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EuxapioTieg

H oAokAfpwon auTtAg NG TITUXIOKAG UAOTTOINBNKE PE TNV UTTOOTAPIEN £VOG
apIBuoU avBpwTTWV OTOUG OTToIoUG Ba ABEAT va eKQPPAowW TIG BEPUATEPES EUXAPIOTIES
Hou. Oa nBeAa va euxapioTAow TO OUVABEAPO pou Avdpéa KaooeAdkn, o OTToiog
€UBUVETAI YIO TNV KATAOKEUR Twv OOKIYiwv Kal TTapd 10 @OPTO £PYOOiag Tou
QAVTATTOKPIONKE Aueca PE euxapioTnon. 2Tn cuvéxela Ba RBeAa va euxapiIoTACW TO
KopiTol pou Mdpa MTTouuTtroUAn yia TNV ApéPIOTN CUMTTOPAOTACN KAl TNV TEXVIKN
BonBeid Tng. Etriong KataAuTiKA ATAv N cuvdpour Tou avtitrpoédpou Tou TEI kUpiou
KwoTta Zappakn, 0 oToiog cixe KOBOPIOTIKEG TTapeUPAcElg, TTou Oodrynoav oTn
owoTh dlegaywyr] Twv ammoTeEAeOPdTwyY Kal ATav TTavia 1Tpébuphog Tapd 1O
BeBapnuévo @opTo epyaciag. TEAog Ba BeAa va ekPpdow TNV EUYVWHOOUVN HOU
OTOV €lonNynT\ TNG TITUXIOKNG €pyaciag pou Ap. Mdpko [Metouon, €mMOTAPOVIKO
ouvepydaTtn TG oXoAng MnxavoAdywv Mnxavikwy, o OTToiog ATav TTapwy atro Thv
apxnf Kair PEXPI TNV OAOKANPWON TNG TITUXIOKAG £PYOCIiAG KAl TOU OTTOiouU o1 0dnyieg
Kal OUPBOUAEG cuvéBaAav OTny TTPAyUATOTIOINCN TNG, N oTToia dgv Ba €ixe emITEUXOEi

av Oev UTTAPXE OUVEPYATIKO KAIPa OTIGC OU(NTACEIG.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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MepiAnyn

AVTIKEIUEVO TNG TITUXIOKAG Epyaciag TTou akoAouBei gival N EAETN TNG AVTOXNAG
oTNV KAPWn QOKIYiwY KATOOKEUOOUEVWY attd UAIKA ABS kal ABS plus. Ta dokipia
QUTA KATaoKeudoTNKav Pe TN HEBodO FDM 0TO £pyacTipIO POPTTOTIKAG TOU TUAMATOG,
oUp@wva e 1o TTPOTUTTO ASTM D790. 3TN ouvéxeia akoAouBnoe To TTEipapa KAUWNG
ME Xprion UdPAUAIKAG TTPECOG TOU gpyaoTnpiou TG xnueiag. MpayuparotroiRdnke
TEPIOUANOYN Kal eTTEEEpyaoia Twv OedOUEVWY TOU TEIPAPATOG O NAEKTPOVIKO
uttoAoyioT, HE  Xprion Tou  TIpoypdupartog  excel.  Alaypdupata  Taong
TTAPAUOPPWONG TTPOEKUWAY ATTO TA ATTOTEAECUATA AUTA, BOCICPEVA OTOUG TUTTOUG
TOU TTPOTUTTOU. T€AOG EyIVE EPUNVEIA TWV ATTOTEAECPATWY PE BACN TIG GWTOYPAYIES
TToUu TTApOnkav pe TN HEBodo SEM (scanning electron microscope) Kai £yive auyKpion

ME TIG BEWPNTIKEG TIMEG TOU KATOOKEUQOTH).

210 TreipapaTikd atmmoteAéoparta @aivetal 61l To ABS plus €xel peyaAuTtepn
avtoxf oTnv Kapwn a1ré 10 ABS, yeyovdg To oTToio eTTIBEBAIVOUV Kal O BEwPNTIKEG
TIMEG TOU KOATOOKEUOQOTH. ZUYKeKpIYéva, Ta dokipia ABS plus Trdxoug ekTUTTWONG

0,17mm €xouv TV MEYOAUTEPN AVTOXH OTNV KAPWN.

TéNog Ba TTpéTTel va onueiwBei 6T N uEB0dOG KATAoKEURS Twv doKIdiwy FDM
olapépel amd TN MEBOdO XUTEuong MeE €yxuon, kKabBwg agrivel kevd Adyw Tou
BepuavTikoU VAPATOG, yeyovog TTou dIKaloAoyei TNV PEYAAN atrokAIon aTmd TIG TIMEG

TOU KOTAOKEUAOTH.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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Eicaywyn

TNV TITUXIOKN €pyacia TTou akoAouBei Ba TTpayuatotroindei HeAETN avToxXNg
0¢ KAPWN OOKIJiwv TIOU €XOUV KATOOKEUOOTEl O€ TPIODIAOTATO EKTUTTWTH. H
OoKIJaoia TTpayuaToTrolEiTal o€ udpaAuUAIK TTpéoa. Ta doKilia gival KATAOKEUAOUEVD
amd BepuoTTAaoTIKO UAIKO abs kal abs plus, Ta oToia €ival ocupttoAupepy TTOU

atroteAouvTal atmd akpuAoviTpiAio, oTupdAio Kai BouTadiévio.

Ta Ookiuia €Xouv KaTaOKEUAOTEI OTOUG TPIOOIAOTATOUG EKTUTTWTEG TOU
gpyacTtnpiou ue Tn  PEBodo rapid prototype (RP) pe OUo  Sl0QOPETIKOUG
TTPOCAVATOAIOUOUG. TNV OUVEXEID  TTPAYMOTOTTOINBNKE  TTEPICUAAOYR  TwvV

QTTOTEAEOPATWYV KAl ETTECEPYATIQ TOUG PE XPAON TOU TTPOYPAUHATOG excel.

2TOX0G TNG epyaoiag €ival n epunveia TwWv ATTOTEAEOUATWY KAl N oUyKpIon

TOUG ME TIG BEWPNTIKEG TIMEC TOU KATAOKEUQATH).

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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KegpdAaio 1: ABS ka1 ABS plus

1.1 Ta roAupepn TTou atroteAouv Ta ABS kai ABS plus

Ta uAiké TTOU XpPNnOoIYOTIOIRBNKAV yIa TNV KOTAOKEUR Twv OOKIWiwy gival Ta
ouptroAupepry ABS kai ABS plus. To ABS Onuioupyeital pe  TToAupEpIoud

akpuAoviTpiAiou Kal oTupdAIou uTTé TNV KATaAuTIKA TTapoudia TToAuBouTadiéviou.

To akpuloviTpiAio gival éva OUVBETIKO POVOUEPEG TO OTTOIO TTapAyeTal aTTd

TTPOTTUAEVIO KAl ARPWVIO PHE TNV TTAPAKATW KATAAUTIKY avTidpaon aéplag ¢aong.

KaTaAUTIK avTidpaon agplac @aonc
NMPOMUAEVIO QuUWViK

Eikova 1: Avridpaon mapaywyng akpuAovitpiAiou.

To akpuloviTpidio €xel xNUIKG TUTTO CsHsN gival éva dxpwpo uypd HOVOPEPES
XPACIMO YIa TNV KOTAOKEUR TTAAOTIKWY. TO PEYAAUTEPO TTOCOOTO QKPUAOVITPIAIOU
TTOPAYETAI PE KATOAUTIKA QUPWVIOEEIdDWON TOU TTPOTTEVIOU Wia dladikaoia TTou gival
yvwoTh kal wg digpyacia sohio. To akpuloviTpidio gival éva PJOVOUEPEG TO OTTOIO
atroTeAei TN BACN yIa TNV KATAOKEUA TTOAWY CUPTTOAUPEPWV OTTWG €ival TO OTUPEVIO
akpuloviTpihio (SAN), To akpuloviTpiAlo akpUAIKO oTupévio (ASA), Ta didgopa

ehaoTikd viTpiAiou (NBR) kai To ABS.

O ouvTaKTIKOG TOU TUTTOG QAIVETAI TTAPAKATW.

EikOva 2: 2uvTakTikOg TUTTOS akpUAoviTpiAiou.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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H tmpoo@opd Tou akpuAoviITpiAlou OTO TEAIKO OCUMPTTOAUMEPEG cival PEYAAN

KaBwg TTapéxel dUvaun, XNUIKA avtoxh kKal otabepdtnTa.

To oTupévio fj oTUPOAIO aVAKEI OTOUG QPWHATIKOUG udpoyovavBpakes. Eivai
éva Axpwpo eAaIwdeg uypd TO OTToIO €XEl XNUIKO TUTTO CgHs, ATTOTEAEI pOVOUEPEG
TTOAWY GUPTTOAUHEPWY OTTWG €ival TO TTOAUGTUPOAIo. H o diadedopévn diadikaaia
ylo Tnv Trapaywyr] Tou €ival authl TG KOTAAUTIKAG a@udpoyévwong Tou

a1BuloBevCoAiou.

PhGHgGHgﬁPhGH = CH, + H,

Eikova 3: Avridpaon mapaywyns atupoAiou.

270 TENIKO OUUTTOAUMEPEG TTPOOPEPEl duOoKauWia Kal uywnAr duvatoTnTa

Mop@oTToinong. O CUVTAKTIKOG TOU TUTTOG QAIVETAI TTAPAKATW.

Eikéva 4: 2uvTakTIKOS TUTTOG OTUPOAIOU.

To Boutadiévio Kal guykekpiyéva 1o 1,3-BouTtadiévio 1 diuviAio atroTeAei 10
TPiTO TTOAUPEPEG TOu ABS. Eival évag GKUKAOG akOpeoTog udpoyovavlBpakag pe dUo
OITTAOUG deopoug. Eivalr éva dxpwuo 0€pio TO OTTOI0 XPNOIYOTIOIEITAI O€ cupEia
KAigaka yia Tnv TTapaywyn TToAuBivuAiou, vAuAov kal ouvBeTIKOU KaouToouk. O
XNMIKOG Tou TUTTOG €ival CaHgs. O1 kupioTePES dladikaaoieg TTapaywyng Tou BouTadi€viou
gival n TTupoAuon KAAOPATwY TTETPEAioOU PE aTPd Kal N KATOAUTIKA apudpoydvwon

BouTtaviou. O ocuvnB£0TEPOG CUVTAKTIKOG TOU TUTTOG QPAIVETAI TTAPAKATW.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikéva 5: ZuvrakTtikog turrog 1.3 Bouradiéviou.

270 TEAIKO CUMPTTOAUPEPEG TO BouTadiévio TTPOCPEPE! I0XU OTnVv Kpouon Kal

EAAOTIKOTATA OKOPA KAl € XANNAEG BEPUOKPOTIEG.

H TrepiekTikdTNTa TOUu ABS 0¢ akpuAoviTpiAio KupaiveTal atté 15 €wg 35%,
atro 5 £€wg 30% o€ Boutadiévio kal 40 éwg 60% o€ OoTUpPONIO. AVOAOYwG ME TIG
EMOUPNTEG 1IB16TNTEG TOU UAIKOU UTTOPEI va TPOTTOTTOINBEI N TTEPIEKTIKOTNTA TOU OTA

TTOAUMEPN TTOU TO CUVOETOUV.

1.2 Aladikaoia Trapaywyng ABS kai ABS plus.

To akpuAoviTpiAio BouTadIEVIoO GTUPEVIO avaKaAU@ONKE TTPWTN Popa KATA Tn
Oldpkela Tou O€UTEPOU TTAYKOOMIOU TTOAéuou OTav Kal XPNoIhoTIoINdnke cav
EVOANQKTIKI) PEBODOG yia Tnv TTapaywyr] Kooutoouk. Eptropikd &1a1ébnke Trpwtn
@opd Tn Oekaetia Tou 50° og pia TTPooTdBeia eTTiTEUENG KAAUTEPWY IDIOTHTWV
TToAuoTUpéVIou Kal akpuAoviTpihiou. H diadikaoia TToAupepiopoU TTou akoAouBouoav
ATAV QUTH TOU YOAAOGKTWHATOG KATA TTapTideg (emulsion polymerization). Katd tnv
MEBOSO auth diegayovTal avTidpAoelg Ye TTOAUUEPIONS eAeUBepwV pidwyv. EidikéTepa
Méow Tng diadikaciag OnuioupyouvTtal KOAAOEID TTOAUMEPH OIAOKOPTTIONEVA OF
OUVEXEG MECO, TO OTTOIO TIG TTEPIOOOTEPEG YOpPEG eival vepd. Ta TToAupepr TTou
TTPOKUTITOUV Eival KaTé KUplo Adyo o@aipkd. To oUoTnua auTtd atrd Pyovo Tou Eival
Bepuoduvapikd acTaBEC KAl N KIVATIKA oTaBepdTNTA ETMITUYXAVETAI PE TN XPHon

YOAQKTWHMUOTTOINTWY KAl PE TNV EVOWUATWON USPOPIAWY Hopiwv.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikbva 6: MNoAuuepiouds yaAakTwuarog.

\
\

e avmidpacTpa Pe ouvexég péco (vepd) diaokoptridovTal Ta ETIOUUNTA POVOMEPN
TTapouaia eTmipavelodpacTIKwy ouciwyv (surfactant molecule). O empaveIOdPACTIKES
OUCIEC TTPOCPOPWVTAl OTNV EME@EAVEIQ TWV HOVOUEPWY OTABEPOTTOIWVTAG Ta
(OXNMATIONOG  MIKKUAIWY). O1 ekKIvnTéEG TNG avTidpaong TTou TTPOCTiBevTal oTOV
avTidpacTthpa cival udaTtodioAuToi. Katd Tnv €ma@f Toug PE TO VEPO OXNUATi(ouv
eAeUBepEG piCeg kal TN €ival TTOAU UdPAPIAOI WOTE va €I0EABOUV OTNV OPYaVIKA
@aon (eaon avtidpaong), avridpouv JE Ta PovopEePr Kal oxnuaTiouv oligoradicals.
Ta oligoradicals pe TN ocIipd TOUug avaTTUooOvVTal apPyd AOYyw TNG XaunAAg
OUYKEVTPWONG MOVvopepoUg oT1o udatikd didAupa. Me v TTpocBnikn emiTTAéov
Movouepwyv Ta oligoradicals kaBiotavral udpo@ofIKa Kal JTTopouv va eI0€ABouV aTnv
opyavikrp @daon. ‘Etol ta eiogpxdpeva  oligoradicals PBpiokouv éva TTAolcIo o€
Hovouepn TTEPIBAAAOV HECT OTO PIKKUAIO KAl avaTITUOCOOVTAl YPyopa oXnHaTi(ovTag
Mo TToAupEPIKA aAucida. H pébodog apxioe va TTapakpadel Adyw Tou OTI ATAV dia
QOoUVEXNG TEXVOAOYid, N oTToia aduvaTouoE va TTPOOdWOEl ETTITTAEOV 10IOTNTEG OTA
UAIKG TTOU  Trapriyaye, OTTwG YyuaAiotepd ABS. ETmiong eixav onuioupynOei
TTPOBAANATA ASITOUPYIKAG KAI XPNHOTOOIKOVOUIKAG QUOEWG.

H tmAéov diadedopévn dladikaoia Trapaywyng eival auti ouvexoug OyKou

TToAupEepIopoU. Katd Tn d1adikagia auTr] WTTAOK KAOUTOOUK GuvBAiovTal o€ JIkpda

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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KOMUATIO TO OTToid OTn OUVEXEID atTooTEANOVTAl Ot OOXEIO TO OTTOI0 TTEPIEXE!

aKPUAOVITPIAIO, OTUPOAIO, AVOKUKAWMEVO HOVOUEPES KAl WIKPT TTOOOTNTA SIGAUTN.

RAW MATERIAL PREZARATTON POLYMENIZATION DEVOLATILIZATION PELLETIZING

MONOMER
necoveay

BUBRG K

Sob Bectien Mt Tianster Mabum Secs |
Hamigeraton Sect 5

\

}

Eikéva 7: TNoAuuepioudg ouvexous Oykou.

To doxeio autd (rubber dissolver) civar umetBuvo yia Tn diIdAucn Twv
KOMMATIWV KAOUTOOUK Kal TNV avAaui§n Toug PE Ta TTapatmadvw UNIKA. 2T OUVEXEID O
TToAUpEPIOPSG TTpaydaToTIOIEITAI OE €I0IKA OXEDIQOUEVOUG AVTIOPACTHPEG TUVEXOUG
pong kal n diadikacia gekivael pe €10IKO ekkivnTr. To TTPOIGV TOU TTOAUUEPICHOU TO
OTT0iO €ival éva TTaxUPPEUOTO DIGAUNO UETAQEPETAI OTOV ATTOTITATIKOTTIOINTHPO NECW
EVOG TTPOBepUAVTAPA. 2T CUVEXEID Ta TITATIKA OUCTATIKA dlaxwpifovral atrd 1o
O1dAupa TTOAUPEPOUG PE €CATHION UTTO KEVO. TEAOG TO TTOAUPEPEG TTOU BpioKeTal OTOV
TATO TOU ATTOTITATIKOTIOINTAPQ OTEAVETal pE TN PonBeia piog avrhiog oe Touéa
o@aipotroinong. O1 TTNTIKEG UAeg o1 OTToieG PBpiokovTal oTo TTAVW PEPOG TOU

QTTOTITATIKOTTOINTAPA AVAKTWVTAI WG OVAKUKAWHEVA JOVOUEPH.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Me 1n d1adikacia Tou OuvexoUg OyKOU TTOAUMEPIOUOU UTTAPXEl akpiBeia,
€Neyxog o€ OAn Tn didpkela NG ueBOdou,T0 oxEDIO TNG dladikaaiag eival atrAd Kal n
eloaywyn &Evwv UAwv egival pikpr). Emiong eivar pia €uéNiktn TEXVOAoyia n oTroia
TTPoc@Epel AUoelg TUTTOU tailor-made o1 oTroieg TTPOCAPPOLovVTal OTIG AVAYKES TNG

KAB¢e eTmixeipnong.

Eikova 8: Movada mapaywyng abs.

1.3 1816TnTEG abs kau abs plus.

To ABS avrkel otnv katnyopia Twv BepuommAacTIKwy. Ta BepPOTTAACTIKG
ToAupepy Xapaktnpifovral a1rd PeYAAn €AAOTIKOTATA TTOU TOUG ETITPETTEI VA
TTAPAPOPPWVOVTAl EUKOAA Kal va TTaipvouv €1mBuuntd oxnua otav BeppavBoulyv. e
avTiBeTn TTEPITTTWON UTTG TNV Trapoucia XAaunARg Bepuokpaciag okAnpaivouv. H
diadikaola auTr) €ival avaoTpEWIUN yia TTOANOUG KUKAOUG Kal BEiXVeEl TNV IKAVOTNTA
TWV TTAQCTIKWV vVa avakukAwvovtal. O1 1810TNTeEG TWV UAIKWV gival éva onuavTiké
oToixeio agloAdynong Toug 1dlaitepa OTtav  TTPOOPICOVTAl  YIO  TTPOXWPNHEVES
EQAPUOYEG KOl TTAPOYWYH. ZTOUG TTiVAKEG TTOU akoAouBouv TrapouacialovTal ol
1016TNTEG TOU abs kal Twv TTapaywywyv Tou abs m30 kal abs m30i, uAIk& aTTd Ta oTToIa

KATOOKEUAOTNKAV Ta OOKiUIa TNG TITUXIOKNG EPYACiag.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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1.3.1 Xnuikég 1816TNTEG TOU ABS.

