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EYXAPIZTIEZ

Me Vv mePAT®OON TNG TTLYLOKNAG HOV €PYOciog, 1 Omoio TPOYUOTOTOMONKE GTO
Epyacmpilo Teyvoroyiog YAkadv tov T.E.I Kprng, 6a 0ela va evyopiomiom tovg
avOpmmToLvg o1 omoiotl pe fondncav Kot Lov GLUTAPUCTAONKAV.

Koatd kbplo Adyo, opeilm va guyapiotiom tov emPAénovta kabnynm pov k. KOXTA
YABBAKH yia v avdBeon tov 0éuatog oAdd Kot yio Tic cuPOVAES TOVL KoL TNV
ASLIAELTTY) TOPAKOAOVON OGN TNG EpYasiog LoV Kab’ OAN TN d1dpKELD VAOTOINGNC TNG.
Axoun Ba nBera va evyaprotiom to k. Ap Mdpko Iletovon Emotnpoviko Zvvepydt
tov TEI Kpntng ko Kabnyntm pov and 1o Epyacstipro Popmotikig yio ) fondeia
TOV, TI§ GUUPOVAEG Yo TNV EKTOTTMOOT] TOV SOKIUI®V Kot TN KoB0odynon Tov Katd T
EKTTOVNOTM TNG £pYACiOC.

Eniong Ba M0eha va gvyapiotiom OAo 10 Tpoocwmikd Tov gpyactnpiov Texvoroyiog
VAMKOV Yo T Ponfela kaTd TN TOPUUOV HOL GTO €PYOCTNPLO KOl TN YXPNOT TOV
e€omMopoD TOL €PYAGTNPIOL Yo VO TPAYHOTOTOM OOV Ol OTOUTOVUEVES UNYOVIKES
doKLacies.

Téhog, €VYOPIOTO TNV OKOYEVEWD LOV KOL TOLS OIAOLG Hov Tov pe oNPEav otV
JLpKELDL VAOTOINONG TG EPYACIOG TPOGPEPOVTAG OV YUYOAOYIKT VTOCTNPIEN Kot
KaTovonon.

Ayyehog Kéloag

EYXAPIZTIEZ
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NEPIAHWH
2TnVv TITUXIoK auTh €€eTdleTal n eTidpacn TnNG TaxUTNTAG EQEAKUGHOU OTIC UNXAVIKEG
1I016TNTEG TWV UAIKWYV TTOU XpnaolpoTtroinenkav. H tax0itnTa epeAKUCHOU QVTIOTOIXEI O€
TaXUTNTA TTAPAUOPPWONG €PEAKUCHOU. ZUVETTWG €EETACETAI N PETABOAR TWV TIMWY
TWV UNXOVIKWV TTOpaPETPWY OTTwg N Avtoxr Alapporg (o), n Avioxn Eg@eAkuopou
(o7s) kal T0 Métpo EAaoTmikdTnTag (E). O1 dokiyacieg €yivav oe dokigia ABS Kai
ABSPLUS pe Baon 1o mrpétutto ASTM D 638 (Type 1). H kataokeury Twv SOKIWiwv
EyIve pe Tn PEBODO eKTUTTWONG «rapid prototype» o€ did@opa TTAXN EKTUTTWONG Kal
TTpogavaToAioud 45° (opifévTia) wg TTPOg Tn dielBuvan TTPOTAVATOAIGHOU.
MapatnpABnke yevikd OTI N auénon Tng TaxXUTNTOG TrAPAUOpOWONG Eixe wg
ATTOTEAECHA TNV AUENON TWV TIHWVY TWV UNXOVIKWY TTOPANETPWY TTOU ava@EpOnkav
TTAPATTAVW.
O1 TIHEG TWV TIMWYV TWV JINXAVIKWY TTOPAUETPWY doKIdiwy ABSPLUS fTav dITAGoieg
TWV TIHWV TWV dokiyiwv ABS. To 1éxog ekTUTTWoNg dev @aivetal va eTTnpeddel
ONPAvTIKA TIG TIMEG PETAEU TWV SOKIMIWY yia To id10 UAIKG Kal TO €UpOG HETAPBOARG TNG
TaxUTNTAG TTOU XPNOIKOTIOINONKE.
Etriong mapatnprnénke 611 o1 TIUEG TWV UNXAVIKWY TTAPAUETPWYV Ol OTTOIEG METPRBNKAV
nrav xapnAoTepeg ekeivwv TTou divovtal otn BiBAIoypagia yia pop@oTroincn Twv
OoKIdiwv pe TN KAaooIKn péBodo xuTteuong diEAaoNG.
TNV TITUXIOKN auTr YiveTal €TTiong pia avaokotnon Tng BiBAloypagiag 6co avagpopd
TOV TPOTIO TTOPAYWYNG TIS €PAPHUOYEG KAl TNV OVOKUKAWGON Kal Twv PeEBGdwvV

Hop@oTroinong Twv UAIKwy ABS kai ABSPLUS.

ITEPIAHYH
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ABSTRACT

This thesis deals with the influence of tensile rate on the mechanical properties of the
materials used. The tensile rate corresponds to strain rate. Therefore it is examined
the change of values of the vfollowing mechanical parameters: Yield strength (o),
Tensile strength (ors) and Elasticity modulus (E). The tensile tests on sample were
made of ABS and ABSPLUS materials according to ASTM D 638 (Type 1) standard.
The construction of test samples were made with “rapid prototype printing method”
using different printing thickness and the same deposition orientation 45° to the
tensile direction.

Our results saw that the increasing of strain rate has as results thw icreasing of
mechanical parameters gy, ovs E.

Additionally the values of these parameters for ABSPLUS samples had double price
that of ABS samples. The printing thickness does not to seem to give any significant
difference in the value of that parameters for each material and within the scale of
strain rate deference that used.

Besides, the values of the mechanical parameters measured were lower to the
corresponding values, that referred to bibliography for the same sample of materials
constructed with the classical “extruding molding casting method”

In this thesis is made also an overview of bibliography concerning the methods of

production, their applications and recycling of ABS and ABSPLUS materials.

ABSTRACT
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KE®AAAIO 1

1.1. ZYMIIOAYMEPEX AKPYAONITPIAIO-BOYTAAIENIO-
XTYPENIO (ABS) -XHMIKH AOMH-ITAPAT QI'H.

Me ouvduacud acrylonitrile — butadiene — styrene kataArjyoupe o€ éva Auop@o
OUMTTOAUNEPEG TO OTTOIO ava@épeTal oTn BIBAIoypagia wg ABS.

Q o
CHy—CH; lCHz—CH

|

T¢CH— CH— CH—CH,%; TC{H—CHE]— +CH;~CH=CH—CH,¥1~
|

CN ‘

BT 5]

2xAMa 1: 1.1.1 ZuvTtakTiKOG TUTTOG Tou ABS.

To ABS katoxupwOnke pe tmartévia 10 1948 kal PTTAKE OE E€UTTOPIKN XPAon aTrd
Borg—Warner 1o 1954. lNa Tn TTapaywyn Tou e@apuolovTal TPEIG KUPIEG HEBODOI:

(1) H péBodog yahakTwpatog pe dIaAuTiKG péaoo 1o vepd (Emulsion process).
Eival n apxaiétepn p€Bodog kai n oAiydTepn kabapr) kaBodoov TrapdyovTal atréRAnTa.

(2) H péBodoG alwpAPaTOG OTTOU N aVAUEIEN YiveTal O€ PNECO TTOU TTEPIEXEI
ehaoTopePEG uE SAN (ZTUPEVIO - AKPUAOVIVTPIAIO).

(3) H péBodog ouvexoug palog (Continuous mass). H péBodog eival

aTTOd0TIKN), XaUNAOU KOOTOUG aAAG dev £xel eueAigia.
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AaoTyo

AvTibpaoThApog
TOAULEPLOUOU
AvTibpaoThApog
TOAULEPLOUOU

AvTibpaothipog
TOAUMEPLOROU

TUUTUKVWITAG
Tou

uiypomrog

Asfapevn
oTupeviou

Avdhuon
Tou
Aaotiyou

Astapevr
oKpUADVLITPLAIDU

pellet

Azfapevn
AzEopevr Guahotn tpodolooiactou =

uiyporog

Movaba
oboalpomoinang

—

Asbapevh
VKU KA W UEVOU
uiyporog

Tehikd mpolov
(ABS)

2xAua 2: 1.1.2 AlaypaupaTtiki atmmeikovion mapaywyng ABS pe pébodo
ouveXoUg Uacag.

H péBodog ouvexoug uacag Bewpeital WG N TTPOTIHWHEVN WEBODOG, €TTeid N
avTidpaon dev Aaupdvel xwpa ot udatikl @daon. Mapdyovral PIKPEG TTOCOHTNTEG
atmoBAATWYV yia dIABE0N KAl Ol EVEPYEIOKES ATTAITACEIG TNG HEBOBOU gival XARNAGTEPEG.
Me Tn BeATiwon Tng TeEXvoAoyiag TTapdyeTal n pnTivn EMTTAOUTIOPEVN OTO KATAAANAO
XPWHa (XpwuaTtiopévn) Kal €101 dev ATTAITEITAI €TTEEEPYOCIA XPWHATIONOU KATA TIG
EQPAPUOYEG.

XYMIIOAYMEPEXZ AKPYAONITPIAIO-BOYTAAIENIO-XTYPENIO
(ABS) —XHMIKH AOMH-TTIAPATQI'H.
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BoutabLEvio
EKKLVITTAC — 3 MoAlvpsplopoc |«  Mepd
MoK TL OO TIOLN TG — f"ﬂﬂUTLKC'U <—— TpOmOMOoLNTAG
IUCOWPEUTAS

<~

Eyxuon ITupeviou-
Akpuhovitpiliou <—— TpomomounTrg

~~

Nnén Miypartoc,
MKt — NAvowo, Znpavan

~~

Quyokevtplon
Miypatoc

ITupEvio +AkpuloviTpilo ——M

«—— MNepd

Ekkwvnorg #—————

MOADKTWUOTOMOLNTAT —————

AvmotELlbwTIKG S

<« Nepd

TeAwko Mpoiov
ABS

ZxAua 3: 1.1.3 AlaypauuaTiki atmeikovion mapaywyns ABS pe uéBodo
YOAQKTWHATOG PE OIOAUTIKO JECO TO VEPO.
QoT600, n diadikacia TTOAUPEPIOUOU YOAQKTWHATOG, N OTTOI0 XPNOIKJOTIOIEITAlI EUPEWS
OTO EPYOCTACIA TTOU £XOUV KOTAOKEUAOTEN TTPIV aTTo Ta péoa TNG dekaeTiag Tou 1980,
TTapEXEl HEYaAUTEPN gueNIgia oTNV YKAPA TWV TTPOIGVTWY TG, aTTd TN dladikaoia TNG
padag.
Etriong éxel avarrtuxBei pia uppIdikr HEB0OOG YOAOKTWUATOG Kal PAlag. ZuvOuddel
TA XAPOKTNPIOTIKA TnNG Ol0dIKaoiag YOAAKTWHATOG, N Otmola  oxnuati¢el Aatég
moAuBouTadiévio (polybutadiene latex) 01O OTTOI0 CUVEVWVETAI TO OTUPEVIO KOl TO
akpuAoviTpihio, Kai n PéBodog padag, n otroia cUVBETEl TO OTUPEVIO - AKPUAOVITPIAIO.
AuTH n TTPOCEYYION ETTPETTEI TNV TTAPAYWYI £VOG EUPEOS PATHATOG TTPOIOVTWY ABS.
O1 mpéodol otnv TexvoAoyia tepIAauBdvouv TIG aTtaitiosig amd TN BASF yia n
BeAtiwon NG amoédoong kal TG Tapaywyng. H LG Xnuikwv 1oxupideTal o1 €XEl
avamTuéel pia véa diadpour) UWnANG TTapaywyikoTnTag Kai n EniChem éxel emevouoel
o€ Jia véa eUENIKTN dlIadIkaaia.

XYMIIOAYMEPEZ AKPYAONITPIAIO-BOYTAAIENIO-XTYPENIO 10
(ABS) —XHMIKH AOMH-TTIAPATQI'H.
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Axpulovitpiho
ITUpEvLD
Boutobigvio
EMNpooBeto (my.
KortohiThe)

— Asfapevi Avapine

y

Boutadievio

AvTiSpaotrpag (—I—
0 Amootay

e AEKTN

y

Asfopevn Zuykpamong

DuyokeEvTpLon
Miyparog

ITEYVWINPEG

!

Tehiko mpoiov
ABS

2xnua 4: 1.1.4 AlaypaguaTiki atmeikovion mapaywyng ABS pe puébodo

alwpPnRUATOG.

acrylonitrile

AN
ey o,

1,3-butadiene

SCH,

styrene

2xNua 5: 1.1.5 XnUIKWV JOPIaKWYV TUTTWV TWV povouepwy Tou (ABS).

(ABS) —XHMIKH AOMH-TTIAPATQI'H.

XYMIIOAYMEPEZ AKPYAONITPIAIO-BOYTAAIENIO-XTYPENIO



[ TEXNOAOTI'TIKO EKITAIAEYTIKO IAPYMA BIBYISWY VS
Q4 4N: M MHXANOAOI'TAX

H tmoikiAia xprioewv Tou (ABS) oxeTieTal ye Ta oUCTATIKA TOU. TO ZTUpEVIO €XEI AV
OKOTTO va DIEUKOAUVEI T oUVOEDN TwV AAAWY POVOUEPWY KaTd Tn auvBeon Tou ABS.
To AkpuloviTpiAio €xel TNV 1810TNTA VO TTPOOdIdEI XNMIKA avTioTaon Kal augnon Tng
ETMQAVEIAKAG OKANPOTATAG Tou Kal TEAOG TO BouTadiévio GUPBAAAEl 0TRV avToXh O€
KpoUoT Kal £V YEVEI OTN PNXAVIKI avToXH Tou TEAIKOU UAIKOU.

O1 ouvduaopoi Troikidouv avdloya pe Tnv Xprion 1.xX 15 éwg 35% akpulovitpiAio, 5-
30% BouTtadicviou kal 40-60% oTupévio. Ag doUlE TO KaBEva LexwploTd 6oov agopd

TNV XNMIKA SOWN TOUG KaBWG Kal Tov TPATTO TTOU TTapdyovTal.

1.2 XTYPENIO.

ApXIKG To OTUpEVIO £XEI Ta EAC XaPAKTNPIOTIKA: Eival dxpwpo, uypd, XapaKTnpIoTIKN
00N, O€ OXETIKA MIKPEG CUYKEVTPWONG Eival HOVOUEPES TwV TTOAUCTUPOAIWV KaBwg
Kal TTOAAWYV cupTToAUpEPpWY. MTTOpEI va TO ouvavTACOUME Kal uE AAAEG OVOUACTIES N

oTroieg gival ZTupoAio, BivuhoBevloAio kai DaivulaiBévio.

O xnuikég TOU TUTTOG Eival: C8 H 8 (Mopiakog TUTT0G)

SCH,

XTYPENIO.
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Moprokr pado 104,15 amu
LovTolog Aok porry 0,13D
OUVTOKTIKO G TUTTO
< CeHsCH=CH, Mopiaki yewpeTpia Entinedn
ZuVvToHOYpPaPiEg PhVi
ApOnoC CAS 005125 Igolep i B&ong
SMILES C=Ce¢1ccecee
ApBuog RTECS 'WL3675000 snueio THENC -30°C
ApBpogUN 44LJ20959V Inpeio Bpacpoy 145 °C
PubChem CID 7501 Mukvdtnta 909 kg/m*
ChemSpider ID 7220 A AutéTnTa
010 VEPD 0,20 kg/m*® (25 °C)
Autohkn por 0,13D 1€ W8 e 0,762 cP (20 °C)
Mopiakn y ew HeTpi
a Eminedn Agiktng 51dOAaong Nd 1,5469
. . Opicec
45 20°C 538 520 523
Tewon atpcn mm Hg (20 °C) sbadeiag
[Axpue eAaiiBeg uypd

2xNua 6: 1.2.1 Mivakag Je XapaKkTnNEIoTIKA TOU ZTUPEVIOU.

MiyhoTa TTou TTEPIEXOUV OTUPEVIO TTPOEPXOVTAl ATTO TNV TTUPOAUCH TTETPEAQiou R

Bevlivng n otroia gival TTAOUCIO O GPWHATIKOUG UBPOYOVAVOPAKEG.

1.2.1 MEGOOAOI ITAPAT'QI'HX.

To kaBapd oTupEVIO TTAPAYETAI JE TIG AKOAOUBEG XNUIKESG DIEPYOQTIEG:

e KataAuTiki apudpoyovwon alBulofevioAiou.

Eivai Biounxaviki epapuoyn Tou aiBuloBevioAiou, atrd 6TTou TTapAyEeTal OTUPEVIO:

PhGHgCHg—P-i_?PhCH = CH, + Hy

* MéBodog Fitting.
H péBodog auth TTPayUATOTIOIEITOI OE TTPWTO OTAdIO HE aPuUdPaAoyOvwaon Tou

@aIvuAaAoyovidiou TTapoudia vaTpiou Kol OTn CUVEXEID YiveTal n TTPOocBrRkn Tou

BivuhaAoyovidlo pe aTToudKkpuvon NaX:

+Wix

PhX + 2Na—%PhNa——PhCH = CH, + NaX
* Mé@odog Grignard.

MEG®OAOI TTAPAT' QI'HZ.


http://el.wikipedia.org/wiki/%CE%91%CE%B9%CE%B8%CF%85%CE%BB%CE%BF%CE%B2%CE%B5%CE%BD%CE%B6%CF%8C%CE%BB%CE%B9%CE%BF
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H pébodog autr) avaloyn tTng peBGdou Fitting étTou xpnoipoTroisital yayvAoio Mg

QvTi vaTpiou:

PhX + Mg 222 PhMeX Y X PhCH = CH, + MgX, |
* Mé0odog Friedel-Crafts.

H pébodog auTn yivetal ye Bivuliwon katd Friedel-Crafts:

PhH + ViX 224 PhCH = CH, + HX
* MpooBnkn Bev{oAiou o€ akeTuAévio.

H pébodog auTn yivetal pe TTpooBikn Bev{oAiou o€ AKETUAEVIO:

PhH + HC = CH—PhCH = CH,

e Caustic

~ Contactor
Butadiene

Activater, Scap, Modifier Styrene

Homogenizer Butadiene

HE

[ﬂu‘rﬁcxidanl
¥
‘— HO

H.0 +—Deionized H,0

Strippers

Colloid Mill

Coagulation
Conversion

SBR Rubber
o Baling

2xnua 7: 1.2.1.1 AlaypauhaTIKA ATTEIKOVION TTAPAYWYAG 2TUPEVIOU.

ME®OAOI [TAPATQTHE.


http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CF%84%CE%B9%CE%B4%CF%81%CE%AC%CF%83%CE%B5%CE%B9%CF%82_Friedel-Crafts&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%A0%CF%81%CE%BF%CF%83%CE%B8%CE%AE%CE%BA%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%92%CE%B5%CE%BD%CE%B6%CF%8C%CE%BB%CE%B9%CE%BF
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1.3. AKPYAONITPIAIO.
To akpuloviTpihio €ival TTeTpEAAIOXNUIKG TTPOIGV TTapdywyo TOU TIPOTTUAGIViOU
(propylene). Avikel oTnv pia atmmo TIGC dUO OUVNBIOPEVEG KATNYOPIEG TTETPOXNMIKWV

TTOU OVOUAZoVTal AAKEVIQ.

—-| isopropyl alcohol |
—-I propylene oxide propylene glycol |

—"I acrylic acid I—-—| acrvlic polymers |
—-I aliyl chloride I——| epichlorohydrin I—-—| epoxy resins

2xAua 8: 1.3.1 XnUIKEG EVWOEIG TTOU TTAPAYOVTAl OTTO TTPOTTUAEVIO.

O xnuik6¢ Tou TUTTOG €ival:

C 3 H 3 N (uopIak6S TUTTOG).

1.3.1 MEGOOAOI ITAPATQI'HX.

H Trapaywyrl TOu TIpOTTUAEviOU YyiveTal o0€ OIUNIOTAPIO TTETPEAQIOU HE PEUCTA
KATAAUTIKA) TTUPOAUCN KAQOMUATWY TOou TTETPEAQiou, OAAG uTTOpEi va yivel Kal O€
XNUIKEG eykaTaoTAoEl pE Tn dlaopd OTI aAAACEl O TPOTTOG TnG OI0dIKOTiag
Tapaywyng. H mmapaywyr Tou yivetal he aThoTTupdAuUch Twy udpoyovavlpakwy A
TOU QUOIKOU agpiou OTTWG AIBAVIO KAl TIPOTTAVIO KATT.

Ta ToAupepry Kai oAlyopepr], Ta aAkévia cival n Bdon yia e@apuoyés OTTwg o€

TAQOTIKA, pNTIVEG, EAQOTONEPT], NITTAVTIKA.

AKPYAONITPIAIO.
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Rianny
Matural E
e Methane - = Methane 5§ &
l ¥ E
Matural Gas E
Processing &
w| L) Optional Ethylene &
cl|lg|k - )
- = gas Propylene =
o £ E feeds Stean Benzene = £
¥ Y ¥ 1 Cracker i =
) Butadiene &
Crational et =
L woducts =
s 1 licuid By1 =
== -
Crude EQ 3 feeds =
il L Benzene, Taluene E
= BTX s
-
1 Xylenes pt
Petroleum E
Fefinery
Produced by cracking any of the optional feeds
Produced only by cracking any of the liguid feeds

2xAMa 9: 1.3.1.1: MNapaywyr) TTETPOXNMIKWYV TTPOIOVTWV.

