarea datelor pentru determigradului de comprimare a zonei rigide din PP a
parapetului (linia a) la o temperatura a mediutgbinjurator de 29 °C
Table 2. Centralization of data for determining degree of compression of rigid PP the waist brelha
(line) at a environmental temperature of 29 °C

Hour | Hour Difference Hour Difference Hour Difference Hour Difference Hour | Hour

0:00h | 0:30h | mm % 1:00h | mm % 1:30h | mm % 2:00h | mm % 2:30h | 6:00h

Profile 1 | 725.26| 724.13| 1.13| 0.16%| 723.18 2.08 | 0.29%| 722.9¢ 2.30| 0.32%| 722.54| 2.72 | 0.38% | 722.55 722.53

Profile 2 | 724.52| 723.17| 1.35| 0.19%| 722.6]1 1.91| 0.26%| 722.242.28| 0.31%| 722.02| 2.50 | 0.35% | 722.0Q 722.05

Profile 3 | 725.36| 724.52| 0.84 | 0.12%| 723.59 1.77 | 0.24%| 723.521.84| 0.25%| 723.40| 1.96 | 0.27% | 723.42 723.43

Profile 4 | 725.48| 724.18| 1.30 | 0.18%| 723.56 1.92| 0.26%| 723.26 2.22| 0.31%| 723.16| 2.32 | 0.32% | 723.1§4 723.13

Profile 5 | 723.27| 722.16| 1.11| 0.15%| 721.541.73| 0.24%| 721.112.16| 0.30%| 720.91| 2.36 | 0.33% | 720.9Q 720.88

Profile 6 | 723.48| 722.18| 1.30| 0.18%| 721.511.97 | 0.27%| 721.282.25| 0.31%| 721.05| 2.43 | 0.34% | 721.08 721.04

Profile 7 | 724.75| 723.39| 1.36 | 0.19%| 722.58 2.17 | 0.30%| 722.38 2.37| 0.33%| 722.30| 2.45 | 0.34% | 722.29 722.32

Profile 8 | 724.52| 723.48| 1.04 | 0.14%| 722.531.99| 0.27%| 722.072.45| 0.34%| 721.88| 2.64 | 0.36% | 721.85 721.86

Profile 9 | 724.57| 723.18| 1.39 | 0.19%| 722.54 2.03| 0.28%| 722.422.15| 0.30%| 721.80| 2.77 | 0.38% | 721.83 721.79

Profile 10 | 725.11| 723.52| 1.59| 0.22%| 722.9%2.16| 0.30%| 722.512.60| 0.36%| 722.23| 2.88 | 0.40% | 722.2Q 722.18

Average| 722.13| 2.50 | 0.35%
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Tabelul 3. Centralizarea datelor pentru determiengradului de comprimare a buzei
superioare din TPV-E a parapetului (linia c) lamperatut a mediului inconjuitor de 29 °C
Table 3. Centralization of data for determining tenpression grade for the lip of the
waist belt TPV-E (line c) at a environmental tengtere of 29 °C