2TIG XNUIKEG 1810TNTEG TOoUu ABS B TTapouciacTei n avtoxr Tou UAIKOU O€ dIaQOPETIKA
XNuIK& trepIBaAAovta. To UAIKG Ba TottoBeTnBei o Mlwuévn Popenr YE Tn UEBODO
amdéBeong UAIKoUu FDM kal n aAAnAemmidpacn Tou Pe 1o TEPIBGAAOV OTO OTTOI0 Ba
gvartroTibeTal, Ba UeTpIETAI ME BAON TNV TTAPAKATW KAiMaka n otroia divel yia yevikni

€IKOVA YIO TNV XNMIKH TOU avToxH.

1. Apiotn xnuikAi avtoxn. O dIaAlTng dev KaTagépvel va utrtoBabpioel
T0 BeppoTTAaCTIKGO UAIKO KaTé Tn dIdpKeia TTapATETAUEVNG €KBEONG
TOU O€ QUTO.

2. KaAA xnuikn avtoxn. O d1aAlTng dev KaTtapépvel va uttoBabuioer To
BePUOTTAACTIKO UAIKG KaTd Tn OIdpKEIa TTAPATETAPEVNG £KBEONG TOU
O€ QUTO.

3. Mepiopiopévn xnuikn avroxr. O diaAuTng mMBavov va uttopabuioel To
BepUOTTAOCTIKO UAIKG, KaTd Tn dIGpKEIa BpaxuTrpdBeoung €ékBeong.

4. Kakn xnuikn avroxni. O d1aAlTng Ba uttofabuioel To BepPOTTAACTIKS

UAIKO.

FDM Materials

Chemical ABS-M30™ ASA PC-ABS PC ULTEM™ FDM PPSF ULTEM™
9085 resin Nylon 12 1010 resin

Aliphatic hydrocarbons
(e.g. methane, 2 2 3 3 2 1 1 2
propane, butane)
Aromatic hydrocarbons
(e.g. benzene) 3 3 3 3 2 1 2 1
Halogenated
hydrocarbons 4 4 4 4 4 4 3 3
(e.g. CFCs)
Ketones
(e.g. MEK, acetone) 4 4 4 4 3 2 3 3
Alchohol/ethanol 2 2 2 2 2 4 2 2
Phenols 4 4 4 4 4 4 4 4
esters 3 3 4 3 2 1 2 2

Mivakag¢ 1: Xnuikég 1010TNTES abs.

FDM Materials

Chemical ABS-M30™ ASA PC-ABS PC ULTEM™ FDM

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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9085 resin Nylon 12 1010 resin
Transmission fluid 3 3 3 3 3 1 2 2
Windshield washer 2 2 2 2 1 1 1 1
fluid
Brake fluid 3 3 3 3 3 1 2 2
Antifreeze/ engine 2 2 2 3 2 1
coolant
Motor oil 3 3 3 3 2 1 2 2
Petroleum greases 2 2 2 3 2 1 1 2
Silicone greases/oil 4 4 4 4 2 2 2 2
Petroleum fuels 2 2 3 3 1 1 2 1
Weak acids 1 1 1 2 2 2 1 2
(pH 3-6)
Strong acids 3 3 3 4 3 4 2 3
(pH <3)
Weak bases 1 1 2 2 1 1 1 1
(pH 8-10)
Strong bases 1 1 2 3 2 1 1 2
(pH >10)
Delonized water 1 1 1 2 1 1 1 1

Mivakag¢ 2: Xnuikég 1010TNTES abs.

1.3.2 Puoikég 1010TNTEG TOU ABS

QuoIKES 1010TNTEG TWV AKATEPYOOTWY TTPWTWY UAWYV, OTTWG €ival To abs givai
n eAAXI0TN Kal PEYIOTN BEPUOKPATia avTtoxng, N IKavoTNTa ATTopPAPnNCNG TOU VEPOU,
TO onueio TENG, n diddoon TNS PAGYAG Kal N avToxA o€ KPoUaT). ZTOV TTAPAKATW

TTivaka TTapaTiBevTal ol avoxEg dIa@opwy UAIKWY CUPTTEPIAaBavouEVOU Kal Tou abs.

Physical Properties table of raw materials

‘ ABS ‘ HDPE

Properties
Max. temperature
(°C) +80 +120 +130 +135 +105 +70
Min. temperature
(°C) -20 -100 -40 0 -30 -25
Water absorption %
(24-hours) 0.25 <0.01 0.35 <0.02 0.3 0.06
Impact strength
(kl/im?) 16.3-44 2.7-100 40-70 2.7-11 4-100 2.2-10
Melting point (°C) +105 +130 +149 +170 +260 +80
Flame propagation
(UL-94) H8 H8 VO V2 HB-V2-V0 VO

Mivakag¢ 3: Puaikég 1610TNTEC abs.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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To abs kpatdel TG 1I816TNTEG TOU yIa Beppokpacieg ammod -20 €wg +80 °C, n IkavoeTnTa
aATTOPPOPNONG TOU vepoU eival 25%, €xel onueio ™MENG Toug 105 °C kal n @Adya
0146001 ¢ Tou peTadideTal O PIKPO TTOCOCTO.

Other Test method Value

Specific Gravity ASTM D792 1.04

Flame Classification uL94 HB (0.09”, 2.50 mm)
Rockwell Hardness ASTM D785 109.5

UL File Number Fkdkkkok koo E345258

Mivakag 4: @uaoikég 1610TnTeC abs m30.

Other Test method Value

Specific Gravity ASTM D792 1.04
Flame Classification uL94 HB (0.06”, 1.5 mm)
Rockwell Hardness ASTM D785 109.5

lMivakag 5: @uaoikég 16161nTeC abs m30i

1.3.3 HAekTpIKEG 1810TNTEG TOU ABS.

2TIG NAEKTPIKEG 1010TNTEG TWV UAIKWYV GUYKATAAEYovTal: N SINAEKTPIKI OTAOEPd,
N OINAEKTPIKA AVTOXH, O CUVTEAEOTAG ATTWAEIWY, N ETTIYAVEIAKNR €10IKI AVTIOTAON KAl N
avtioTaon Oykou. ZToV TTivaka TTou akoAouBei TTapouaidlovtal ol TINEG Tou abs yia Tig
NAEKTPIKEG auTég 1016TNTEG. 'Exel dinAekTpikr) oTaBepd Trepiou 3.2-3.3 Khz,
dinAekTpIKA avtoxr 20-25 kv mm?, cuvteAeoTr ammwAeiwv 0.02 MHz, dev TTapouciddel

ETMIPAVEIOKN €IDIKA avTioTaon Kal £Xel avtioTaon oykou >10'° Ohm/cm.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Material

Cellulose Acetate
Cellulose Acatate Butyrate

Ethylene-
Chlorotrifivoroethylene
copolymer
Ethylene-
Tetrafluoroethylene
Copolymer

Fluorinated Ethylene
Propylene Copolymer

Polyacrylonitrile-
butadiene-styrene

Polyamide - Nylon 6
Polyamide - Nylon 6, 6

Potyamide - Nylon 6, 6 -
30% Carbon Fiber Filled

Formula Dielectric Dielectric Dielectric Dissipation Dissipation  Surface  Volume

constant  constant

a : 5
(A8 . 2562
ECTFE 1325
ETFE - 6
FEP . 1
ABS = °32-33

PAG . 36

PAGSE s 34
PAG 6. - .
30% CR

20 @ 3.2mm

20-25

strength  factor @
BikHz @IMHz KVmm®

1kHz

0.06
0.04
0.002

fator @  resistivity resistivity
iMHz  Ohm/sq Ohm/cm
. §x10%

10*10°

104008 10510

0.0005 >1M 10%

0.0007 10* 10°

00 . »10%
5109 Sxp”

10" 10°

10 10°

Mivakag 6: HAeKTPIKES 1010TNTEG abs

Electrical Properties Test method Orientation Value Range

Volume Resistivity ASTM D257 XZ Axis 4.0x10% — 3.3x10%% ohm-cm
Dielectric Constant ASTM D150-98 XZ Axis 2.6 -2.86

Dissipation Factor ASTM D150-98 XZ Axis 0.0048 — 0.0054

Dielectric Strength ASTM D149-09, Method A XZ Axis 100 V/mil

Dielectric Strength ASTM D149-09, Method A XZ Axis 360 V/mil

Electrical Properties

Volume Resistivity

lMivakag¢ 7: HAekTpikég 1610TnTEC abs m30

ASTM D257

Test method

Value Range

1.5x10%* — 6.0x103 ohm-cm

Dielectric Constant

ASTM D150-98

29-27

Dissipation Factor

ASTM D150-98

0.0053 — 0.0051

Dielectric Strength

ASTM D149-09, Method A

370 - 80 V/mil

Mivakag¢ 8: HAektpikég 1610TnTeC abs m30i

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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1.3.4 Mnxavikég 1816TNTEG TOU ABS.

2TIG PNXAVIKEG 10I0TNTEG TWV BEPPOTTAQOTIKWY CUYKATAAEYOVTAL: N
avTOXf O€ EQPEAKUOHO , TO PETPO EAACTIKOTNTAG young , N dUvAuN KAUWNGS , TO PHETPO
KAPWNG Kal n emmpnkuvon katé mn 8padon. O1 TIUEG TTou dnUOCIEUEl O KATAOKEUAOTNG

yIQ TIG TTOPATTAVW PNXAVIKEG 1I81I0TATEG TOU abs @aivovTal OTOV TTiVOKA TTOU AKOAOUBEI.

Property | Published
Tensile Strength ASTM D638 36 MPa
Young’s Modulus ASTM D638 2413 MPa
Flexural Strength ASTM D790 61 Mpa
Flexural Modulus ASTM D790 2317 MPa
Elongation at Break ASTM D638 4%

MNivakag 9: Mnxavikéc 1610TnTEC abs.

To UAIK6O TO oTToio TTapPdAyel O KATAOKEUAOTAG Ba TTPETTEl va TTANPOI TIG
onuooisupéveg  TTPOdIaYPaPEéG.  YTTApXOUV  OUWwG  TTOPAYOvTEG Ol OTToiol
OIA@OPOTTOIOUV TIG INXAVIKEG IBIOTNTEG TOU TEAIKOU TTPOIOVTOG, OTTWG €ival 0 Xpbdvog o
oTT0i0G B £TTECEPYOOTEI TO UNIKO PETA TNV TTapddoon, n Beppokpacia, n uypacia Tou
TEPIBAAOVTOG Kal yevIKOTEPA Ol OUVOAKEG TOu TTEPIBAAAOVTOG TTOU €KTiBETAI TO

UAIKO.

2Tn Ouvéxela TTapouciafovTal avoAUTIKA Ol ETTITITWOEIS QUTEG Kal O BaBudg
TTou emnpedlouv 10 UAIKG. Ta odeciyyara abs mou Ba TTapouciacTolv €xouv

KATOOKEUOOTEI Kal aTToBNKeUTEl 0€ aOPAAEG TTEPIBAANOV.

1.3.4.1 ETITTTWOEIG TOU XpOVOoU OTO abs.

270 TTapoKATw PaBddypauua TTapOUCIAleTal n ETITTTWON TOU XPOVOU OTnv
QvTOoXf| Of E€QEAKUOPO. ZUYKEKPIMEVA PETPACEIG TNG AVTOXNG Of €QPEAKUOUO
TpaydatoTroioUvTal TNV 11, v 47, v 13", TNV 26" ka1 Tnv 52" ¢Bdoudda atmd tnv
TTapaywyr Tou UAIKOU. H emmiTrTwon Tou xpovou gival gikpr, TG Tagewg Tou 0.73 Mpa
onAadn 2.3% uéxp! kal TNV 52" ¢Bdoudda kal apopd Kal Ta aTeyVA Kal Ta Bpeyuéva
ociypaTa. ‘ETOI TTapatnpeital 0T N ETTITITWON TOU XPOVOU dev £TTNPEACEI ONUAVTIKA ThV

avToXr o€ eQPeAKUOUO.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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1 B 13 28 52
Weoks

Figure 2a: Tensile strength - 20 °C. controlled environment. on edge.

Tensile Strength (MPa) Tensile Strength (MPa)

Chart e

Dats MIn  Max Wet Dry 40°C
1 325 323 330 1 353 | 328 512 378 | 289 186 34
a 321 320 322 4 338 | 18 528 382 280 179 28
13 319 316 323 13 338 | 324 477 | 373 | 283 183 14
26 24 323 326 26 347 | 323 510 | 388 283 18.2 1.7
52 3246 325 331 52 325 | 325 443 378 288 187 16

Figure 2b: Tensile strength - 20 °C, Figure 2¢: Secondary data, tested in various conditions.

controlied environmert, on edge.

2T0 TTOPAKATW PaBdOYPOAUUa TTAPOUCIACETAl N ETTITITWON Tou XPOvou OTO
METPO KAUWNG. OTTwg oTnVv avioxr oTov €QEAKUCUO £TOI KAl OTO METPO KAPWNG O
XPOVOG Oev TO €TTNPEACEI ONUAVTIKA. ZUYKEKPILEVA N KEYIOTN atToKAIon gival 162 Mpa
Kal atrd TNV 11 €w¢ TNV 52" ¢Bdopdda n TP Tou PETPOU KAPWNG eTTNPEeddeTal Katd 36
Mpa i (1.8%).

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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MPa

13 26 52
Weeks

Figure 3a: Tensile strength - 20 °C. controlled environment, on edge.

Flexural Modulus (MPa)

Flexural Modulus (MPa)
Wet Dry <40°C

Chart -
D Min Max
ata 1874 | 1869 | 2139 | 1903 | 1950 | 1531 | 1258

1 2022 | 1896 | 2134 4 1949 | 1909 | 2109 | 2055 | 1879 | 1607 | 1154
4 1999 | 1750 | 2167 13 1988 | 2039 | 2155 | 2086 | 2015 | 1768 | 8677
13 1911 | 1828 | 1987 26 2023 | 1988 | 2191 | 2141 | 2029 | 1801 | 653
26 2073 | 1893 | 2223 52 1986 | 2004 | 2092 | 2075 | 1978 | 1678 | 305
52 1986 | 1911 | 2018 Figure 3c: Secondary data, tested in various conditions.

Figure 3b: Tensile strength - 20 °C,
controlied environment, on edge.

H emuAkuvon katd Tn Opadon Tapouciddel pia aoTdBeld n oTroia
KopupwveTtal oTiG 1,2 povadeg (16.5%) katd tnv mrepiodo Twv 52 £Bdouddwyv. Ouwg

atré Tnv 13" ¢fdoudda kal ueTd atabepotroigital oTig 0,7 povadeg (9.8%).

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Figure 4a. Elongation at break - 20 *C, controlled environment, on edge.

93

1 6.2

4 67 | 60 | 74

13 59 | 53 | 71

26 65 | 35 | 88

52 64 | 32 | 80
Figurs 4b: Elongation at break - 20 *C,
conlrolied environment, on edge.

1 73

86

75

N/A

20

70 | 50 86
4 50 | 67 | 53 |87 | 65 | &7 [ NA
13 42 | 85 | 42 [ B2 | 64 | 63 | NA
26 44 [ B0 | 48 (80| 66 | 89 | NA
52 41 | 74 | 35 [ 88| 70 | 87 | NA

Figure 4¢: Secondary data, lested in various conditions.

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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1.3.4.2 EmITTTWOEIG TNG OEppOKpaTiag oTo abs.

MNa va @avouv oI eMTITWOEIS TNG Bepuokpaciag oTo abs, oI PnXavikeg
1010TNTEG HETPONKaV o€ Bepuokpacia: -40, -20, 0, 20, 40, 60, 80 ka1 100 °C. Ta
Oeiyyata  TTOU  XPNOIYOTIOINONKAV — KOTAOKEUAOTNKAV 28  UEPEG  TIPIV  Kal
atrobnKeUuTNKAV 0€ EAEYXOPEVO TTEPIBAAAOV. ATTO TO TTAPAKATW YPOPHHATA QAIVETAI

OTI 01 EMTITWOEIG TIG BEPUOKPATIag 0TO UAIKG €ival OnUAVTIKEG.

H Bepuokpacia eTnpeddel onUAvTIKG TNV avToxX 0€ EPEAKUCHO. ZUYKEKPIPEVA
otoug 80°C kai KATw n aviox ot €PeAKUCPO TTapoucidlel aufnon, evw OTnV

OUVEXEID TTAPOUCIAZETAI hia aTTOTOMN Peiwon TTou eTdavel Ta 15,2 Mpa.

* We

.y

1 Vopnk

we w1 Wenka
20 Weoks

- = o o] Wokn

40 20 0 » o &0 80 100

Tensile Strength (MPa) Tensile Strength (MPa)
et Min  Max Wet W R R s
40 526 804 538 -40 | 50.1 | 497 51.2 4a7.7 51.0 4.3
-20 473 470 | 480 -20 | 510 | 468 466 464 433 155
0 382 | 375 | 308 0 436 | 375 | 378 373 386 KTA:]
20 32.1 320 | 322 20 338 | 318 325 e 324 326
40 280 | 272 | 284 40 | 272 | 285 | 289 83 283 288
60 235 | 234 | 236 60 | 213 | 237 | 239 234 238 241
80 17.0 177 | 143 80 149 | 183 | 186 18.3 18.2 18.7
100 | 28 10 | a2 100 | 04 | 286 34 1.4 1.7 1.6
Figure 5b: Tensile strength « Figure 5¢: Secondary data, tested in vanous congitions

4 weeks, controlfed
environmeant, on edge

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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¢ avtiBeon pe TNV avioxn O€ €PEAKUCHO Kal €VW KOl TO MPETPO KAPWNG
TTapoucidlel kaBodikn Tropeia pe TNV dvodo TnG Bepuokpaaiag, n ueiwon auth dev
gival 1o id10 ypapuikr. OTTwG @aivetal ammd To ypd@nua TTou akoAouBei n TTwon TG
TIMAG TOU PETPOU KAPWNG €ival opaAr) atmd Toug -40 péxpl Toug 80 °C oO1TOU KA

akoAouBei amréToun TTTWON.

Flexural Modulus
(MPa)

<40 | 2108 | 1988 | 2358
-20 | 1981 | 1917 | 213
0 2055 | 1767 | 2277
20 1909 | 1750 | 2187
40 1879 | 1705 | 2067
60 1772 | 1511 | 2108
80 1807 | 1453 | 1878
100 | 1154 | 1015 | 1353

Figure 6b: Flexural modulus -
4 weeks, controlled
environment, on edge.

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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2 40 60 80 100

Flexural Modulus (MPa)

1

Wet  Dry Week

® Wet
® Dry

1 Woes

oo 1) Weosks
30 Weeks
- w0 Woeks

-40 | 2247 | 2043 | 2124 | 2155 | 2191 | 2082
-20 | 2237 | 2012 | 2133 | 2178 | 2144 | 2162
0 2047 | 1994 | 1993 | 2067 | 2141 | 2078
20 | 184G | 1000 | 2022 | 1811 | 2073 | 1688
40 | 1852 | 1837 | 1850 | 2015 | 2029 | 1978
60 | 1886 | 1730 | 1748 | 1857 | 1818 | 1878
BO | 1387 | 1477 | 1531 | 1768 | 1801 | 1678
100 | 161 | 909 | 1250 | 677 653 305

Figure 6¢: Secondary data, tested in vanous conditions.
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Ao Toug -40 péxpr Toug 80°C n emimTwon Tng Oepuokpaciag otnv
emMUAKUVON KaTd Tn Opadon Tapoucidlel pia akavovioTn avodiKr) TTopeia, ME
e€aipeon ta onueia otoug 0 kair 80 °C émou TTaparnpeitTal amdéToun auénon TTou

@Tavel TIG 8.5 povadeg.