Light Ends
Propane - HCN

Nitrogen 1

5

S

g

. £ ACRYLONITRILE

Fluid Bed 1 E 8

Catalytic ﬁ = <
Reactor B &
1.5 -3 atms * B
400 - 500°C 2 8
H,0 3

. Heavy Ends

é

Acetonitrile

@
Azectrope Column
Purifying Column

Steam

r

Ammonia Propylene Air
Propane

Feedstock
H.O Heavy Ends

2xnua 10: 1.3.1.2 Aiaypauuartikn Qrreikovion mapaywyns
AkpuAovitpidiou.

ME®OAOI [TAPATQTHE.
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1.4 BOYTAAIENIO

To Boutadiévio-1,3 1o o1roio ovopdadeTal Kal dIBIVUAIO gival évag aKOPEOTOG, AKUKAOG
udpoyovavepakag Pe dUo dITTAOUG BECOUOUG KAl AVAKEI OTNV OEIPA TWV OAKADIEVIWV.
Eival axpwpo aépio To OTToi0 XPENOIMOTIOIEITAI YIa TN OoUVOEon GAAWV OpPYaVIKWYV
EVWOEWV PE 1010IiTEPN XPNOINOTNTA OTO va TrapaxBei To TTOAUBIVUAIO, OTTWG Kal TO

OUVOETIKO KAOUTOOUK aKOUN Kal TO VAUAOV.

O xnuikdg TOU TUTTOG €ival:

C4—H6 (MOPIOKAC TUTTOC), CHZZCHCH:CHZ

Moptakr pnada 54.091 amu Puoikég 1810TNTEG
Z0OVTOMO Inueio ™ o
Hos CH,=CHCH=CH, | ZH&leTéns 108,9 °C
OUVTOKTIKOG TUTTOG Ynueio Bpaouou -4,4°C
640
ZuvTOpOYpPOPiESG Vi, Mukvotnta kg/m® (-
6 °C)
ApLBuog CAS 106-99-0 AlaAutotnta
, 735 ppm
SMILES C=CC=C OTO VEPO
AplOuog RTECS EI19275000 IEwbeg 0(5 508;3
g . Axpwuo
ApBuog UN 1010 Epgadvion o
PubChem CID 7845
OegppoTnTa TTARPOU
- - pHOTN ) POYS | 5 381 k3
Mnkog deopuoU C-H: 106 pm Kauong
Eidog deopoU C-H: o (2sp’-1s) EAdxioTn 8eppokpacia 85 °C
NéAwon dsopol C-H": 3% avapAegng
Mopiakn yewpeTpia ETritredn

Ddpaoceig acporeiog S45 & S53

R45,
Opaocelg KvdUvou R46 &
R12

loopepn Béong

2xnua 11: 1.4.1 MNivakag ue XapakTnpIoTIKG Tou BouTadi€viou.

BOYTAAIENIO


http://el.wikipedia.org/wiki/%CE%A3%CF%87%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%BC%CE%BF%CF%81%CE%B9%CE%B1%CE%BA%CE%AE_%CE%BC%CE%AC%CE%B6%CE%B1
http://el.wikipedia.org/wiki/Amu
http://el.wikipedia.org/wiki/%CE%A3%CE%B7%CE%BC%CE%B5%CE%AF%CE%BF_%CF%84%CE%AE%CE%BE%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CE%B7%CE%BC%CE%B5%CE%AF%CE%BF_%CE%B2%CF%81%CE%B1%CF%83%CE%BC%CE%BF%CF%8D
http://el.wikipedia.org/wiki/%CE%A0%CF%85%CE%BA%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.wikipedia.org/wiki/%CE%91%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82_CAS
http://el.wikipedia.org/wiki/%CE%94%CE%B9%CE%B1%CE%BB%CF%85%CF%84%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.wikipedia.org/wiki/Ppm
http://el.wikipedia.org/w/index.php?title=SMILES&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9D%CE%B5%CF%81%CF%8C
http://el.wikipedia.org/w/index.php?title=%CE%91%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82_RTECS&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%99%CE%BE%CF%8E%CE%B4%CE%B5%CF%82
http://el.wikipedia.org/w/index.php?title=%CE%91%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82_UN&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=PubChem&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%99%CF%83%CE%BF%CE%BC%CE%AD%CF%81%CE%B5%CE%B9%CE%B1
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CF%84%CE%AC%CE%BB%CE%BF%CE%B3%CE%BF%CF%82_%CF%86%CF%81%CE%AC%CF%83%CE%B5%CF%89%CE%BD-R
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CE%BD%CE%BF%CE%BD%CE%B9%CE%BA%CE%AD%CF%82_%CF%83%CF%85%CE%BD%CE%B8%CE%AE%CE%BA%CE%B5%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CE%BD%CE%BF%CE%BD%CE%B9%CE%BA%CE%AD%CF%82_%CF%83%CF%85%CE%BD%CE%B8%CE%AE%CE%BA%CE%B5%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CE%BD%CE%BF%CE%BD%CE%B9%CE%BA%CE%AD%CF%82_%CF%83%CF%85%CE%BD%CE%B8%CE%AE%CE%BA%CE%B5%CF%82
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1.4.1 MEGOAOI ITAPATQI'HX
H pébodol rou ptropei va Trapay0ei ival ol €§AG:
® Me rupéAuon KAGOHATWY TTETPEAAIOU PE ATUO.

H diadikacia cival va Bepuaivovtal udpoyovavepaKkeg o€ UPNAEG BEPUOKPATIES YIO
MIKPO XPOoVIKO BIGoTNHO TTOU TIG TTEPICCOTEPEG POPEG LeTTEPVOUV Toug 900°C. ZTnv
TEPITITWON auTh TTOAAOI  aAcipaTikoi udpoyovaBpakeg divouv udpoyodvo Kal Eva
TTOAUTTAOKO  HiYMO  KOPEOMEVWY KOl AKOPEOTWY  udpoyovavOpdkwy,  TTou

mepIAapBavouv kai Boutadiévio-1,3.
H tmoootnTa 1mou Ba Trapaxdei e€aptdral amd 10 apXIKO Miyda TTOU UTTOKEITAl O€

TupdAuaon. Ev ouvexeia Siaxwpiletal amd 10 kKAdopa Twv udpoyovavOpdkwy. O

TPOTTOG OlaXWPIOHOU YiveTal uE ammoaTagn.

* KataAuTiKR agudpoyovwon BouTtaviou.

GHSGHEGHZGHE,%GHZ = CHCH = CH, + 2H,
* A6 aifavoAn.

H tTapaywyn a1é aiBavoAn dev gival oikovopikr, aAAd gival Biwaoiun AUon yia PIKPEG
Movadeg TTapaywyng TTou €xouv TTPOORAC OTO VO ayopAaoouv HE XOUNAS KOOTOG

a18avoAn. H pébodol Trapaywyng gival dUo Kai gival oI aKOAOUBEG:

* O¢puaivovrag alBavoAn otoug 400-450°C mavw ammd ogeidia PeETAAAWY TTOU

AEITOUPYOUV WG KOTAAUTEG.

400—450°C
QOHE,OHEDHT}OHE = CHCH = CH; + 2H,0 + H,
1.0y
o Mia GAAN péBoBdOG cival pe xprion aketaAdeudng (CH3;CHO) n étmoia avridpd pe
a1IBavoAn oe Bepuokpacia 325-350°C TTévw atmd TavTdAIo Kal TTOPWOES TTUPITIO TTOU

AEITOUPYOUV WG KOTAAUTEG.

325-3000C

CH3;CH,0H + CH3CHO————CH, = CHCH = CH; + 2H,0

® AT TpwTEG UAEG PE MIKPOTEPN aVBpAKIKA aAuoida.

Me Tn péBodo Wirtz, ammd BivuAuAaAoyovidio kal vaTpio pe amoédoon Trepitou 60%.

2CH; = CHX + 2Na—CH,; = CHCH = CH; + 2NaX

MEG®OAOI ITAPAT'QI'HX


http://el.wikipedia.org/wiki/%CE%A4%CE%B1%CE%BD%CF%84%CE%AC%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%AF%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CF%84%CE%AC%CE%BB%CF%85%CF%83%CE%B7
http://el.wikipedia.org/w/index.php?title=%CE%9F%CF%81%CE%B3%CE%B1%CE%BD%CE%BF%CE%B1%CE%BB%CE%BF%CE%B3%CE%BF%CE%BD%CE%AF%CE%B4%CE%B9%CE%B1&action=edit&redlink=1
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® Me avridpaon (evaAAAKTIKA pé0050G).

CHy; = CHX + CHy; = CHL1 — CH; = CHCH = CH, + LiX
* Ms a@uddTtwon.

HDCHQOHQCHQCHQDH%CHQ — CHCH = CH, + 2H,0

* Me ammréotmraon udpaloyovou.
ROH

XCH,CH,CH,CHo X + ENaOHTOHg = CHCH = CH; + 2NaX + 2H,0

* Mg amréotracn aAoyovou.

X,CHCH,CH,CHX + 22n—+CH, = CHCH = CH; + 2ZnX,

Air — — — Catalyst regeneration gases

Steam i
" Preheater * Waste Heat
; e Ty T Steam )il Boiler
Water
* sEmEEsEsgEEs sE=es
— Preheater ;
‘:4;‘:5 A Ejector
:‘f:fgel}r Fuel Gas
n-butane) o
Recycle Gas Fuel Gas k&
LS o
BUTADIENE g
«H50 |
:
i~ & 2
§ Ammonium = 3
"E Acetate o "
3 | jcca) 1~
é- Light il
' Heavy Ends Recirculation
H,0 NH, Recycle

2xnua 12: 1.4.1.1 AilaypaupaTtiki TapdoTtacn Tapaywyng Boutadigviou.

MEG®OAOI ITAPAT'QI'HX
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KE®AAAIO 2

2.1 IAIOTHTEX ABS

To ABS avrkel oTnv Katnyopia Tov BEpUOTTAACTIKWY TWV TTOAUPEPWY UAIKWY OTTOoU
EXel TNV IKavoTNTa Pe TN BorBeia TNG BepudTnTag va TAKETAI KAl OTNV CUVEXEIA VO
oTaBEPOTTOIEITAI UE TN WUEN.
Ta TToAupEpPn UAIKA £xouv Ta €€AG TTAEOVEKTH AT :

1) Eival ehagpid.

2) Eival avBekTIKa.

3) 'Exouv xaunAd K6oTOG.

4) Oco avagopd Tn Biounxavik TTapaywyn Toug, £Xxouv eUKOAN €TTeCepyaaia n

OTTOIa CUVETTAYETAI EUKOAIO TNG TTAPAyWYNG TOUG.

5) ‘Exouv avtiotacn otn didBpwon.

6) Eival povwrtiké uAika.
Ta TTapatrdvw TTAEOVEKTAPATA dev onuaivel 6Tl Oev £XOUV KAl KATTOIO UEIOVEKTAUATA
o€ MIKPOTEPO BABUO OTTWG:

1) Eival e0@AeKTQ.

2) 'Exouv XaunAd onueio TAgEWG.

3) Zuppdalouv oTnv TTEPIBAANOVTIKA pUTTOVON.
To ABS wg TTAaoTIKG UAIKO €xel TTOAAG BETIKG Kal apvnTIKA. Ta onuavTiKOTEPa BETIKG
TOU gival OTI €xel PeydAn avtoxn o€ epTTUopd (Bepuokpaacia), aviox o€ Kkpouon Kal

METPIEG INXAVIKEG IDIOTNTEG.

KEGANAIO
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ACRYLONITRILE
CONTENT

STRENGTH CHEMICAL RESISTANCE
& CHEMICAL ABRASION RESISTANCE
RESISTANCE HARDNESS

STYRENIC
CONTENT

BUTADIENE
CONTENT

STRENGTH

ZxNpa 13:2.1.1 Puoikég & Mnxavikég 1810TnTeG ABS.

KaTtrola TTAEOVEKTAPATA aKOPa TTou TTapExel To ABS eival Ta TTapakaTw:

* YWnAR oAKINOTNTA 0 cuvOUAo O PE TNV uWnAR avtoxr o€ kpouaon.

* YwnAA avtoxr} otnv utrepiwdn akTivoBoAia.

» Eivar avakukAwaoipo.

* YynAn avriotaon otn TpIRA.

* YWnAr} okAnpotnTO.

* EUKOAN ouykOAANnonN.

* Eival eAa@p.

* To xpwpa Tou gival QUaIKOS.

* Avtoxn} o€ 6paoTIKG XNUIKG avTidpacTApia.

* H em@dveia Tou gival apkeTd Acia.

* Méow TOU BaXTUAIBIOU KOOUTOOUK OTTOU ETTITPETTOVTAI TTOAAEG CUMPBATEG
pEBOBOI CUVOPPOAGYNONG CWANVWOEWV.

* Eivan pn 1o&Ik6 kai dev £xel OOUEG.

* YWnAég avoxég TTapapdp@waong yia uttoyeieg e@appoyég (High strain
tolerance for buried applications).

IAIOTHTEXZ ABS
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MAgovekTApaTa akdua utTopoulv va Bpebouv avaAuovTag eig BABOG Ta cUCTATIKA ATTO
Ta Omoia Kal atroTeAeital 10 ABS. TMoio cuykekpigéva avaAvuovtag tn Oour Tou
BAETTOUNE OTI TO GTUPEVIO TTAPEXEI KOAN ETTECEPYQATIUOTNTA, TO AKPUAOVITPIAIO £XEI TNV
1I010TNTA va €xel avioxr otnv BepudtnTa aAAG Kal XNUIKN avTioTaon Kal TEAOG TO
Boutadiévio €xel TNV IKAVOTNTA VA TTOPEXEI OTO TTPOIOV TTEPICOOTEPN TKANPOTNTA KAl

QVOEKTIKOTNTA O€ XAUNAEG BEPUOKPATIEG.
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2xnua 14:2.1.2 AlaypauhOTIKEG ATTEIKOVIOEIG OAWV TWV TTOAUPEPWV: dUvaUn
TTPOG ETTIPAKUVOT], dUVAUN TTPOG TO KOOTOG, dUvVAUN TTPOG UEYIOTN BEpUOKpaaTia,
duvaun TTPOG TTUKVOTNTA KAl dUVANN TTPOG OKANPOTNTA.

IAIOTHTEXZ ABS
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H 1mpooBnkn dia@opwyv TTPOCOETWY OUCIWV TTOU UTTOPEI va €ival EVIOYUTIKA,
GAAO TTOAUPEPR, XPWOTIKEG UAEG, OTABEPOTTOINTEG YIa TNV EUTTOdION TNG POOPAS aTTd
TO QWG TOUG TTEPIBAANOVTIKOUG TTAPAYOVTEG KAl TN Beppokpacia, AITTAVTIKA yia TNV
BeATiIwWPEVN POPPOTTOINON Kal PEIWOT TOU 1EWO0UG €XOUV 0OV OKOTTO va BEATILWOOUV
TNG MNXAVIKEG TOUG 1IBIOTNTEG, VO AUEACOUV TNV AVTOXI TOUG OTNV aKAPWIa Kal TV
€TTiITEVEN KAAUTEPOU ouvduaopoU 1810TATWY. O ypaupIkKOG ouvTeAEOTAS Tou ABS eival
10,1x107-5m/m °C, n 1ukvotnTa Tou gival 1.04-1.08 g cm”-3, 10 Ph avépyetal 8.0-
9.5, Tensile strength 41-45 Mpa, Young’s modulus 2,1-2,4 Gpa.

Tensile Strength (Type 1, 0.1257, 0.2"/min) ASTM D 5,300 psi 37 MPa

Tensile Modulus (Type 1, 01257, 0.2%/min) ASTM DE38 330,000 psi 2,320 MPa
Tensile Elongation (Type 1, 0.125", 0.2"/min) ASTM DE38 3% 3%
Flexu ASTM D790 4,500 psi 31 MPa
Flexural Strength (Method 1, 0.05%min) ASTM D790 53 MPa
Flexural Modulus (Method 1, 0.05%min) ASTM D790 2,250 MPa
1Z0D Impact, notched (Method A, 23°C) ASTM D256 106 Jim

I T S S S
Heat Deflection (HDT) @ 66 psi ASTM DE48 4°F
Heat Deflection (HDT) @ i ASTM DE48 180°F g2°c
Glass Transition Temperature (Tg) DMA (S5YS) 226°F 108°C
Melt Point | e Mot Applicable® Mot Applicable®
Coefficient of Thermal Expansion ASTM EE31 4 90E-05infin"F | ---------
Volume Resistivity ASTM D257 3.0x10e14 - 6.0x10e13 ohms
Dielectric Constant ASTM D150-98 29-26

on Factor

Dielectric Strength IEC 60112 28.0 KVimm

2xAua 15:2.1.3 Mivakag pe 1816tnTeg ABSPLUS.

Akoua 1o ABS éxel Ioxupr avBekTIKOTATA O€ TTAPa TTOAAG XNHIKG péoa OTTwG gival o€
UBATIKA O, CUUTTUKVWHEVA UBPOXAWPIKA KAl QLOPOPIKA 0&Ea, aAKAAIO, GAKOOAES
Kal Cwikd, QUTIKA Kal OpUKTA €Aaia, aAAG TTPOCRBAAAETAI ATTO CUUTTUKVWHPEVO BEITKA
Kal viTpIk& o&éa. Ettiong eival S1aAutd o€ dixAwpIouxo alBUAEVIO, E0TEPEG, KETOVEG )
aKeTOVN.

Omtwg ava@épBnke Kal TrTapatmdvw UTTAPXOoUV Kal OpIouEVa apvnTIKA T OTToia gival Ta

TTAPAKATW.

IAIOTHTEXZ ABS
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o  KoKEG uNXAVIKEG 1IDIOTNTEG.

e [Hpavon.

e  YWnAo kboT0G.

o XaunAr avtoxn oTngG KaIPIKEG OUVORKEG.
Akoua, éva peydAo TpoéLAnua yia to ABS kai Tn Xprion Tou eival n uypacia. e KGBe
xpnon tou Ba mpétmel va €xel TTPoRAePOei N oo eival To duvatd n ‘atroudvwaon’ TNG
uypaciag ammd 1o ABS yiarti av eioxwpnoel JEoa o€ auTto TIG TTEPICCOTEPES POPES TOU
TIPOKAAEI onNUavTIKES PBOoPES Kal uTTORABUIoN TNG dOUNG Tou.
Atlo avagopdg emmiong cival n €kBeon Tou oe UV. Av yivel autr yia JEYAAO XPOVIKO
oldoTnua o€ TTapaTeTapévn xprion dnuioupyeital TpoBAnUa otn ocucTtacn Tou. AuTd
EXEl WG ATTOTEAEOHA va TTAPOUCIACEI XNUIKA Kal pnxavikd TTpoBARuaTa TTou €ivail
atroTéAeopa TNG oTadiakAg aAloiwong TNG ouoTaong Tou.
1816TNTEG ME Bdon TOV TPOTTO EKTUTTWONG ABS:
H Beppokpacia Tnv wpa TNG eKTUTTWONG TOU Tepaxiou €xel KABopPIoTIKG pOAO OTIG
ID1I6TNTEG KAl CUVETTWG OTh XPON TOU. ZUYKEKPIPMEVA EKTUTTWVOVTAG To ABS e
XOUNAN Bepuokpacia €xoupe oav ATTOTEAECUA TV AUgNON TIG AvTOXAG TOU o€ Kpouaon,
KaBwg Kal o€ okANPATNTA. AVTIBETO av N EKTUTTWON TTPAYUATOTTOINGEI 0€ UWNASTEPN

Bepuokpaaia To UAIKO Ba €xel heyaAUTeEPN avToxr atn Bepuokpaaia.

Mechanical Properties' Test Method Imperial Metric
Tensile Strength, Type 1, 0.125 ASTM D638 3,200 psi 22 MPa
Tensile Modulus, Type 1, 0.125 ASTM D638 236,000 psi 1,627 Mpa
Tensile Elongation, Type 1, 0.125 ASTM D638 6 % 6 %
Flexural Strength ASTM D790 6,000 psi 41 MPa
Flexural Modulus ASTM D790 266,000 psi 1,834 MPa
1ZOD Impact, notched ASTM D256 2 ft-Ib/in 106.78 J/a
1ZOD Impact, un-notched ASTM D256 4 ft-lb/in 213.56 J/a
Thermal Properties Test Method Imperial Metric
Heat Deflection Temperature @ 66 psi | ASTM D648 195° F 90° C
Heat Deflection Temperature @ 264 psi | ASTM D648 169° F 76° C
Glass Transition Temperature (Tg) DMA (SSYS) 219°F 104° C
Coefficient of Thermal Expansion ASTM D696 560E-05infinfF | -----
MeltPoint | aaaaao- Not Applicable? Not Applicable?
Other Test Method Value

Specific Gravity ASTM D792 1.05

Flame Classification UL 94 HB

Rockwell Hardness ASTM D785 R105

Dielectric Strength kV/mm IEC 60112 32

Dielectric Constant @ 60Mhz IEC 60250 24

Yynpa 16: 2.1.4 Tlivakeg pe 1010tn1eg ABS.

IAIOTHTEXZ ABS
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KE®AAAIO 3

3.1 EMIIOPIKA ITAPAT'QI'A ABS

To ABS oTnv gutropikA Tagivounon BePUOTTAACTIKWY AVAKEI OTNV €vOIAUEDTN XPAON
padi ue To PMMA.

Polyacetal Oither
Polyphenylene Cxide 5.3% 5.4% Polycarbonate
6.2% 2348%
Thermoplastic
polyester

9.1%

21.3% 28.8%

2xnua 17:3.1.1 ZArnon mAaotikwy yia 1o 2001 (Freedonia Industry Study,
2002).