Hour | Hour Difference Hour Difference | Hour Difference Hour Difference Hour | Hour
0:00h | 0:30h | mm % 1:00h | mm % 1:30h | mm % 2:00h | mm % 2:30h | 6:00h
Profile 1 | 725.26| 723.95| 1.31 | 0.18%| 723.02 2.24| 0.31%| 722.862.40| 0.33%| 722.39| 2.87 | 0.40% | 722.3§ 722.38
Profile 2 | 724.52| 723.09| 1.43 | 0.20%| 722.42 2.10| 0.29%| 722.0%2.47| 0.34%| 721.90| 2.62 | 0.36% | 721.92 721.89
Profile 3 | 725.36| 724.44| 0.92 | 0.13%| 723.411.95| 0.27%| 723.322.04| 0.28%| 723.26| 2.10 | 0.29% | 723.27 723.27
Profile 4 | 725.48| 724.11| 1.37 | 0.19%| 723.28 2.25| 0.31%| 722.932.55| 0.35%| 722.87| 2.61 | 0.36% | 722.8§ 722.83
Profile 5 | 723.27| 721.90| 1.37 | 0.19%| 721.2%2.02| 0.28%| 720.812.46| 0.34%| 720.67| 2.60 | 0.36% | 720.65 720.64
Profile 6 | 723.48| 721.97| 1.51 | 0.21%/| 721.40 2.08 | 0.29%| 721.0%2.43| 0.34%| 720.95| 2.53 | 0.35% | 720.98 720.96
Profile 7 | 724.75| 723.26| 1.49 | 0.21%| 722.452.30| 0.32%| 722.212.54| 0.35%| 722.03| 2.72 | 0.38% | 722.02 722.03
Profile 8 | 724.52| 723.11| 1.41 | 0.19%| 722.24 2.28| 0.31%| 721.9Y2.55| 0.35%| 721.76| 2.76 | 0.38% | 721.73 721.75
Profile 9 | 724.57| 723.11| 1.46 | 0.20%| 722.42 2.15| 0.30%| 722.292.28| 0.31%| 721.90| 2.67 | 0.37% | 721.87 721.89
Profile 10 | 725.11| 723.48| 1.63 | 0.22%| 722.89 2.22| 0.31%| 722.432.68| 0.37%| 722.15( 2.96 | 0.41% | 722.2Q 722.17

Average| 721.99| 2.64 | 0.36%

Domeniile de Tmpistiere a lungimii profilului Areas of scattering the length of the profile,
pentru cele dau materiale, dup incheierea after the compression process ends, are as follows
procesului de comprimare, sunt utwarele: for the two materials:

» PP — 722,13 + 1,25 mm sau procentual formulat> PP - 722.13 + 1.25 mm and or formulated

722,13 mm % 0,175%; percentage 722.13 mm % 0.175%;

» TPV-E — 721,99 + 1,32 mm sau procentual» TPV-E - 721.99 + 1.32 mm or formulated

formulat 721,99 mm + 0,180%. percentage 721.99 mm = 0.180%.

Raportand gradele procentuale de comprimare Reporting the percentage levels of compression
la cotele asi ¢ ale produsului finitstantat, rezuld  rates a and c and the finished punched produet , th
urmatoarele domenii de tolergin necesare doar following areas of tolerance, necessary only

datoriti fenomenului de comprimare: because the phenomenon of compression:

» PP — 6415 mm * 0,175% sau altfel formulat> PP - 641.5 mm % 0.175% or otherwise made
641,5+ 1,12 mm; 641.5+1.12 mm;

» TPV-E — 677,9 mm * 0,18% sau altfel formulat > TPV-E - 677.9 mm + 0.18% or otherwise made
677,9 +1,22 mm. 677.9 £ 1.22 mm.
Aici trebuie subliniat faptul £la domeniile de Here must be sublime the fact that the areas of

tolerana de mai sus trebuie auatesi tolerartele  tolerance must be added and tolerances necessary
necesare procesului dgtantare finad. Asadar, for the final punching. So long deviations of the
datoriti fenomenului de comprimare, abaterile definal product would exceed, due to compression
lungime ale produsului finit ar dég domeniul de  phenomenon, called tolerance range of £ 1 mm.
tolerana cerut de = 1 mm.

Pentru evaluarea gradului de comprimare To assess the degree of the transverse
transversal au fost analizate sggni ale profilului, compression, profile sections were analyzed
extrase perpendicular pe ditecde extrudare, la extracted perpendicular to the extrusion direction
aceleai intervale de timp ca #&suiatorile prezentate the same intervals as the measurements presented in
in Tabelele 3i 3. Cu ajutorul unui proiector au fost Tables 2 and 3. Using a beamer they were compared
comparate la scala 10:1 (Figura 4) contururileat scale 10:1 (Figure 4) the outlines of these
acestor sawni cu desenul de exege. Figura 5 sections with executive drawing. Figure 5 shows
arai exemplificativ rezultatul unei astfel de example results of such comparisons, the blue line
compardi, in care linia albasirreprezind conturul  represents the real contour, the black contour
real, cea de culoare neagfiind conturul din  drawing is executed.
desenul de exege.
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Figura 5: Rezultatul comparatiei sectiunii profiluteal
cu desenul de executie

Figura 4: Metoda de analiza a conturului profilului Figure 5: Resulted comparison between real profile
Figure 4: Analysis method for profile contour section and execution drawing
In urma analizei geometriei gamilor, autorii After analyzing the geometry section, the

au concluzionat & abaterile de contur cauzate de authors concluded that the shape deviations caused
comprimarea transvergdal a materialului sunt by transverse compression of the material are
neglijabile. negligible.