210 pafddéypauua  TTOU  OaKoAouBei  TTapoucialetal o €MPPEOR NG

BeppoKpaaiag aTnv eMUARKUVON Katé Tn Bpadon.

9
8|
T4
6
5 |
b
4 |
o Wal
311 { ' . ¢ Doy
1 Week
21 - s« 13 Wooks
y | | | | s 26 Wooks
- - - =52 Weeks
(- .
-40 -20 0 20 40 60 80
* Celcius
Figure 7a: Elongation at Break - 4 weeks, controlied environment, on edge
‘Elongation at Break (%) Elongation at Break (%)
v | Chatt ~ : 1 13| 2% | s
% | owal | M| e C | Wet | DY | ook | Waeks | Wasks | Weeks
-40 53 47 56 40 | 41 47 5.0 42 48 35
-20 5.7 52 6.3 20 | 52 57 6.4 6.1 45 5.5
0 8.7 71 101 0 48 B4 8.7 8.2 8.0 88
20 6.7 6.0 74 20 50 6.7 71 59 6.5 64
40 6.5 45 8.0 40 5. 78 75 64 6.6 7.0
60 71 6.5 8.0 60 42 7.0 7.7 71 5.7 74
80 8.7 6.0 112 80 31 7.3 8.6 63 89 8.7
100 | NA NA NA 100 [ NA | NA NA NA NA NA
Figure 7b. Elongalion at Break - Figure 7c: Secondary data, tested in various conditions
4 wesks, controlled environment.
on edge.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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1.3.4.3 EmMITrTwoeig Twv TePIBAAAOVTIKWY OUVONKWY oTO abs.

O1 TrepIBAANOVTIKEG OUVONAKEG £TTNPEACOUV ONUAVTIKA TIG UNXAVIKEG IBIOTNTEG
Tou abs. H PeAETN Twv EMTITWOEWY TTapouciadeTal Je Tn xprnon deiyudtwy abs Ta
oTroia atroBnkeUTnKav o€ uypod, EnNpd Kal eAeyxopevo TTepIBAAAOV. ZTn OuvEXEla
eMBaTTTioTNKAV PE VEPO £T01I WOTE VA QaveEi N €mMidpacn TG BepPOKPATiag ETTi TwV

MNXOVIKWY I010TATWV.

21NV MEAETN yia avToxn ME EPEAKUCHO TTapaTnpEiTal oTaBepr avroxn Kai yia

TIG TPEIG TTEPIBANNOVTIKEG OUVONKEG.

50
40
§ 30
20 n 52 Weeks
40°C
- 0'C
10 .............. w‘c
----- 80°C
0 ) — = 100°C
Wel Dry Controlied
Pant Storage Condition

Figure 8a: Tensile strength - 4 weeks, controlled environment, on adge.

Tensile Strongth (MPa) Tensile Strength (MPa)
Condition  SM3 in  Max Condifion  ,°2  40°C 0°C 40°C 80°C 100°C
Wet 338 | 336 | 338 Wet 32.5 501 | 436 | 272 | 149 04
Dry 31.8 | 31.7 | 320 Dry 325 487 | 375 | 285 | 183 28
Controlled | 321 | 320 | 322 Controlled | 3256 526 | 382 | 280 | 179 28
Figure 8b: Tensile strength - 4 weeks, Figure 8c¢: Secondary data, tested in vanous conditions.

controlied environment, on edge.

O1 ouvOnKeg aTTOBRKEUONG £XOUV HIKPEG CUVETTEIEG OTO PETPO KAUWNG.

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Wel

Dry
Part Storage Condition

Controlled

Figure 9. Flexural modulus - 4 weeks, controlled environment, on edge.

Flexural Modulus (MPa) Flexural Modulus (MPa)

Chart 52 ) 0
Condition Data Min  Max Condition Weeks 40°C 0°C 40°C
Wet 1949 | 1768 | 2061 Wet 1966 | 2347 |2047 | 1862 | 1367 | 161
Dry 1909 | 1708 | 2184 Dry 2004 | 2403 | 1964 | 1937 | 1477 | 999
Controlled | 1999 | 1750 | 2167 Controlled | 1986 | 2109 | 2055 | 1678 | 1607 | 1154

Figure 9b: Flexural modulus « 4 weeks, confrolied

environment, on adge.

Figura 8¢, Secondary data, tested in various conditions.
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O1 emmTwoeg Twv ouvlnkwy atrobrikeuong yia Ta &giyuata TTou £XOUvV

atroBnkeuTtei og EnPEd Kal o eAeyxopevo TrepIBEANoV ival achiuavteg o€ oxéon Ue Ta

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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Ociyyarta 1Tou £xouv atroBnkeuTei ge uypd TTEPIBAAAOV. ZTa uypd OciyuaTa UTTAPXEI
MEiwon TNG emurKuvong Kata Tn Bpauvon Tng 1a¢ng Twv 1.7 €wg 3.8 povdadwy,
TT0000TO 25-44%, o€ oUyKkpion pe Ta deiyyata TTou atmodnkelTnkav o€ ENpod Kal o€

AuTA TTOU aTTOBNKeUTNKAV O€ EAEYXOMEVO TTEPIBAAAOV.
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Port Storage Condiion
Figure 10a' Elongation at break - 4 weaks, controlled environment, on edge
Elongation at Break () Elongation at Break (%)
Condition | ChartData | Min |  Max Condition | 52Weeks | 40°C | 0°C | 40°C | 80°C | 100°C
Wet 50 48 55 Wet 4 41 48 | 5T [ &1 | 0D
Dry 67 59 0 Dry T4 a7 | BT [ 76 [ T3 | 00
Controlled 67 8.0 T4 Controlled B4 53 | 87 | 65 | 87 [ 00
Figures 10b: Elongation al break « 4 weeks, Figure 10¢: Secondary data, lested in various conditions.

controlied environment, on edge

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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English Metric
Mechanical Properties’ Test Method __g_
XZ Axis ZXAxis | XZAxis | ZXAxis

English
XZ Axis ZX Axis

Mechanical Properties Test Method

lMivakag¢ 10: Mnyavikég 1616tnTe¢ abs m30.

Mechanical Properties® Test Method | English m

MPa

Mivakag¢ 11: Mnyavikéc 16161nTe¢ abs m30i.

1.4 E@appuoyég Tou ABS

To abs €ival éva xaunAoU K60TOUG BEPUOTTAACTIKO TO OTTOI0 BPioKEl EQAPHOYNA
o€ TTOAOUG BIA@OPETIKOUG TOMEIGC AOyw TWV EEAPETIKWV UNXAVIKWY IDIOTATWY TOU.
E€aitiag TNG KAAG avioxAg oTnv Kpouan Kal TNG aKAPWIOG Tou, aTToTEAED hia 18avikn
€AoY yia SopIKES epapuoyES. 'Exel TTOAU peydAeg duvaTtdTnTeG JOPQPOTTOINONG Kal
oT1a0epdTNTA dIOCTACEWY, TTOU TO KABIOTOUV €CAIPETIKI ETTIAOYH VIO KOTAOKEUR
TpwTOTUTTWY TTapaywyngs. Eivar eukoAo va Bagei kal va KoAAnBei. Mtropei va
XpnoiyotroinBei  yia  pop@oTtroiNuéva  TTPOIGVTA, CWANVWOEIG, Houaik& opyava,
papdoug yia ptracTolvia ToUu YKOAQ e€aiTiag TNG MEYAANG TOU ATTOPPOPNTIKOTNTAG
OTOUG KPadaopoUg, PEPN QUTOKIVATOU, TTEPIBAAUATA, TTPOCTATEUTIKA EPYAALIWY Kal

YIO TNV KATaoKeUn Traixvidiwy 6Trwg gival Ta TouBAdkia LEGO.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



28
TEI KpATng
TuRua MnxavoAoyiag

@

Eixkova 9: Epapuoyéc Tou abs.

Mapdaywya Tou abs eival Ta UAIkd abs m30 kai abs m30i amd Ta oTroia €ivail
KOTAOKEUOOMEVA Kal Ta SOKiWIa TNG TITUXIOKAG auTrs. To abs m30 eival éva uAikd 25-
70% 10XupOTEPO QMO TO TIPOTUTTO abs 16avikKd yio TNV KATAOKEUR AEITOUPYIKWV
TTPWTOTUTTWV Kol epyaAeiwv. ‘Exel yeyaAuTtepn avroxr KAuyng atré 1o TpdTuTio abs

OTTWG KAl I0XUPOTEPO CUVOETIKO OTPWHA TTOU TIPOCPEPEI KOAUTEPN TTOIOTNTA.

Ortav 10 abs m30 cuvduaoTei Ye éva 3D FORTUS ouoTnua Tapaywyng 1oTe
TO aTToTEAEOpA gival éva TTIo duvaTtd PE HEYOAUTEPN AETTTOPEPEIA OTA XOPOAKTNPIOTIKA
TPWTOTUTTO. MNapakdTw TTapouciafovral TTPWTOTUTIA TA OTTOoI £XOUV KOTOOKEUOOTEL

atd abs m30 pe 1N xprion TG 3D FORTUS &iadikagiag rapaywyrg.

Eikova 10: KéAugog yevvitpiac kataokeuaouévo ammé abs m30.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 11: AgpaywydS autoKIVATOU KATAOKEUAOEVOS ammo abs m30.

Eikéva 12: KaAutpa @pévou karaokeuaouévn armo abs m30.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikéva 13: Aéovag karaokeuaopévog arro abs m30.

Eikova 14: Onkn yia BupornAépwvo karacgkeuaouévn amré abs m30.

To abs m30i civar éva uwnAAg avToxng UAIKO KATGAANAO yia TV KATAOKEUN
IOTPIKOU KOOI QOPUOKEUTIKOU €EOTTAICUOU KAl yIo OuokKeuaoia Tpo@idwyv. Ta
eCapTAuaTa TTou Kataokeuddovtal atmd 1o UAIKG auTd cival BiooupBaTtd Kal UTTAPXE! N
OuvaTOTNTA ATTOOTEIPWONG TOUG PE aKTiveg y. Me Tnv Texvoloyia FDM 10 abs m30i
MTTOPEI VO KATOOKEUAOEI AEITOUPYIKA TTPWTOTUTTA, EEQPTANATA KOl EQYAALia Ta oTToia
MTTOpOUV  va  aTrooTeipwBouv. [Mapakdtw Tmapoucidlovial OpPIoHEVEG  TETOIEG
epappoyég Tou abs m30i.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikéva 15: larpiko epyalsio karaokeuaouévo amré abs m30i

Eikéva 16: NepeAotrointri¢ karaokeuaouévog amré abs m30i.

MeA£Tn avToyng dokipiou o€ KAUWnN KaTaokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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KegpdAaio 2: TpiodidoTaTn EKTUTTWON.

2.1 Tp1odIAOCTATOI EKTUTTWTEG.

MNa Tnv Kataokeun Twv OOKIPiwv Xpnoidotroinbnkav ol TPIodIAoTATOl
EKTUTTWTEG TOU £PYACTNPIOU TG POUTTOTIKNG TOU TUAMATOG. OI EKTUTTWTEG AUTOI £X0UV
KataokeuaoTei amd Tnv etaipia STRATASYS kai gival Ta yovtéha dimension BST
768 kai dimension elite. O ekTuTtWTAG dimension BST 768 xpnoiyoTrolei abs oav
TTPWTN UAN Kal €xel TN duvatdtnTa Yprnyopnsg Tmapaywynsg aveeKTIKWY Kal I0XUPWV
MovTéAwv. Eival éva pnxdvnpa 3D eKTUTTWONG TO OTIOI0O MTTOPEI va EKTUTTWOEI
TTEPITTAOKA JOVTEAQ KOl AEITOUPYIKA TUAPaTa peE heyAAn akpifeia. O dimension BST
768 £xel akpiBeia +- 0.127 xIMooTd (Bdon yewpeTpiag). AlooTtdoelg: (TTAGTog 686
mm), (uAKog 914 mm), (Uwog 1041 mm) ka1 Cuyicel 136 KIAQ. YTTapyouv dUO €TTIAOYEG

TTAXOUG OTPWOEWCG YIa TNV ekTUTTwon: 0,254 mm, 0,33 mm.

Eikova 17: Tpiodiaoraro¢ ekturrwThi¢ dimension BST 768.

O exTuTTWTAG dimension elite xpnoiyoTrolei cav TTPWTN UAN TO UAIKS abs plus.
‘Exel TNV duvaToTNTA TTAPAYWYNG AEITOUPYIKWY AVOEKTIKWYV TTEPITTAOKWY 3D
MovTéAwv. Eival 1I8avVIKOG yia TNV KATAOKEUN AEITOUPYIKWY EEAPTNHATWY, IOTPIKWY

OUOKEUWYV, OpYAvwY aKpiBeiag Kai uEpn NAEKTPOVIKWY eEapTnudaTwy. O dimension

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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elite £xe1 akpifeia ektuTTwong (+- 0,127) x1IAooTd, diaoTAoe€lg: (TTAGToG 686 mm),
(uAkog 914 mm ), (Uwog 1041 mm) evw Cuyicel 136 KIAG. YTTapxouv dUo ETTIAOYEG

Tayxoug ekTuTTwong 0,178 kai 0,254 mm.

L2

Eikova 18: Tpiobdiaoraro¢ ekrumwtr¢ dimension elite.

2.2 EKTOTTWON PE TN pEBOSO FDM.

MNa v dnuioupyia Twv HOVTEAWV Kal 01 U0 EKTUTTWTEG XPNOIUOTTIOIOUV TN
pEBodo FDM. H péBodog FDM (fused deposition modeling) epeupédnke Tpiv atmod
€ikool xpdvia kal ATav £va eTTITEUYPA TTOU BorBnoe TNV KATAOKEUAOTPIO ETAIPEIN
(STRATASYS) va nynBei atov Topéa NG, avatTuUoCOVTAG Jid OEIPA PNXAvNPATWY
TTOU aTTEUBUVOVTAI 0€ HEYAAOUG KATAOKEUAOTEG, UNXAVIKOUG, OXEBIOOTEG Kal GAAOUG

ETTAYYEAMOTIEG.

O1 ekTUTTWTEG 01 oTToiol AciIToupyouv ue FDM oucoiaoTikd kataokeudlouv Ta
O1d@opa PovTEAa evaTTOBETOVTAG UAIKO atrd KATW TTPOG TO TTAVW OnNUIOUPYWVTAG
oTpwuaTa, eKUETAAAEUSUEVOI TNV €EWBNON BepuotTAacTikoU vrpatog. H diadikaoia
QUTA XwpileTal o€ Tpia oTadia:

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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1). 210 TTPWTO OTABIO AUTO TNG TTPO-ETTEEEPYATIAg TO AOYIOUIKO TOTTOBETEI éva
apxeio 3d CAD yia va utrohoyioel Tn dladpour €&wOnong tou BepuOTTAACTIKOU
VAMOTOG Kal TNG avaykaiog UTTooTAPIENSG Tou. TO AOYIOUIKO TTOU XPNOIKOTIOIoUV Ol
BST 768 kai ELITE cival To CATALYST EX. Mg 10 AoyIopIKé auTd TTpayuaToTIolEiTal
n perarpoty Twv CAD apxeiwv TTou €xouv atroBnkeutei oe STL oe 3D povréAa
EKTUTTWONG, CUMTTEPIAQUBAvOUEVOU Kal OAWV TWV avaykaiwv OOPWY UTTOCTHPIENS

TOUG.

n.I%0

Eikova 19: Aoyiouiko CATALYST EX.

To AoyIONIKO QuTO TTPOCPEPEl Mia TPIOOIAOTATN ATTEIKOVION TOU WOVTEAOU R
TWV PJOVTEAWY TTOU TTPOKEITAI VO EKTUTTWOO0UV. YTTdpxel duvaTtdTnTa KAINAKWONG TWV
3D povtéAwv oTo €mBuunTd Péyebog. 'EAeyX0g TTPOCavVATOAIGHOU TOU POVTEAOU OTOV
BAAOUO  eKTUTTWONG. AuvatoTnTa KATAOKEUNG TTOAAWYV  HOVTEAWV  TAUTOXPOVA.
AuvatdTnTa  TTAPAKOAOUBNONG XPOVOU KATAOKEUAG KAl TT000TNTA  UAIKOU TTOU

aTraiTeital.

2). Z10 O¢eUTEPO OTAdIO TNG TTapaywyns o 3D ekTUTTWTAG Bepuaivel 1O
BepPOTTAACTIKO O€ dia NuI-uypr) KATAoTACoN Kal TO UAIKO evOTTOTIOETAI O TTOAU PIKPEG

XAVTPEG KATA PAKOG TNG dl1adpouns e¢wonang. Otrou XpeIAeTal O EKTUTTWTAG QPrVEl

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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UAIKG TO oTToio Ba €xel TO pOAO TNG UTTOOTAPIENG. ZTIG TTOPOKATW EIKOVES PaiveTal O

TPOTTOG AEITOUPYIOG EKTUTTWTWY WE T HEBodo FDM.

Model -

/ Material

Support -
Material

Eikéva 20: Ekrumrwaon ue diadikacia FDM.

Support material ﬁlamemﬁ
Build material filament

——

Extrusion head
Drive wheels
Liquifiers

Extrusion nozzles

Part

Foam base
Part supports

Build platform .

Support material SpoOl =——t

Build material spool \o

Eikova 21: lNepiypaen uebddou ektumwaons FDM.

Copyright © 2008 CustomPartNet

3). Z10 TPiTO OTAdIO TNG EKTUTTWONG APAIPEITAI TO UAIKO UTTOOTAPIENG ATTO TO

XPNoTn Kai Ta dokipia gival £EToia yia xpRon.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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KepdAaio 3 OewpnTIKEG £VVOIEG KAl €idN KAPYNG.

Kdauyn ovopddetal n KoTamovnon Kard Tnv otoia 1o didvuopuda  Tng
QVATITUOOOWPEVNG POTIAG €ival KABETO oTov €TTIUAKN Ggova TNG dokoU. H KAWTITIKNA
KaTtatrovnon MTTopEl va dnuioupynBei €iTe atTd CUYKEVTPWHEVO QOPTIO Ot KATTOIO

Béon o€ 6Ao TO PrKOG TNG BOKOU £iTe ATTO OUOIOPOPPA KATAVEUNUEVA QOPTIAL.

Eikova 22: Kauwn dokod.

Kard tnv kdpyn 10 TMAVvW HEPOG TNG O0oKoU BAIBeTal evw TO KATW MEPOG
e@eAKUeTAl MevIKA N KAPWN gival n opoidpopen POVIUN TTAPANOP@Wan UAIKOU UTTO Tn
Moponry eAdopatog i Taviag, N oTroia EMITUYXAVETAI PE TTEPIOTPOPN TUAMATOG TTEPI
€UBUYPAUPO Ggova TToU PBPICKETAI OTO OUBETEPO TUAMA TNG SIATOPNAG TOU Kal €ival

KABETOG o€ auTh.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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- C |e-

Eikova 23: Aiadikaoia Kauwng.