MeAéTn TTOU éyive O€ eupwWTTAiKEG Xwpeg Odeixvel 611 To ABS ¢ival Tmo eupéog
XPNOIUOTIOIOUHEVO OTOV TOMED TWV EEAPTNHATWY TOU QUTOKIVIATOU OAAG OXI HOVO.
H xprion Tou ¢ d1aQopoug TOUEIG givari:

1) Autokivnta 26%

2) Zuokeuég 18%

3) HAekTpoviKO & HAEKTPIKO Topéa 18%

4) Yuxaywyika avTikeipeva 7%

5) ‘EmmAa 2%

6) 2wAnveg & ESaptApata 2%

7) DAidgopa dANa 27%

KEDAAAIO 3
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2xAMa 18:3.1.2 Eurmopika mapaywya ABS
A) lNaixvidia B) HAekTpikéC ouOoKkeuéS C)KaAouTTia OTTOU OTO ECWTEPIKO TOUS
EI0EPXOVTAI NAEKTPOVIKES TTAQKETEC yia OIAQOpPES xpionc D) BaAitoeg
ATTOOKEUWV.

3.1.1 E®APMOTEX ABS (cUpTOAVUEPEG

QKPLAOVLTPLALOV - BouTadileviov- 6TUPOALOVL).

To ABS £xel OpKETEG EQAPUOYEG OTTWG O€ TTaIXVidIa, aAAG OxI Jovo. XpnOIYoTTOIEiTal
KAl 0€ €QAPHOYEG TTOU €XOUV VA KAVOUV HE TOV TOMEA TIG ACQAAEIAg TT.X. KPAvn
ao@aAgiag. AKOUN  XPNOIMOTIOIEITAI KOl OTnVv — autokivnTopiounxavia, onAadn
EOWTEPIKA ETTi TO TTAEIOTOV O€ TTIVOKEG OpYAvwy (TAOUTTAG) aAAG KOl EEWTEPIKA oav
TTEPIBANUO TOU KABPEPTN.
AN\N xprion TTou pTTOpPEl va €XEl €ival O€ OIKIOKEG OUOKEUEG OTTWG TO TTEPIBANUA
NAEKTPIKAG OKOUTTAG KAl AAAWY CUCKEUWY OKOUA KAl E0WTEPIKA TUANATA CUCKEUWV.
H epappoyég Tou ABS ptropoulv va xwpIoTolv we €ENG:

1) Katnyopia uywnAng XPAONG QVTIKTUTTIOU TTOU JTTOPEI va €ival Ta&IOIWTIKEG

TOAVTEG, KPAvN, ETITTAQ, aBANTIKA TTPOIOVTA, EEOPTNUATWY QUTOKIVATWY K..

EOAPMOI'EX ABS (cvumoivpepéc akpviovitpidiov - fovtadieviov- 26
GTUPOALOV).
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2xnua 19:3.1.1.1 A) TaumAd aurokivitou B) lNMpoguAaktipac autokiviitou C)
®repd autokivhTou ard ABS.

2xnua 20:3.1.1.2 Kpavog aocealciag amod ABS.

2) Karnyopia péong xpriong O€ OIKIAKEG OUOKEUEG, TTIVOKESG EAEYXOU K.Ql.

3) HAexktpikrp Kartnyopia T.x. 0¢ TTOPOAA TNAEOPAOCEWV Kal PaAdIoPWVWY,
eCaptiuaTta  ptrdaviou, AaBég  wuyeiwv, KaAUPpaTa  TPOXwv, OAKTUAIOI
poAoyiwv (Clockrings), Tévteg, 6TTAQ , ewTa ,640¢¢ (torch )K.ATT.

ED®APMOI'EZ ABS (cvumolvpepéc akpvAiovitpiiiov - fovtadieviov- 27
GTUPOALOV).
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4) Katnyopieg YWnARg xpriong yia TePIBAANATA OIKIOKWY CUCKEUWYV KAl TOV
€EOTTAIOUO YPOPEIWY, KOUTIA TNAEOPACEWY Kal padIOPWVWY, KAGETOQWVA Kal
OTEPEOPWVIKA QUTOKIVATOU.

5) Katnyopia YwnAig avriotaong otn Beppotnta  (Heat Resistant) yia
€COPTAMATA QUTOKIVATWY, KAAUPUATA YIA NAEKTPIKOUG BepUOCipwveg Kal
OTEYVWTAPIC.

6) Ala@avng KaTnyopieg OTTOU XPNOIKOTIOIEITAI O& TTEPIOXEG OTTOU OTTAITEITAI
uwnAn diagavela & KaAni avroxn o€ kpouaon.

7) Evioyxupéva pe iveg yuaAlou OTTou XPNOIMOTIOIEITOI O€ EQAPUOYEG TTOU
QTTAITOUV TTOAU UWNAL KAUTITIKI) aQvToXH, aKaPWia, avtoxh o€ 1010TNTEG.

8) Katnyopieg d1EAaONG OTTOU £xEl XProN o€ ETTEVOUCEIC WUYEIWY Kal BAAITOEG.

To ABS dev uttékemal oe ¢BoPES Kal yia auTd XPNOIKOTIOIEITAI GE JETAPOPES PTTUPAG,
VEPOU, OAKOOAOUXWV TTOTWYV, QAVAWUKTIKWY, KPAOCIWV, OCOKOAATOG, TTaAyWwTWV Kal
YEVIKA TTapopoiwy TTpoidviwy. H xprion tou ABS dev eival yovo o€ avTikeigeva n
eCaptiuaTta aAAd kal e cwAnvwaoelg. Eival moTotroinuévo wg BepuotrAacTikG yia

£QAPPOYEC OTN TTEPIOXN Beppokpaaiwy atrd -30° C £wg +60° C.

2xnua 21:3.1.1.3 ZwAnvag kai egaptiuata cwAnva atrdé ABS.

EOAPMOI'EX ABS (cvumoivpepéc akpviovitpidiov - fovtadieviov- 28
GTUPOALOV).
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KE®AAAIO 4

4.1 MEGOAOX MOP®OIIOIHXHX ABS, Rapid Prototype.

To ABS w¢ BepuoTTAACTIKO UTTOPEI va TAKETOI PE BEpuavon Kal €v ouvexeia va
OTEPEOTIOIEITAl  PE WUEN KAl va €xel TV IKOVOTATO VA  ETTAVOTTIOTIOETAI  PE
ETTAVOANYIPOTNTA.
O1 uéBodol popeoTroinong TToIkiAouv Kal gival oI aKOAOUBEG:

1) Xuteuon ue €yxuon (Injection molding).

2) Xuoteuon pe gueuonon (blow molding).

3) Xuteuon pe ouptrieon (Compression Moulding).

4) E&wbnon (Extrusion).

5) Oepuikn diapdpewon (Heat configuration).

a) Oepuikn dlapdpewaon o€ kevo agpog (thermoforming in vacuo).

b) Oepuikn diapdpewon utté mieon (thermoforming under pressure).

c) Mnyxavikn Beppikn diaudppwon (Mechanical thermoforming).
MNa T1¢ TéOOEPEIC TIPWTEG MPeEBOdOUG agiCel va avagepbei 6T ptTopolv  va
XPNOIUOTTOINOOUV WG UAN AVOKUKAWOCIKA UAIKG pe TV TTPoUTTO0e0n va gival ayva Kal

KaBapd.

4.1.1 XYTEYXH ME ETXYXH.

H xuteuon pe €yxuon cival n péBodog n otroia Tpo@odoTeiTal e TTPWTN UANR TToU
MTTOPEI va gival ogaipidia rj okOvn N OTToia PETAPEPETAI OTN XOAVN TTOU TPOPOBOTE TN
Hnxav €yxuong.

2TN OCUVEXEID ME TNV TIEPIOTPOPN TOU KOYAIQ €KTOG OTI PETAPEPETAI TTPOG TO
aKkpo@pUaio TTapAAAnAa 1o UAIKG Beppuaivetal e Tn BorBeia BEpUIKWY avTIOTAGEWYV Kal
WYNKTPWV AQUEAVOVTAG TNV TTiECN TOU.

To 1eAIkS oTadIo €ival n e€aywyr] Tou atTd €va €IBIKA DIANOPPWHEVO AKPOPUTIO OTO
KAAOUTTI TO OTTOIO WUXETAI VIO va diatnpeiTal dpoaepsd yia TNV yprAyopn OTEPEOTTOINON
TOU TEMQXiOU.

Me Tnv oAokApwaon TnG O1adIKaoiag To TEPAXIO TTOU €xel TTapaxBei dev xpeiadeTal
MEYAAN eTTegepyaaia Kal €XEl QPKETEG XPNOEIG aTnV auTokivnToBiounxavia (TautrAo,
MpoguAakthpeg K.a), oikiakr xpnon (MepiBAfpoTa oTrd NAEKTPIKEG OUOKEUEG,
TTAOOTIKEG  KOAPEKAEG K.Q) OKOMO KOl yio TNV XPHon NAEKTPOVIKWYV  KOUTIWV

(MepIBAAUATA NAEKTPOVIKWYV UTTOAOYIOTWV K.Q).

KEGANAIO
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Zav TTAEOVEKTNHO PTTOPEI va avagepBei OTI gival xaunAou KOoToug uéB0dOG, aAAG pE
Baoikn TTpoUTeBeon TN padikh TTapaywyn Tepaxiwv. Qg emévduon o oxéon PE TO

KOOTOG €ival PeydAn Kal autd PTTOPOUME VO TO BEWPAOOUNE €va HEIOVEKTANA TNG

!
‘ S RO

2xNua 22:4.1.1.1 Aiaypauuarikn armeikovion tng ueBodou popeorroinong
xureuon ue éyxuon.

pEBGDOU.

4.1.2 XYTEYXH ME EM®YXHXH

H xUteuon pe ep@uonon cival idla 600 avagopd TV TPoPodOTia Kal ToV ATEPUOVA
KoxAia KaBwg Kal To cuoTnua B€puavong-Yyuéng e Tn diagopd Tou OTI TO UAIKO
EICEPXETAI O€ €va KAAOUTTI TO OTTOIO WUXETAI KAl OTO ECWTEPIKO TOU UTTAPXEI Eva GAAO
KAAOUTTI TO OTTOIO POPPOTIOIEI TO AdIUO TWV QIGAWYV UE TNV EI0AYWYR TTETTIECUEVOU
aépa TO OTToi0 TO €§WBEel TTPOG TO egwTEPIKG KOAOUTTI. 'Exel eupeia epapuoyni otnv
KATOOKEUN MTTOUKOAIWV YIO OTTOIadNTIOTE XPAON Kal epapuoyr (VEPWY, TPOQiUwV,
KQuoidwv).

XYTEYZH ME EMOYXHXH
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2xNua 23:4.1.2.1 Aiaypauuartikn armreikovion e HEB0S0 uop@oTroinons
xUTeuon U gupuonon.

4.1.3 XYTEYXH ME XYMIIIEXH.

Mia A&AAn pEBodOG TOU  xpnoidoTroigiTal  €ivar n  xUTeuon upe oupTrieon. To
Bepuaivouevo KaAoUTTI TTOU XPNOIKOTIOIEITAI ATTOTEAEITAI OTTO dUO PEPN OTTOU TO KATW
TUHAMO TOU €XEl OIOUOPPWHEVN MIa KOIAOTNTA Kal aKOAOUBwG To TTAvw £xel ia
avtioToixn Tpoegoxn (Apoevikh PNTPa—OETIKA uATPA). H diadikacia £xel wg €€AG: TO
TTOAUMEPEG UAIKO TOTTOBETEITAI TNV KOIAOTATA TOU KATW KAAOUTTIOU KOl OTN OUVEXEID
TO ETTAVW KIVNTO TPAMA TOU KaAoUTTIoU KaTeRaivel ouptniéfovTiag 10 UAIKO. H pyéBodog
600V avapopd TNV £Qapuoyrn oTa BEPUOTTAACTIKG £XEI TO MEIOVEKTNMA OTI €ival apyn
AOYW TNG BePUOKPACIAg TTOU ATTAITEITAI VIO VO OTACEI O ONUEID ETTECEPYATINOTNTAG
TOU TEPAXioU Kal auTd CUVETTAYETAI JEYAAUTEPO KOOTOG TTAPAYWYNG.

Ta uAikd TOU Trapdyovtal dE Tn MEBOOO auth PBpiokouv epapupoyr oTnv

auTtokivnTofiounxavia, olkiakA xpion K.a.

XYTEYXZH ME XYMIIIEZH.
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2xNua 24:4.1.3.1 Aiaypauuartikn arreikovion ue p€6odo uopeorroinons
xurteuon e ouutieon.

4.1.4 EZQOHXH.

H diadikacia e§wblnong poiddel ue n dladikaoia €yxuong, aAlAd ue Tn diagopd oT11 dev
uTTdpXEl KOAOUTTI yIa THV TTAPACKEUT DOKIMIOU.

‘Exel avrikataoTaBei pe éva akpo@uolo dla HECOU PIag UATPAG OTTou KaBopileTal TO
oXNua Tou TTAACTIKOU JUE OUveEXR £€yXuon.

Kal otn guvéxeia WuxeTal ye agpa, udATOAOUTPO | OE €va TTAYWMEVO TUUTTAVO KAl
TEAOG TUAIYETAI O€ €va KAAOUTTI 1] KOBETAI O€ ioa PNAKN.

Zxnua 25:4.1.4.1 Aiaypauuartikn arreikovion ue pE6odo uopeorroinons
xureuon ue €wbnon.

EaotH
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guttering curtain ra

Some common extrusions
ynua 26:4.1.4.2 [ewUETPIKG LeyEON.

To TTAcovéKTNUA OTTWG BAETToUNE (ZXAMaO 4.1.4.2) gival OTI YTTOpOUV Va TTapaxBouv
O1a@OpwV €1IdWV TEPAXIO WG TTPOG TNV YEWMETPIA KAl XWPIG TTEPIOPICHO OTO WAKOG

TOUG.

4.1.5 OEPMIKH AIAMOP®QXH.

H onuacia tov peBddwv autdv eival 611 yia va ulotroinBouv xpeiddeTal TAvTa 1A
QUAa TTAOOTIKOU va €xouv BeppavBei TTpiv utTooTOoUV TNV OTTOIAOATTOTE £TTECEPYQTIa
OTTOI0 KOl AV €ival auTh €iTe gival pnxavikh (e@appodovTag KaTToia duvaun) A TeExvnTh
(TTPpoCBETOVTAG TTETTIECUEVO aéPa OTTOU QQAIPEITAl PE PIO avTAia KEvOU atrd To KATW
KAAOUTTI 1] a@aIpwvTag Tov aépa TTou Adn UTTApXEl XWpPIS va TTpooTelEi TTepicalog
aéPag).

H 1pwtn péBOdOG n oToia epapuooTnke ATav n OepuodiaudpPwaon Utrd Kevo
(avatrTuxObnke oTn dekaeTia Tou 1950).

21NV ouvéxela avaAueTe n KABe pEBodog diaypappaTikd Kal egnyouvtal yia Tnv TTARPN

Katavonon Ta €idn Twv BEPUIKWY dIANOPPWOEWY Kal 0 TPOTTOG AEITOUPYIaG TOUG.

4.1.5.1 OEPMIKH AIAMOP®QXH XE KENO AEPOZX.

H apxn Asitoupyiag gival n €€AG: apxikd 1o @UAO TTAQCTIKOU TTPOCAPPOZETAlI OTOUG
OQIKTAPEG OI oTroiol €v ouvexeia kAgivouv. To @UAO Oepuaivetal ammd pia TTNyR

BepudTNTAG KaI TOTTOBETEITAI OTO TTAVW MEPOG TOU KAAOUTTIOU OTTOU OTO £0WTEPIKO

OEPMIKH AIAMOPO®QXH.
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£XEl MIa KOIAOTNTA. Eviy BepuaiveTal n atgoo@aipikr] Trieon KAvel To UAO TTAACTIKOU
vVa TTOPAUOPPWOEi, v auvexeEia EQATITETAI OTA TOIXWMOATA YE TNV OTTAITNON KATTOIOU
XPOVIKOU BIACTANOTOG Kal WUXETAI.

TENOG OTO KATW PEPOG TOU KAAOUTTIOU UTTAPXEI MIO avTAia KEVOU N OTTOI0 POUPUWIVTAG
agaipei Tov agpa yia TN diapopPewaon Tou TePayiou.

‘Eva XopakTnpIoTIKO TG MEBODdOU QUTAG WG TTPOG TN XPAOoN cival 0TI PTTopEi va
Tapdyel TeEPdxia Ta oTToia va €Xouv PEYAAO OYKO KABWG Kal ETTIPAVEIN KOl EXEI

EQAPUOYI OTNV QUTOKIVNTORIOMNXavia akOun Kai yia oIKIaKA XpHon.

~| Mnyri B=ppénrac |

r

v | pucripac Keomg) |
T

— | @uidko mhaomkon |

|

I Koot kohoumos

KohouTL

E‘\ﬂf
»

i

Edpurrpag [Avouymoc)

()

Zxnua 27:4.1.5.1.1 Aiaypauuartikn armreikovion e Bspuikn dlauépewan o€
KEVO aépog.

4.1.5.2 GOEPMIKH AIAMOP®QXH YIIO IIIEXH.

Mia evaAAakTIK] H€B0ODOG cival UTTO TTiEon OTTOU APXIKA TO QUAO BepuaiveTal Kal TO
OTTOI0 OTnN OCuvéxela TOTTOBETEITAI TTAVW OTO KAAOUTT aAAG n Slagopd peE TNV
OIaPOPPWON O€ KEVO aEPOG gival 0TI OTO £TTAVW PEPOG ToTTOBETEITAI Eva GANO KAAOUTTI
(kAgloTdG BAAOUOG) OTTOU OTO €TTAVW HPEPOG TOU €XEl MIa €icodo aépa. H sioaywyn
aEpa £XEl WG ATTOTEAEOPA va Pnv €xel eTTagn To éva Pe To dAAo. 'ETol TTpoodidovTag
TTieon aépa emMAvVW OTO Beppaivopevo QUAO kai pe Tnv BoriBeia Tng avtAiag kevou
€XOUpE TO €mMBUPNTO atroTEAETPa. O OKOTTOG Xpriong ival idIog pe TNV TTponyouuEvn
MEBOBO pE TN dla@opd Ta TEPAXIA Ta OTTOIa TTAPAYOVTal va €XOUV AETITOUEPEIEG KAl

KaAUTEPN AIoONTIKA.

OEPMIKH AIAMOP®QXH YIIO ITIEXH.
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NpoBspuacusvo $uALo mAacTikoU

KaAoumt Ipuenpag

{1} 12)  v| Avehia ksvou

2xNua 28:4.1.5.2.1 Aiaypauuartikn armeikovion tng uebodou ue Bepuikn
olauopPWan Utro Tieon agpa.

4.1.5.3 MHXANIKH OEPMIKH AIAMOP®QXH.

H upnxaviky Bepuikh diaudpewaon eival n PuEBodog n otroia artroteAeital amd duo
KaAOUTTIO OTTOU Ta OTTOIa EVWVOVTAI TO €va PE TO AAAO KABWG To KATW KOAAOUTTI GTO
EOWTEPIKO TOU €XEl MIG KOIAOTNTA £€TAI WWOTE OTAV TO TTAVW KOAOUTTI KATEREI EQOTOV
auTtd €£xel To KaTAAANAo €EOykwua va epdatrovial (Apoevik6—BnAukod). To @UAo
TTAQOTIKOU BPIiOKETAlI OTNV PECN OTO ETTAVW HEPOG TOU KATW KAAOUTTIOU Kal €ival TTAAI
TTPOBEPUATHEVO.

To TTAeOVEKTNUA TNG HEBOGBOU auTAG €ival OTI PTTOPOUNE va €XOUPE TOV KOAUTEPO
£AeyX0 BIa0TACEWY TWV TEPAXiwV Kal TNV KAAUTEPOI ETTIPAVEIOKT] AETTTOPEPEIO KAl ATTO

TIG BUO TTAEUPEG TOU TEPAYIOU.

Edappoyr Stvapng

v
APOEVLKO TUNHA KAAOUTILOU =

\

MNpoBspuaousvo puAlo nAacTikoU

©UALko TuRpa kaAouTiol

f ) 7/ 77

V| Aviia kevoi

(1) @

2xNua 29:4.1.5.3.1 Aiaypauuartikn armeikovion tnS ueBodou e unxavikn
Bcpuikn diaudpewon.

MHXANIKH @EPMIKH AITAMOP®QXH.
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KE®AAAIO 5

5.1 ANAKYKAQXH YAIKQN ABS

2TIG «OUTIKEG XWPEG, N KaTavaAwaon TTAACTIKOU €XeEl augndei e TepAoTIO pUBUSG KaTA
TIG TEAEUTaIEG OUO N TPEIG OEKAETIEG. ZTIC KATAVAAWTIKES KOoIVwvieg TNG Eupwtrng Kai
NG AUEPIKAG, O OTTAVIOI TTOPOI TTETPEAQIOU TTOU XPNOIPOTIOIOUVTAl YIa TNV TTapaywyn
MIag TepAoTIa TTOIKIAIGG TTAACTIKWY Kal TTapdywywy TTPoidvTiwy Toug. MoAAéG aTTd TIg
EQPAPUOYEG gival yia TTPoIOVTa PE KUKAO (wng AiyOTEPO aTtd €va £T0G KAl OTN OUVEXEID
n MeyaAn TAsiown@ia auTwy Twv TTAQCTIKWY ATTOPPITITOVTAL. ZTIG TTEPICOOTEPEG
TEPITITWOEIG N OVAKTNON TWV ATTOPPITITOPEVWY TTAACTIKWY OEV €ival OIKOVOUIKA
Biwoiun.