Asadar, pentru componente de automobil Therefore for car components, like the inner
similare parapetului interior al portierei studiat, door waist belt studied, the phenomenon of
fenomenul de comprimare apare pe dieeade compression occurs on the direction of extrusion
extrudare (longitudinalyi poate fi neglijat pentru (longitudinal) and can be neglected for sections
seciunile perpendiculare pe aceastdireaie  perpendicular to this direction (transverse).
(transversal).

Metodologia de analizdescrid mai sus a fost Analysis methodology described above was
repetad, varind cu = 10 °C temperatura de repeated, varying by = 10 °C the processing
procesare din scula de extrudare. Astfel s-ginob  temperature of the extrusion tool. Therefore tha da
datele din Tabelul 4. from Table 4 have been obtained.

Tabelul 4. Gradul maxim de contteca PRsi TPV-E in funcie de
temperatura de procesare din scula de extrudare
Table 4. The maximum degree of contraction of tReaRd TPV-E depending
on the the processing temperature of the extrusion

Processing temperatuf Compression grade PP Compression grade Time interval for
from the e?(trusizn tool (eI R R o ULPVAS (SEMITBEIES maximum compression
o Taboren PC33 T30) 121-67 W175) - P
(%] [%]
190 0.34 0.35 2
200 0.35 0.36 2
210 0.36 0.37 2
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Datele de mai sus pot fi reprezentate grafic  The above data can be plotted in Figure 6. As
conform Figurii 6. Aa cum se obselly gradul de you can see, the degree of compression of both
comprimare al ambelor materiale vatiaz 0,01%, materials varies by 0.01%, in direct proportion to
direct propotional cu fiecare 10 °C in scula de each 10 °C in the extrusion tool. Considering that,
extrudare.Tindnd cont & din punct de vedere in terms of technology, extrusion temperature tool
tehnologic, temperatura din scula de extrudarenust be within a range 200 + 10 °C, the
trebuie 4 fie cupring ntr-un domeniu 200 + 10 °C, dimensional differences are maximum compression
diferenele dimensionale &pute la comprimare occurred at 0.02%. Compared to the inner door
sunt de maxim 0,02%. Raportat la lungimeawaist belt length, these differences are negligible
parapetului interior al portierei, aceste difeeesunt  Also, the difference is not related to conditioning
neglijabile. De asemenea, nu se cofsthfererte  time necessar to achieve maximum compression.
legate de timpul de condinare necesar atingerii
comprimrii maxime.

Astfel se poate afirmaidemperatura din scula Therefore we can say that the temperature of
de extrudare nu influgmaz esemial gradul de extrusion tool does not influence critical the
comprimare al profilului, atata timp cat temperatur compression grade of the profile, as long as the

apei din baia deicire este constaint water temperature in the cooling bath is constant.

0,49 1 4= Grad de comprimare PP [Mafill CR C1044 + Taboren PC33T30) [%4]
0.47 4 Grad de comprimare TPV-E (Santoprene 121-67 W175) [%]
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Temperaturade procesare din scula de extrudare [°C]
Figura 6. Dependea gradului de comprimare al profilului de temperatdin scula de extrudare
Figure 6. Compression grade of the profile vs.uesitm tool temperature