H kdpwn eival pia ammé 1i¢ ammAouoTepeg dIadIKATiIES DIAPNOPPWONG ETTITTEOOU
eAdopatog | Taviog Pe PEYAAN TTPOKTIKI €QOPUOYH KAl PE €TTAVAANWN KAPTITIKWV
TTOPAUOPPWOEWY OTO dOKiUIO AdpBdaveTal TTOIKIAIG SIATOPWY HE gupeia BIOUNXAVIKA
xpnon. H diadikacia dlaudpewong e KAPYWN WTTOpEl va TTpayuartotroindei ue
TTOANOUG TpOTTOUG. OI Mo dladedopévol atrd auToug gival Ol €ENG:

1). Kaduyn 1pofdéAou Katd Tnv oTroia T0 éAacua BPIOKETAI TTAKTWUEVO OE
MATPO Kal €va €UPOA0 €pxeTal o€ e€mma@r padi Tou yia va Tou dwoel TNV TEAIKN
Olaudppwon.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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MNakrwon

‘EAaopa

Eikéva 24: Kauwn mpoBdAou.

2). EAeUBepn KGuwn Katd Tnv otroia To éAAOHA £PXETAI OE ETTAPN ME TPEIG
MOVO TTEPIOXEG TOU EPYAAEIOU KAl N YwVia KOPUPAG TOU TTAVW PEPOUG TOU EPYOAEioOU

gival TTavToTe PIKPATEPN TNG YWVIOG KAUWNG.

Eikova 25: EAcUBepn kGuwn.

3). Kauywn (V) katd tTnv otroia ol ywvieg Twv 600 TUNUATWY Tou g€pyaAEiou
gival ioeg kal 1o éAacpa  oTo TENOG TNG OIAdPOMNG €XEl TTARPEN €TTAQR ME TIG

QVTIOTOIXEG ETTIPAVEIEG TOU EpyaAEiou, UTTAPXEI avTIBAIWN.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikéva 26: Kauwn (V).

4). AmAj kdpwn A kdupywn (U) katd Tnv omroia To QTTOTEAEOHUA TNG
Olauéppwong Tou eAAOPATOC dIOPOPOTIOIEITAI avdAloya peE To €idOg TNG. TNV
eAelBepn kauwn (U) dev uttdpxel avTiBAiwn oto T€Aog TNG d1adpoung Tou euPOAoU ue

aTToTéEAECUA O TTUBEVOG TOU TEPAXIOU VA TTAPOUCIAZETAl EVTOVA KUPTOG.

Eikova 27: AitAn kGuwn n kauwn (V).

KAeiot) kapywn pe avtiBhiyn oto 1éAog Tng d1adpoung Katd Tnv oTtroia To
TENIKO TEPAXIO TTOPOUCIAdeTal Ye  TTUBPEVA O OTToIOG €ival £viova KUPTOG TTPOG Ta

TAVW.

TENOG pe KAEIOTH KAUWN, ME OUYKPATNON KATd Tnv oTroia o TTuBuévag Tou

TEPaxiou TTapouaidgeTal TTITTEDOG.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Xwpig avTiApn Me avTidAipn

Eikova 28: KAsiotr kGuwn ue n xwpic avribAipn.

Sl

Eikéva 29: Eidn drirAng kauwng.

5). NepioTPOPIKA KAPWN KATA TNV OTTOIa TO EPYAAEI0 OTPOPNG (OTPOPEQG)

TTEPIOTPEPEI TUNHA TOU TEPAYXIOU.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Avw TUAHa b
epyahieiou /,/' -

EpyaAtio
TTEPICTPOPNS

Karw tunipa
epyaigiou

ApXIKN pdon

Eikova 30: lNepioTpo@ikn Kauwn.

6). Kapwn petagu pdoulwyv katd Tnv otroia pe KATAAANAN petdBeon Kai
TTEPIOTPOPN TWV PAOUAWV PETAEU TWV OTTOIWV BPIioKETAlI TO KATEPYACOUEVO TEUAXIO,
OAANGCeTal N KOUTTUAGTATA Tou. Ta oTddia dlapdpewong evog emTiTredou TePaxiou o€
OWANvVa PE pa@rn Pe TN KAPWN HETALU pdouAwv TTapoucidlfovial OTo TTAPAKATW
oxnua:

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 32: 214d1a diauépewanc e Kauwn UETaéu paouAwv.

42

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
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KepdAaio 4 MNMeipapatiké HéPog.
4.1. Npétutro ASTM D 790

H kartaokeury Twv OoKIdiwv OTTwg Kal n TTapolca TITUXIak PacioTnke oTo
TPOTUTTO ASTM D 790. 210 TIPpdéTUTTO QUTO AVAQEPOVTAl AVOAUTIKA O OKOTTOG TOU
TTEIPAPATOG, O TPOTTOG dIECAYWYNG Tou, OTTWG £TTiIONG Kal TO PEYEBOG Twv JOKIYIWV
TTOU OUMMETEXOUV OTo Treipapa. TéAog avagépovtal 6Aol ol TUTTOI TTou Ba
XPNOoIYoTToINBoUV Kal Ol UTTOAOYIOUOI TTOU €ival atrapaitnTol yid TNV £gaywyn

TEKUNPIWUEVWY aTToTEAECPATWY. To TTpdTUTIO Eival diaBéaipyo aTo TTapdpTnua l.

4.2. MéyeBog kal apiOuodg dokipiwv

ZUPQWVa PE TO TTPOTUTTO TO PNAKOG Twv dokiuiwyv givar 140 (mm), To TTAATOG
10 (mm), 10 Taxog 15 (mm) Kal TO dIACTNUA PETAEU TWV KUMIVOPIKWYV £DPAVWV
100(mm). ZuvoAika kataokeudaoTnkav 40 dokipia, 20 ek Twv oTToiwv ato abs kal 20

atrd abs plus. Ta €idn Twv dokipiwv TTapoucialovTal aTn CUVEXEIQ:

ABS 5 0,25 0
5 0,33 0
5 0,25 90
5 0,33 90

ABS plus 5 0,17 0
5 0,25 0
5 0,17 90
5 0,25 90

Mivakag¢ 12: lNivakag pe ta €idn OoKiuiwv.

Ta dokiyla KATOOKEUAOTNKAY OTOUG TPIOBIACTATOUG EKTUTTWTEG TOU
£PYACTNPIOU TNG POMPTTOTIKAG ME 2 DIOPOPETIKOUG TTPOCAVOTONOTHOUG XTICINATOG
MNOEV Kal evEVAVTA HOIPES YIa KABE UAIKOS.

Ta dokipia TG TTapoUcag TITUXIOKAG KaTaokeudoTnkav pe Tn HéBodo FDM
OTO €PYOAOTAPIO POMTIOTIKAG TOU TUAMATOG. MNMapakdTw TTapouCIAfovTal EIKOVEG TTOU

deixvouv Tnv TTopeia ekTUTTWONG doKIYiwy abs oTov ekTuTTwTH BST 768.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 33: Ektumrwaon dokiuiwv abs mruxiakig e diadikaoia FDM

Eikéva 34: Ekturrwaon dokiuiwv abs ue diadikaoia FDM.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 35: EkTummwaon dokiuiwv mruxiakng abs ue diadikaoia FDM.

Eikéva 36: Ektutrwaon dokiuiwv ruxiakig abs ue diadikacia FDM.

2TNV OUVEXEID aKOAOUBOUV €IKOVEG TTOU TTAPOUCIAloUV TNV TTopEia eKTUTTWONG

Twv dokiyiwyv abs plus o€ TpIodidoTaTo eKTUTTWTH dimension elite.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 37: Ektummwaon dokiuiwy abs plus pe tn pé6odo FDM.

Eikova 38: Ektummwaon dokiuiwv abs plus e tn pé6odo FDM.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 39: Ektummwaon dokiuiwv mruxiakng abs plus ue n uébodo
FDM.

Eikéva 40: Ekturrwaon dokiuiwv 1ruxiakng abs plus ue tn ué6odo
FDM.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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4.3. Méoa TTpaAyHOTOTTOINONG TOU TTEIPAATOG

MNa TNV TTPAYHOATOTTIOINCN TOU TTEIPAPATOG avTOXNG £YIVE XPRON PNXAVAG TOU

€pPyacTnpiou TEXVOAOYIAS TwV UAIKWV.

Eikéva 41: YopauAikn Tpéoa epyaaTnpiou.

H pnxavi auth €ival pia udpaulikry TTp€Ca n oOTToia  TPOTTOTTOINONKE
KatdAAnAa yia tnv diefaywyn Tou TEIPAPATOG O€ avtoxn Kauwng. Eidikétepa n
TPOTTOTTOINON TTPAYMATOTTOINONKE HEOow Wiag diIATagng n otroia atroTeAsiTal atd pia
opBoywviki pdpdo oTtnv otroia Bpiokovtal TTAvw dUO KUAIVOPIKA £dpava oTaBepd.
Mavw ota duo €dpava oTnpifovTal Ta dokipia Tou Treipdpatog. Me Tn AsiToupyia Tng
UdpauUAIKAG TTIpécag éva EuBOAO evepyoTroleital OTO OToi0 PBpiokeTal éva TpiTo
KUAIVOPIKG £€D0pavo TO OTToio KaTeRaivel KATakOpu@a o€ TETOIO ONMEIO WOTE va

aoknaoel dUvaun oTo KEVTPO TOU DOKIMIOU PEXPI auTd va OTTAOEI.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 42:TNeipauarikn didraén avioxns o€ KaUWwn 1oV Gnueiwv.

Eikéva 43: Aokiuio Aiyo 1Tpiv TNV EITaQn UE TO KIVOUUEVO £5pavo.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 45:Aokiuio abs plus kard tn d1apkeia péyiotns eopTIonc.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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2TNV apIoTePr TTAEUPA TNG UBPAUAIKNG TTPECAG UTTAPXE! £va UNKNVOIOUETPO
TO OTTOIO WETPAEI YIa TTOAU MPIKPEG XPOVIKEG OTIVUEG T METATOTION (BEAOG KAPWNG)

TTOU TTapPATnEEiTal 0TO OOKIWIO.

Eikova 46: INopTokaAi unkuvoIOUETPO UTTEUBUVO YIA TIC UETPHTEIS.

‘ETo1 ouvoAikd oculAéyovtal petprioelg duvaung load F (N) kai petatémmong
deflection (mm) yia TTOAU PIKPEG XPOVIKEG OTIYHEG ATTO TN OTIYUA TNG ETTAQAG TOU

KUAIVOPIKOU £8pAVOU HE TO BOKIMIO PEXPI KAI TO GTTACIUO TOU SOKIWiou.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 47:Aokiuia abs plus perd ro meipaua Kauwng.

Eikéva 48:TNapabsan dokiuiwv abs plus perd ro meipaua kauwng.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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4.4 TOTTOI KOI UTTOAOYIOMOI TTEIPAATOG.

H peAétn TG avioxng NG KAPWNng €UBpauoTwy UAIKWY TwV OTIoiWV N
MNXAVIKI) CUPTTEPIPOPA Eival YPAUMIKA OTTWG €ival TO KEPAWPIKA, TA BEPUOTTAACTIKA, TA
YUOAIG TTPOYMATOTTOIEITAI PE KAUWN TPIWV Kal KAPNWN Teoodpwyv onueiwv. TEToI0
UAIKO €ival Kal To abs Tou oTroiou n avtoxrf oTnv KApwn 6a ueAetnBei otnv TTapouoa

TITUXIOKA.

H kduyn civar 1davik yia v agloAdynon T1ng avioxng Twv €U6paucTwy
UAIKWV OTTOU N €punveia Twy atmoTeAeoudaTwy, 6tav 1o 010 UAIKO UTTOPBANBEl o€
avToxXf €QEAKUCHOU gival OUOKOAN Adyw OTTOCIPATOG TwV DOKIMIWY. ZTO TTAPAKATW
oxAUa TTapoucidfovTal dokiuia opBoywviKAG diaToung Ta otroia uttoBAaAAovTal o€

KAPWN TPIWV Kal KAPWN TEOCGAPWY OnUEiwV.

Midspan
¢ & lA o = — :
g & [] |2 (T 9 H
- ho L L.’ '
'f-f. (@'d (‘1} 74
— ¢ —] r
P2 P2 P2 P2
a) Three-point bending b) Four-point bending

Eikéva 49:Aokiuia utrd KGuwn TIWV KAl TEOCOGPWVY TNUEIWV.

levikéTepa oe KABe TreEipapa avioxng OT0 OTroio UTTORAAAETal éva UAIKG
UTTAPXEI £va QITIO TO OTTOIO TOU TTPOKAAEI KATTOIO AAQYH KAl éva ATTOTEAECHA TTOU HOG

TTapouaiadel TnNv dIANOPEPWOT TOU UAIKOU HETA.

2TNV KAPWN TPIWV ONUEIWY TO QITIO TO OTTOIO TTPOKAAEI TNV aAAayn eival yia
duvaun n otroia epapudleTal KABETa OTO KEVTPO SOKIYiIOU 0pBOYWVIKAG dIATOPNG KAl
TO aTTOTEAEOUA AUTAG €ival TO BEAOG KAPWNG TO OTTOI0 dNMUIOUPYEITAI, TTOU OUCIACTIKG
Mag TTapouciddel Tn heTatomon Adyw Tng duvaung. To BEAOG KAUWNG METPIETAI OE

(mm) evw n duvaun TTou e@apuoletal otn 60kod o€ (N).

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Force (F)
| In
v o
Supports Deflection (d)
) Length (L) ’

Eikéva 50:Aitio:60vaun (F), amroréAsoua: deflection (D).

54

21NV €ikova 43 TTou akoAouBei TTapouaciadetal To BEA0G kauwng d (deflection)

(mm) 1O oTToi0 dnpIoupyEiTal o€ Wia atmAry okd wg amoéppola TG duvaung (N) Trou

£QAPUOOTNKE OE QUTH.

Eikoéva 51:AmAn 60KOC TpIv Kal UETA THV KAUWN.

Ta dedopéva NG dUvaPNG Kal TNG METATOTTIONG Ta oTToia Ba cuAAéEoupE aTTd

TNV UOPAUAIKN TIPéCA TOU gpyacTnpiou Ba peTaoXnNUATIOTOUV GUPQWVA HE TO

mpoTuTTo ASTM D 790 0¢ diaypduuata TAong-Trapauopewons. Ta diaypduyoTa

OUVANNG-PETATOTTIONG KAl TACONG TTAPANOPPWONG TTapouaidlovTal oTo TTapdpTnua ll.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€

TPICOIAOTATO EKTUTTWTH
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2Ta €UBpauoTa UAIKG Ta OTroia cuvdéovTal PE dia ypauuikh oxéon Taong-

TTapaudpewaong n Taon Bpavong( Of) utropei va d0B¢i atrd Tov akdAouBo TuTTo(1):

Mc 3M

O'/ — — ~
' I 2«

Eéiowon 1: Taon Bpauong.

Otrou: M — n potm Kapwng

Cc — 10 MIo6 atTd TO TTAATOG TNG OOKOU

t — TO TTAX0G TOU DOKIWioU

| — potm adpdvelag Tou PPadoU TnG SIBTOUAS

H poti adpdaveiag Tou eufadou Tng diatoung TTapouciddetal otnv akdAoubo
TUTTO(2):

Eéiowon 2: Porrn adpaveiag

H péyiotn pot KAuWng TTou dnpIoupyEiTal oTo gECco TG dokou (midspam)
TTapoucialetal otov akdAouBo TUTTO(3):

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eéiowon 3:Pormn kGuwng

OrtrouU: P— ®oprtio TTou epapudleTal oTo Péoo TNG dokou (midspam)

L— Mnkog Tng dokou

Ao TIg  eflowoelg 1,2 ka1 3  TTpoKUTITEl O TUTTOG(4) O OTI0IOG MaG
Tapouaiadel Tn duvaun kKauwng n tédon kauywng Ofb (fracture stress) n otoia givai

I000UVauN PE TO OUVTEAEDTH Bpaldong KApWnge.

3LP, 3LP,
Op = o 2
8tc 2w

Eéiowon 4:Taon kauywng

OTrou: w— TTAGTOG doKOU (W=2C)

‘ETO1 pe TOUG TTOPATTAVW METAOXNUATIONOUG KATOAjyouue oTtnv egicwon 4
a1ré TNV OTToia UTTOPEI VO UTTOAOYIOTEN N TAon KAPWng. To emduevo péyeBog 1o oTToio
TIPETTEl VO UTTOAOYIOTEI €ival n KapTrmiky katammovnon & (flexural strain) n otroia

diveTal atrd Tov akdAoubo TUTTO (5) !

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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6wy
&=

Eéiowon 5:Kautriky karamrovnon

EmmAéov a1rd T TTEIPAMATIKA ATTOTEAECUATA UTTOPEI va UTTOAOYIOTEN Kal éva

TpiTo péyeBoc To péTpo eAaoTikdTNTAE oTnv Kauywn Ep (elastic modulus) To otroio
a

uttohoyietar amdé Tnv  KAion m= d—z (slope) Tou Odlaypduuatog dUvaung-

TTapauopPwong wg €€nc. O UTTOAOYIOHOG TOU METPOU €AACTIKOTNTAG OTNV KAPWN

TTapoucialetal atov akdAouBo TUTTO (6) :

L} dP I} dP

( = {—)
487 d\*) 32tc’ dv

Eg

L’m

4w’

E,

Eéiowon 6:MéTpo eAaaTikOTNTAs GTNV KAUWN

To METPO €AOOTIKOTNTAG KATA TNV KAPWN €TNPeAleTal ammd  KATTOIOUG
TTapdyovTEeG 01 OTTOIOI €ival oI EAG:

o H TTAQOTIKN TTAPAPOPPWOT OTOUG KUAIVOPOUG Ol OTToi0I UTTOOTHPICOUV

TNV O0KO.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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o H miyA Tou pétpou eAaoTIKOTNTOG £TTNPEACETAI ATTO DIATUNTIKEG TAOEIG
AGYW TTAPAPOPPWONG.
o Ta UANKKG €xouv OIOQOPETIKOUG €AAOTIKOUG OUVTEAEOTEG yIa KAPWN,

€QPEAKUOHO Kal BAIWN.
Ta pey€On Ta otToia TTAPOUCIACOUV EVDIAPEPOV OTO TTEIPAUA KAPWNG Eival:

e H 1don kauyng o (flexural stress) (MPa)
o [Mapaudpewaon, KaUTITIKA Katatrévnon & (flexural strain) (%)

o Métpo eAaoTIKOTNTAG OTNV KAUWn Eg (flexural modulus) (MPa)

AkoAoUBOUV CGUYKEVTPWTIKOI TTIVAKES WE TIG TIMEG TWV TPIWV PEYEBWY yia KABE

OOKiuIO.

4.5 MNivakeg ATTOTEAECUATWY TTEIPAMATOG.

4.5.1. ZUYKEVTPWTIKOI TTiVAOKEG OOKIMIWV.

2TOUG TTIVOKEG TTOU aKOAoOUBoUvV TTapoucidlovTal CUYKEVIPWTIKEG TIMEG yia
KGBe OoKiyIo Tou TrEIPAUATOS CUMTTEPIAQUBAVOUEVOU TwV OIACOTACEWY Kal TwV

ONPAVTIKWV PEYEBWV TOU TTEIPAPOTOS KAPWNG.