2Tov Topéa TNG Blounxaviag (n autokivnToplopnxavia yia TTapddelyua) utrdpxel Jia
augavépevn Kivnon TPOG TNV KatelBuvon Tng EmmavaxpnoigoTroinong Kal g
TTOAUETTEEEPYATIAG TWV TTAACTIKWY YIO OIKOVOUIKOUG, KABWG Kal TTEPIBAAAOVTIKOUG
AOyoug, pe TTOAAG agiétraiva TTapadeiypuata €TAIPEIWY Ol OTTOIEG AVATITUCOOUV

TEXVOAOYIEG KOl OTPATNYIKES YIA TNV AVOKUKAWGN TWV TTAAOTIKWV.

L]

4 | I
y )
\ Y
) )
l ”

XAFT
TYAA
\
- \/ / <
A M v &3
4 i J\ % J "
() N\ — =
I W U w v ‘
NAAITHO ANIYMND

2xAua 30:5.1.1 AvakukAwoiua uAika.

Ta TAAoTIKG TTapdyovial a1md Jn AvAvVEWOIUOUG TTOPOUG, KAl Eival YEVIKA MN-
Bioatroikodounoiua (f n diadikacia BlodidoTraocng ival TTOAU apyr}). Autd onuaivel
OTI Ta TTAQOTIKG ATTOppidpaTa gival cuyvd To TTI0 SUCAPECTO €60 TWV ATTOPPINHATWV
Kai Ba eival opatd yia e€BOopadeg 1 MNAveg, kal Otav ammoTreBolv O€ XwPOUug
UYEIOVOUIKAG TAPNG YIa XPovid.

Ta TTAACTIKG aTToppiduata dnuioupyouy TTepaITépw cofapd TTPoBAfuaTa uyEiag Kal

oIkoAoyIKd TTpofARuaTa.

KEGARAIO S
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KaBwg mTAévovTal Je TRV BPOoxr Kal EI0EPYXOVTAI O ATTOXETEUOEIG KAl CWANVWOEIG PE
OUVETTEI VA TTPOKAAOUV TTANPUUPEG, oKOUNn KataAfyovTag oTn BaAacoa OTTou Ta
TTOUNIG Kal Ta WAPIA T TPWVE, A TTAPACEPVOVTAl OE XINIABEG PIKPG KOPMATIA Kal O1ya-
olyd atreAeuBepwvovTal XNUIKEG OUOiEG OTO VEPO.

MepiooodTepeg amd 20.000 TTAaOTIKEG @IGAEG aTtrauTouvTal yia va AneBei 1 1évog
TAQOTIKG. EkTigdran 611 100 ekaTtoppuplia Tévol TTAACTIKWY TTapdyovTal KABe Xpovo.

O péoog Eupwrtraiog tretdel 36kg TTAAOTIKWY KGBE Xpdvo. To 4% Tng KaravaAwong
meTpeAaiou oTnv EupwTrn XpNOoIUOTTIOIEITAI VIO TNV KOTAOKEUR TTAQOTIKWY TTPOIOVTWV.
Kdatrolol TTAAOTIKOI 0AKOI ATTOPPIMPATWY KaTaokeudlovTal atmd 64% avakKukKAWGOIKWO
TTAaOTIKO. [AaOTIKEG ouOKeuaaieg avépyxovTal 0To 42% TnG OUVOAIKNG KaTavaAwong
Kal TTOAU Aiyo atrdé auto avakuKAWVETAL.

Av Kal UTTApXEl €TTONG MIO TAxEia avdaTTuén o€ KaTavaAwon TTAGCTIKWY OTOV
QVATITUOOOUEVO  KOOMO, N Katd KePAAnv  KaTavAAwon  TTAACTIKWY  OTIG
QVATITUOOOMEVEG XWPEG €ival TTOAU XaunAdTePN atrd OTI OTIG PIOUNXAVIKES XWpPES. Ta
TAQOTIKA auTd, woTdo0, ouxva TTapdyovTal atrd akpIREa €I0ayOUEVEG TTPWTEG UAEG.
Ymdpxel €va TOAU  eupUTEPO TTEdIO  €QAPPOYNG VYIa TNV  AvoKUKAwON OTIg

QVATITUCOOUEVEG XWPEG N OTTOIA OYEIAETAI OE DIAPOPOUC TTAPAYOVTEG OTTWG:

AvakUkAwon
TAQLOTIKWV

Yyquo 31:5.1.2 AvakUKAwaon TTAQOTIKWV.

v Ta gpyatikd K6OTN gival XaunAdTepa.

<

H utrdpxouoa KouAtoupa Tng £TTavaypnoIPoTIoiNoNG Kal TNG aVAKUKAWONG

v' Eukaipieg yia va kepdioouv €va HIKPS €106dnua Ta PEAN TTOAEwv OTTOU TO
BIOTIKO eTTITTEDO TOUG €ival XaUNAO.

v To Beopikd TTAQicIo €ival EEAIPETIKG EAATTIKO.

AN

KooT1og GUANOYNAG Kal HETAQOPAG XAUNAD.

V' XapnAd K6GTOG TWV TTPWTWV UAWV.

ANAKYKAQXH YAIKQN ABS
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KPHTHZ|

levikKd OTIC AVOTITUOOOUEVEG XWPEG, TO TTEDIO EQAPUOYAG YIO TNV avaKUKAWON Twv

TIAQOTIKWY QUEAVETAI PUE CUVETTEIA N TTOCOTNTA TWV TTAACTIKWY TTOU KOTAVOAWVOVTAI

va aQuEAveTal.

Aev gival 6Aa Ta TTAAOTIKA avOKUKAWOIPA. YTTapxouv 4 TUTTOI TTAQCTIKWY, T OTToid

OuVNBWg aVAKUKAWVOVTAL:

1) MNoAuaiBuAévio (PE) - upnAng TTUKVOTATAG KAl XOUNANG TTUKVOTNTAG O€

TTOAUQIBUAEVIO.
2) MoAutrpottuAévio (PP).
3) [MoAucTtupévio (PS).

4) XAwpiouxo TmoAuBiviAio (PVC).
KuarbiLkog . . Inupsio udhou ko
: . . . . Koweg etappoyeg ; Young's
CI.'W:I.'I,I'WHDLEI’FI; Tumog MAQOTLIKOU TIOAULEROUG lGLoTnTEg ciTiEiTTa Elzpuil:txpun'u: Modulus [Gpa)
TAOTLEOU mEng
. L. i ] ] i NMoAuvkopBovika:
Ao (guyva nolvovBpaKied OOk pLOTLRD Dudheg Sudubopu TIoTV, MoAukapRouuss: 26
ﬁ ABS:mohupzpd sEapripsva  Tov HMLUMEES, TEpiBAnpa T;;EE c ABS:
akpovitpiiou- OUVBUEO LG TV NAEKTROVLEWY TUTKELLV, Tm=225 °C 21-2.4
o Boutnbisviou-otupsviou) TIOAUPERV £i6n amd pehapivn ko a

Yynuo 32:5.1.3 livakag oroixeiwv avakukAwong ABS.

‘Eva koivé TpoBRAnuUa pe TNV avakukAwaon TTAAOTIKWY €ival 6Tl Ta TTAAOTIKA €ival
OUXVA KATOOKEUAOPEVA ATTO TTEPICOOTEPA ATTO £va €i00G TOU TTOAUMEPOUG ) UTTOPEI
va UTTdpyel KAtrolo €idog Ivwv TTou TTpooTiBevial oTto TTAAOTIKG (OUVBETO) yia va

OWOoOoUV TTPOGOETN UNXAVIKH avToxH.
To TTAeOVEKTNUA TIG avaKUKAwONG gival OTI dnuioupyouvTal BEo€Ig atraoxoAnong.

S " R > o
. o _ S
” l'-'; | '
— = Separation of plastc
- Used by customer Returned to factory oxteroe parts
;" ad dsassenbled
[ L Crushing
" Centralved

peoduction Ine

Formation Rarpeteing (remyowvs Of foresen
mteriale On B srfece)
L .
> Removal of forcien
o molor ok fom
the nside

regresents o nt technologcal devebpments

represents technobecal
by UMG ABS and Fuji Yerox

devebpments by UMG ABS

2xNua 33:5.1.4 Aiaypauuarikn arreikovion avakUukAwong ABS.

ANAKYKAQXH YAIKQN ABS
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H 1To00TNTa TWV TTAACTIKWY QATTOPPIMMATWY Eival apKeTd PeydAn. Metd Tn ouAdoyn
TOUG aKOAoUBtEi O BlaXwpIoPdG Kal n €TTECEPYATia TOUG OTO €PYOOCTACIO YyIA TNV
ETTAVEVTALN TOUG € DIOPOPETIKI HopPn O¢ éva deUTEPO KUKAO CWAG.

Oikovopikd opiopéveg dpacTNPIOTNTEG AVAKUKAWONG dev gival KEPOOPOPES. €
YEVIKEG YPAMMPEG O1 TTI0 KEPDOPOPES €ival EKEIVEG TTOU AOYXOAOUVTAI PE UAIKA UWNAAG
agiag.

MNa TTapddeiyha, N avakUukKAwon Twy aTmmoppINUATWY XapTiou UWwnAAg TToioTnTag,
OTTWG XOpPTi UuTToAOYIOTWYV, €ival OouvABwG TTOAU TTI0  €MIKEPOAG KAl AlyOTEPO
TTPOBANUATIKN aTTO EKEIVN TNG £PNUEPIOAG KAl XAPTOVIOU TA OTToia £X0UV XaUNAN agia.
MAaoTIKG UAIKA Adyw TTpoéAeucng Toug atro To TTeTpEAalo, eival UMK uwnAng agiag.
AuTO onpaivel 6TI UTTOPOUV VO AVOKUKAWYOVTAI ETTIKEPOWG, OUWE évag TTApAyovTag
TTOU PTTOpPEi va eTTIBapUVEl TO KOOTOG TNG AVAKUKAWGONG €ival 0TI TO KOGTOG PHETAPOPAG

MTTOPEI Va TTaiel onUAvTIKO POAO TIG TTEPICCOTEPES POPEC.

Dashboard during use car Car disposal and separation‘

ABS molded interior car part

INNOCIRCLE Recycled ABS filament

'\

Recycled ABS printed product

2xnua 34:5.1.5 Aiaypauuarikn armeikovion avakUkAwons ABS.

O1wg ava@épBnke Kal TTolo TTAvw N avakUKAWGON OTnv OnNUEPIVA Kolvwvia  givai
OUVWVUMO TIG uttoxpéwong Tpog auTthv. Autd yiati BonBd va €COIKOVOUROOUUE

KUPIWG TTPWTEG UAEG KAl EVEPYEIQ.

ANAKYKAQXH YAIKQN ABS
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H katnyopia Ttov TrAacTikwy, ABS, pe TIG TTpoOpiéelc TTOU €xel KABIOTA TNV

avakUKAwon Tou 181aiTepa BUOKOAN. Opwg Adyw TOou OTI N avakUKAwGN Toug givai

XOUNAOU KOOTOUG KAVEI TNV TTEPITITWON TG AVAKUKAWONG APKETA TTPOCITH.

O 1p6TT0G avaKUKAWONG TOU €ival 0 £ENG:

1.

o > w DN

KoTtA Tou UAIKOU.

AlaXwpIoPOG UAIKOU.

AvdaAuon Tov KOJUOTIWV.

2uvOuaoNOG KaBapou ABS e Ta TTapaTTavw KOPPATIAL

TeAkn (kaivoupyia) poper ABS.

210 oxnpa (5.1.6) divetal n diaypauMaTIKR) TTapAcTacn TnG dliEpyaciag avakUKAwGong
UAIkwv ABS.

ABS plastic

indirect emissions from
electricity gensration

amissions to water

solar energy

: i/z-;ecundary\
| raw material

\ market /

=
m—._.

2xnua 35:5.1.6 21ddia avakUukAwong ABS.

ANAKYKAQXH YAIKQN ABS
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KEDAAAIO 6
INEIPAMATIKO MEPOX

6.1 XXEAIAXMOX AOKIMIQN

ApXIKA oxedidoTnkav Ta dokipia e Baon 1o TpdTuTro D 638 (Type I) oTo oXeDIAOTIKO
Tpoypaupa Solidworks.

@ Search SolidWorks Help P ®R-oB R

Sisouoworks pf -3 -kl-% -9 [5]-]8 FE - PartL. - Avrypapo.SLOPRT
qaglen@--@-26 - @L8-0 1 GAFIEE0D @ >

o N\~

nnnnnnnn

A\ Mirror Entities

[

F

Trm  Convert a2 Display/Delete . © | Quick
. = Eonfiet 332 Linear Sketch Pattern e Reu‘an Snaps | RaDi

Skeich

£
3

s
* iy Move Entities
p

imxpert | Office Products | Simulation | QaAasm@ F-or-@ - B- = B R

ofl White-PW-MT11050

[ P17 Model [Wotion Study 1 ] & Study 1 |3 Study2
SolidWorks Premium 2012 x64 Edition Editing Part MMGS - 3]

2xNMua 36:6.1.1 2xedIadOTIKOS XwWPOS TOU TTpoypauuaros Solidworks.

‘Emerra pyetarpdminkav o€ STL apyeio 1o otroio peta@épBnke oTto Aoyiouikd Catalyst

EX yia va yivel n ekTUTTwon Twv dOKIYiwV.

KEDAAAIO 6
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BST268 (Oimansian/ 05T /BST 768) v | Manags 30 Printars.
Hodals 400, 379,91 cm? Support: 660,37 cm?
™

~ Catalystex
Welcome to Dimension and
CatalystEx

Add to

= Print

2xnNua 37:6.1.2 Eioaywyn tou dokiuiou aTo mpoypauua dimension.

H TOo1T00€TNON TWV BOKIPIWV WG TTPOG TNV TTAAKA evaTTOBeong Tou UAIKOU aTrd Tnv
KEQAAN TOU EKTUTTWTH €ival opI{OVTIa Kal N Kivnon TToU KAVEl N KEQAAN gival 45° (oTov

dagova x,y) TTpog TNV TTAAKA N OTToia TTapapével OTabepn.

3
dimension.
General | Orientation  Pack | Printer Status Printer Services
Ty T

Hodal: P40, 379,91 cm? Support; 600,97 cm1
s 1die

Insart B

Clear Pack

Add to
Pack

2xAMa 38:6.1.3 Eiocaywyn tou Ookiuiou aTo mpoypauua dimension O1Tou
KaBopilel Tov xwpo 1Tou KaraAauBavel, aAAd kai 1o UAIKO To oTToio
KaravaAwvel.

XXEAIAZMOZ AOKIMIQN
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2xAua 39:6.1.4 2xnuartikn arreikovion OokKiuiou e Baan Tov mpooavaroAiouo
TNS AKPOOKOTTIKNG OOUNS TOU.

MNa Tnv 1oI0 €UKOAN KaTtavonon 600 avagopd TNV KATAOKEUR TOUG TTaPATIBETAI TO
oxXAMa (6.1.4) 61TOU N dBOGUNON TOU YiveTal aTTd KATW TTPOG TA TTAvW HEXPI va QTAOE!
OTO TTAX0G TO OTT0I0 £xel KaBoploTel. O ypAUUES TTOU QaivovTal Jag OEiXVOUV TO TTWG
KTiCeTal TO DOKiMI0. ApXIKG dNUIOUPYEITAI PIO OTPWON PE TTPOCAVATONIOHO aTTéBe0Ng
45° w¢ Tpog Tn diubuvon ePeAKUGHOU (KOKKIVEG YPAUMEG) Kal a@oU oAoKANpwOEi
auTr] n oTpwon UAIKOU ToTroBeTeiTal N AAAn oTpwaon Pe avaAoyo TTPOCavATOAIGHO
(kiTpIveg ypauuég). H aAAnAouyia auth amméBeong oTpwOoEwyY Tou UAIKOU cuveyiCeTal
OKPIBWG PE TOV iDIO TPOTTO PEXPI VA OAOKANPWOEI N eKTUTTWON TOU BOKIKIOU PE TTAXOG
TO oTmoio €xel TpokaboplioTei. To TAXOG TOV YPAUHWY a1mdBeong Tou UAIKOU

kaBopideTal atro Toug ekTUTTWTEG (Layer Resolution).

6.2 YAIKA

Ta uAikd TTou kaTtavaAwBnkav gival 15 TTAdKeG eKTUTTWONG Kal TO UAIKO evattoBeong
TToU BpiokeTal TTAvw eival Model & Support To oTToi0 BPIiCKETAI O KATETEG.
To Support civar n Bdon otou evatroTiBetal To Model yia Tnv uAoTroinan Tou KA&Be

ookiyiou. H kK&Be pia repI€xel TToodTNTA UAIKOU TTOU QVTIOTOIXEI 0€ 922 cm3.

YAKA



[TEXNOAOTI'IKO EKITAIAEYTIKO IAPYMA BBYIZIYPN
KPHTHX| BYIsRG:WONNOINV:NS

2xAua 40:6.2.1 (A) BAémmouue v ouokeuaaia n orroia mepiBaAer tnv
Kaoéra, (B) pia AEUpd TIC KAOETAS QTTO TNV OTToIQ TTPETTEI VA APaIPEBEI TO
KOKKIVO TTAQOTIKO TO OTT0IiO €ival n ao@aAgia Tpiv Tomo0eTnOsi oTOV EKTUTTWTH,
(C, D) kaoéreg ue support & mode.

Emdvw oOTIG KOOETEG UTTAPXOUV Ol avTioTOoIXOl KwOIKOI yia Ta duo UAIKA yia To ABS
p400 & yia To ABSPLUS p430. Oco ava@opd To XpwHa Tou UAIKOU TTOIKIAEl Kal gival
Ta €€NG: Maupo, Agukd, Kokkivo, MTTAg, Kitpivo, MNpdoivo, Kagé, MopTokaAi, Aonpi,

Pol, Mwp, Alagpavég, Mkpl kal 61 JOvo.

Z
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2xnua 41:6.2.2 (A, B) Support & Model yia elite, avrioroixa oric (C, D) support
& model yia BST 768.

Ta UAIKG TTOU XPNOIYOTIOINBNKAY 0€ OXECN ME TO XPWHMATIONO TTou diaTiBevral oTo
eMTTOpIo cival ka@é (D=1,78 mm) support yia Tnv elite kol avriotoixa aonui
(D=1,77mm) vyia Tnv bst 768. To model yia Tnv elite ykpi (D=1,78 mm) kal Yaupo
(D=1,78 mm) avTioToIXa YIa TNV bst 768 Aeukod (D=1,77mm) ka1 yaupo (D=1,77 mm).

[VARGIGORUNEVIN ~Bs 0,25 ABS0,33 ABSPLUSO,17 ABSPLUS0,25 zovoro -  [ECHCUNCHCHCIomone

Model 407,19 414,12 406,91 404,25 1632,47 com? 177,0574837 %
Support 60,48 69,09 56,7 63 249,27 cm? 27,03579176 %

2xAua 42:6.2.3 lNMivakag kataypa@rs Tou UMNIKoU TO OTToio
KATavaAwBnkKe.

6.3 IIEPITPA®H XYXKEYQN

Mpiv ava@epBoUPE OTIG CUOKEUEG EKTUTTWONG TTOU XPpNaoiyoTToinénkav Ba gival moid

KatavonTd va PIAAOOUE YIa TIG apxEG TTOU AEITOUPYOUV Ol CUOKEUEG AUTEG KAl €ival Ol

€gng:

[NEPITPAOH XY2ZKEYQN
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H koTaokeur) Twv QvTIKEIUEVWY YiveTal pe evammdéBeon UAikou (MéEBodog Taxeiag
TIPOTUTTOTTOINONG) ONAAd TO AVTIKEIUEVO dnUIoUpYEiTal e AAAETTAAANAEG OTPWOEIG
evattoBeong UAIKOU atmd KATw PEXPI TO TTAVW MPEPOG TTOU ATTAITEITAI yId TNV
OAOKANpWaN TOU AVTIKEIJEVOU.
AKOuN €xel éva TTOAU onUAvTIKO TTPOTEPNUA OTI OEV £XEI KAVEVAV TTEPIOPICUO OTNV
HOP®N KAl OTNV YEWWPETPIA WG TTPOG TNV UAOTTOINCN AVTIKEIUEVWVY KOl aKOUNn va eival
aiTnua yia XprRon YETA To TEPAg TNG EKTUTTWONG.
ETtriong €xel TNV IKAVOTNTA VA EKTUTTWVEI OUVOETA avTikeipeva, dnAadn avTikeiyeva Ta
oTroia atroTeAoUvTal aTTO AAAA MIKPOTEPA 1] MEYAAUTEPO AVTIKEIMEVA TTOAAR ypriyopa
Kal va gival AEIToupyIka JETAEU TOUG.
‘Ooo avagpopd OTOUG TOUEIG TTOU £XEI EQAPMOYT Eival ApKETOI Kal gival ol EENC:
@ 2TNV eKTTAidEUCN yIa TNV TTAPOUCIACH UNXAVICUWV.
@ 2TNV IOTPIKN YIO TOV OXEDIAOUO MOVTEAWYV TTPOEYXEIPNTIKOU OXEDIATOU.
@ 2TNVv apxaioAoyia yia avriypag@a apXaIoTATWY YIa EUTTOPIKA XPerRon N MEAETN.
@ 2TNV APXITEKTOVIKI YIO TNV XPAON EKTUTTWONG JAKETAG.
@ 2TNV yuxaywyia yia TRV Xprnon ekTuttwong traixvioiwy, HovTEAIOUOGS, QIyOUpPES,
XOPOKTIPEG.
= AVayAuga XOpTWV.
g 21N gnxavoAoyia yia govTtéAa Tapouaiaong, ‘EAeyXo AsitoupyikdTnTac.
g MNa 1éxvn-Koounuarta dnAadr KAAOUTTIA KOOUNMATWY, TTPWTOTUTTA UOVTEAG O€
TTAQCTIKO, YAUTTTA.
g 2170 Biounxavikdé oxedIaouo yIa TTPWTOTUTIA, QVTIKEIMEVA  KATAVAAWTIKWVY
avaykwv, ETITTAQ.
g TNV odoVTIATPIKN YIO TTPOXEIPOUPYIKOUG VAPOBNKES TOTTOBETNONG EMPUTEUNATWY,
OUOKEUEG OUYKPATNONG YIa 0pBodovTIK XPAHoN.
H MéBodol 3D ektuTmwong (TpiodidoTtarng ekTOTTwoNG) €ivai :
1) Inkjet 3D Printing.
2) Fused Deposition Modeling (FDM).
3) Stereolithography (SL).
4) Celective Laser Sintering (SLS).