Urmitorul pas al analizei corist Tn The next step of the analysis is determining the
determinarea dependen dintre gradul de dependence of the degree of compression and
comprimare al profiluluisi temperatura mediului temperature of the profile in the conditioning
Tnconjugtor in zona de conglonare. Pentru aceasta environment. For this initial analysis has been
a fost reficuta analiza infiala, preluAndu-se cu o restored automatically, one exception is the set of
singura excee setul de parametri enumg@ra parameters listed above. The exception consists in
anterior. Excefia consi in temperatura mediului the environmental temperature in the conditioning
inconjuitor in zona de conglonare, care pentru area, which the new analysis has a value of 20 °C.
noua analiz are o valoare de 20 °C. Valorile medii Mean values for the ten profiles measured both
pentru cele zece profiluri #surate, atat de-a lungul along the line a, and along the line c, are
liniei a, catsi de-a lungul liniei ¢, sunt sistematizate systematized in Table 5.
in Tabelul 5.

Spre deosebire de asurtorile desfsurate Unlike the measurements performed for an
pentru o temperatéira mediului inconjuitor de  environment temperature of 29 °C, at 20 °C the
29 °C, la temperatura de 20 °C intervalul de timptime to achieve maximum compression increases
pentru atingerea comprimi maxime crgte cu 30  with 30 min. Is observed the inverse proportiogalit
min. De asemenea se obgem propotionalitate  between the degree of compression and temperature
inversi intre gradul de comprimarg temperatura in conditioning area. Therefore, the temperature
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din zona de condonare. Astfel, la salerea
temperaturii de la 29 °C la 20 °C gradul decompression increases by 0.11%, both for the PP, as
comprimare crge cu 0,11%, atat pentru zona din well as for TPV-E (Figure 7).

PP, casi pentru cea din TPV-E (Figura 7).

drops from 29 °C to 20 °C and the degree of

Table 5. Centralizarea valorilor medii alé@suaritorilor pentru determinarea gradului de
comprimare al profilului la o temperaiiua mediului Tnconjuitor de 20 °C [1]
Table 5. Centralization of average values for tleasaurements for determining the
compression grade of the profile at a environmestaperature of 20 °C

Hour Hour Difference Hour Difference Hour Difference
0:00h | 0:30h mm % 1:00h | mm % 1:30h | mm %
PP (line a) 725.30| 723.88 1.42] 0.20%r22.91| 2.39 | 0.33% 722.57| 2.73 | 0.38%
TPV-E (line c) | 725.25| 723.72 1.53| 0.21%22.79| 2.46 | 0.34% 722.43| 2.82 | 0.39%
Hour Difference Hour Difference Hour | Hour
2:00h | mm % 2:30h | mm % 3:00h | 6:00h
PP (line a) 722.26 | 3.04| 0.42% 721.95| 3.35 | 0.46% | 721.971721.94
TPV-E (linec) | 722.15| 3.10| 0.43% 721.81 | 3.44 | 0.47% | 721.80 721.82
0,49
047
_ 045 -
£ pas -
£ 0,41
£
E 039
E 0,37 -
2 035
B 033
Y 031 - _ .
=== Grad de comprimare PP (Mafill CR C1044 + Taboren PC33 T30) [34]
Ei? : Grad de comprimare TPV-E (Santoprene 121-67 W175) [%]
0,25 T T

20

29

Temperatura mediului inconjurator in zona de conditionare [°C]

Figura 7. Dependea gradului de comprimare al profilului de temperatwmediului Tnconjuitor in zona de contibnare
Figure 7. Dependence of the degree of profile ceisgion from environment temperature in the in @¢@mdng area

Traducénd in milimetri diferea de 0,11%
dintre gradele de comprimare la temperaturi de0.11% of the compression levels of conditioning
condtionare de 20 °Gi 29 °C se obine o diferers
medie de lungime a produsului finit de circa 0,6average difference in length of the finished praduc
mm. Tindnd cont & o cabird climatiza pentru
condtionarea profilurilor ar crge preul pe unitate
intr-un domeniu necompetitiv tfa de concuref,
condtionarea trebuie as aibd loc la temperatura
atmosferid, a crei varigie nu poate fi evitat
Variatiile dimensionale aferente fac imposibil
respectarea unei toletende £ 1 mm, in cazul in
care stantarea produsului finit ar avea lociri
condtionarea prealakil a profilurilor debitate la

supracat.