ABS Tldaxog ektummwong 0.25 mm

Mnkog 140 mm, MA&Tog 10 mm, Mdayxog 5mm, EpRado diatourg 50 mm?2

ApiBu6g | MpooavatoAiopdg | BéAog kGuwng | Taon kApwng Métpo Mapaudpewaon KAion MéyioTo @oprTio
doKIuiou ekTUTTWONG (°) (mm) (MPa) eAaOTIKOTNTOG (%) (N/mm) (N)
KapWng
(MPa)
1 0 12.381 22.15778 552.9 0.111429 74.64 335.724
2 0 11.503 21.44089 530.8 0.103527 71.66 324.862
3 0 12.351 20.73588 522.41 0.037053 70.526 345.598
4 0 12.394 20.73588 529.7 0.037182 7151 345.598
5 0 12.611 19.52136 525.62 0.037833 70.959 325.356
1 90 B 18.0 522.22 - 70.5 300
2 90 B 19.2 532.59 B 71.9 320
3 90 B 19.8 525.92 - 71 330

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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90

| 20.1

| 548.14

74

| 335

[Mivakag 13. JUyKeVTPWTIKOS TTIVAKAS QTTOTEAECUATWY

ABS Tldaxog ektummwong 0.33 mm

Mnkoc 140 mm, MNA&Toc 10 mm, MNMayoc 5mm, EpBadd diato

ApiBuo6g | MNpooavatohiopdg | BéAog kapwng | Tdon kapwng Métpo Mapapdpewon KAion MéyioTto goprtio
dokipiou ekTUTTWONG (°) (mm) (MPa) E)\GO':I'IK(')Tr]TGg (%) (N/mm) (N)
Kapyng
(MPa)
1 0 11.25 21.63638 525.45 0.03375 70.337 327.824
2 0 12.111 23.07017 530.93 0.012129 71.676 349.548
3 0 11.746 23.65664 550.22 0.035238 74.28 358.434
4 0 12.558 22.48363 521.34 0.037674 70.381 340.661
5 0 11.5211 22.32067 539.4 0.034563 72.82 338.192
1 90 12.946 18.44311 475.38 0.038838 64.176 279.441
2 90 11.426 20.33302 494.23 0.034278 66.721 308.076
3 90 11.896 17.46558 407.96 0.035688 55.074 264.63
4 90 11.836 18.34529 475.74 0.035508 64.226 277.959
5 90 12.5911 20.49597 474.43 0.037773 64.048 310.545

[ivakag 14. SUyKeVTpWTIKOS TTIVAKAS QTTOTEAECUATWY

ABS plus Téxog ekTuttwong 0.17 mm

Mnkog 140 mm, MAd&Tog 10 mm, Mdyog 5mm, EpRads diatoung 50 mm?2

ApiBudg | lMpooavatoAiopdsg | BéAog kAuwng Tdaon kaduwng Métpo Mapaudpewaon KAion MéyioTo @oprTio
dokiyiou ekTUTTWONG (°) (mm) (MPa) €AAOTIKOTNTOG (%) (N/mm) (N)
Kapwng
(MPa)
1 0 12.487 40.79638 860.37 0.037461 116.15 618.127
2 0 9.22 39.1345 847.41 0.027888 114.4 592.947
3 0 10.109 41.38292 870.22 0.03495 117.48 627.014
4 0 12.951 33.92096 651 0.039291 87.883 513.954
5 0 11.524 40.47054 829.11 0.034824 111.93 613.19
1 920 B 37.2 941.48 B 127.1 620
2 920 B 37.14 935.55 - 126.3 619

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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3 90 B 33.3 819.26 B 110.6 555
4 90 - 36.18 919.26 - 124.1 603

Mivakag 15. 2UyKevTpWTIKOS TTIVaKAS ATTOTEAECUATWY

Mnkog 140 mm, MAd&Tog 10 mm, Mdayxog 5mm, EpRado diatourg 50 mm?2

ApiBuo6g | MNpooavatoAiopds | BéAog kapwng Tdon kauyng Métpo Mapapdépewon KAion MéyioTto goprtio
doKIpiou ekTUTTWONG (°) (mm) (MPa) E)\GO':I'IK(')Tr]TGg (%) (N/mm) (N)
Kapyng
(MPa)
1 0 9.715 35.84341 849.92 0.029145 114.74 543.082
2 0 10.395 28.38152 744.89 0.031185 100.56 430.025
3 0 11.782 39.00422 793.48 0.035346 107.12 590.973
4 0 10.653 37.66818 831.92 0.031959 112.31 570.73
5 0 10.878 37.5379 777.48 0.032634 104.96 568.756
1 90 10.019 37.83113 780 0.0300571 105.3 573.199
2 90 10.653 34.05125 681.38 0.051959 91.987 515.928
3 90 9.307 32.81302 783.92 0.024459 105.83 497.167
4 90 10.405 36.62551 746.07 0.0312631 100.72 554.932
5 90 9.661 37.60304 867.33 0.028983 117.09 569.743

Mivakag 16. ZUyKeVTPWTIKOS TTIVAKAC ATTOTEAEOUATWY

4.5.2. EvdelkTika OSiaypdupara d0vaung (N) — PeTATOTIONG
(mm), kKAiong (N/mm), Tdong kKauyng (MPa) — Trapapdppwong
(%)

ATTO TOUG CUYKEVTPWTIKOUG TTIVOKEG TWV OTTOIWV TA OTOIXEIA €ival CUPQWVA JE
TUTTOUG aTTd TO TTPdTUTTO D 790, dnuioupynBnkav Ta diaypduuara duvaung-
METATOTTIONG, KAIONG KAl TAONG-TTAPAUOPPWONG. 2TN CUVEXEIA AKOAOUBOUV eVOEIKTIKG

Tapadeiypara evwy oto TTapdptnua Il rapouaidfovtal 6Aa Ta diaypduuata Tou

TEIPAPATOS KAUWNG.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



61
TEI KpATtng

TuRua MnxavoAoyiag
« Aokiyio abs 0,25, rpooavaTtoAiouég xTicipatog 0°, a/d

(1)

400
350
300
250
200
150
100

50

doprtio kaupnc (load) (N)

0 2 4 6 8 10 12 14
BéNog kapyng (deflection) (mm)

4.5.3. Mivakeg HéEowv Opwv TAONG KAPMWYNS KAl METPOU

€AAOTIKOTNTAG KATA TV KAMYD.

MeTA TOUG OUYKEVTPWTIKOUG TTIVAKEG UTTOAOYIOTNKE O PECOG Opog TnNG TAong
KAMWNG Kal TOU PHETPOU EAAOTIKOTNTAG KATA TNV Kauwn. O Adyog TTou emAEXOBnKav Ta
OUO peyEBN auTtd cival 16T 0 KATAOKEUAOTNG TTaPoUCIAlel BewpnTIKES TIUEG yIa TA
OUYKEKPIPEVA PEYEDN. ZTOUG TTAPAKATW TTIVOKES @aivovTal O HEGOI OPOI TWV TINWV

Y10 KABE UAIKO e KABe TTpooavaTOMOUO Kal TTAX0G EKTUTTWONG.

ABS 0.25 mm

MpocavaTtoAiopog Tdaon kaduwng Métpo eAaoTIKOTNTAG
ekTUTTWONG (°) (MPa) KAuWwng
(MPa)
0 20.9183 532.286
90 19.275 532.217

Mivakag 17. Méooc¢ 6poc¢ niuwv ABS 0.256mm

MpocavaTtoAiouog
ekTUTTwong (°)

ABS 0.33 mm

Tdon kapwng
(MPa)

Métpo eAaaTIKOTNTOG
KapWng

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



TEI KpATng
TuRua MnxavoAoyiag

(MPa)
0 20.57591 533.468
90 19.016 465.548

livakag 18. Méoog opog niuwv ABS 0.33mm

ABS plus 0.17 mm

MpocavaToAiouog Tdaon kauyng MéTpo eAaoTIKOTNTOG
ekTUTTWONG (°) (MPa) KAUWwng
(MPa)
0 39.141 811.62
920 35.955 903.88

lMivakag 19. . Méoog 6pog niuwv ABS plus 0.17mm

ABS plus 0.25 mm

MpocavatoAiouog Tdaon kaduyng Métpo eAaoTIKOTNTOG
ekTUTTWONG (°) (MPa) KauWwng
(MPa)
0 35.687 799.53
90 35.784 771.74

Mivakag¢ 20. Méoog 6po¢ niuwv ABS plus 0.25mm

2TN OUVEXEID TTaPOUCIAfovTal CUYKPITIKA PaBSoypduPaTa TWV PECWY OpwV

TWV TIWWV TNG TAONG KAPWNG KAl TOU JETPOU EAACTIKOTNTAG KATA TNV KAPWN.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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45
40
35
& 30
2
& 25
El
3 20
b4
3]
3 15
'_
10
5
0
ABS 0.25 mm ABS 0.33 mm ABS plus 0.17 mm ABS plus 0.25 mm
B NpooavatoAlopog ektunwong (0°) M MpooavatoAlopog ektinwaong (90°)

lMivakag 21. 20ykpIon PECOU OPOU TAONS KAUWNS OOKIUIWV

ZT1ov Trivaka 21 @aivetal 0T yia 1o UAIKG ABS peyaAlTtepn avtoxr oTnv Kauwn
EXEl N eKTUTTWON PE TTPOoavVATOAMIONO 90°, pe péyioTo OTO TTAXOG eKTUTTWONG 0.25
mm. MNa 1o ABS plus avtiBeta, mTapatnpeite yeyaAutepn avioxr) otnv KAauyn oOTO
Ookipla pe TTpooavatoAiopo 0°, pye PEYIOTO TO OKipIo TTayXoug ekTUTTwong 0.17mm.
Tn peyaAutepn TP TAGoNG KAUWNG METALU Twv U0 UAIKWYV £xel To ABS plus 0.17mm

ME TTpocavaTtoAiouo ekTuTTwong 0°.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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=
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ABS 0.25 mm ABS 0.33 mm ABS plus 0.17 mm ABS plus 0.25 mm
B NpooavatoAlopog ektunwong (0°) M MpooavatoAlopog ektinwaong (90°)

Mivakag 22. 20yKpIon JETOU OPOU TIUWV YId TO LUETPO EAQOTIKOTNTAC OTHV KAUWN

210V TTivaka 22 @aivetal 0Tl yia T0 UANIKO ABS trapatnpouvtal TToAU PIKPEG
aTTOKAIoEIG PETAEU Twv ABS mdayxoug ekTutrwong 0.25mm (0 kar 90°) kai Tou ABS
Téyoug ekTuTTwong 0.33mm 0°. To ABS 0.33mm Twv 90° @aivetal va €Xel JIKPOTEPN
eAaoTIKOTATA KAPWNG. ZT0 UNIKO ABS plus tn peyaAltepn €AAOTIKOTNTO KAWWNG

TTapouciadel To ABS plus 0.17mm Ttwv 90° evw Tn PIKPOTEPN TO ABS plus 0.25 90°.

Metaé0 TOU ABS kai Tou ABS plus peyaAltepn e€AaoTiKOTATA KAUWNG

TTapouoiddel To ABS plus.

4.5.4. OswpnTIKEG TIPNEG KATOOKEUOOTA YIO TNV TAON KAPNYNS

Kol HETPO EAAOCTIKOTNTAG KATA TNV KAUYN.

2Tn Ouvéxelo aKOAOUBEl TTivakag PE TIG BewpPNTIKEG TINEG TOU KOTAOKEUOOTH

yla TNV Tadon KAPWNGS Kai TO HETPO EAACTIKOTNTAG KATA TNV KAUWN.

YANIKO KATOOKEUNG Taon kapywng MéETpo eAAOTIKOTNTOG
(MPa) Kauyng
(GPa)
ABS 41 1.834
ABS plus 52 2.204

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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lMivakag 23. OewpnTiKES TIUEC TOU KaTaokeuaoTh yia ABS kai ABS plus

Na va TpaydatoTroiNBei n ouUykpion Twyv BewpeNnTIKWY TIHWV HE  TIG
TTEIPOMATIKEG ETTIAEYOVTAI Ol PEYIOTEG TIMEG TAONG KAUWNG, METPOU EAACTIKOTNTAG KATA
TNV Kapwn Adyw Tou TTARBoUG Twv dokipiwy. O1 TINEG AQUTEG gival o1 JEYIOTEG yIa KAOE
UAIKO Kal TTAX0G EKTUTTWONG, QAVeECOPTATWG TTPOCAVATOAIONOU €eKTUTTWONG. 2T

TTAPAKATW paBdoypduuara TTapoucidleTal n oUyKpIon auTr).
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B ABS 0.25 mm B ABS 0.33 mm ABS plus 0.17 mm
ABS plus 0.25 mm W QswpnTikr T ABS W Oswpntikn T ABS plus

Mivaka¢ 24. 20ykpion WEYIOTWVY TTEIPAUATIKWY TIMWYV, Yia KABe &€ido¢ Ookiuiou, e
BewpPNTIKES TILES

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
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lMivaka¢ 25. 20ykpion WEYIOTWV TTEIPAUATIKWY TILWYVY, Yid KABe &€ido¢ Ookiuiou, e
BewpPNTIKES TILES

AkoAouBei TTivakag oTov oTroio ek@pddletal n ekatooTiaia Slagopd NG
BewpnTIKAG atTd TN PEYIOTN TTEIPAPATIKA TIUA TG Tdong K&uwng yia 1o ABS kai 10

ABS plus. H péyiotn Treipapatikn Tiuf eMAEYETAI YIa KABE UAIKO aveapTrTwg TTAX0UG

KAl TTPOCAVOTOANIOHOU EKTUTTWONG.

YANIKO KATOOKEUNG OewpnTIKN TIUA MNelpapatikn TIPn Aio@opd
(MPa) (MPa) )
ABS 41 23.65664 42.3
ABS plus 52 41.38292 20.4

lMivakag¢ 26. YmoAoyioudc 1ng 61apopds peraél Twv BewpnTiKWyY Kal Twv

TTEIPAUATIKWYV TILWV YId TNV TA0N KAUWng

AvrioToixa utroAoyieTal n diagopd TNG BewpnTIKAG ATTd TN PEYIOTN TTEIPOUATIKN TIUA

KAl YIO TO HETPO EAQOTIKOTNTAG KATA TNV KAUWn.

YANIKO KATOOKEUNG OewpnTIKA TIUA Meipapartikh Tiun Alopopd
(GPa) (GPa) (%)
ABS 1.834 0.55022 70
ABS plus 2.204 0.94148 57.28

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€

TPICOIAOTATO EKTUTTWTH
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lMivakag 27. YmoAoyiouog tng 61apopd¢ Leraéu Twv BewpnTIKWVY Kal TwvV
TTEIDAUATIKWYV TILUWV YIA TO UETPO EAAOTIKOTNTAC KATA TNV KAUWn

ABS plus

ABS

o

10 20 30 40 50 60
Taon kaudpng (MPa)

H MelpapoTkA TR M OewPNTIKA TLUA

lMivakag 28. Aiaypauua owpeupévng paBdou otrou aiveral N amokAion peraéu
BewpnTIKNG Kal TTEIPAUATIKAS TIUNS YIa TNV TA0N KAUWNS

ABS plus

ABS

o

500 1000 1500 2000 2500
Métpo ehaoTikotnTag KAuyng (MPa)

M MEpOPOTKA TR M OEWPNTIKA TLUA

lMivakag 29. Aiaypauua ocwpeupévng paBdou otmou aiverar n amokAion ueraéu
BewpnTIKNS KAl TTEIPAUATIKAC TILUNS VIA TO LIETPO EAAOTIKOTNTAS KATA THV KAUWN

MeA£Tn avToxng dokipiou o€ KAPWnN KaTaokeuaopévou atd UAIkS Acrylonitrile Butadiene Styrene plus
TPICOIAOTATO EKTUTTWTH
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4.6 AladIKaoia ocApwong HE XPHON NAEKTPOVIKOU

MIKpookoTriou. SEM (scanning electron microscope).

4.6.1 HAEKTPOVIKI MIKPOOKOTTIO CAPWONG.

H nAekTpoviky MIKpooKoTTia odpwong eivalr pia amd TIG oUyXPOVES Kal

EUENIKTEG HEBOBOU avaAuonG TNG MIKPOBOWNG HEYAAOU apIBUOU UNIKWV.

H 1kavotnta TWwv OTITIKWV PIKPOOKOTTiWY Adyw TNG @uUONG Tou QWTOG
TTeplopideTal o€ eTmiTTeda PeyEBUVONG PEXPI XINIEG QOPEG Kal BIOKPITIKAG IKAVOTNTAG
MEXPI 0.2 um. ZTIG apxEG TNG dekaeTiag Tou 30° dnuioupynBNKe n avaykn yia e¢€Taon
TOU €0WTEPIKOU TOU KUTTAPOU (TTUPrVAG, MITOXOVOPIA) TTOU aTraiTouose peyEBuvon
peyaAuTepn ammd 10000 @opég. H atraitnon autr) odriynoe oTnv avakdAuywn Kai

EQPAPUOYT TWV NAEKTPOVIKWY UIKPOGKOTTIWV.

Eikéva 52: scanning electron microscope.

To NAEKTPOVIKO YIKPOOKOTTIO OAPWONG €ival éva Opyavo TToU AEITOUPYED ‘OTTWG
éva OTITIKO MIKPOOKOTTIO POVO TIOU  XPNOIJOTIoIEl OE0UN NAEKTpoviwv uWnAng
EVEPYEIOG aQvTi yiIa Qwg, yia va eEeTAOEl avTikeiyeva o€ AeTrTopepn KAipoka. Ta
NAEKTPOVIA AOYW TNG KUMATIKAG TOUG QUONG PTTOPOUV va €0TIGoOUV OTTWG Kal TO

QWTEIVA KUpaTa aAAd o€ TTOAU HIKpOTEPN €TTIQAVEIA. (TT.X. KOKKOG UAIKOU). H déaun

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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NAEKTPOVIWV CAPWVEl TNV ETTIPAVEIA TOU OEiyuaTog Ta OTToia aAANAemdPA. ATTO ThV
OAANAETTIOpaCN AuTr TTPOKUTITOUV TTANPOYOpPIEG O€ oXEoN PE TO ATOUA TWV OTOIXEIWV
TTOU OTTAPTICOUV TO €EETACOUEVO UAIKS. ATTO TA ATOPO TWV OTOIXEIWV EKTTEUTTOVTAI

Kupiwg deuTepoyevr) Kal oTTioBookedaléueva NAEKTPOVIA KABWGS Kal AKTIVES X.

H ¢€éviaon Twv eKTEUTTOPEVWY  NAEKTpoviwv  emnpedleTar aommd  Ta
XOPAKTNPIOTIKA TNG emi@dvelag. ‘ETol To sem Sivel TTANpo@Qopieg TTou aPopouVv Kupiwg
oTn Pop@oAoyia Kal OTn ocuoTacn Tng e€m@aveiag. E@apudloviag éva ouoTnua
avixveuang TnG SIa0TTOPAG TWV EVEPYEIWV TWV OKTIVWY X TTOU dnuIoUpyouvTal oTnV
EM@AvEIQ aTTd TNV TTPOCTITITOUCA OECUN, MTTOPEI va yivel NUITTOCOTIKY, OTOIXEIOKNA

avaAuon Tou UAIKoU.

ETTopéviwg 10 sem  XpnoIYOTIOIEITAl yia TNV £EETAON MIKPOOOWNG OTEPEWV

OelyuATWYV Kai yia va divel eikéveg uwnAou Babuou dicicduong.