ITEPII'PA®H XYZKEYQN
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Inkjet 30 Printing
PR e
e T P i
i -h'-a- Lo
- ] ™ = ] P
T . e
[
s iy
Stereolithography (SL) Selective Laser Sintering (SLS)

Mo ) UV Ligte

2xNua 43:6.3.1 MeBodor 1piodiacTarns EKTUTTWONC.

Ooco avagopd Tnv péBOdO e TV  oToid  AEITOUPYOUV Ol OUOKEUEG  TTOU
xpnoigotroiénkav givalr n FDM (oxiua 6.3.2) oTnv oTroia KaBwg eI0€pXETAl TO UAIKO
oTAPIENG KAl TO UAIKO evattoBeong OTnV KEQPAAR KAl Ta aKpo@UOIa OTNV KATAAANAN

Bepuokpaaoia TéTE yiveTal N evatéBeon otnv BAon eKTUTTWONG.

MEGOAOZEKTYINQZHZ (FDM)

Kedah e€wBnonc (Kwvovpevn otov afova X katr Y)

Axpoduora e£wbnong

Koppdartia otipiéng

Baon extunwong

NMAatdoppa EkTUTTWONC
KaAournt

UALKOU

otipiéng
KaAoUmt uAkoU eKTUTwong

2xAua 44:6.3.2 Aiaypauuartikn armeikovion pebédou FDM.

MIEPITPA®H SYSKEYQN
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O1 ouokeuég OTTOU eKTUTTWONKAV Ta BoKidIo €ival duo n uia givar Dimension elite

p07813 (ABSPLUS) kai avticToixa n deutepn cival n Dimension BST 768 (ABS).

T‘I
¥

2
2

OepUoaTaTnC l
—
S———

Zuokeun SidAuanc uAikol oTnpiEng ( Support )

ZxNpa 45:6.3.3 (A) ApioTepd elite & 6eéid bst768 kai (B) o1 urtodoxég mou
TorroBsTouvral support & mode.

Product Specifications (elite)
Model material: Network connectivity:
ABSplus in ivory, white, black, red, Ethernet TCP/IP 10/100Base-T
olive green, nectarine, fluorescent Size and weight:
yellow, blue or gray 686 x 914 x 1041 mm (27 x 36 x 41 in)
Support material: 136kg (300 Ibs)
Soluble Support Technology (SST) Power requirements:
Build size: 110-120 VAC, 60 Hz, minimum 15A
203 x 203 x 305 mm (8 x 8 x 12 in) dedicated circuit; or 220-240 VAC
Layer thickness: 50/60 Hz, minimum 7A dedicated circuit
.178 mm (.007 in) or .254 mm (.010 in)  Regulatory compliance: CE/ETL
of precisely deposited ABSplus model Special facility requirements: None
and support material
Workstation compatibility:
Windows Vista®

2xAua 46:6.3.4 Tlivakag TEXVIKWY XAPAKTNPIOTIKWYV elite.

[NEPITPAOH XY2ZKEYQN



[ TEXNOAOTI'TIKO EKITAIAEYTIKO IAPYMA BIBYISWY VS
Q4 4N: M MHXANOAOI'TAX

! | KoxAlag kivnong

PaBborgaBobdnynon

Kedjahn, ektumwaong

Zuykparnteg Baong ekTUNWOng MActdopua atova Z

2xXNUa 47:6.3.5 OdAauog¢ ekTUTTwonS ( ECWTEPIKA ).

Product Specifications (bst768)

Network Connectivity

TCP/IP 100/10 base T

Workstation Compatibility

Windows XP

Windows Vista

Build Size

Maximum size 203 x 203 x 305mm (8 x 8 x 12in)

Materilas

ABS plastic in standard white, blue, yellow, black, red, green or steel gray colors.
Custom colors can be used.

Support Structures and Removal

Catalyst EX software automatically creates any needed support.

Two support removal processes.

Breakaway Support Technology - simply break away the part.

Material Cartridges

One autoload cartridge with 922 cu. cm. (56.3 cu. in.) ABS material.

One autoload cartridge with 922 cu. cm. (56.3 cu. in.) support material.

Layer Thickness

.010in or .013in of precisely deposited ABS and support material.

Size and Power Requirements

Size: 27 x 36 x 41in.

Weight: 300Ibs.

[NEPITPAOH XY2ZKEYQN
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Power:

110-120 VAC, 60 Hz minimum.

15A dedicated cidcuit or 220-240 VAC. 50/60Hz, minimum 7A dedicated circuit.

Regulatory Compliance: CE/ETL

Special Facility Requirements: None

2xNua 48:6.3.6 [livakag TEXVIKWV XapakTnpIoTIKWV bst768.

Mnxavi epeAkuopoU: Opiletal n diIGTagn n otroia PTTopPEl va eQapudoEel DUVANEIG
€PEAKUOUOU O¢€ €va dokiulo. H taxutnta epappoyng tng duvaung (QopTtio) uTropei va
pubpieTal e KaTAAANAO XeIpIoPd TG MNXAVAG.
O1 pnxavég epeAkuopoU avaloya e TNV apxr Aeiroupyiag Toug dlakpivovtal o€ duo
KOTNYOpIiEG:

1) HAekTpOuNXaVIKEG.

2) ZepPoudpaulikég.

- \ [(wsf—i‘l' ¥ . = ’ - E \ =
A B ! | MoyAoG Enavadpopag apxikng Kataos

< (adaipeon edappolopevnc Sovap
i w__:_%m ‘:-i\::: . ‘

TEVLKOG &axémnc‘eknivncnq

Start & stop
MoxAocyiatnv puBuion tng

TaxUTNTaC

2xAMa 49:6.3.7 ZUoKeun €QEAKUCHOU OTTOU TTPAYMATOTTOINONKE TO TTEipapa.

Ao ava@opdg yia Tn OUVEXEId TNG TITUXIOKAG Kal Tnv UuAoTroinon Tng Eival ol
TTAPAKATW TUTTOI TTOU Ba  avagepBolv kKabwg kal 1o  dIdypappa  «Tdong-
Tapapopewong» (0-€) TPIV TV TIEPIYPAPN TOU TIEIPAPATOS WOTE Vva Yivel n

TEKMNPIWON TOV ATTOTEAEOUATWY UTTO OWOTEG BACEIC.

[NEPITPAOH XY2ZKEYQN
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E@eAkuopodg: Eival n epappoyr Suvauewy oTa duo akpa Tou dOKIMIOU OI OTTOIEG gival

oG Kal avTiBeTNG KaTEUBUVONG PETAEU TOUG.

— F[_ve Fép.[ Nt

& (Aot odhehcuopod) o = Alrrt“: OBy, (Taon Bpaianc) ugp. _|__,.
A lm~2

AL pre
B (E S o eueang) £ = T l;l - .
EEY. [ MNE
Opn  |Dpuw Bpadonc) TRy, = "ET[
: A mh2
= -
L T e E = ;[Nt/:n 2]

2xnNua 50:6.3.8 TumroAdyio 1o 01T0i0 XPNOILOTTOINBNKE.

Tdon (Stress): Eival 1o TmAiko Tn¢g dUvapng TTOU AOKEITAlI KABETA 0T dIATOUI TOU
OOKIUioU TTPOG TNV ETTIPAVEIA TG DIGTOMNG TOU dOKIUIOU.

Mapapdpewon (Strain): Eivar 1o TTNAIKO TNG ETIPNAKUVONG TTPOG TO OPXIKO TOU
KOG,

MeTpd eAaoTikdTNTAG (MOodulus of elasticity) : Eival To TTnAiko Tng Tdong Tpog tnv
TTOPAUOPPWON OTNV  €AAOTIKI  TTEPIOXA TOU QOKIMIOU KAl  QVTIOTOIXEl  TTOIO
QVTITTPOCWTTEUTIKA OTNV KAioN TOU €UBUYPAUHOU TURAHATOG TOU BIAYPAUNOTOS «O-£»
AvToxn Siappong (R mapapdéppwong) (Yield strength): Eivar n Tdon mépav Tng
OTTOIOG TO UAIKO €I0€pXETAI OTNV TTAACTIKA TTEPIOXT] ONAadN gival n PeyioTn Tdon TTOoU
QvTEXEI TO UAIKO TTPIV TRV évapén TNG TTAACTIKAG (MOVIUNG) TOU TTAPAROpPWOongG.
Avoxn egpeAkuopol (Tensile Strength): H péyiotn 1Gon otnv 6molo avréxel 10
UAIKO TTpIV TNV Bpaucon Tou. AVTIOTOIXEI OTO uWNASTEPO ONUEIO TNG KAPTTUANG «C-€»
Taon 6pavong: Eivar 1o TnAiko Tng duvaung 6TTou 10 dOKiMIoO BpaleTal TTPOG TNV
apxIKN €MIQAVEIR TNG BIATOURS TOU SOKIWioU.

Opl1o Bpavong: Eival 10 onuegio NG KAUTTUANG «O-€» TO OTIOIO QAVTIOTOIXEI OTNV
avtoxn eQeAKUCOU.

Opl1o Alappong: Eival 10 onuegio TG KAPTTUANG «O-€» TO OTTOIO QVTIOTOIXEI OTNV

avtoxr dlappong.

ITEPII'PA®H XYZKEYQN
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E (Mapoapopdwan)

2xAMa 51:6.3.9 Aiaypauuarikn mapaocracn o-¢€.

6.4 IIEPITPA®H IIEIPAMATOX

O1 Bepuokpacieg TTou avamTiooovTal OTIC KEPAAEG Twy OUO EKTUTTWTWYV YIa va
apyioouv va evatmoBétouv UAIKOG ival BST 270 °C kai otnv elite 280 °C.

‘Emrerma yiveral n eKTUTTWOoN Twv SOKIKiwv ToTToBeTwvTag TNV TTAdKa oTov B&GAauo Tou

EKTUTTWTH.

2xnua 52:6.4.1 (A, C) Apxn kai T€Aog ekTuttwong yia elite kar (B, D) apxn
Kal TEAOG EKTUTTWONG yia bst768.

[IEPITPA®H ITIEIPAMATOX
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2xAua 53:6.4.2 (A) Aokiuia ABS (paupo) & ABSPLUS (ykpr) kai (B) 10
avTioToIXo support yia To Ka0g dokiulo.

MeTA TNV eKTUTTWON KAl ETOINOCIA OAWV TWV dOKIYiWY, aKoAoUBEi N dokipaaia
EPEAKUOOU OTNV UNXAVA TTOU TTEPIYPAPNKE TTAPATTAVW.

# AT
G -/v:(

2xNua 54:6.4.3 (A) Aokiuia abs & absplus, (B) Aokiuio kara tnv
OAOKANPWON TOU TTEIPAUATOC TTPIV ATTOCUVOEDEI atTd TNV unxavy eQEAKUCLIOU,
(C) Aokiuia absplus, (D) Aokiuia abs.

O1 aioBnTipeg péTpNONGg TNG MNXOVAS €@eAkuopou: Load cell kar extensometer
ouvdéovTal pe KATAAANAN KAPTA O NAEKTPOVIKO UTTOAOYIOTH YIO TN HETOQOPA TwV
O0edouévwy PETPNONG TTOU €ival TO @QOPTIO Kal N METAROAN TOU MAKOUG. ZTOV
UTTOAOVYIOTH €ival eyKaTEOTNUEVO TO TTPOypaupa LabVew yia tnv katayparn Twv
0edopévwy. MeTd 10 TEAOG KABE TTEIPANOTOC TTAiPVOUE GTNV 084GV TOU UTTOAOYIOTH

Ta £€NG Tpia dlaypduuara Ta otToia divel To TTPdypaupa LabVew.

[IEPITPA®H ITIEIPAMATOX
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2XAMa 55:6.4.4 MNMeipapaTtikd aTToTEAECPATA O€ HOPPN YPAPNUATWV.

H 1TpwTtn ypagikr trapdotacn €ival T0 QOpPTIO WG TTPog XpoOvo n deuTepn eival
METAROAN PriKoug Tou OOKIYIOU TTPOG XPOVO Kal TEAOG N TpITn ypa@IK TTapdoTach
TTOU €ival QopTio TTPOG TOV XPOVO.

O1 petprocig karaypd@ovtal Ye T Hopen apxeiwv txt Ta otola yia dliEUKOAuvoN
MeTa@EpovTal TTPWTA 0To Excel 61Tou yiveTal KAataAANAn eTeepyaoia Tov dedopévwy.
2TN OUVEXEIQ Ol TIUEG QOPTIO WG TIPOG TNV METABOAAR TOU MAKOUG TOu &OKIWioU
MeTa@EépovTal yia KABe Ookipyio oT1o Trpdypaupa OriginPro8 vyia TV TEAKN
emTegepyaaia Tov O£OOUEVWY Kal TNV dnUIoupyia TOV ATTAITOUPEVWYV BIaYPANPATWY.
210 oxApa (6.3.5) divetal TUTTIKG didypauua «Poptiou(N)-MeTaBoAr uikoug (mm)»
yia éva OoKiuio Kal Ogixvetal o TPOTTOG UTTOAOYICHOU TOou @opTiou dIappong Kal

MEYIOTOU PopTiou EPEAKUTOU.

ABS e Layer Rasoluton 0,25

ACKBEO 1 ) yea ropinrra 20 mmdmin ABS pr Laryor F utson 055
ACKIIOLT ) wafrrgmnra 20 s
z z
2 = g b
3 :
* é
METABOWH MHKOYE (i) METABOAH MHKOYE (i)

ZxNpa 56:6.4.5 Emeéepyaaia meipauatikwyv dedouévwy aro OriginPro 8 .

[IEPITPA®H ITIEIPAMATOX
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Ta BEAN Ta otroia €xouv oxnuatioTei pag deixvouv 10 6plo diappong (Me Baon TIg
TIUEG MEXPI QUTO TO onueio yiverar o uTToAoyIopdg TNG KAiong Tou €uBuypappou
KOMMOTIOU TNG KAUTTUANG) Kail 1o 6pio Bpavong pe tnv Borbeia TG YPAUUAS TTOU
oXeDIAOTNKE YIO TNV €UPECT TWV AVTIOTOIXWYV APIBUWY TTOU XPNOIYOTTOIOUVTAl OTOUG

TUTTOUG.

= Oleesidon tevt » 3029

T S i o N S T

GLIS v P

2xnua 57:6.4.6 Emeéepyacia meipauanikwyv dedouévwy aro AutoCAD.

To Al Bpioketar pye 10 OXeOIOOTIKO TTPpOypaupa AutoCAD pe 1n PBondeia Twv
EUBUYPANPWY YPAPPWY OTTOU N Wia gival e@atttépevn atd Tnv apxn Tov agdévwy (0,0)

TIPOG TNV KAUTTUAN Kai N GAAN ypauun TTapdAAnAn TTpOg auTrv.

[IEPITPA®H ITIEIPAMATOX
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KE®AAAIO 7

7.1 AIIOTEAEXMATA

Emdiwen Tng epyaciag pou ATav va PEAETHOW TNV avToxr o€ SOKIPNOCia EPEAKUCHOU
ookipia atmd Ta UAIka ABS kai ABSPLUS Ta oTroia KATAoKEUAOTNKAV OTO £PYQOTHPIO
PopT1roTIKAG - MNXaTpoviKAG Ye TN PEBODO N OTToia TTEPIYPAPETAI OTO KEPAAQIO 6 TNG
TITUXIOKAG.
Ta dokigia KataokeudoTnkav cup@wva Pe 1o TTPoTuTTo ASTM D 638 (Type | ). Ol
dlaoTdoelg Tou dokiyiou atreikovi¢ovTal oTo TTapdpTnua Il (ZxAua 1). Z0gewva he 10
TIPOTUTTO AUTO N TTPOTEIVOUEVN TaXUTNTA EQAPUOYNG TOU QPOPTioU EQEAKUCOU dnAadn
TNG TAoNG €@eAKUOPOU gival 5 mm/min. MNa va peAeTAocouue TNV €midpacn Tng
TaxUTNTOG QUTAG OTIC MNXQVIKEG 1010TNTEG Twv UAIKWY ABS kai ABSPLUS Trou
MeAeTAoOUE eTIAEEQUE €TTT TTAEOV BUO TaXUTNTEG.
O1 Taxutnteg autég ATav 10 mm/min kai 20 mm/min. H Ttaxutnta €QApPOynAS NG
Tdong e@eAkuopou kabopifel Tn Taxurnta Mapapdépewong (Strain Rate). ZT1n
BiBAloypagia yia TNG avTioTOIXEG MEAETEG XPNOIKOTTOIEITAI N TAXUTATA TTAPANOPPWONG
n otroia utroAoyileTal wg 0 AOYogG NG TaxUTNTAG EQPEAKUCHOU TTPOG TO MAKOG TOU
OOKIUiou.
2TV TTEPITITWON TNG TITUXIOKNG QUTAG TO WAKOG Tou QOKIYiou ATav 57 mm Kai
OUVETTWG 01 TaXUTNTEG TTAPANOPPWONG TTOU £QApPOCTNKAY Eival:

1) 0,088 min™-1 (Ma TaxutnTa epeAKUCPOU 5 mm/min)

2) 0,175 min®-1 (MNa Taxutnta e@eAkuopou 10 mm/min)

3) 0,351 min®-1 (MNa Taxutnta e@eAkuopou 20 mm/min)
O1 dokiyaoieg e€PeAKUCHOU éyivav OTNV UNXavh €QEAKUCHOU TOU €PYaOTNnPioU
TeEXVOAoyiag UAIKwv. H ouokeury e@eAkuopoU artroTeAeital ammd éva udpaulikd
ovuoTtnpa NG etaipeiag Schenck Trebel. Ta Tnv pétpnon Tou QopPTiOU XPNOIUOTTOIE
load cell (Tutrou GLG-2B) duvatotnTag 2t, e euaioBnoia £1kp, akpipeia +0,5% kai
aioOntipag prikoug (Tutrou SDP-100C) duvardétntag 100mm, ue akpifeia £0,01 mm
Kal un ypauuikotnta 0,2%R0O.
O1 Tipég Tou @opTiou o Newton Kal TNG €TMIPAKUVONG 0€ XIAIOoTA (Mmm) Tou PETPOU
Kataypd@ovTal o€ UTTOAOYIOTH JE TN HOP®N apXEiou txt e To TTpdypauua LabVew.
Ta 6edopéva NG KABE dOKIPOCiag EPEAKUCHOU PE TN XPAON TOU TTPOYPAUUATOG Origin
atreikovifovtal o€ diaypaupa F(Poptio oe N) vs, Al(mm, MetaBoAn pAkoug Tou
dokiyiou AGyw ETTIHAKUVONG).

KEGARAIO?
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MNa k&Be TaxuTNTA TTAPAPOPPWONG XPNOIUOTTOINONKaAv 7 doKiula yia va Eac@aMIoTEi
N eTavaAnyINoTNTa Twy amoTeAeoudTwy. Ta diaypaupara F,Vs, Al Tou TTaprixénoav

@aivovTal oTo TTapdpTtnua Il TNG TTITUXIOKNAG.
ATT6 KABe didypapua cUP@wva Pe TN eBodoAoyia Tou OXAMATOG KAl TNG ETTEENYNONG
utToAOyIOTAKAV Ta €ENAG MEYEDN:

a) H khion (F/AN(N/mm) amé 1o euBUypaupo TuAPa Tou diaypduuatog opTio-
EMPAKUVONG. 2Z& OAEC TNG TTEPITITWOEIG O OUVTEAEOTAG OUOXETIONG TG
guBeiag ypauung nrav >0,998.

ATT6 TNV KAAoN uttoAoyIféTav 0Th CUuvéXela TO PETPO eAaOTIKOTNTAG (Modulus

of elasticity) Tou uhikou og GPa wg €g¢ng:

E S F E Al S E F\ lo
= * = ) = ) = = | — —_—
d £ (Ao) (lo) (Al) (Ao

E= Métpo ehaoTikétnTag (Modulus of elasticity).

OTTOU:

O'= Taon epeAkuopuod.

&€= Napapudpewan.

Al= MetaBoAr urkoug dokipiou.
|0= APXIKO HAKOG DOKIWiOU.