Translating into millimeters the difference of
temperature of 20 °C and 29 °C, are obtained an

of about 0.6 mm. Considering that an air-
conditioned cabin for conditioning profiles would
raise the price per unit in a competitive fieldrfro
the competition, conditioning must take place at
atmospheric temperature, whose variation can not
be avoided. Render the related dimensional
variations of a tolerance of £ 1 mm, where punching
the finished product would occur without
preconditioning cut to over-dimmension profiles.
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5. Concluzii finale si recomandkiri

Sistematizand rezultatele tolute pentru
parapetul interior al portierei, autorii formuléaz
urmatoarele concluzii:
pentru condiile de testare din Tabelul 1,
materialele PP (Mafill CR C1044 + Taboren
PC33 T30%i TPV-E (Santoprene 121-67 W175)
au grade maxime de comprimare longitudinal
comparabile, de 0,35%, respectiv 0,36%;

ambele materiale la un interval de timp de 2
ore dug extrudare;

domeniile de imgistiere a lungimii produsului
finit, dupd incheierea  procesului de

comprimare, sunt 641,5 + 1,12 mm pentru zona

rigida de fixare din PRsi 677,9 £ 1,22 mm
pentru buza superigaelasti@ din TPV-E;
fenomenul de comprimare poate fi neglijat
pentru segunile perpendiculare pe dirgg de
extrudare;

varigia temperaturii din scula de extrudare nu
influenteaz esemal gradul de comprimare al
profilului, atata timp cat temperatura apei din
baia de icire este constait

intervalul de timp pentru atingerea compiiin
maxime crete odai cu séderea temperaturii
mediului Tnconjudtor in zona de conglonare;
gradul de comprimarg temperatura din zona
de condionare se afl intr-un raport de
propotionalitate invers astfel: la s#&derea
temperaturii de condonare de la 29 °C la 20
°C gradul de comprimare gte cu 0,11%, atat
pentru zona din PP, céitpentru cea din TPV-
E.

Concluzia finad a autorilor esteactolerana de

+ 1 mm pentru lungimea produsului finit nu poate fi
atingi fara condtionarea profilurilor debitate la
supracat nainte destantarea finai a acestora.
Pentru a elimina influga temperaturii mediului
inconjutor in zona de congibnare asupra
intervalului de timp pentru atingerea compiiin
maxime, autorii recomand Tntre extrudare si
stantarea final o fereastt de condionare de
minim 4 ore (Figura 8).

6. Validarea practica a rezultatelor

Pentru validarea praclica recomangtilor
autorilor a fost proddisprin extrudare carji de
profiluri pentru parapetul interior al portierei
debitate la supracatAcesta au fost congbnate 4
ore si stantate apoi la cota finalprin intermediul
sculei din Figura 9.

procesul de comprimare se incheie pentru®

5. Final conclusions and recommendations
Systematizing the results for the inner waist
belt of the door, the authors formulate the folllogyi
conclusions:
for test conditions in Table 1, PP materials (CR
Mafill C1044 + Taboren PC33 T30) and TPV-E
(Santoprene 121-67 W175) have comparable
maximum longitudinal compression of 0.35%
and 0.36%;
compression process ends for both materials at
a time of 2 hours after extrusion;

field scattering length of the finished product on
end of compression, are 641.5 + 1.12 mm for
the rigid fixation of the PP and 677.9 + 1.22
mm for elastic lip TPV-E;

compression phenomenon can be neglected for
sections perpendicular to the extrusion
direction;

temperature variation of the extrusion tool does
not influence essentially the degree of
compression of the profile as long as the cooling
bath water temperature remains constant;

time to achieve maximum compression
increases with decreasing temperature into the
conditioning environment;

degree of compression and temperature of
conditioning area is in inverse proportion report
thus lower conditioning temperature from 29 °C
to 20 °C increases and the degree of
compression by 0.11%, both for the area PP, as
well as for TPV-E.