4.6.2 Aeitoupyia Kai BaoikEg dlaTALEIG TNG Ssem.

H Aeimoupyia Tng sem oTtnpifetal oTiG aANAeTIOPACEIC TOU TTPOG €¢ETAON
OEiyHaTOG KAl TNG TTPOCTTITITOUCOG 0 auTd déoung NAekTpoviwv. O1 Bacikég dIATAEEIG
TTOU UTTGPXOUV OTO PIKPOOKOTTIO €ival TO cUCTAUA TTAPAYWYNS BECHNG NAEKTPOVIWY,
TO ouoTnua Kareubuvong TG dEoPNnG, TO oUCTNUA TTANPOQYOPIWY Kal TEAOG TO

ouaTnua Kevou.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Eikova 53: Mépn Asitoupyia¢ SEM

Ta Baoikd o1ddia Asitoupyiag evog NAEKTPOVIKOU WIKPOCKOTTIOU ival:

>xnuarti¢etal pia dETPN NAEKTPOViwY ATTO TNV N OTToid ETTITAXUVETAI TTPOG TO
OciyHa HEOow evOG NAEKTPIKOU duvapiKoU.

XpNOIYOTTOIWVTAG  PETOAAIKA  avoiypaTa, NAEKTpOPAYVNTIKOUG @OKOUG Kal
TTNVvia cdpwong, ETTITUYXAVETAI Pid AETTTI] EOTIAOPEVN JOVOXPWHATIKI) dETUN N
OTTOI0 COPWVEI TNV ETTIPAVEIQ TOU OEIYPATOG.

O1 aA\nAemmdpaoelg déoung BeiyNaTog KATAYPAPOVTAl OTTO TOUG QAVIXVEUTEG
KAl METATPETTOVTAI OE EIKOVA.

Ta nAekTpdvia TTapdyovral amd €va vipa BoAgpauiou To OTT0i0
Aeiroupyei oav kdBodog. Méoa atrd 1o VAQ TTepvdel peuua. KaBuwg 10 pelpa
QUEAVETAI, EKTTEUTTOVTAI NAEKTPOVIO TA OTTOIa KATEUBUVOVTAI TTPOG TNV Avodo
OTnV OTToIa £QapPOleTal £va SUVAUIKO.

H &vodog tmou gival BeTIKA OTTWG Kal TO KUKAwHA dnuIoupyei 1I0XUPEG
eAKTIKEG duvapelg oTa nAekTpovia. AtrotTéAecpa autou eival 611 n dvodog

KATEUBUVEI KAl ETTITAXUVEI TA NAEKTPOVIA, EAEYXEI BNAADNA TNV EvEPYEIQ TOUG.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Ta nAekTpodvia eTmITaxUvovTal ammd TV avodo Kal TTEpvouv Péoa atro
éva nAekTpopayvnTIkG QAKO CUMTTUKVWONG TTOU Ta HYETaTpETTEl 0 Oéoun. H

I0XUG auToU Tou pakoU KaBopidel Tnv DIGUETPO TNG dETUNG.

4.6.3 'EAgyx0g TnG emTIQAvEIag Bpauong Kal Eidn Opavong

MNa va tpaydatoTroinBei éAeyxog oTnv TToI0TNTA €KTUTTWONG TWV OOKIMiWV
Xpeldletal va Bpebei 1o €idog Bpavong Tou K&Be dokipiou pe TN Bonbeia Twv
eIKOvwy SEM. Z1n ouvéxela, de TN Ponbeia Twv  dlaypappaTwy  Tdong
TTapaudppwaong Ba dilacTaupwBei av n yop@r NG emEAaveiag Bpalong CUPQWVEI
ME Ta SloyPAUUATA TWV TTEIPAPATIKWY dedouévwy. Ta €idn Bpavong Twv SokKIdiwy
Xwpilovtar e OAKiya kol wabupd. KdéBe Siadikacia Bpavuong eutrepiéxel d00
Bruarta, To oXNUATIONO TNG PWYMAS KAl w¢ attoTéAeopa Tn diddoon Tng eCatiag
NG 1Aong. To €idog TnNG Bpavong efaptdrtalr katd TTOAU amd Tov TPOTIO TToU
o1adideTal N pwypn. H OAkiun Bpalon XopakTnEIiCeTal atrd eKTETAUEVN TTAAOTIKA
Tapaudppwaon oTnv TTEPIOX OTTOU avaTmTUoOETal I pwyurh, dnAadn uia
o1aBepny pwyun. Ao TNV GAAN hepId, oTn wabupr) Bpaucr, ol PWYHESG HTTOPOUV
va eEammAwBolv TTOAU ypAyopa evw ouvodeuovtal atrd TTOAU WIKPR TTAQOTIKN

TTapaApoOPPWan.

Omwg  @aivetan otnv  Eikéva 54,

/ﬁ@ XOPOKTNPIOTIKO TNG OAKIUNG Bpauong eivai
n oTévwon Kal n dnuioupyia Aaigou, evw

otn waobupn e€ival n aTroucia TTAACTIKAG
Tapapopewong. Akoun oty OAKIun
Bpaucn n pwyur PYTTopEi va dnuioupyei pia
vwdng em@dveia  Bpalong, &vw OTN

wabupr n dietBuvon Kivnong TNG PWYHAS
givar oxeddv kdbetn otn dielBuvon NG
epapuolouevng Téon, divovrag €101 pia

Ewk6va 54: SYnUATIKY oEKOVLON TNG GAKLUNG Kot OXETIKA €TTITTEDN ETTIPAVEIQ.

Yadupric mapaudppwons

Aaupdavovtag uttéyiv Ta diaypduuaTa
Tdong- TTapapopewong Twv dokiyiwv ABS kai ABS plus, TTapatnpoupe PeydAn
TIAQOTIKA TTEPIOXNA KAl JEYAAN PETATOTION. H TTapaTipnon autr, 0€ cUvOUACHO JE
TNV QVOMOIONOP®Ia OTNV ETTIPAVEIQ Bpauong, OTTWG £TTIONG Kal N TTAPANOPPWOT
TTOU €XOUV UTTOOTEl, OTO PEYAAUTEPO PAKOG TOUG, OopIouéva vAuata Tou ABS Kal

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH
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Tou ABS plus, pag odnyei 010 CUPTTEPACHUA OTI TA OKIIO £XOUV UTTOOTEI OAKIUN
Bpauon. Ouwg N OAKIPOTNTA TWV dOKIMiWY dlagépel peTagu Tou ABS Kkal Tou ABS
plus. OTTwg @aiveTal oTa dAypPAPPOTA TAONG- TTAPAPOPPWONG TWV dUO UAIKWV,
o€ autd Tou ABS, Aéyw Tou PIKPOTEPOU PETPOU EAACTIKOTNTAG, UTTAPXEI LIKPOTEPN
KAion, yeyovog 10 OTT0i0 GUMPBAAAEI OTO OPOASTEPO TTEPACHA TOU UAIKOU ATTO TNV
TIAQOTIKA) OTNV €AAOCTIKA TTEPIOXN. ZTA dlaypdupaTa TaoNG TTapaudpewong Tou
ABS plus, Adyw Tou peyaAUTeEPOU PETPOU EAACTIKOTNTAG, TTOU £XEI WG OTTOTEAECUA
MEYaAUTEPN KAion, TO UAIKO Oev €Xel OMOAN upeTARBacn atrd Tnv TTAACTIKA OTnv

€EAAOTIKA TTEPIOXH.

2uykKpivovTag TIG pwToypagieg SEM Twv 800 UAIKWYV TTApaTnpEiTe 0TI 0€ AUTEG
Tou ABS uttdpyxel JeyaAUTepn avouolopop@ia oTnv em@Avela Bpalong o€ ax£on
Me Tou ABS plus. ETriong vApata tou ABS TTapapop@uwvovTal ducavaloyd, evw
Qaivetal n vwodng EMEAVEIA TTOU OXNMPaTiCeTal oTnV €M@EAvVEIQ Bpalong Twv

VNUATWY.

Mapakdtw TapatiBevial 1a SiIAypAPPATG TAONG TTAPANOPPWONSG Kal Ol
Qwtoypagiec SEM vyia 1a €€ng ookiuia: ABS trayxoug ektutrwong 0,33mm 90°
(Sokiuio 3) pe péTpo ehaoTikoTNTag 407,96 MPa kal ABS plus TTayxoug ekTUTTWONG
0,17mm 90° (dokipio 1) pe YéTpo eAaoTikéTNTOG 941,48 MPa.

e ABS mayoug ekTuTTwong 0,33mm 90°

et e
L

_
)
y

-
v
b

2 v

X20 imm 0533 1940 SEI

Eikéva 55: ¥1a apiotepd: didypapua Ta0NG Tapapop@wong Z1a de€id: pwTtoypagia SEM

e ABS mayoug ekTuttwong 0,17mm 90°

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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X20 imm 0521 2040 SE|

Eikéva 56: Z1a apiotepd: didypapuua Ta0NG TTapapop@wong Z1a de€id: ewTtoypagia SEM

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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2ulATnon

MeydAo koppdT TnG TTapoloag pyaciag ATav n avaAucn TwV TTEIPOAUATIKWY
0edouévwy, PE BACIKO OTOXO TN MEAETN TNG AVTOXAG TWV TUTTWHEVWY BOKIMiwY. Katd
TN dladikacia auTh, TTPAYUATOTTOINBNKE KABAPIOHOG TWV TTIVAKWY, UE TIG TIMEG Ol
OTTOIEG TTPOEKUYAV aTTO TNV UBPAUAIKN TTpécd. Me TIG TIUEG QUTEG KATOOKEUAOTNKAV
dlaypdupaTa  TAONG  TTAPAUOPOWOoNG  KABWG KAl OUYKEVTPWTIKOI  TTIVAKEG
OTTOTEAEOPATWY. 2T OUVEXEID TIPAYUATOTTOINONKE OUYKPION TNG avIoXng Twv
QOKIMiWV he TN BewpnTIKN TIA TToU diveTal aTTd TOV KATAoKEUAoTH. O KATAOKEUAOTNG
yia TIG TIMEG TNG TAONG KAPWNG Xpnoiyotroinoe 1o Tpdétutto ASTM D790, To oTroio
aKoOAOUBRBNKE yia TNV €KTTOVNON TNG £PYACiag auTAG. ZUPQWVA PE TO TTPOTUTTO TA
Ookiyia TTPETTEl va €ival KaTaoKeuaopéva he TN MEBOdO Tng xUTEuOoNG WE €yxuon
(injection molding). ‘ETol civalr TTpo@avég OTI n oUykpIion TTpaydaToTrolEiTal ae 800

OIAPOPETIKESG HEBODOUG.

O1 Tigég Tou KataokeuaoTh gival 41 MPa yia to ABS kal 52 MPa yia 10 ABS
plus yia Tnv Tdon Kauyng kai avtiotoixa 1,834 GPa yia 1o ABS kai 2,204 GPa yia 10
ABS plus yia 1o uéTpo eAAoTIKOTATAG. Na TN CUYKPION XPNCIKMOTTIOINONKAV 01 JEYIOTEG
TTEIPAUATIKEG TIMEG, OI OTTOiEG avTIOTOIXOUV ot 23,65664 MPa yia 170 ABS Kai
41,38292 MPa yia 10 ABS plus yia Tnv 180N KAuwng. AvTioTOIXO YyIa TO METPO
eAAOTIKOTATAG N WEYIOTN TTEIpapaTik TIPA €ival 0,55022 GPa yia 1o ABS kai 0,94148
GPa yia 10 ABS plus. H emi 101 ekaTd dlagopd yia 1o ABS eival 42,3% yia Tnv 140N
KAPWNG kai 70% yia 1o PETPO €AAOTIKOTNTAG KATA TNV KAPWN. AvTioToiXa yia 10 ABS

plus cival 20,4% yia Tnv 70N KAPWNGS Kal 57,28% yia 10 YETPO €AAOTIKOTNTAG KATA

TNV Kapwn.

Eivar @avepd 611 n péBodog TG XUTEUONG PE £yXUON UTTEPTEPEI OE OXEON ME
QUTA TNG TPIOBIACTATNG EKTUTTWONG. TO yeyovog autd eival AOYIKO MIOG KAl PE TN
MEBOSO TNG XuTeuong dnuioupyouvTal OTIBAPd  AVTIKEIPEVA, XWPIG Kevd OTnv
EOWTEPIK TOUG Ooun, evw oTnv TpiodidoTtarn oxediaon n utmofdBuion Twv
MNXAVIKWY I8I0TATWY €ival avaTTOPEUKTN, aPoU N KATACKEUN TwV OOKIUiwWY YiveTal hE

vipaTta ABS Ta otroia dnuioupyolv Keva avapesa o€ KABe aTpwaorn UAIKOU.

>uykpivovtag Ta dUO UAIKA, JeyaAUTEPN avToxr OTnV KAPWn TTapéxel To ABS
plus, To OTTOIO £XEI EVIOXUPEVEG UNXAVIKEG 1BIOTNTEG O€ OXéon ME To ABS, To OTT0IO KAl
ouppadider pe Tn Bewpia. KaAltepn avtoxn otnv KAuwn €xouv Ta OOKiuIa TTAXO0UG

ekTUTTWONG  0,17mm ka1 dielBuvong ekTUTTwong 0°. ZXeTIKA HE TO METPO

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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eAOOTIKOTATAG TTIO AVOEKTIKA €ival Ta Ookipia Taxoug ektummwong 0,17mm  kai

TTpocavaToAiouou 90°.

MeAETn avToxrg dokipiou o€ kauwn Kataokeuaopévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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Designation: D 790 - 02

i

Standard Test Methods for

1. Scope *

1.1 These test methods cover the determination of flexural
propesties of inf inforced plastics, including
high-modulus composites and clectrical insulating materials in
the form of rectangular bars molded directly or cut from sheets,
plates, or molded shapes. These test methods are gencrally
applicable to both ngid and semirigid materials. However,

| flexural strength cannot be determined for those maderials that
do not break or that do not fail in the outer surface of the test
specimen within the 5.0 % strain limit of these test methods.
These test methods utilize a three-point loading system applied
to a simply supported beam. A four-point loading system
method can be found in Test Method D 6272.

1.1.1 Procedure A, designed principally for materials that
break at comparatively small deflections.

1.1.2 Procedure B, designed particulasly for those materials
that undergo large deflections during testing,

1.1.3 Procedure A shall be used for measurement of fiexural
properties, particularly flexural modulus, unless the material
specification states otherwise. Procedure B may be used for
measurement of flexural strength only. Tangeat modulus dara
obtained by Procedure A tends to exhibit lower standard
devitions than comparable data obtained by means of Proce-
dure B,

1.2 Comparative tests may be run in accordance with either
procedure, provided that the procedure is found satisfactory for
the material bemg tested.

1.3 The values stated in SI units are to be regarded as the
sqandard. The values provided in parentheses are for informa-
tion only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate sufety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Note |- These test methods arc not technically equivalent to LSO 178,

ed
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Flexural Properties of Unreinforced and Reinforced Plastics
and Electrical Insulating Materials’
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2, Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing®

D 638 Test Method for Tensile Properties of Plastics’

D &&3 Terminology Relating to Plastics®

D 40013 Classification System for Specifying Plastic Mate.
rials

D 5947 Test Methods for Physical Dimensions of Solid
Plastic Specimens®

D 6272 Test Method for Flexural Properties of Unreir-
forced and Reinforced Plastics and Electrical Insulating
Materials by Four-Point Bending'

E 4 Practices for Force Verification of Testing Machines’

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method®

3. Terminology

3.1 Definitions—Definitions of terms applying to these test
methods appear in Terminology [ BR3 and Annex Al of Tes
Method D 638.

4. Summary of Test Method

4,1 A bar of rectangular Cross sccion (ests on (Wo suppats
and s loaded by means of a loading nose midway between the
supports (see Fig. 1). A support span-to-depth ratio of 161
shall be used unless there is reason to suspect that u lag
span-to-depth ratio may be required, 45 may be the case ot
certain laminated materials (see Section 7 and Note 8 fue
guidance).

42 'The specimen is defiected until rupture occurs in e
outes surface of the test specimen or until a maximum stmit
(see 12.7) of 5.0 % is reached, whichever occurs first.

43 Procedure A employs a strain rate of 0.01 mm/mmms
(0.01 in.fin/min) and is the preferred procedure for this et
method. while Procedure B employs & strain rate of 0.9
mm/mm/min (0.10 in./in/min).

* Ansmnl Book of ASTM Swendardy, Vol 0801
? Anwsnd ook cf ASTM Standards, Vol 08 00
* Annwod Book of ASTM Srandards. Vol 08 03
* Anruad Book of ASTH Srandande, Vol 03.01
* Al Rovk of ASTA Standants. Vol 14.02.

'Amummwummn«mmm.
Copyright © ASTM Intematonal, INWWM.OOMCM,WWMIQIW.WMW&
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®)
Nome—{a) Minimum radies = 3.2 mm (u in.). (P) Mn.um-m radivs

suppocts 1.6 times specs depth; radius ) g nose =4
tmes specimen depeh,
FIG. 1 Allowable Range of Loading Nose and Support Radii

5. Significance and Use
5.1 Flexural propertics as determined by these test methods
are especially useful for quality coatrol and specification

purposes. .

5.2 Materials that do not fail by the maximum strain
allowed under these test methods (3-point bend) may be more
suited to @ 4-point bend test. The basic difference between the
two test methods is in the location of the maximum bending
moment and maximum axial fiber stresses. The maximum axial
fiber stresses oocur on a line under the loading nose n 3-point
bending and over the area between the loading noses in 4-point
bending.

5.3 Flexural properties may vary with specimen depth,
tempesature, atmospheric conditions, and the difference in rate
of straining as specified in Procedures A and B (see also Note
8).

5.4 Before proceeding with these test methods, reference
Mldbcnudctothcspecnﬁaﬁmoﬂhemnuhlbﬁnglmed
Any test specimen preparation, conditioning, dimensions, or
lesting , or combination thereof, covered in the
materials specification shall take precedence over those men-
tioned in these test methods. If there are no matenal specifi-
cations, then the default conditions apply. Table I in Classifi-
cation System D 4000 lists the ASTM materials standards that
currently exist for plastics.

6. Apparatus

6.1 Testing Machine— A properly calibrated testing ma-
chine that can be operated at constant rates of crosshead metion
over the range indicated, and in which the emror in the load
measuring system shall not exceed 1 % of the maximum load
expected to be measured. It shall be equipped with a deflection
measuring device. The stiffness of the testing machine shall be
such that the total elastic deformation of the system does not
exceed 1 % of the total deflection of the test specimen during

TABLE 1 Flexural Strength

Vidues Exgrasaad in Units ol %
Muteisl  Mean, 10° pei of 10° pd

VA V" ~ G
ABS 2% 1.59 &05 L 17.2
DAP thermaset 143 658 688 108 186
Cast aciic 163 167 13 473 R0
QR polynste 195 143 214 405 e0e
GR polycarbonate 210 516 6508 146 ma
SMC 260 476 749 135 204

AV, = within sant of for the s

cbtamed by fist podiing the wihin-laboratory standard devistons of ™e e
resuls from all of the paniipating labormceiss: S = (15,07 + (5 - . + ( 5,7)0)
mm V, = |5, dwicied by the overad average for the mateda) x 100,
Sy= Ay, sop a5 the
son: Sp= (57« s")"n-s.un deviston of
Then: v"-(sammmmmunnmmmoo
© 1= within-laboratory orifical intorvat between two Sest results « 28 x V.
O = tetwesn-taborstory critical interval batmaan two WSt euts =28 X Ve

of varia-
Y Mans.

testing, or appropriste corrections shall be made. The load
indicating mechanism shall be essentially free from inertial lag
at the crosshead rate used. The accuracy of the testing machine
shall be verified in accordance with Practices E 4.