Ao= Apxikoi diatour dokipiou.
(FIAl)= Khion.

b) To goptio Fy (N) 1o otoio avrioToixei oTo @opTio avroxig diappong. To
@optio FY Biaipolpevo pe v emeaveia diatourg pag divel tnv Oy (MPa),
(Avtoxn diapponig Tou dokiyiou).

c) To péyioto @oprtio avioxns Frs (N) TTpIV aTTd TN Bpavon Tou OOKIUioU TO

OTTOI0 AVTIOTOIXEI OTO QPOPTIO AVTOXNG EPEAKUCHUOU TOU OOKIYiOU, TO OTTO0I0

OIAIPOUPEVO WE TNV ETTIPAVEIA  BIATOWPNG HAG divel TNV AvToXH €QEAKUCUOU
OTs (M Pa.)

d) To goptio Fg (N) oo omoio cupBaivel n Bpavdon Tou dokiyiou To OTToIo
SlaipoUpEVO WE TV em@dveia diatourig pag divel Tnv avioxn O (MPa) oo
onpeio Bpavong.

AIIOTEAEZMATA
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21oug Tvakeg 1 €wg 4 Tou akoAouBoUv Trapouciadovial Ta OUYKEVTPWTIKA
aTTOTEAEOPATA TNG APXIKNG ETTECEPYOTIag TWV OEDOUEVWV TwV dlaypaUUdATWY, TOU
mapaptipaTtog (ll) yia kaBepia ammd TIG TEOOEPEIG KATNYOPIEG OOKIYiWY TTOU
uttoBANBNKav oTn  OOKIJOOIa EQPEAKUOHUOU Ot  TPEIG OIAQPOPETIKEG  TAXUTNTEG
Tapaudpewong. lMapoucidlovral eTmiong Ta Tapdywya peyEOn olPewva Pe Ta

ava@epOEVTa oTNV TTAPAYPAPO QUTH.

MINAKAZ 1
AMNOTEAEZMATA EQEAKYZMOY AOKIMIQN ABS 0,25
Toaxomra E@eAkuopou(Tensile rate) :5mm/min
Tayiumra Tapapdpewong (Strain Rate):0,088min A-1
Aokipio 1 Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6 Aokiyio 7 MO

KAion (Slope) <N/mm> 475,66989 512,32 486,2173 492,717 479,5928 531,3* 510,199 489
Poprio diapporig (Yielding load) < N> 1023 925 980 923 1008 1043* 859 939
Poprtio avioxng epeAkuopoU (Tensile Load) < N> 1251,558 1219,47 1381* 1172,57 1256,99 1238,72 1226,38 1227
Poptio Opavong (Fracture Load) <N>  1193,794 1148,37 1317* 1114,8 1209,594 1137,02 1148,87 1158
AlooTdoeig Sokiyiwy oUpgwva pe 10 ASTM Mrkog(mm) 57 NAdtog(mm) 7,23 Ndxog (mm) 12,93

Métpo EAaomkémtag (Elastic modulus) GPa 0,3

Avroxn Alapporig(Yield Strength) M Pa 10,0

Avroxr epeAkuopou(Tensile Strength ) MPa 13,1

Avroxr) ©pavong(Fracture Strength) MPa 12,4

Tayumra EgeAkuopou(Tensile rate) :10mm/min
Tayumra TTapapdpewong (Strain Rate):0,175min A-1
Aokipio 1 Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6 Aokiuio 7 MO

KAion (Slope) < N/mm> 499,6 484* 538 442* 510,2 512,2 519,2 516
Poprio diappori (Yielding load) < N> 1009 1178 1226 722* 1054 1188 1170 1138
Poprio avioxrg epeAkuopou (Tensile Load) < N> 1138 1262 1324 810* 1207 1310 1344 1290
Poptio Opavong (Fracture Load) <N> 1071,354 1160,72 1221,442 734* 1104,433 1231,81 1270,32 1198
AlaoT1doeig dokiyiwy aupewva ye 10 ASTM Mrjkog(mm) 57 NAdtog(mm) 7,23 Ndyog (mm) 12,93

Métpo EAaomkémrag (Elastic modulus) GPa 0,315

Avroxr) Alapporig(Yield Strength) M Pa 12,2

Avroxn epeAkuopou(Tensile Strength ) MPa 13,8

Avroxr ©pavong(Fracture Strength) MPa 12,8

Tayumra EgeAkuopou(Tensile rate) :220mm/min
Tayumra TTapapdpewong (Strain Rate):0,35min -1
Aokipio 1 Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6 Aokipio 7 MO

KAion (Slope) < N/mm> 537,6 503 534,2 548,5 533,5 566 556 546
Poprio diapporis (Yielding load) < N> 1214* 1295 1250 1308 1219 1310 1294 1291
Poprtio avioxnig epeAkuopou (Tensile Load) < N> 1332 1385 1.373 1425 1367 1517 1381 1401
Poprtio Opavong (Fracture Load) <N> 1227,367 1277,726 1245,634 1350,301 1282,662 1423,371 1266,864 1296
AlaoT1doeig doKIYiwy aupewva ye 10 ASTM Mrkog(mm) 57 NMAdtog(mm) 7,23 MNéyog (mm) 12,93

Métpo EAaoTkémTag (Elastic modulus) GPa 0,33

Avioxn Alapporig(Yield Strength) M Pa 13,8

Avioxn epeAkuopol(Tensile Strength ) MPa 15,0

Avroxr) ©pauong(Fracture Strength) MPa 13,9

2xNua 58:7.1.1 2uykevTpwTiKOS TTivakag amoreAsouarwyv ABS 0,25.

* . . . . . .
Tiuég o1 omroieg &ev ouuTTEPIAPONKAV OTO UTTOAOYIONO TWV HEOCWV CPWV.

AIIOTEAEZMATA
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MINAKAZ

AMNOTEAEZMATA E®EAKYZMOY AOKIMION ABS 0,33

Taxumra EgeAkuopou(Tensile rate) :5mm/min
Tayumra Tapapépewaong (Strain Rate):0,088min -1

Aokipio 1
KAion (Slope) < N/mm> 479
®oprio diapporig (Yielding load) < N> 896
Poprtio avioxng epeAkuopol (Tensile Load) < N> 1093
®oprio Opadong (Fracture Load) <N> 1063
AlaoTéoeig dokipiwy oupewva pe 10 ASTM Mrikog(mm)
Métpo EAaomkémrag (Elastic modulus) GPa 0,27
Avroxr Aiapporig(Yield Strength) MPa 9,3
Avroxr) epeAkuopoU(Tensile Strength ) MPa 11,2
Avioxn ©pauong(Fracture Strength) MPa 10,7
Taximra Eg@ehkuopou(Tensile rate) :10mm/min
Tayimra rapapépewaong (Strain Rate):0,175min -1

Aokipio 1
KAion (Slope) < N/mm> 502,3
Poprio diapporig (Yielding load) < N> 1032
Poprio avioxrg epeAkuapou (Tensile Load) < N> 1190
Poprio Opavong (Fracture Load) <N> 1110
AiaoTéoeig dokipiwy oupewva pe 10 ASTM Mrkog(mm)
Métpo EAaomkémrag (Elastic modulus) GPa 0,3
Avioxri Alapporg(Yield Strength) M Pa 10,4
Avioxn epeAkuopol(Tensile Strength ) MPa 11,7
Avioxn ©pauong(Fracture Strength) MPa 115
Taximra Egehkuopou(Tensile rate) :20mm/min
Taytmra rapapépewaong (Strain Rate):0,35min A-1

Aokipio 1
KAion (Slope) <N/mm> 544
Poprio diapporis (Yielding load) < N> 1096,039
Poprtio avioxrg epeAkuopou (Tensile Load) < N> 1249,09
Poprio Opavong (Fracture Load) <N> 1220
AlaoTéoeig dokipiwy oupewva pe 10 ASTM Mrkog(mm)
Métpo EAaomkémrag (Elastic modulus) GPa 0,31
Avroxn Aiapporig(Yield Strength) MPa 115
Avioxn epeAkuopol(Tensile Strength ) MPa 13,2
Avioxr) ©pauong(Fracture Strength) MPa 12,7

Aokiuio 2 Aokipio 3 Aokipio 4 Aokiuio 5 Aokipio 6 Aokiuio 7 MO

4814 438,299 446,2 449 4557 455

887 863 864 908 884 888
1106 979 1033 1073 1081 1066
1034 940 982 1035 1027 1017

57 NM\dtog(mm) 7,38 Ndyog (mm) 12,92

Aokipio 2 Aokiuio 3 Aokipio 4 Aokipio 5 Aokiuio 6 Aokipio 7 MO
532,3 455* 490 449* 464  546,7 507

885 978 969 932 1032 987
1044 1138,01 1101 1062 1221 1120
999 1112 1080 1034 1172 1096

57 NM\dtog(mm) 7,38 Nayog (mm) 12,92

Aokiuio 2 Aokipio 3 Aokipio 4 Aokiuio 5 Aokipio 6 Aokiuio 7 MO

5056  464,2 507 512 500 515
1116,282 1104,93 1098,015 1084,68 113554 1098
1256,003 1287,11 1202 1231,81 130044 1257

1223 1266 1151 1161 1254 1214

57 NM\dtog(mm) 7,38 Nayog (mm) 12,92

2xAua 59:7.1.2 SuykevipwrTIKOC Tivakag amroreAsouarwyv ABS 0,33.

* . p . p . .
Tiuég o1 omroieg dev ouuTTEPIARPONKAV OTO UTTOAOYIOUG TWV HEOCWV OPWV.

AIIOTEAEZMATA
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MINAKAZ

3

AMNOTEAEZMATA EPEAKYZMOY AOKIMION ABS PLUS 0,17

Toyumra EgeAkuopou(Tensile rate) :5mm/min
Taximra TTapapdpewong (Strain Rate):0,088min A-1

KAion (Slope) < N/mm>
Doprio diapporig (Yielding load) < N>
Poprtio avioxng epeAkuopou (Tensile Load) < N>
Poprio Opavong (Fracture Load) <N>
AlooTdoeig Sokipiwv oUpwva pe 10 ASTM

Métpo EAaokémrag (Elastic modulus) GPa
Avroxr) Alapporig(Yield Strength) M Pa
Avroxr| epeAkuopoU(Tensile Strength ) MPa
Avroxr) ©pavtong(Fracture Strength) MPa

Toayumra EgeAkuopou(Tensile rate) :10mm/min
Toayumra Tapapdpewong (Strain Rate):0,175 min A1

KAion (Slope) < N/mm>
Doprio Siapporig (Yielding load) < N>
Poprtio avioxrg epeAkuopou (Tensile Load) < N>
DPoptio Opauong (Fracture Load) <N>
AlooTdoeig Sokipiwv oUpgwva pe 10 ASTM

Métpo EAaomkémrag (Elastic modulus) GPa
Avroxr| Alapporig(Yield Strength) M Pa
Avroxr| epeAkuopoU(Tensile Strength ) MPa
Avroxr) ©patong(Fracture Strength) MPa

Toayumra EgeAkuopou(Tensile rate) :20mm/min
Tayximra rapauépewong (Strain Rate):0,35min A-1

KAion (Slope) < N/mm>
Doprio Siapporig (Yielding load) < N>
Poprio avioxrg epeAkuopou (Tensile Load) < N>
Poprio Opavong (Fracture Load) <N>
AlooTdoeig Sokipiwv oUpgwva pe 10 ASTM

Métpo EAacmkémrag (Elastic modulus) GPa
Avroxn Aiapporig(Yield Strength) M Pa
Avroxn epeAkuopoU(Tensile Strength ) MPa
Avroxr) ©pavong(Fracture Strength) MPa

Aokipio 1
837,8
2095
2364*
2200
Mrkog(mm)
0,495
19,3
22,1
21,2

Aokipio 1
823
2162
2386
2241
Mrjkog(mm)
0,51
21,9
24,8
23,1

Aokipio 1

825,77881
2420
2606
2541

Mrjkog(mm)
0,515
26,8
28,9
27,5

Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6
817,295 748,7 8475 835 836,4
1933 1673 2220 1623 1667
2313,04 1818 2441* 1906 1991
2155 1716 2336* 1792 1882,03

57 MAdtog(mm) 7,14 Néxog (mm) 13,06
Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6
851 889,4* 843,6 852 814
2226 1933 1852 1973 1921,03
2428 2235 2190 2225 2292
2258 2020 2027 2045 2170

57 NAdtog(mm) 7,14 nNdyog (mm) 13,06
Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6
851 836,99889 844 825 822
2328 2677 2606 2330 2431
2642 2889 2782 2522 2612
2467 2753 2630 2395 2472

57 NAdtog(mm) 7,14 nNdyog (mm) 13,06

Aokipyio 7 MO
7796 814
2114 1798
2288 2063
2125 1978

Aokipyio 7 MO

861 836
2210 2040
2422 2311
2297 2151
Aokipyio 7 MO
822 840
2717 2501
2810 2695
2661 2560

2xNua 60:7.1.3 JuykevTpwTIKOC Tivakag amoreAsouarwyv ABSPLUS 0,17.

* . p . . . .
Tiuég o1 omroieg dev ouuTTEPIAPONKAV OTO UTTOAOYIONO TWV HEOCWV OPWV.

AIIOTEAEZMATA
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MNAKAZ 4
AMNMOTEAEZMATA E®PEAKYZMOY AOKIMION ABS PLUS 0,25
Toayumra EgeAkuopol(Tensile rate) :5mm/min
Toyumra TTapapdpwaong (Strain Rate):0,088min -1
Aokipio 1 Aokipio 2 Aokipio 3 Aokipio 4 Aokipio 5 Aokipio 6 Aokipio 7 MO

KAion (Slope) < N/mm> 7446 792 806 789 762 772 715 769
oprio Siapporic (Yielding load) < N> 1794 1706 1753 1888 1859 1877 2081 1851
Poprio avioxng epeAkuopou (Tensile Load) < N> 1917 1985 2154 2200 2398 2221 2468 2192
Poptio Opavong (Fracture Load) <N> 1857 1929 2108 2184 2324 2179 2444 2146
AiaoTdoeig Sokipiwy ouuewva pe 1o ASTM Mrkog(mm) 57 MAdtog(mm) 7,1 Néyog (mm) 13,02

Métpo EAaomkédmTag (Elastic modulus) GPa 0,47

Avioxn Alapporig(Yield Strength) M Pa 20,0

Avtoxn epeAkuapoU(Tensile Strength ) MPa 23,7

Avioxri ©pauong(Fracture Strength) MPa 23,2

Toayumra EgeAkuopol(Tensile rate) :10mm/min
Taxmra Tapapdpewaong (Strain Rate):0,175min A-1
Aokipio 1 Aokipio 2 Aokipio 3 Aokiuio 4 Aokipio 5 Aokipio 6 Aokipio 7 MO

KAion (Slope) < N/mm> 7848 845,8 815 835,6 800 865 795 820
Poprio Siapporig (Yielding load) < N> 2066 2106 2000 2148 2193 2157 1892 2080
Poprio avioxrg epeAkuopou (Tensile Load) < N> 2295 2338 2328 2389 2406 2394,99 2210 2337
Poprio Opavong (Fracture Load) <N> 2226 2234 2297 2231 2313 2318,96 2119,998 2249
AlaoTdo€ig dokipiwv oUpewva pe 10 ASTM Mrkog(mm) 57 MAd&tog(mm) 7,1 Néyog (mm) 13,02

Métpo EAaomkédmrag (Elastic modulus) GPa 0,51

Avroxn Alapporig(Yield Strength) M Pa 22,5

Avtoxn epeAkuapoU(Tensile Strength ) MPa 253

Avioxri ©pauong(Fracture Strength) MPa 24,3

Toayumra EgeAkuopol(Tensile rate) :220mm/min
Taxmra Tapapdpewaong (Strain Rate):0,35min A-1
Aokipio 1 Aokipio 2 Aokipio 3 Aokiuio 4 Aokipio 5 Aokipio 6 Aokipio 7 MO

KAion (Slope) < N/mm> 826 873 857 766 829 892 878 846
Poprio Siapporig (Yielding load) < N> 2355 2340 2161 2053 2316 1851 1952 2147
Poprio avioxrg epeAkuopou (Tensile Load) < N> 2632 2631 2499 2330 2579 2412 2349 2490
Poprio Opavong (Fracture Load) <N> 2585 2437 2455 2270 2514 2207 2265 2390
AlaoTdoeig dokipiwv oUpewva pe 10 ASTM Mrkog(mm) 57 MAd&tog(mm) 7,1 Néyog (mm) 13,02

MéTpo EAaoTikémTag (Elastic modulus) GPa 0,52

Avroxr Alapporg(Yield Strength) M Pa 23,2

Avroxn epeAkuopoU(Tensile Strength ) MPa 26,9

Avroxr) @pavong(Fracture Strength) MPa 25,9

2xNUa 61:7.1.4 JuykevipwrTiKO¢ mmivakag ammoreAsoudrwyv ABSPLUS 0,25.

7.2 XYZHTHXH AITIOTEAEXMATQN
O1 poppéc Twv dlaypouudtwy yia OAa Ta OOKipia Kal yia OAeG TIG TaXUTNTEG
TTAOPAPOPPWONG dEIXVOUV va TTPOCOUOIACOUV PE TA dIAyPANPATA JETANAWY TTAPA PE

Ta KAQGIKG SiaypaUuaTa TWV BEPUOTTAACTIKWY UAIKWV.

XYZHTHXH AIIOTEAEXEMATQN
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Zuywgirad Siovpdppara vin 0,25 (L8 5) Suywprned Siayadapata wo 0.3 (&85}
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2XAMa 62:7.2.1 ArTeIkovion d1aypauuaTwyV EQEAKUCLIOU QOPTIOU WS TTPOS
uerapBoAn unkoug rou dokiuiou(a) yia ABS 0,25(8) yia ABS 0,33(y) ABSPLUS
0,17(6) ABSPLUS 0,25.

Ta UAIKG Oev TTAPOUCIACOUV EKTETAMEVN TTAACTIKA TTEPIOXN META TO OpIo dIaPPONG.
Mapatnpeital o€ OAES TIG SOKIPATIEG TTOU KAVAE OTI O'y<0'-|-s KOl Og<OTs.

AuTo anuaivel 6TI, n dOUA TTOU ATTEKTNOE TO UAIKO WE Tn Hop@oTroinon We Tn uéBodo
eKTUTTWONG (rapid prototype) Ocixvel Wi OUVEKTIKOTNTA N OTIOIQ TTPOCOMOIALEl ME

EKEIVN TWV METAAWV KAl TWV EVIOXUMEVWVY TTOAUPEPWY. 2Ta OlaypPANPATA TTOU
akoAouBouv atreikovileTal n Iepapyia Twv TIHWV O Vs OTs kai Og yia 6Aa Ta Sokiuia

Kal TIG TaXUTNTEC TTOPAPOPPWONG.

XYZHTHXH AIIOTEAEXEMATQN
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. MATERIAL :ABS 0.25
O'y
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2xnua 63:7.2.2 Aokiuio ABS 0,25.
2UYKPITIKI) TTApOoUaiaan TwV TIHWYV TwV TTAPAUETOWY Oy, OTs, Og
yIa TIG TPEIG TAXUTNTEG TTAPAUOPPWONG TTOU XPNOIUOTToINONKav.

"1 MATERIAL : ABS 0,33
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STRAIN RATE (min™)

2xnua 64:7.2.3 Aokiuio ABS 0,33.
2UYKPITIKI) TTApOUCIiacn TwV TIHWV TwV TTAPAUETOWY Oy, OTs, Og
yIa TIS TPEIS TaXUTNTEC TTAPAUOPPWONS TTOU XPNOIUOTToINONKav.

XYZHTHXH AIIOTEAEXEMATQN
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30, MATERIAL :ABS PLUS 0,17
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2xNua 65:7.2.4 Aokiuio ABSPLUS 0,17.
2UYKPITIKI) TTApOoUaiaan TwV TIHWYV TwV TTAPAUETOWY Oy, OTs, Og
YIQ TIS TPEIS TaXUTNTES TTAPAUOPPWONS TTOU XPNOIUOTToINONKav.

) MATERIAL: ABS PLUS 0.25
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STRAIN RATE (min' )

2xNua 66:7.2.5 Aokiuio ABSPLUS 0,25.
2UYKPITIKI) TTAPOUCIacn TwV TIUWV TwV TTAPAUETOWY Oy, OTs, Og
yIa TIS TPEIS TaXUTNTEC TTAPANOPPWONS TTOU XPNOIUOTToINONKav.

Ta amoteAéopata Tou PETPOU €AOTIKOTATAG yia OAa Ta dokiula £deiEav pia Taon
augénong Tou Pe TNV augnon Tng TaxuTnTag TTapaudpewaons. H autg¢non autr gival Tng
Ta¢NG Tou 10% yia Ta dokipia ABS 0,25 kai ABS 0,33 yia ad¢non tng TtaxutnTag

XYZHTHXH AIIOTEAEXEMATQN
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Tapaudépewons (Stain Rate) 75%. Evw T1a dokipyia ABSPLUS 0,17 kai ABSPLUS
0,25 augnon Tou pETpou eAaoTIKOTNTOG YyIia auénon 75% Tng TaXUTNTOG
TTapaudpewaong cival 4-10%.

AvtioToixa atroteAéopara ammod T BiBAoypagia (Ref36) deixvouv yia  doKiyia
TTOAUTTPOTTUAEVIOU augnon Tou PETpou eAaoTIKOTNTAG 9% yia alénon Thg TaxUTNTAG
Tapapdpewons 95%.

O1 Tipég Tou péTpou eAaoTIKOTNTAG (Elasticity modulus) kupaivetal yia Ta UAikd ABS

0,25 ka1 ABS 0,33 amé 0,27-0,33 GPa «ka evw ota ABSPLUS 0,17 «ai

ABSPLUS 0,25 a6 0,47-0,52 GPa.