Final conclusion of the authors is that tolerance
of £ 1 mm length of the finished product can not be
achieved without conditioning profiles cut to over-
dimension, before their final stamping. To remove
the influence of environment temperature in the
conditioning area over the time to achieve
maximum compression, the authors recommend
between extrusion and final punching a
conditioning window of at least 4 hours (Figure 8).

6. Practical validation of the results

To validate the recommendations of the
authors, has been manufactured by extrusion a batch
of profiles for the inner waist belt of the doout ¢o
over-dimmension. It was conditioned 4 hours and
then punched to final dimmension through tool in
Figure 9.
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Punching
Extruded profiles cut to over-dimmension are pudche
to final dimmension and with desired geometry

Extrusion

Extruded profiles are cut to over-dimmension, |af
90 degrees from longitudinal center line.

U i

Conditioning
Pasive process of minimum 4 hours for geometrical
stabilization and reaching maximum compressionekegr

Figura 8. Psii tehnologici recomandade dtre autori pentru realizarea parapetului interigratierei din PP/TPV-E
Figure 8. Technological steps recommended by tteestto manufacture the inner waist belt of therdrom PP / TPV-E

Pneumatical
cylinders

Matrixes

Head supports Fixing clamp

Figura 9. Sula dgtantare [1]
Figure 9. Punching tool [1]

in vederea confirarii statistice a capabilitii In order to confirm statistical process capability
procesului destantare a produsului finit, pentru o of punching the finished product, for a length
tolerana de lungime de £ 1 mm, au fostisurate tolerance of £1 mm, were measured 30 units from
30 uniati din sarja produs. Acestea au fost astfel batch manufactured. They were chosen, that their
alese incéat impstierea lor 8§ acopere intreagarja.  spread to cover the entire batch. Statistical aily
Analiza statisti# pentru lungimea zonei rigide de for rigid fixing zone length PP (line) is shown in
fixare din PP (linia a) este prezentat Tabelul 6. Table 6.

In urma unui studiu statistic analog s-auiml Following a similar statistical study were
si pentru cota c rezultate similare. obtained also for ¢ mark dimmension similar results

Prin rezultatele pozitive ale analizei statistice The positive results of statistical analysis
de capabilitate a procesului glantare, cu tolerag@a  capability of the punching process, with length
de lungime de = 1 mm, este confirfhatecesitatea tolerance of + 1 mm, it confirmed the need for
fazei de condionare a profilurilor intre pasul de conditioning phase profiles between the extrusion
extrudarssi cel destartare. step and the punching.
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Tabelul 6. Analiza statistica capabiliitii pe perioada scutta procesului dgtantare a parapetului interior
al portierei — cota a
Table 6. Statistical analysis of process capahilityshort punching the the inner waist belt ofdber - a mark

Meansured values
1 4 7 10 13 15 18 21 24 27
641.7 641.6 641.3 641.6 641.9 641.3 641|5 641.6 5641 641.5
641.8 641.5 641.2 641.5 641.5 641.4 641)4 641.3 1641 641.4
641.4 641.4 641.5 641.4 641.4 641.7 641)2 641.1 6641 641.5
In't'al data Disperesie
Lnon=641.5mm(nominal lenght) o L=
LSL=640.5mm(lower tolerance limit) _
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n=30 (number of samples) N
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Medium value:
13 ]
X==Y % =6414mm
Nz
(where xis measured value of sample i) :l
640,5 64(I),8 64I1,1 64I1,4 64I1,7 64I2,0 64I2,3 642,5
Standard deviation: Lenght (mm)
1 2
s= [—=>.(x, —X)? =018
n-1%
642,0- UCL=642,029
Control limits: s
Lower '
M T 641,61
% 3 )
— ! g | X=641,46
LCL =" -3s=6408mm g oA
m o
Upper 641,2-
m 641,0-
Z Xi LCL=640,891
UucL='2_+3s= 6420mm 3 6 9 12 15 18 21 24 27 30
m Nr. probe
Capability coefficients of the process on short dwation:
USL - LSL . (USL-X X-LSL
P,=——1—— =177 P =Min, , =170
6¢ 3s 3s
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