6.2 Loading Noses and Supports—The loading nose and
supports shall have cylindrical surfaces, In order to avoid
excessive indentation, or failure due to stress concentration
directly under the loading nose, the radii of the loading nose
and supports shall be 5.0 = 0.1 mm (0.197 = 0.004 in.) unless
otherwise specified or agreed upon between the interested
clicats. When other loading noses and supports are used they
must comply with the following requirements: they shall have
a minimum radius of 3.2 mm (% in.) for all specimens, and for
specimens 3.2 mm or greater in depth, the radius of the
supports may be up to 1.6 times the specimen depth. They shall
be this large if significant indentation or compressive failure
occurs. The arc of the loading nose in contact with the
specimen shall be sufficiently large to prevent contuct of the
specimen with the sides of the nose (see Fig. 1). The maximum
radius of the loading nose shall be no more than 4 times the
specimen depth.

Nm?—Tm&uhxveﬂ\dewlomhgmndsuwoﬂ

can inf the fi i
values. mhmmdmmummemmnm Dimenuom

of the Joading nose and suppocts must be specified in the matedial
specification.

63 Micrometers— Suitable micrometers for measuring the
width and thickness of the test specimen to an incremental
discrimination of at least 0.025 mm (0.001 in.) should be used.
All width and thickness measurements of rigid and semingid
plastics may be measured with a hand micrometer with ratchet.
A suitable instrument for measuring the thickness of nonrigid
test specimens shall have: a contact measuring pressure of
25 % 2.5 kP& (3.6 + 0.36 psi), 2 movable circular contact foot
6.35 + 0.025 mm (0.250 * 0.001 in.) in diameter and a Jower
fixed anvil large enough to extend beyond the contact foot in
all directions and being parallel to the contact foot within 0.005
mm (0.002 in.) over the entire foot area. Flatness of foot and
anvil shall conform to the portion of the Calibration section of
Test Methods D 5947.

147

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



TEI KpATng

TuRua MnxavoAoyiag

-_—

48y o 790

7. Test Specimens

7.1 The specimens may be cut from sheets, plates, or
molded shapes, or may be molded to the desired finished
dimensions. The actual dimensions used in Section 4.2, Cal-
culation, shall be measured in accordance with Test Methods
D 5947,

Nome 3—Any y polishing of 5
the lengthwise directs pec

7.2 Sheet Materials (Except Laminated Thermosetting Ma-
terials and Certain Materials Used for Electrical Insulation,
Including Vulcanized Fiber and Glass Bonded Mica):

7.2.1 Materials 1.6 mm (Vie in.) or Greater in Thickness—
For flatwise tests, the depth of the specimen shall be the
thickness of the materinl. For edgewisc tests, the width of the
spocimshlllbelbsd\ichulofmesheﬂ.anddwdemhshﬂ
not exceed the width (see Notes 4 and 5). For all tests, the
Wwdﬂﬂbelé(mmtl)ﬁmsﬂndmaﬁw
beam. Specimen width shall not exceed one fourth of the
support span for specimens greater than 3.2 mm (% in.) in
depth. Specimens 3.2 mm or less in depth shall be 12.7 mm (%4
in.) in width. The specimen shall be long enough to allow for
overhanging on each end of at least 10 % of the support span,
but in no case less than 6.4 mm (% in.) on each end. Overhang
shall be sufficient to prevent the specimen from slipping
through the supports.

Nore 4—Whenever possible, the original susface of the sheet shall be
usaltered, However, where testing ime limitations make it impossebls

shall be done only in

79

r

the outer fibers of the specimens, duc only to the bendipy
moment (see Note 8). Therefore, a ratio Jasger than 16:1

be necessary (32:1 or 40;1 are re ded). When lami
materials exhibit Jow ive strength perpendicular oz,
laminations, they shall be loaded with a large radius loading
nose (up to four mes the specimen depth Lo prevent premature
damage 10 the outer fibers.

7.4 Molding Materials (Thermoplastics and Thermosets)-.
The recommended specimen for molding materials is 127 by
12.7 by 3.2 mm (5 by Yby Y in.) tested flatwise on & suppon
span, resulting in & support span-to-depth ratio of 16 (tolerinc
+1). Thicker specimens shoukd be avoided if they exhiby
significant shrink marks or bubbles when molded.

7.5 High-Strength Reinforced Composites, Including Highly
Orthotropic Laminates—The span-to-depth ratio shall be cho.
sen such that failure occurs in the outes fibers of the specimeny
and s due only to the bending moment (see Note §). A
span-to-depth ratio larger than 16:1 may be necessary (32:]
40:1 are recommended). For some highly anisotropic compes-
ites, shear deformation can significantly influence modulw
measurements, even at span-to-depth ratios as high as 40|,
Hence, for these malerials, an increase in the span-to-depth

ratio to 601 is rec ded to el shear effects when
dulus data are required, it should also be noted that ih
fiexural modulus of highly ani ic laminates is a strorg

function of ply-stacking sequence and will not necessanty
correlate with tensile modulus, which is not stacking-sequence

1 q

to follow the above criterion on the unaltered sheet, cae or both sarfaces
shall be machined %o provide the desired dimensions, and the kocation of
the specimens with refesence %0 the total depth shall be noted. The valoe
biained an specimens with machined surfsces may differ from those
obtained an specimens wigh ariginal susfaces. Consequently, any specifi-
cations for flexural properties on thacker sheets must siale whether the
oﬂﬁwmknmwhwwm.mwmmfnw-
machined, it must be stased whether the machined surface was on the
tession or compeession side of the beam.

Nors 5--Edgewiss tests are not applicable for sheets that are o thin
that specimens meeting Ukse requirements cannot be cut. If specimen
depth exceeds the widih, bockling may occr.

7.2.2 Maerials Less than 1.6 mm (‘e in.) in Thickness—
The specimen shall be 50.8 mm (2 in.) long by 12.7 mm (Y2 in.)
wide, tested flatwise on a 25.4-mm (l-in.) support span,

Nors 6—Use of the formulas for simple beams cited in these test

thods for eslonlating P that beam width is small in
coenparison with the sappoet span. Therefore, the formmlas do nut agply

g ly to these di 3

Nom 7—Where machine sensitivity 1 such that specimens of these
dimensions canoot be measared, wider specimens or shorter support
spans, oc both, may be wsed, provided the support span-1o-depeh ratio is =t
least 14 to 1. All dimensions must be ststed in the repoet (see also Nole 6).

73 L d Th ing Materials and Sheet and
Plate Materials Used for Electrical Insulation, Including
Videanized Fiber and Glass-Bonded Mica—For paper-base
and fabric-base grades over 254 mm (1 in) in nominal
thickness, the specimens shall be machined on both surfaces to
u depth of 25.4 mm. For glass-base and nylon-base grades,
specimens over 12.7 mm (% in.) in nominal depth shall be
machined on both surfaces to a depth of 12.7 mm. The support
span-to-depth ratio shall be chosen such that failures ocour in

¥

Note §—As a general rule, support span-to-depth ratios of 161
satisfaciory when the ratio of the tensile strength 1o shear strength is lkes
than 8 1o |, but the suppoa span-so-depth matio must be Increased fx
compasite laminstes having relatively low shear strength in the plane &
the laminate and relatively high tensile strength parallel to the suppon
span.

8. Number of Test Specimens

8.1 Test at Jeast five specimens for each sample in the cie
of isotropic materials or molded specimens.

8.2 For each sample of anisotropic material in sheet fona,
test at Jeast five specimens for each of the following conditions.
Recommended conditions are flatwise and edgewise tests @
specimens cut in lengthwise and crosswise directions of the
sheet, For the purposes of this test, “lengthwise” designates 3¢
peincipal axis of anisotropy and shall be interpreted to mean 8¢
direction of the sheet known to be stronger in flexure, "“Cros
wise" indicates the sheet direction known to be the weaket it
fAexure and shall be at 90° 1o the lengthwise direction.

9. Conditioning

9.1 Conditioning—Condition the (est specimens at 23 *
2°C (T3.4 = 3.6°F) and 50 = 5 % relative humidity for not le%
than 40 h prior to test in dance with Procedure A of
Practice D 618 unless otherwise specified by contract of
relevant ASTM material specification, Reference pre-test cof
ditioning, 1o seutle disagreements, shall upply tolerances
41°C (1.8°F) and +2 % relative humidity.

9.2 Test Conditions—Conduct the tests at 23 + 2°C (T34 *
36°F) and 30 = 5% relative humidity unless otherwis

B
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specified by contruct or the relevant ASTM material specifica-
tion. Reference testing conditions, to settle disagreements,
shall apply tolerances of =1°C (1.8°F) and +2 % relative
humidity.

10. Procedure

10.1 Procedure A:

10.1.1 Use an untested specimen for cach measurement.
Measure the width and depth of the specimen to the nearest
(.03 mm (0.001 in.) at the center of the support span. For
specimens less than 2.54 mm (0.100 in.) in depth, measure the
depth to the nearest 0.003 mm (0.0005 in.). These measure-
ments shall be made in accordance with Test Methods D 5947,

10.1.2 Determine the support span to be used as described in
Section 7 and sct the support span to within 1% of the
determined value.

10.1.3 For flexural fixtures that have continuously adjust-
shle spans, measure the span accurately to the nearest 0.1 mm
(0.004 in.) for spans less than 63 mm (2.5 in.) and to the nearest
0.3 mm (0.012 in.) for spans greater than or equal 10 63 mm
(2.5 in.). Use the actual measured span for all calculations. Ror
flexural fixtures that have fixed machined span positions, verify
the span distance the same as for adjustable spans at each
muchined position. This distance becomes the span for that
pasition and is used for calculations applicable to all subse-
quent lests conducted at that position. See Annex A2 for
information on the determination of and sctting of the span,

10.1.4 Caleulate the rate of crosshead motion as follows and
set the machine for the rate of crosshead motion as calculated
by Eq I:

R=ZL0d )
where:
R = rate of crosshead motion, mm {in, Mmin,
L = support span, mm (in.),
d = depth of beam, mm (in.), and
Z = e of straining of the outer fiber, mm/mm/min (in./

inJ/min), Z shall be equal to 0.01.

In no case shall the actual crosshead rate differ from that
calculated using Eq 1, by more than 10 %,

10.1.5 Align the Joading nose and supports so that the axes
of the cylindrical surfaces are parallel and the loading nose is
midway between the supports. The parallelism of the apparatus
may be checked by means of a plate with paralle] grooves into
which the loading nose and supports will fit when properly
aligned (see A2.3). Center the specimen on the supports, with
the long axis of the specimen perpendicular to the loading nose
and supports.

10.1.6 Apply the load to the specimen at the specified
Crosshead rate, and take simultaneous load-deflection data.
Measure deflection either by a gage under the specimen in
coatact with it at the center of the support span, the gage being
mounted stationary relative to the specimen supports, or by
Messtrement of the motion of the loading nose relative to the
Sapparts, ion curves may be plotted to determine
the fiexural strength, chord or secant modulus or the tangent
Modulus of elasticity, and the total work as measured by the
rea under the load-deflection curve. Perform the necessary toe

149

compensation (see Annex Al) to¢ comrect for seating and
indentation of the specimen and deflections in the machine,

10.1.7 Terminate the test when the maximum strain in the
outer surface of the test specimen has reached 0.05 mm/mm
(injin.) or at break if break occurs prior to reaching the
maximum striain (Notes 9 and 10). The deflection at which this
strain will occur may be calculated by letting r equal 0.05
mm/mm (in/in.) in Eq 2:

D = ri’i6d (2
here:

midspan defiection, mm (in.),
straan, mm/mm (inJin.),
Support span, mm (in.), and
depth of beam, mm (in.).

Note: 9—For some materials that do not yield ar break within the § %
strain limit when tested by Procedure A, the increased strain rute allowed
by Procedure B (see 10.2) may induce the specimen to yield oc break, or
both, within the required § % strain Emit.

Nore 10-~Beyond $ % strain, this test method is not applicable. Some
other mechanical property might be more relevant to characterize mate-
tials that neither yield nor break by either Procedure A or Procedure B
within the 5% strain lmit (for example, Test Meshod D 638 may be
consadered).

10.2 Procedure B:

10.2.1 Use an untested specimen for cach measurement,

10.2.2 Test conditions shall be identical to those described
in 10.1, except that the rate of straining of the outer surface of
the test specimen shall be 0.10 mm/mm (in./in, ¥min.

10.2.3 If no break has occurred in the specimen by the time
the maximum strain in the outer surface of the test specimen
has reached 0.05 mm/mm (in/in.), discontinue the test (see
Note 10),

NSO E
wnnm

11, Retests

11.1 Values for properties at rupture shall not be calculated
for any specimen that breaks st some obvious, fortuitous faw,
unless such flaws constitute & variable being studied. Retests
shall be made for any specimen on which values are not
calculated,

12. Calculation

12.1 Toe compensation shall be made in accordance with
Annex Al unless it can be shown that the toe region of the
curve is not due to the take-up of slack, scating of the
specimen, or other artifact, but rather is an authentic material

response,

122 Flexural Stress {oj—When a homogeneous clastic
material is tested in flexure as a simple beam supported at two
points and loaded at the midpoint, the maximum stress in the
outer surface of the test specimen occurs # the midpoint. This
stress may be calculated for any point on the load-deflection
curve by means of the following equation (see Notes 11-13):

o= IPLI2bd )

where:

o = stress in the outer fibers at midpoint, MPa (psi),
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=lupp'onw.mm(h.).
= width of beam tested, mm (in.), and
= depth of beam tested, mm (in.).

Noms |1-<Eq 3 applies strictly to materials foe which stress is linearly
propoctional to strain up to the paint of rupture asd for which the strains
are soall, Since this is not always the case, a slight error will be
Incoduceddaqsmuzdhcummfoemdn!stmm
Hook: The ion is valid for obtaining companson duta
mdforspedﬁmupupongmdynpnamxmﬁbuwdnol
$ % im the owter surface of the test specimen for specimens tested by the
procedures described herein.

Note 12—When testing highly octh T the
mmmd“pmmhmsmﬁmorhmnmm
Laminated beam theory mmst be applied to determime the maximem
mmuwmuunm»m*& 1t will yield an

app gth based oa b o beam theory. This spparent
strength ks highly dependent on the ply-stacking seq of highly
crthotropic laminates.

Nore lS—mMucdnlhﬁuimvaﬁdﬁlhmﬂpc

123 Fl«.wral Stress for Beams Tested ar Large Support
Spans (o J—If support span-to-depth ratios greater than 16 to
I are used such that deflections in excess of 10% of the
support span occur, the stress in the outer surface of the
specimen for a simple beam can be reasonably approximated
with the following equation (see Note 14):

oy = BPLRSAY + 6L ~ MAILXDILY] )

where:

0, P. L, b, and d arc the same as for Eq 3, and

D =deflection of the centerline of the specimen at the
middle of the support span, mm (in.).

Nore |4—When large suppoct span-to-depth ratos are used, significant
end forces are developed at the support noses which will affect the

im a simple supp d beam. Eq 4 inclades additiosal terms that
are an approximate cormection factor for the influesce of these end forces
in large support span-to-depeh ratio beams where relatively large deflec-
tions exist,

124 Flexural Strength {op)—Maximum flexural stress
sustained by the test specimen (see Note 12) during a bending
test. 1t is calculated according to Eq 3 or Eq 4. Some matenials
that do not break at strains of up o 5% may give a load
deflection curve that shows a point at which the load does not
increase with an increase in strain, that is, a yield point (Fig. 2,
Curve B), Y. The flexural strength may be calculated for these
matenials by letting P (in Eq 3 or Eq 4) cqual this point, ¥

125 Flexural Offset Yield Strength—Ofset yield strength is
the stress at which the stress-strain curve deviates by a given
strain (offset) from the tangent to the initial straight line portion
of the stress-strain curve. The value of the offset must be given
whenever this property is calculated,

Nors 15-<This value muy differ from llexural streagth defioed in 124,

7 For 4 Eacuedon of these effects, see Zweten, C., Smith, W. S, and Wardle, M.

W, mmmmmmmwm&-—t

of Fabrie ir: Teaning and
na;,.mmcwama).mumm 19"9 mmm
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Nore—Curve a:  Specimen that hreaks before yieldmg.
Curve b Specimen thit yields and then beeaks before the 5% straly

Tarmia,
Curve v Specimen that neither yields nor breaks before the 5 % strain
Limit

FIG.2  Typical Curves of Flexural Stress (s Versus Flexural
Strain (¢

Both metheds of calculation sre descrbed In the annex to Test Method

D638,

12.6 Flexural Stress at Break (opy )—Flexural siress al
break of the test specimen during a bending test. It is calcolated
according to Eq 3 or Eq 4. Some matenals may give 2 load
deflection curve that shows & break point, B, without a yield
point (Fig. 2, Curve a) in which case 0 =g, Other
materials may give a yield deflection curve with both a yield
and a break point, 8 {Fig. 2, Curve b). The fNexural stress &
break may be calculated for these matesials by letting P (in g
3 or Eq 4) equal this point, B.

12,7 Stress ar a Given Strain—The stress in the outer
surface of a test specimen at @ given strain may be calculated
in accordance with Eq 3 or Eq 4 by letting P equal the load read
from the load-deflection curve at the deflection corresponding
10 the desired strain (for highly orthotropic laminates, see Noie
12).

128 Flexural Srrain, €—Nominal fractionul change in the
length of an element of the outer surface of the test specimes
at midspan, where the maximum struin occurs, It may be

lculated for any deflection using Eq S:

&, - 6D )]

where:

straun in the outer surface, mmv/mm (in./in.),
maximum deflection of the ceater of the beam, mm
(in.),

support span, mm (in.), and

o
[}

=~
[}
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d = depth, mm (in.). deflection curve. The chosen stress or strain point used for the
p = maximum deflection of the center of the beam, mm  determination of the secant shall be reported.

{in.}, 1293 Chord Modulus (Ej—The chord modulus may be
L = support span, mm (in.), and calculated from two discrete points on the load deflection

d = depth, mm (in.).

129 Modulus of Elasticiry:

12.9.1 Tangent Modulus of Elasticity—The tangent modu-
Jus of elasticity, often called the “modulus of elasticity,” is the
ratio, within the elastic limit, of stress to corresponding strain.
It is calculated by drawing a tangent 1o the steepest initial
straight-line portion of the load-deflection curve and using Eq
6 (for highly anisotropic composites, see Note 16).