035 Strain Rate Vs Elasticity Modulus
_ 0¥ ABS 0.25
3 ]
0,33 -
B 032
- ] o ’
2 031 Pt n
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s o ° n
- ]
G 0,29
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< 028
-
m ]
0,27 4 ]
T T T T T T T T T T T T
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STRAIN RATE (min™")

2xAMa 67:7.2.6 Aokiuia ABS 0,33 kar ABS 0,25.
ATTEIKOVION TWV TILWYV TOU UETPOU EAQOTIKOTNTAS WS TTPOS TH TaxUTNTA
TapauoPPWaong.
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MATERIALS: ABS PLUS 0.25 and ABS PUS 0.17

MODULUS OF ELASTICITY Vs STRAIN RATE
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2xNua 68:7.2.7 Aokiuia ABSPLUS 0,25 kat ABSPLUS 0,17.
ATTEIKOVION TWV TILWV TOU WETPOU EAQOTIKOTNTAS WS TTPOC TN TaxuTnTa
TapPAUOPPWOnS.

H avroxn diappong (Yielding strength) au€dveral yia 6Aa Ta dokiyia he TNV aufnon
NG TaxUTNTaS TTapapopPwaong (Strain Rate).

Ma aug¢non Tng TaxuTNTOg TTapaudpPwaons 75%, 1o ABS 0,25 deixvel adgnon Tng
oy 38% avrioToixa yia 1o ABS 0,33 n augnon gival 23%. MNa 1o ABSPLUS 0,17
eival 38% ka1 To ABSPLUS 0,25 avrioToixa eival 15%.

AvTtioToixn €IkOva deixvel Kal n avioxr epeAkucpou (Tensile Strength). To ABS 0,25
deixvel avgnon Tng ors 15% avriotoixa yia 10 ABS 0,33 eival 17%, yia 10
ABSPLUS 0,17 civai 30% «kai avriotoixa yia 1o ABSPLUS 0,25 sivar 15% vyia
augnon TG TaxuTNTaG TTapapopewaong 75%.

O1 mipég NG avroxng diappong oy yia Ta dokipia ABS 0,25 kai 0,33 kupaivovtal oTo
eupog 10-14 MPa, evib g Ors 11-15 MPa. Avriotoixa o Tipég g Oy via

ABSPLUS 0,17 ka1 0,25 amé 19-27 MPa evi g 015 ammo 22-29 MPa.
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MATERIAL ABS 0.25 and ABS 0.33
Tensile Strength Vs Strain Rate u
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STRAIN RATE (min™)

2xnNua 69:7.2.8 Aokiuia ABS 0,33 kai ABS 0,25.
ATTEIKOVION TWV TIUWV OTs WS TTPOC TN TaxUTnNTa TTapapop@worng.

30,0 + MATERIALS: ABS PLUS 0.25 and ABS PLUS 0.17
Tensile strength Vs strain Rate
[
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STRAIN RATE (min™")

2xAMa 70:7.2.9 Aokiuia ABSPLUS 0,25 kar ABSPLUS 0,17.
ATTEIKOVION TWV TIUWV Ots WS TTPOS TN TaxUTNTA TTAPALOPPWONG.
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14,0 Yield strength Vs Strain rate

MATERIAL: ABS 0.33 and ABS 0.25 ®
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2xnua 71:7.2.10 Aokiuia ABS 0,33 kai ABS 0,25.
ATTEIKOVION TWV TINWV Oy WS TTPOS TN TaxUTNTA TTAPAUOPPWONS.

MATERIALS :ABS PLUS 0,25 and ABS PLUS 0.17

. Yield Strength Vs Strain Rafte .
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2xAMa 72:7.2.11 Aokiuia ABS PLUS 0,25 kai 0,17.
ATTEIKOVION TWV TINWV Oy WS TTPOS TN TaxUTNTA TTAPAaUOPPWOrnS.
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Apdnoraasing of elasBoly Modulus Vs 3 inorsasing of £iraln Rads ) i
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2xNua 73:7.2.12 Aidqypauua armeikovions the % auénong Twv TIHwVY Twv
mapauérpwy E, oy 01s UE TNV aUénon NG raxurnTag mapauopewongs yia 6Aa
Ta Ookiuia. (a) % auvénon tou uétpou eAacTikorntag (E), (B) % auvénon tng
avroxng diappons oy, (v) % auénon tng avioxns EPEAKUOUOU Ots.

Mapatnpoupe 611 T0 MéTpo EAaoTikOTNTAG TOUu ABSPLUS 0,17 ettnpeddetal ammd tnv
TaXUTNTA TTAPAPOP@Wong Aiyotepo atrd Ta AAAa dokiuia, evw avrtiBeta deixvel Tn
MEYQAUTEPN €TTIOPAON OTIG TIMEG TWV O7s KAI 0.

Ta ABS 0,25 kai Tou ABSPLUS 0,25 dcixvouv idia emidpaocn g Taxutntog
TapaudpPwong oto Mérpo EAAOTIKOTNTAG, VWD N CUPTTEPIPOPA TOUG OTNV £TTIOPACN
TNG TAXUTNTAG TTAPAUOPPWAONG OTNV Oy Eival EVIEAWG DIAPOPETIKHA.

H o, Tou ABSPLUS 0,25 &¢ixvel va emnpeadetal Aiyotepo ammoé OAa 1a UAIKA TTOU
gtetdomnkav. To MPETPO €AaoTIKOTNTAG Tou ABS 0,33 Ocixvel va emnpeddetal
TEPIOTOTEPO aTTd Ta AAAA UAIKG dnAadn va TTapouciddel TNV JeyaAuTepn auénon evw
avTiBeTa N Oy dEiXVEl MIKPOTEPN PETABOAN.

H Tipég ToUu pétpou €AaOTIKOTNTAG Twv UAIKWY ABSPLUS €xouv Tnv idia T4¢N
MEYEBOUG Kkal gival TTEPITTOU OITTAGCIEG Twv TIWWV Twv UAKWY ABS. To idio
TTAPATNPOUNE KAl YIa TIG TIUEG Oy KAl Ots Ol OTTOiEG yia Ta UAIKG ABSPLUS ceival

OITTAAOIEG TWV QVTIOTOIXWY TINWY TwV UAIKWY ABS.
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H maparnpnon aurh sivar cuuBarn pe ta avapepousva orn BiBAioypagia yia
UAIKd TTOU pop@OoTToIouvVTal ME TISC TTAPAdOOIaKéS HEBOSOUS HoppoTToinong Twv
OspuomAaorikwv (m.x. xureuon pe éyxuon (injection molding), xureuon
S1EAaong kKAm). Zuvemwg n popeotroinon pe tnv uéBodo rapid prototype mou
Xpnoiuorroijoaus 6gv S1aPOPOTTOIEI aQUTH TN OUCXETION TwV TIHWYV E, 0, Ors Twv
UAIkwv ABS kar ABSPLUS.

MNaparnpoupe 6pwg o1 ol TiES E, oy Kal ors TTou divovral otnv BiAloypagia gival
TTOAU PEYAAUTEPEG QUTWYV TTOU divouv Ta UAIKA QuTd OTAV HOP@OTIOIOUVTAl HPE TN
pEBODO rapid prototype.

MNa Ta UAIKA ABS 110U pop@oTToloUvTal he TNV PéEBodO injection molding petpnuéva ue
10 D10 TpdéTUTTO Bivouv avtox Tapauopewong amd 22-40 MPa kal PETPO
eAaoTikOTATOG OTTO 1,6-2,5 GPa.

H popgotroinon pe 1N péBodo rapid prototype Ocixvel va Oivel UAIKA pE OOMEG
meploodTeEPo eAaoTIkEG (E = 0,3 GPa) kai Aiydtepo dkautrreg oy = 10 MPa. H
CUMTTEPIPOPA auUTH) MTTOPEI va akoAouBei aTn SIaPOPETIKI) SOMN TTOU ATTOKTA TO UAIKO
atroé TN JOPPOTTOINGCT TOU.

Eival yvwaoTd 611 n doun Twv BepUOTTAACTIKWY ATToTEAEITAI ATTO JOKPOPOpIa Ta OTTola
oTa  AUOPPA  TTOAUMEPH €XOUV TUXQiO TIPOCAVATOAIONO oTn doun. Kard T1n
Hop@oTtroinon Twv UAKWY HE TN PEBodo injction molding Ta Pakpouodpla
TpocavaTtoAifovtal o€ PeyGAo BaBud Tpog Tnv Hia dlEUBuvon Kal autd €Xel wg
amotéAeopa n dou auth UAIKWwy Twv ABS kar ABS PLUS va divel peyaAuTepn
avToxn Kal JIKPOTEPN EAACTIKOTNTA.

>¢ avtiBeon n pop@otroinon pe TN HEBOSO rapid prototype pag TTapEXEl TTEPICCOTEPO
aviodTpoTTeg OopEG (oxAHa 5.2.4) avdloya pe Tov TPOTTO dOUNoNG. Autd €xel oav
aTToTéEAECPO O OOHEG QUTEG va €ival TTOI0 EAAOTIKEG KAl VO €UQAVICOUV HIKPOTEPN
avtoxf Olapporg Kal avtoxr e@eAkuouou. Ta TTapakdTw PBiBAIoypa@ikd oTolxEia
ETMPRERBAIWVOUV TA ATTOTEAECHATA TWV TTEIPAPATWY TNG TITUXIAKNAG:

“Mnxavikég 1616TnTEC TOU ABS popgormroinuévou ue tnv rexviky FDM (Ref 33,34)
21n BiBAioypagia avagépovrar avdAoyes SIapopomoINoEIS OTIC MNXAVIKES
1610TnTEC ABS pop@omoinuévo ue 1n péBodo Fused Deposition Modeling n
omoia amoreAei pia epappoyn Tng uE@6dou rapid prototype.

O1 1616TnTEC TOU ABS moU amoriBsrar ue tnv texvikny FDM Siapépouv amo
ekeiveg Tou ABS mou sivar popgormroinuévo ue tn péBodo injection molding
Abyw 1n¢ diadikaociag evamobesong. [ H rexvikn FDM amobérer oroifadeg ue
nuiTnypuévo UuAiké omore n Souny mou AauBdverar o avribson peE aur Tou

UAIKOU Tng Xxureuong givair avioorpomn. O mpooavaroAiouos Twv oroifadwv
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UAIKOU amé0song, 10 mdaxo¢ Twv oroifddwv kai n amoéoraocn MHerallu Twv
yeirovikwv oroifdadwv (kevd aépog) emnpeadouv 1i¢ pnxavikéS 1810tnTeg. Ol
unxavikég Sokiuaoiss og deiypara uAikou P400 ABS ra émroia popeormoiiénkav
ue ™n uéBodo rapid ptototype FDM (uovréAo 1998 Stratasys) pe diapopoug
mpooavaroAiIouous wg mpo¢ 1n Sieubuvon speAkuouou Kai Taxn oroiBadwv
&dci§av onuavrikéS S1apopéS oe axéan ue SOKiuIa Tou popgoTroinénkav us tnv
KAaoikn ué@odo yursuong twv OspuomAaoctikwv. Ta popgomoinuéva Sokiuia
ABS g injection molding divouv avroxn speAkuouou mepitrou 26 MPa svw ta
Sokiuia ABS uopeomoinuéva uye FDM avdAoya ue tov mpooavaroAioud twv
oroifddwv amébsong £dwoav TIC TAPAKATW TINEC avToxnNs epsAkuouou. Mg
mpooavaroAioud amébsong kard tn Oisubuvon speAkuouou 20 MPa, svw ue
gvaidaoodusvo mpooavaroAioud twyv oroifadwv + 45 ° kai -45 °, n avroxn
EQeAKUOUOU pelwOnke oe mepimou 12 MPa. H yaunAdrepn avroxn o€
EQeAkuoud maparnprbnke o mpooavaroAiouo Twv oroifadwv KdBsta orn
O1e00Buvon speAkuouou (90 ° wg mpog Tn disuBuvaon Tou @opriou) mepitrou 3
MPa.”
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7.3

1)

2)

3)

4)

5)

YYMIIEPAXMATA

O1 TINEG TWV  PNXaviKwy TrapapéTpwy  Tou  petpriBnkav, E, oy, O7s
peTaBdANovTal avaAoya pe Tov TPOTTO BOUNONG TWV UAIKWV.

Ol TIHEG TWV PINXAVIKWY TTOPAUETPWY YIa Ta UAIKG ABSPLUS avegdptnta Tou
TpOTTOU dduNOoNG cival JITTAACIEG £wg Kal UTTEPDITTAAOIEG ATTO QUTEG TWV
UAIKwV ABS.

& OAEG TIG TTEPITITWOEIG N AUENON TNG TaXUTNTAG TTAPANOPPWONG £XEl oav
QTTOTEAEOUA TNV AUENON TWV PUNXAVIKWV TTapauétpwy E, oy, O7s.

Ta amoteAéopata pag eival oupBard pe autd TG PiBAIoypagiag yia dAAa
BepUOTTAAOTIKA, OUWG O METABOAEG TwV TTapApETpwWY E, 0y, O1s €ival PIKPEG
yIaTi Ol HETABOAEC TWV TAXUTHTWY TTOU ETTIAEXTNKAV OEV ATAV PEYAAEG.

21N BiBAIoypagia e@apudletal avénon NG TaxUTNTAS TTAPAUOPPWONS ATTd
50-500%. ZuveTTWG aTTaITOUVTAl TTEIPAPATA O€ TToI0 UWNASTEPEG TaXUTNTEG YIA
va dwaoouv Trolo EekdBapa atroTeAéoUaTa yia Tnv €midpacn TG TaxuTnTag
TTAPAPOPPWONG OTN MNXAVIKA CUPTTEPIPOPA TWV UAIKWYV TTOU PEAETABNKAV.

H adfnon Twv pnxavikwv TOPAUETPWY ME TNV aufnon Tng TaxUuTnTOg
TTAPAPOPPWONG HUTTOoPEl va atrodobei 0Tn PIKPOOKOTIIKI) GUMTIEPIPOPA TNG
OOMNAG. ZUYKEKPIYEVA TO BEPUOTTAACTIKA TTAPAPOPPWVOVTAl EAQOTIKG KAl
TAQOTIKA AOYyW éKTaong (euBuypdupiong) kal dIoAicOnong Twv PJOKPOPOopPiwv
otn OielBuvon Tou e@eAKUCUOU. O1 aMAayég auTég oTn doprn ataiTouv
ATTOPPOPNON EVEPYEIOG OTTOG TO UAIKO TO OTTOIO €ival £va @aIvOUEVO XPOVIKA
ecapTwpevo. Otav n TaxluTNTa TTAPAROPPWONG gival XaUNAR To UAIKO €xel Ta
XPOVIKA TTepIBwpia va yivouv auTtég ol alAayéc otn dour Ttou. Otav n
TaXUTNTA TTOPAROPPWONG gival HeYAAn ol HETABOAEG TNG DOUNAG eV PTTOPET va
OKOAOUBROOUV Kal TO UAIKO VO CUUTTEPIPEPETAI OAV TTOI0 «AKAUTITH OOMR» .
AUTO €xel WG aTToTEAEOUA TO E KAl Ol TIAPAWPETPOI Oy, Ors VO QUEAvVOVTal Kal N

OOHNA VO GUUTTEPIPEPETAI AV TTEPICTOTEPO Wabupr) KAl AKAUTTTN.
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Designation: D 638 — 02a

INTERNATIONAL

Standard Test Method for
Tensile Properties of Plastics’

This standard is issued under the fixed designation D) 638; the number immediately following the designation indicates the year of
original adopiion or, in the case of revision, the year of last revision. A numbsr in parentheses indicates the year of last reapproval. A
superseript epsilon () indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense.

1.6 This standard does not purport to address all of the
safery concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

1. Scope *

1.1 This test method covers the determination of the tensile
properties of unreinforced and reinforced plastics in the form
of standard dumbbell-shaped test specimens when tested under
defined conditions of pretreatment, temperature, humidity, and

testing machine speed. 2. Referenced Documents

1.2 This test method can be used for testing materials of any
thickness up to 14 mm (0.55 in.). However, for testing
specimens in the form of thin sheeting, including film less than
1.0 mm (0.04 in.) in thickness, Test Methods D 882 is the
preferred test method. Materials with a thickness greater than
14 mm (0.55 in.) must be reduced by machining.

1.3 This test method includes the option of determining
Poisson’s ratio at room temperature.

Note 1—This test method and 1SO 527-1 are technically equivalent.

Nore 2—This test method is not intended to cover precise physical
procedures. It is recognized that the constant rate of crosshead movement
type of test leaves much to be desired from a theoretical standpoint, that
wide differences may exist between rate of crosshead movement and rate
of strain between gage marks on the specimen, and that the testing speeds
specified disguise important effects characteristic of materials in the
plastic state. Further, it is realized that variations in the thicknesses of test
specimens, which are permitted by these procedures, produce variations in
the surface-volume ratios of such specimens, and that these variations may
influence the test results. Hence, where directly comparable results are
desired, all samples should be of equal thickness. Special additional tests
should be used where more precise physical data are needed.

Nore 3—This test method may be used for testing phenolic molded
resin or laminated materials. However, where these materials are used as
electrical insulation, such materials should be tested in accordance with
Test Methods D 229 and Test Method D 651,

MoTe 4—Faor tensile properties of resin-matrix composites reinforced
with oriented continuous or discontinuous high medulus >20-GPa
(=3.0 % 10%-psi) fibers, tests shall be made in accordance with Test
Method D 3039/D 3039M.

1.4 Test data obtained by this test method are relevant and
appropriate for use in engineering design.

1.5 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information

only.

" This test methed is under the jurisdietion of ASTM Committee D20 on Plastics

2.1 ASTM Standards:

D 229 Test Methods for Rigid Sheet and Plate Materials
Used for Electrical Insulation?

D 412 Test Methods for Vulcanized Rubber and Thermo-
plastic Elastomers—Tension®

D 618 Practice for Conditioning Plastics for Testing®

D 651 Test Method for Tensile Strength of Molded Electri-
cal Insulating Materials®

D 882 Test Methods for Tensile Properties of Thin Plastic
Sheeting®

D 883 Terminology Relating to Plastics*

D 1822 Test Method for Tensile-Impact Energy to Break
Plastics and Flectrical Insulating Materials*

D 3039/D 3039M Test Method for Tensile Properties of
Polymer Matrix Composite Materials®

D 4000 Classification System for Specifying Plastic Mate-
rials’

D 4066 Classification System for Nylon Injection and Ex-
trusion Materials’

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

E 4 Practices for Force Verification of Testing Machines®

E 83 Practice for Verification and Classification of Exten-
someter®

E 132 Test Method for Poisson’s Ratio at Room Tempera-
ture”

E 691 Practice for Conducting an Interlaboratory Study to

2 Annwal Book of ASTM Standards, Vol 10.01.
3 Annual Book of ASTM Standards, Vol 09.0L.
* Anmual Book of ASTM Standards, Yol 08.01,
4 Discontinued; see 1994 Annual Book of ASTM Standards, Vol 1001,
¢ Annwal Book of ASTM Standards, Vol 1503,
7 Annual Book of ASTM Standards, Vol 08.02.
¥ Annual Book of ASTM Standards, Vol 08,03,

and i the direet responsihility of Subcommittes 20,10 on Mechanical Properties.
Current edition approved November 10, 2002. Published January 2003, Ongi-
nally approved in 1941, Last previous edition approved in 2002 as D 638 - 02,

? Annual Book of ASTM Standards, Yol 03,01,

#A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Intemational, 100 Barr Harbor Orive, PO Box G700, West Conshahocken, PA 10428-2958, Uriled Stales.
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. Determine the Precision of a Test Method'”
17 150 Standard: |
S0 527-1 Determination of Tensile Properties'

3, Terminology
3.1 Defnitions—Definitions of terms applying to this test
method appear in Terminology D 883 and Annex A2.

4, Significance and Use

4.1 This test method is designed to produce tensile property
data for the control and specification of plastic materials, These
data are also useful for qualitative characterization and for

tesearch and development. For many materials, there may be a

specification that requires the use of this test method, but with
some procedural modifications that take precedence when
adhering to the specification. Therefore, it is advisable to refer
fo that material specification before using this test method.
Table 1 in Classification D 4000 lists the ASTM materials
standards that currently exist.

4,2 Tensile properties may vary with specimen preparation
and with speed and environment of testing. Consequently,
where precise comparative results are desired, these factors

must be carefully controlled.

4.2.1 It is realized that a material cannot be tested without
also testing the method of preparation of that material. Hence,
when comparative tests of materials per se are desired, the
greatest care must be exercised to ensure that all samples are
prepared in exactly the same way, unless the test is to include
the effects of sample preparation. Similarly, for referee pur-
poses or comparisons within any given series of specimens,
care must be taken to secure the maximum degree of unifor-
mity in details of preparation, treatment, and handling.

4.3 Tensile properties may provide useful data for plastics
engineering design purposes. However, because of the high
degree of sensitivity exhibited by many plastics to rate of
straining and environmental conditions, data obtained by this
test method cannot be _c_:oﬁsiderad valid for applications involv-
ing load-time scales or environments widely different from
those of this test method. In cases of such dissimilarity, no
reliable estimation of the limit of usefulness can be made for
most plastics. This sensitivity to rate of straining and environ-
ment necessitates testing over a broad load-time scale (includ-
ing impact and creep) and range of environmental conditions if
tensile properties are to suffice for engineering design pur-
poses.