Ey = Dmibd®

(6)

curve. The selected points are to be chosen at two prespecified
stress or sirain points in accordance with the appropriate
material specification or by customer contract, The chosen
stress o strain points used for the determination of the chord
modulus shall be reported. Calculate the chord modulus, £,
using the following equation:
Ey={ag — aplien — &) ™
where:
@y, and o, are the flexural stresses, calculated from Eq 3 or
Eq 4 and measured at the predefined points on the load

where: deflection curve, and € , and

Eg = medulus of elasticity in bending, MPa (psi), €n are the flexural strain values, calculated from Eq 5 and
L = support span, mm (in.), measured at the predetermined points on the load deflection
¢ = width of beam tested, mm (in.), curve.

d = depth of beam tested, mm (in.), and _ 12.10 Arithmetic Mean— For each series of tests, the
m = slope of the tangent to the initial straight-line portion  yrighmetic mean of all values obtained shall be calculated to

of the Joad-deflection curve, Nfmmn (Ibffin.) of deflec-

tion.
Nors 16—Shear deflections can seriowsly redoce the Jul
dmmymm«wkwmmmnnnymmnlwm
depeh ratios,” quhhm.amwdep(hnmdwnoln
recommended for £ jons on these comp
Fexural strength should be d d on a sep set of replhi
specimens at & lower span-1o-depth ratio that indeces tensile faiture in the
outer fibers of the beam along its lower face. Since (he Bexural modubss
of highly anisotropic laménstes is a cntical fusction of ply-stacking
wquence, it will pot il late with tensile modubas, whach is

three significant figures and reported as the “average value™ for
the particular property in question.

12.11 Standard Deviation—The standard deviation (esti-
mated) shall be calculated as follows and be reported 0 two
significant figures:

(EX* —nX)f(n— 1) (8)
where:
s estimated standard deviation,

wt stacking-sequence dependm X = value of ;ingla obsqrvuiou.
129.2 Secant Modulus— The secant modulus is the ratio of a = oumber of obscrvations, and ¢
e i in-at sy’ selected polit cn the X = arithmetic mean of the set of observations.
stress-strain curve, that is, the slope of the straight line that 13. Report

juins the origin and a selected point on the actual stress-strain
carve, It shall be expressed in megapascals {(pounds per square
inch). The selected point is chosen at a prespecified stress or
strain in accordance with the appropriate material specification
or by customer contract. It is calculated in accordance with Eq
G by letting m equal the slope of the sccant to the load-

TABLE 2 Flexural Modulus

13.1 Report the following information:

13.1.1 Complete identification of the material tested, includ-
ing type, source, manufacturer’s code number, form, principal
dimensions, and previcus history (for laminated materials,
ply-stacking sequence shall be reported),

13.1.2 Direction of cutting and loading specimens, when

Sate,
13.1.3 Conditioning procedure,
13.14 Depth and width of specimen,

Valuas Exprassed in unilts of %
NMaheral Mean, 107 pa of 10° psi 13.1.5 Procedure used (A or B),
VA Va® [ "~ 13.1.6 Support span length,
a5 8 T 138 218 13.1.7 Support span-to-depth ratio if different than 16:1,
DAP thermosst 485 280 718 815 204 13.1.8 Radius of supports and loading noses if different than
On paane B0 s 4w et e oMW
1 4 1 g
GA potycarbanae 1780 552 552 156 156 13.1.9 Rate of crosshead motion,
SNC 1950 108 198 o8 30 13.1.10 Flexural strain @t any given stress, average value
AV, = wiihin coaffcant of for the i itis  and standard deviation,
theaiag ty frst posting the wethin-sbonvory standard devistons of T fost 13.1.11 If a specimen is rejected, reason(s) for rejection,
mﬁﬁﬁm‘m‘m o ;,E“,,;,’:g{ o ¥ 13112 Tangent, sccant, or chord modulus in bending,
Mciert of varis-  average valoe, standard deviation, and the strain level(s) used

lms.,-w,. ‘}“m&nmmmdmm
Vi = (Spy civided by ®w overall average for $ie masseisl) X 100,

Cr = wilhie-Bbomtory crisesl Imerval betwnen two st resuls = 28 X 1,

"R mmmwwmmwueux Vi
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if secant or chord modulus,
13.1.13 Flexural strength (if desired), average value, and
standard deviation,

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



TEI KpATng
TuApa MnxavoAoyiag

el s

4% o 790

13.1.14 Stress at any given strain up to and including 5 % (if
desired), with strain used, average value, and standard devia-
ton,

13.1.15 Flexural stress at break (f desired), average value,
and standard deviation,

13.1.16 Type of behavior, whether yielding or rupture, of
both, or other observations, occurring within the 5 % strain
limit, and

13.1.17 Date of specific version of test used.

14. Precision and Bias *

14.1 Tables | and 2 are based on a round-robin test
conducted in 1984, in accordance with Practice E 691, involv-
ing six materials tested by six laborutories using Procedure A.
For each material, all the specimens were prepared at one
source. Each “test result” was the average of five individual
determinations. Esch laborutory obained two test results for
each material,

Note 17—Csution: The following explanations of r and & (14.2-
14 .2.3) are intended caly 1o present 8 imgful way of idecing the
meamwmmmgvmmm
and 3 showld not be appbied rig Jy to the accer oe rojection of
msteriale, %5 those data are specific 10 the rend robin and msy not be
mv:dnﬂmlw.mm,wﬂswwmﬂmd

* Suppoeting dals s avallable from ASTM Hesduiters. Request RR-
D20~ 1128, ;

these test methods should apply the principles cutlined i Practice E )
10 generate data specific 10 their laboratory and materials, Or betuee,
specific labaratories. The principles of 14.2-14.2.3 would then be valid fre
such data.

14,2 Concept of "r™ and “R" in Tables 1 and 2—If S, ung
Sy have been calculated from a large enough body of data, ang
for test results that were averages from testing five specimess
for each test result, then:

14.2.1 Repeatability— Two test results obtained within one
Jaboratory shall be judged not equivalent if they differ by more
than the r value for that material, r is the interval representing
the critical difference between two test results for the same
material, obtained by the same operator using the same
equipment on the same day in the same laboratory,

14.2.2 Reproducibility— Two test results obtained by dif.
ferent Jaboratories shall be judged not equivalent if they differ
by more than the R value for that material. R is the intervs)
representing the critical difference between two test results foe
the same material, obtained by different operators using differ.
ent equipment in different laboratories.

14.2.3 The judgments in 142.1 and 1422 will have a
approximately 95 % (0.95) probability of being correct,

14.3 Bias—No statement may be made about the bias of
these test metheds, as there is no standard reference material o¢
reference test method that is applicable.

15. Keywords
15.1 flexural properties; plastics: stifiness; strength

ANNEXES

(Mandatory Information)

Al TOE COMPENSATION

Al.l In atypical stress-strain curve (see Fig. A1) there is
a toe region, AC, that does not represent a property of the
material. It is an artifact cavsed by a takeup of slack and
alignment or seating of the specimen. In order (0 obtzin correct
values of such parameters as modulus, strain, and offset yield
poim.thismﬁfndnmﬂbccompemlledforwgivcﬂw
corrected zero point on the strain of extension axis.

Al2 In the case of a material exhibiting a region of
Hookean (lincar) behavior (see Fig. Al.1), u continuation of
the linear (CD) region of the curve is constructed through the
zeto-stress axis. This intersection (B) is the comrected zero-
strain point from which all extensions or strains must be
measured, including the yield offset (BE), if applicable. The
clastic modulus can be determined by dividing the stress at any
point zlong the Line CD (or its extension) by the strain at the
smwinl(nmmmdﬁum?oim&deﬁmduwo-mh\)‘

AL3 In the case of a material that does not exhibit any
linear region (sce Fig. A1.2), the same kind of toe correction of
the zero-strain point can be made by constructing a tangent o
the maximum siope at the inflection Point /', This is extended
to intersect the strain axis at Point B', the corrected zero-strain

A L £ Strais

Nore—Some chart recorders plot the mirror image of this graph
FIG. A1.1  Materlal with Hookean Region
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_Streda

£y Seratn
Nore—Some chart recorders plot the mirror image of this graph.
FIG. A1.2 Material with No Hookean Region

point. Using Point B" as zero strain, the stress at uny point (G')
on the curve can be divided by the strain at that point to obtain
& secant modulus (slope of Line B' G'). For those materials
with no linear region, any attempt 10 use the tangent through
the inflection point as a basis for determination of an offset
yield point may result in unacceptable error,

A2, MEASURING AND SETTING SPAN

A2.1 For flexural fixtures that have adjustable spans, it is
important that the span between the supports is maintained
constant or the actual measured span is used in the calculation
of stress, modulus, and strain, and the loading nose or noses are
positioned and aligned properly with respect to the supports.
Some simple steps as follows can improve the repeatability of
your results when using these adjustable span fixtures.

A2.2 Measurement of Span:

A2.2.1 This technique is needed to ensure that the correct
fpan. not an estimated span, is used in the calculation of
results,

A222 Scribe a permanent line or mark at the exact center
of the support where the specimen makes complete contact
The type of mark depends on whether the supports are fixed or
rotatable (see Figs. A2.1 and A2.2).

H H

FIG. A2.1 Markings on Fixed Sp St

(i)

FIG. A2.2 Markings on Rotatable Specimen Supports

A2.3  Sening the Span and Alignment of Loading
Nose(s)—To ensurc a consistent day-to-day setup of the span
and ensure the alignment and proper positioning of the loading
nose, simple jigs should be manufactured for each of the

A223 Using 2 vemier caliper with pointed tips that is
readable to at Jeast 0.1 mm (0.004 in.), the di
between the supports, and use this measurement of span in the
calculations.

153

dard setups used. An example of a jig found to be aseful is
shown in Fig. A23.
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(1) Revised 12.1.
D 790 - 99:
(I) Revised 10.1.3, on the stress strain curve,

L/2 L/2

/

L~

FIG. A2.3 Fixture Used to Sat Loading Nose and Support Spacing and Alignment

SUMMARY OF CHANGES

This section identifies the location of selected changes to these test methods. For the conveaience of the user,
Committee D20 has highlighted those changes that may impact the use of these test methods, This section may
also include descriptions of the changes or reasons for the changes, or both,

D 790 - 02: D 790 - 98:;
(1) Revised 9.1 and 9.2. (1) Section 4.2 was rewritten extensively to bring this standard
D 790~ 00: closer to ISO 178.

(2) Fig. 2 was added to clarify flexural behaviors that may be
observed and to define what yielding and breaking behavions
look likc,asucllaslh:xpmopriﬂcplweiosclcdl}mepoﬁm

mmmmmmmmnmumywmmummmmm
i ths o, Usevs of Mis are wmmmunmuwmmrmwmw

of intringement of such rights, A entvoly e own responsbivy

This standand i sutiect 10 rovision af any Ame by the 65 / wng must be o avevy five years and
¥ not revised, edher 100 of o Yowr A6 iwited ather S revision of #¥s or for I
and shoukd be VASTM yona # Youw Wi rocéivw camiul cansidaavon ot a meeling of the

memﬁnmmaﬁﬁ ﬂmwmywmmwnam- fuk haaring you shoukd
mmw-mmmmwmwmmlhmmm

Uit States. InAvicus) repeints ¢singhe or mubiple copves) of this stenciird may be by g ASTM sl e above
address or af §10-832-9565 (phono), 610-832-2556 (fax), or semce@ssim.og (e-mal); o thouph AW ASTM websie
(www aatmongl.
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Mapdprnua ll. AlaypdupaTta TEIPAPATOS KANYNS

Aokipio abs plus 0,17, TpocavaToAiouog xTioiparog 0°, a/d (1)
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g_ 300
¥ 200
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B 100
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e Aokipio abs plus 0,17, TpocavatoAiouog xTigiparog 0°, a/d (2)
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e Aokipio abs plus 0,17, rpooavatoAiIou66 xTioipaTtog 0°, a/d (3)
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e Aokipio abs plus 0,17, rpoocavatoAiou6g XTioipaTtog 0°, a/d (4)
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e Aokipio abs plus 0,17, rpoocavatoAiouog xTioipatog 0°, a/d (5)
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e Aokipio abs 0,25, rpoocavatoAiouog xTioiyarog 0°, a/d (1)
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e Aokipio abs 0,25, rpoocavaTtoAiouog xTioiyarog 0°, a/d (2)

350
=
= 300
©
8 250
< 200
= 150
g
g 100
S s0
=
0
0 2 4 6 8 10 12 14
BéNog kapuyng (deflection) (mm)

250

200
. 150
=
','é 100 f(x’)=71.67+9.65
= kAlon (slope)
(9
S m=71.67N/mm
Z R?=0.9941
4
S 0
[
§ 0 0.5 1 1.5 2 2.5 3

BéNog kapuyng (deflection) (mm)
25

[ N
(€] o

=
o

taon (flexural stress) (MPa)

o

0.02 0.04 0.06 0.08 0.1 0.12

napapopodwon (flexural strain) %

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



93
TEI KpATng
TuRua MnxavoAoyiag

e Aokipio abs 0,25, TpooavaroAiopog xTiciparog 0°, a/d (3)
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e Aokipio abs 0,25, rpocavaroAiopog xTiciparog 0°, a/d (4)
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e Aokipio abs 0,25, TpooavaroAiopog xTiciparog 0°, a/d (5)
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e Aokipio abs 0,33, TpooavaroAiopog xTiciparog 0°, a/d (1)

350
=
= 300
®
o 250
e 200
=
3 150
3
4
o 100
H
g 50
©
0
-2 0 2 4 6 8 10 12
Béhog kaudng (deflection) (mm)
250
=
g 200
©
©
o
T:r 150
> f(x)=70.33x+6.6
g 100 kAlon (slope)
2 m=70.33N/mm
s 0 R2=0.9967
©
0
-0.5 0 0.5 1 1.5 2 2.5 3 3.5
BéNog kapng (deflection) (mm)
25
& 20
2
?
4 15
@
©
3 10
Q
=
3
3 5
=
(¢}
-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12

napapopdwaon (flexural strain) %

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



97
TEI KpATng
TuRua MnxavoAoyiag

e Aokipio abs 0,33, TpooavaroAiopog xTiciparog 0°, a/d (2)
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e Aokipio abs 0,33, TpooavaroAiopog xTiciparog 0°, a/d (3)
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e Aokipio abs 0,33, TpooavaroAiopog XTiciparog 0°, a/d (4)
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e Aokipio abs 0,33, TpooavaroAiopog xTiciparog 0°, a/d (5)
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e Aokipio abs 0,33, TpocavaroAiopdg xTiciparog 90°, a/d (1)
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e Aokipio abs 0,33, TpocavaroAiopdg xTiciparog 90°, a/d (2)
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e Aokipio abs 0,33, TpocavaroAiopdg xTiciparog 90°, a/d (3)
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e Aokipio abs 0,33, TpocavaroAiopdg xTiciparog 90°, a/d (4)
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e Aokipio abs 0,33, TpocavaroAiopdg xTiciparog 90°, a/d (5)
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e Aokipio abs plus 0,25, rpoocavatoAiouog xTioigartog 0°, a/d (1)
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e Aokipio abs plus 0,25, TpooavatoAiouog xTigiparog 0°, a/d (2)
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e Aokipio abs plus 0,25, rpoocavatoAiouog xTioipartog 0°, a/d (3)
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e Aokipio abs plus 0,25, TrpoocavatoAiIouo6 xTioipaTtog 0°, a/d (4)
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e Aokipio abs plus 0,25, rpoocavatoAiouog xTioipartog 0°, a/d (5)
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e Aokipio abs plus 0,25, rpoocavaToAloHOg XTioipaTtog 90°, a/d (1)
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e Aokipio abs plus 0,25, rpoocavaToAIoHOg XTIGipaTog 90°, a/d (2)
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e Aokipio abs plus 0,25, rpoocavaToAIoHOg XTIGipaTog 90°, a/d (3)
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Béhog kaudng (deflection) (mm)

 f(x)=105.83x+15.2 KAion
(slope) m=105.83N/mm
R2=0.9927
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BéNog kaupnc (deflection) (mm)
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MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
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e Aokipio abs plus 0,25, rpoocavaToAIoHOG XTIGipaTog 90°, a/d (4)
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e Aokipio abs plus 0,25, rpoocavaToAIoHOg XTIGipaTtog 90°, a/d (5)
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MapdapTtnua lll: dwToypagieg emipaveiag Bpavong

OOoKINiwv

e ABS 0.25mm 0°

X20 fmm 0837 2040 SE! imm 0539 2040 SE

-~
>
:

b
. \;L‘/
W
o

X20  imm 0538 2040 SE| X20 imm 0540 20 40 SE|

Ewova 57: Qwrtoypadieg SEM. A,B. Dwtoypadieg mappéveg SimAa and tnv emidavela Bpavong. A,
Quwtoypadieg mapuéveg amévavtl Tou onpeiov Bpaloewd.

e ABS 0.25mm 90°

A

%20 Imm 0547 20 40 SEI

X20 imm 0848 2040 SEI fmm 0548 2040 SEI

Ewkova 58: Qwtoypadieg SEM. A,B. Dwtoypadieg mappéveg dtmha amnod tnv enipavela Bpavong. IA.
Qwtoypadieg mapuéveg amévavTl Tou onueiov Bpaloewd.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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e ABS 0.33mm 0°
A

)

y

0

1 l..
X2 imm 0541 18 40 SEI

v

X20 fmm 0543 2040881

imm 0542 16 40 SE|

Eikéva 59: dwroypagpieg SEM. A,B. dwToypagieg Trapuéveg ditTha atré tnv em@dveia Bpadong. I',A.
dwToypagieg TTAPUEVEG ATTEVAVTI TOU aonueiou Bpaloewg.

e ABS 0.33mm 90°
A

X20 imm 0833 1940 SE|

X20 tmm 0534 19 40 SEI 5 Imm 0536 20 40 SEI

Eikéva 60: dwroypagieg SEM. A,B. dwroypagieg Tapuéveg ditTAa atrd Tnv em@dveia Bpavong. A,
PwToypagieg TTaPPEVES ATTEVAVTI TOU onueiou Bpaloewd.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
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e ABS plus 0.177mm 0°
A

b

fmm 0519 20408582

500um 0518 14 40 SE
Eikova 61: dwroypapieg SEM. A,B. dwToypagieg TTapuéveg ditTha atmd tnv em@dveia Opavong. I'A.
PwToypagieg TTapPEVES ATTEVAVTI TOU onueiou Bpaloewd.

e ABS plus 0.177mm 90°
A

0521 2040 SE! 5k (20 imm 0523 2340SEl

Eikova 62: dwroypagpieg SEM. A,B. dwToypagieg Tapuéveg ditrAa atrd Tnv em@aveia Bpavong. A,
PwToypagieg TTapPEVES ATTEVAVTI TOU onueiou Bpaloewd.

MeAétn avroxng dokipiou o€ kauywn kataokeuaopévou atd UAIkG Acrylonitrile Butadiene Styrene plus o€
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e ABS plus 0.25mm 0°

A

X20  1mm 0529 2040 SEl X20  tmm 0831 2040 SE!

X20 imm 0530 2040 SEI X20 fmm 0532 20 40 SEI

Eikéva 63: dwroypagpieg SEM. A,B. dwToypagieg Trapuéveg dittha atmé tnv em@dveia 8padong. I',A.
dwToypagieg TTAPUEVESG ATTEVAVTI TOU anueiou Bpaloewg.

e ABS plus 0.25mm 90°
A

20 imm 0524 20 40 SEI 5 T imm 0828 20 40 SE)

.
X20 imm 0525 2140 SEI \ x20 imm 0527 2040 SE)

Eikova 64: dwroypagpieg SEM. A,B. dwToypagieg TTapuéveg ditTha atmé tnv em@dveia Opavong. IN,A.
PwToypagieg TTaPPEVES ATTEVAVTI TOU onueiou Bpaloewd.

MeAETn avToxrg dokipiou o€ kKauwn Kataokeuaouévou atrd UAIKG Acrylonitrile Butadiene Styrene plus o€
TPICOIAOTATO EKTUTTWTH