Note 5—Since the existence of a true elastic limit in plastics (as in
many other organic materials and in many metals) is debatable, the
propriety of applying the term “elastic modulus™ in its quoted, generally
accepted definition to describe the “stiffness” or “rigidity” of a plastic has
been seriously questioned. The exact stress-strain characteristics of plastic
materials are highly dependent on such faclors as rate of application of
stress, temperature, previous history of specimen, ete. However, stress-
strain curves for plastics, determined as described in this test method,
almost always show a linear region at low stresses, and a straight line
drawn tangent to this portion of the curve permits calcilation of an elastic

10 Arral Book of ASTM Standards, Vol 14.02,
W Available from American National Standards Tnstitute, 25 W, 43:d &, 4th
Floar, New York, NY 10036, :

modulus of the usually defined type. Such a constant is useful if its
arbitrary nature and dependence on time, temperature, and similar factors
are realized.

44 Poisson’s Ratio—When uniaxial tensile force is applied
10 a solid, the solid stretches in the direction of the applied
force (axially), but it also contracts in both dimensions lateral
to the applied force. If the solid is homogeneous and isotropic,
and the material remains elastic under the action of the applied
force, the lateral strain bears a constant relationship to the axial
strain, This constant, called Poisson’s ratio, is defined as the
negative ratio of the transverse (negative) to axial steain under
uniaxial stress.

441 Poisson's ratio is used for the design of structures in
which all dimensional changes resulting from the application
of force need to be taken into account and in the application of
the generalized theory of elasticity to structural analysis.

Note 6—The accuracy of the determination of Poisson's ratio is
usually limited by the accuracy of the transverse strain measurements
because the percentage erors in these measurements are usually greater
than in the axial strain measurements. Since a ratio rather than an absolute
quantity is measured, it is only necessary to know accurately the relative
value of the calibration factors of the extensomelers. Also, in general, the
value of the applied loads need not be known accurately,

5. Apparatus

5.1 Testing Machine—A testing machine of the constant-
rate-of-crosshead-movement type and comprising essentially
the following:

5.1.1 Fixed Member—A fixed or essentially stationary
member carrying one grip.

5.1.2 Movable Member—A movable member carrying a
second grip.

5.1.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member of the testing
machine can be either the fixed or self-aligning type.

5.1.3.1 Fixed grips are rigidly attached to the fixed and
movable members of the testing machine. When this type of
grip is used extreme care should be taken to ensure that the test
specimen is inserted and clamped so that the long axis of the
test specimen coincides with the direction of pull through the
center line of the grip assembly.

5.1.3.2 Self-aligning grips are attached to the fixed and
movable members of the testing machine in such a manner that
they will move freely into alignment as soon as any load is
applied so that the long axis of the test specimen will coincide
with the direction of the applied pull through the center line of
the grip assembly. The specimens should be aligned as per-
fectly as possible with the direction of pull so that no rotary
motion that may induce slippage will occur in the grips; there
is a limit to the amount of misalignment self-aligning grips will
accommodate.

5.1.3.3 The test specimen shall be held in such a way that
slippage relative to the grips is prevented insofar as possible.
Grip surfaces that are deeply scored or serrated with a pattern
similar to those of a coarse single-cut file, serrations about 2.4

mm (0.09 in,) apart and about 1.6 mm (0.06 in.) deep, have
been found satisfactory for most thermoplastics, Finer serra-
tions have been found fo be more satisfactory for harder
plastics, such as the thermosetting materials, The serrations
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should be kept clean and sharp. Breaking in the grips may
occur at times, even when deep serrations or abraded specimen
surfaces are used; other techniques must be used in these cases.
Other technigues that have been found useful, particularly with
smooth-faced grips, are abrading that portion of the surface of
the specimen that will be in the grips, and interposing thin
pieces of abrasive cloth, abrasive paper. or plastic, or rubber-
coated fabric, commonly called hospital sheeting, between the
specimen and the grip surface. No. 80 double-sided abrasive
paper has been found effective in many cases. An open-mesh
fabric, in which the threads are coated with abrasive, has also
been effective. Reducing the cross-sectional area of the speci-
men may also be effective. The use of special types of grips is
sometimes necessary to eliminate slippage and breakage in the
grips. s

5.1.4 Drive Mechanism—A drive mechanism for imparting
to the movable member a uniform, controlled velocity with
respect to the stationary member, with this velocity to be
regulated as specified in Section 8.

5.15 Load Indicator—A suitable load-indicating mecha-
nistn capable of showing the total tensile load carried by the
test specimen when held by the grips. This mechanism shall be
essentially free of inertia lag at the specified rate of testing and
shall indicate the load with an accuracy of *1% of the
indicated value, or hetter. The accuracy of the testing machine
shall be verified in accordance with Practices E 4.

Nore 7—Experience has shown that many testing machines now in use
are incapable of maintaining accuracy for as long as the periods between
inspection recommended in Practices E 4. Hence, it is recommended that
each machine be studied individually and verified as often as may be
found necessary. It frequently will be necessary to perform this function
daily.

5.1.6 The fixed member, movable member, drive mecha-
nism, and grips shall be constructed of such materials and in
such proportions that the total elastic longitudinal strain of the
system constituted by these parts does not exceed 1 % of the
total longitudinal strain between the two gage marks on the test
specimen at any time during the test and at any load up to the
rated capacity of the machine.

5.1.7 Crosshead Extension Indicator—A suitable extension
indicating mechanism capable of showing the amount of
change in the separation of the grips, that is, crosshead
movemenit, This mechanism shall be essentially free of inertial
lag at the specified rafe of testing and shall indicate the
crosshead movement with an accuracy of *10% of the
indicated value,

5.2 Extension Indicator (extensometer)—A suitable instru-
ment shall be used for determining the distance between two
designated points within the gage length of the test specimen as
the specimen is stretched. For referee purposes, the extensom-
eter must be set at the full gage length of the specimen, as
shown in Fig. 1. Tt is desirable, but not essential, that this
instrument antomatically record this distance, or any change in
it, as a function of the load on the test specimen or of the
elapsed time from the start of the test, or both, If only the latter
is obtained, load-time data must also be taken, This instrument
shall be essentially free of inertia at the specified speed of

testing. Extensometers shall be classified and their calibration
periodically verified in accordance with Practice E 83.

521 Modulus-af-Elasticity Measwrements—For modulus-
of-clasticity measurements, an extensometer with a maximum
strain error of 0.0002 mm/mm (in./in.) that automatically and
continuously records shall be used. An extensometer classified
by Practice E 83 as fulfilling the requirements of a B-2
classification within the range of use for modulus measure-
ments meets this requirement.

5.2.2 Low-Extension Measurements—For elongation-at-
yield and low-extension measurements (nominally 20 % or
less), the same above extensometer, attenuated to 20 % exten-
sion, may be used. In any case, the extensometer system must
meet at least Class C (Practice E 83) requirements, which
include a fixed strain error of 0.001 strain or £1.0 % of the
indicated strain, whichever 1s greater.

523 High-Extension Measurements—For making mea-
surements at elongations greater than 20 %, measuring tech-
niques with error no greater than =10 % of the measured value
are acceptable.

524 Poisson’s Ratio—Bi-axial extensometer or axial and
transverse extensometers capable of recording axial stain and
transverse strain simultaneously, The extensometers shall be
capable of measuring the change in strains with an accuracy of
1 % of the relevant value or better.

Note §—Strain gages can be used as an alternative method to measure
axial and transverse straln; however, proper lechniques for mounting
sirain gages are crucial to oblaining accurate data, Consult strain gage
suppliers for instruction and training in these special techniques.

5.3 Micrometers—Suitable micrometers for measuring the
width and thickness of the test specimen lo an incremental
discrimination of at least 0.025 mm (0.001 in.) should be used
All width and thickness measurements of rigid and semirigid
plastics may be measured with a hand micrometer with raichet.
A suifable instrument for measuring the thickness of nonrigid
test specimens shall have: (1) a contact measuring pressure of
25 % 2.5kPa (3.6 £ 036 psi), (2) a movable circular contact
foot 6.35 + 0.025 mm (0.250 * 0.001 in.) in diameter, and (3)
a lower fixed anvil large enough to extend beyond the contacl
foot in all directions and being parallel to the contact foot
within 0.005 mm (0.0002 in.) over the entire foot area. Flatness
of the foot and anvil shall conform to Test Method D 5947.

5.3.1 An optional instrument equipped with a circular con-
tact foot 15,88 + 0.08 mm (0.625 * 0.003 in.) in diameter is
recommended for thickness measuring of process samples or
larger specimens at least 15.88 mm in minimum width.

6, Test Specimens

6.1 Sheer, Plate, and Molded Plastics:

6.1.1 Rigid and Semirigid Plastics—The test specimen shal
conform to the dimensions shown in Fig. 1. The Type I
specimen is the preferred specimen and shall be used where
sufficient material having a thickness of 7 mm (0.28 in.) or less
is available, The Type II specimen may be used when 2
material does not break in the narrow section with the preferred
Type I specimen. The Type V specimen shall be used where
only limited material having 4 thickness of 4 mm (0. 161n.) or
less is available for evaluation, or where a large number of
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Spacimen Dimensions for Thickness, T, mm (in.y*

7 (0.28) o undar Owver 7 to 14 (0.28 to 0.55), incl 4 {0.16}) or under
Dimensions (see
Type | Type Il Type Il Type VZ Typa VOO
W—Width of narrow section®" 13 (0.60) 6 (0.25) 19 (0.75) 6 (0.25) 3.18 (0.125) +0.5 (x0.02)8¢
L—Length of narrow section 57 (2.25) 57 (2.25) 57(2.25) - 33 (1.30) 9.53 (0.375) =05 (+0.02)°
WO—Width overall, min® 19 {0.75) 19 (0.75) 29 (1.13) 19 (0.75) +6.4 (+025)
WO—Width overall, min® 9.53 (0.375) +3.18(+0.125)
L0—Length overal, min'! 185 (8.5) 183 (7.2 246 (9.7) 115 (4.5) 63.5 (2.5) na max (no max)
G—Gage length’ 50 (2.00) 50 (2.00) 50 (2.00) 7.62 (0.300) =025 (x0.010)°
G—Gage length’ 25 (1.00) 20,13 (+0.005)
D—Distance between grips 115 (4.5) 135 (5.3) 115 (4.5) 85 (2.5)Y 254 (1.0) +5 (+0.2)
R—Radius of fillet 76 (3.00) 76 (3.00) 76 (3.00) 14 (0.56) 12.7 (0.5) +1 (+0.04)¢
RO—Outer radius (Type IV) - 25 (1.00) +1 {=0.04)

A Thickness, T, shall be 3.2% 0.4 m (0.13 = 0.02 in,) for all types of molded specimens, and for other Types | and Il specimens where possible. If specimens are
machined from sheets or plates, thickness, T, may be the thickness of the sheat or plate provided fhis does not excaed the range stated for the intended specimen type,
For sheets of nominal thickness greater han 14 mm (055 in.) the specimens shall be machined to 14 2 0.4 mm (0.55 £ 0,02 in) in thickness, for use with the Type Il
spatimen, For shaels of nominal thickness between 14 and 51 mm (0,55 and 2 in.) appraximately equal amounts shall ba machined from esch surface. For thicker sheets
holh surfaces of the specimen shall b machined, and the location of the specimen with refirance to the original thickness of the sheet shall be nated. Tolerances an
thickness less than 14 mm (0.55 in.) shall be those standard for the grade of material fested.

BFortha Type IV specimen, the intermal width of the nartor secton of the die shal be 8,00 = 0.08 mm (0.250: 0.002 in.). The dimensions are essenfially those of Dle
G In Test Methods D 412,

©The Typa V specimen shall be machined or die cut to the dimensians shown, or molded in a meld whose cavity has thesa dimansions. The dimensicns shal be:

W=318 = 0,03 mm (0.125 + 0.001 in),
L =953 = 0.08 mm {0.375 * 0.003 in.),
G=7.62  0.02 mm {0300 £ .00 in.}, and
R=12.7 + 0.08 mm (0.500 0,003 in.}.

The other tolarances are those in the table,

® Supporting data on the introduetion of the L specimen of Test Method D 1822 &5 the Type V specimen ara availabla from ASTM Headquarters. Request RR.D20-1038.

EThe width at the center W, shall be +0.00 mm, -0.10 mm { +0.000 in., ~0.004 in.) compared with width W at other parts of the reduced section. Any reduction in W
&t the center shall be gradual, aqua\ly on each side so that no abrupt changes in dimension resull

F For makled specimens, a draft of not over 0.13 mm (0,005 in.) may ba allowed for either Type | of Il specimens 3.2 mm (013 n.) in thlcknasa. and this should be taken
Into account when calculating width of the specimen. Thus a typlcal section of a mokded Type | specimen, having the maximum allowable draft, could be 25 follows:

@ Ovarall widths greater than the minimum indicated may be desirable for some materials in order to avold breaking in the grips.

M Overall langths greater than the minimum indicated may be desirable either to avoid breaking in the grips or to satisfy special test requirements.

"Test marks o in'ial extensomeler span.

4 \When self-ighening grips are used, for highly extansible polymers, the distance between grips will depand upon the types of grips used and may not be citical i
maittained uniform once chosen.

... 0.505 in., max ......

(12,83 mm)
II.'IJUS in. max
{0.13 mm)

B v e —————
S ¥ A —— ——f-—

... 0.500in,
(12,70 mm)

FIG. 1 Tension Test Spacimans for Sheet, Plate, and Molded Plastics

specimens are to be exposed in a limited space (thermal and  should be used when direct comparisons are required between
environmental stzbility tests, etc.). The Type IV specimen  materials in different rigidity cases (that is, nonrigid and
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semirigid). The Type III specimen must be used for all
materials with a thickness of greater than 7 mm (0.28 in.) but
not more than 14 mm (0.55 in.).

6.1.2 Nonrigid Plastics—The test specimen shall conform
to the dimensions shown in Fig. 1. The Type IV specimen shall
be used for testing nonrigid plastics with a thickness of 4 mm
(0.16 in.) or less. The Type Il specimen must be used for all
materials with a thickness greater than 7 mm (0.28 in.) but not
more than 14 mm (0.55 in.).

6.1.3 Reinforced Composites—The test specimen for rein-
forced composites, including highly orthotropic laminates,
shall conform to the dimensions of the Type I specimen shown
in Fig. 1.

6.1.4 Preparation—Test specimens shall be prepared by
machining operations, or die cutting, from materials in sheet,
plate, slab, or similar form. Materials thicker than 14 mm (0.55
in.) must be machined to 14 mm (0.55 in.) for use as Type III
specimens. Specimens can also be prepared by molding the
material to be tested.

Mot 9—Test results have shown that for some materials such as glass
cloth, SMC, and BMC laminates, other specimen types should be
considered to ensure breakage within the gage length of the specimen, as
mandated by 7.3,

Note 10—When preparing specimens from certain composite lami-
nates such as woven roving, or glass cloth, care must be exercised in
cutting the specimens parallel to the reinforcement. The reinforcement
will be significantly weakened by cutting on a bias, resulting in lower
laminate properties, unless testing of specimens in a direction other than
parallel with the reinforcement constitutes a variable being studied.

Note 11—Specimens prepared by injection molding may have different

tensile properties than specimens prepared by machining or dic-cutting
because of the orientation induced. This effect may be more pronounced
in specimens with narrow sections.

6.2 Rigid Tubes—The test specimen for rigid tubes shall be
as shown in Fig. 2. The length, L, shall be as shown in the table
in Fig. 2. A groove shall be machined around the outside of the
specimen at the center of its length so that the wall section after
machining shall be 60 % of the original nominal wall thick-
ness. This groove shall consist of a straight section 57.2 mm
(2.25 in.) in length with a radius of 76 mm (3 in.) at each end
joining it to the outside diameter. Steel or brass plugs having
diameters such that they will fit snugly inside the tube and
having a length equal to the full jaw length plus 25 mm (I in.)
shall be placed in the ends of the specimens fo prevent
crushing. They can be located conveniently in the tube by
separating and supporting them on a threaded metal rod.
Details of plugs and test assembly are shown in Fig, 2,

6.3 Rigid Rods—The test specimen for rigid rods shall be as
shown in Fig. 3. The length, L, shall be as shown in the table
in Fig. 3. A groove shall be machined around the specimen at
the center of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. This

groove shall consist of a straight section 572 mm (2.25 in.) in
length with a radius of 76 mm (3 in.) at each end joining it to
the outside diameter.

6.4 All surfaces of the specimen shall be free of visible
flaws, scratches, or imperfections. Marks left by coarse ma-
chining operations shall be carefully removed with a fine file or
abrasive, and the filed surfaces shall then be smoothed with
abrasive paper (No. 00 o finer). The finishing sanding strokes

-02a

3
i
£
7 E Machine to
(2.25in.) ™~ 60% of
°__ Original Nominal
T £ Diameter
rRs. Eg
(%]
+;a e
51 mm, min.
(2.001in.)
88 mm, min
(3.50 in.)

DIMENSIONS OF ROD SPECIMENS
Standard Length, L, of

Total Calculated

Momninal Diam-  Langth of Radial Mirium Specimen to Ba Used
eler Sactions, 2R.5. Length of Spechmen for Bﬂ-ﬂrxﬁ‘f‘rln.]
mim {in.)

3206 196(0773) 356 (1402) 381 (1)

47(ve)  240(0845) 361 (1420)  381(15)

6.4 (V) 27.7 (1.081) 364 (14.34) 381 (15)

8.5 (%) 3398 (1.333) 370 (14.56) 381 (15)

127 (1) 39.0{1.536) 376 (14.79) 400 (15.75)

15905  435(1.714) 380 (1496) 400 (15.75)

18.0 (%) 475 (1873) 384 (1512) 400 (15.75)

222 (14) 515 (2.019) 388 (15.27) 400 (15.75)

254 (1) B47 (2.154) 301 (1540) 419 (16.5)
3.8(114  60.9(2.39) 398 (1566) 419 (165)
w|A(1W) 664 (2615 403 (1587) 419 (165)
d250%) 742812 408 (16.06)  419(165)

50.8 (2) 76,0 (2.993) 412 (16.24)  432(17)

A For othar Jaws greater than 88 mm (3.5 in.), the standard length shall bé
increased by twice the length of the jaws minus 178 mm (7 in.. The standard
length permits a sippage of approximately 6410 12.7 mm (0.25 to 0.501n. in eac
jaw while maintaining the maximum length of the jaw grip.

FIG. 3 Diagram Showing Location of Rod Tension Test Specimen
in Testing Machine

shall be made in a direction parallel to the long axis of the test
specimen. Al flash shall be removed from a molded specimer,
taking great care not to disturb the molded surfaces. In
machining 2 specimen, undercuts that would exceed the
dimensional tolerances shown in Fig. 1 shall be scrupulously
avoided. Care shall also be taken to avoid other common
machining errors,
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— Metal Plugs
PG T
37 !
Z
I 2 .
2.00 in., min. N .
|s|lt:m] Sﬂ” 0 Ilgélisu:m ml.u
——Y 3.00in. ““‘;E
RS. (70 mm) T
H Machine to L
f 60 % of !
;‘;fm N Originel i
) E Nominal
400 i, Riadt. H Wall Thickness
n!. N (70 mm) E
P \'é 0.063 in. Rad.
200 h min. : (1.6 mm)
{51 mm) g —_—
: N 1.00 in. (25 mm)
i y
3.50 in., min. N
{89 mm) ok
1S
) N 1 |
DIMENSIONS OF TUBE SPECIMENS
Standard Length, L,
Noriatvis "% :?;::d'a' T“,Lm‘r':m of Specimen o Be
Thickness v Usad for B3-mm

RS Length of Spacimen 850 Jave?

mm (in.)

079(k)  139(0547)  3B0(1380) %81(15)
1204  TO(EM)  54(1392) 361 (15)
160%) 1960773  396(1402) 31(15)
2Al)  M0(004) 061 (1420) 381(15
208 27108  964(1439 381 (19)
4B(%) WO 01456  31(15)
BA()  W90(15%)  F6[1478)  400(1575)
196  4AE(17M)  380(1496)  400(157H)
950 A6(1873)  84(1512)  AOD(1575)
Hige G309 %8(1527) 40(1879)
w704 S7(A5)  991(1540) 419 (165)

AFor thar jaws greater then 8 mm (35 in.), the standard length shall be
increased by fwice the tength of the jaws minus 178 mm (7 In.). The standard
tength parmits a slippage of approximately 6.4 10 12.7 mm {0.25t0 0.50in.) in each
jaw while maintaining the maximum length of the jaw grip.

FIG. 2 Diagram Showing Location of Tube Tension Test
Specimens in Testing Machine

6.5 If it is necessary to place gage marks on the specimen,
this shall be done with a wax crayon or India ink that will not
affect the material being tested. Gage marks shall not be
scraiched, punched, o impressed on the specimen.

6.6 When testing materials that are suspected of anisotropy,
duplicate sets of test specimens shall be prepared, having their
long axes respectively parallel with, and normal to, the
suspected direction of anisotropy.

7. Number of Test Specimens

7.1 Test at least five specimens for each sample in the case
of isotropic materials.

7.2 Test ten specimens, five normal to, and five parallel
with, the principle axis of anisotropy, for each sample in the
case of anisotropic materials.

7.3 Discard specimens that break at some flaw, or that break
outside of the narrow cross-sectional test section (Fig. 1,
dimension “L”), and make retests, unless such flaws constitute
a variable to be studied.

Nome 12—Before testing, all transparent specimens should be inspected
in a polariscope. Those which show atypical or concentrated strain
patterns should be rejected, unless the effects of these residual strains
constitute a variable to be studied.

8. Speed of Testing

8.1 Speed of testing shall be the relative rate of motion of
the grips or test fixtures during the test. The rate of motion of
the driven grip or fixture when the testing machine is running
idle may be used, if it can be shown that the resulting speed of
testing is. within the limits of variation allowed.

8.2 Choose the speed of testing from Table 1. Determine
this chosen speed of testing by the specification for the material
being tested, or by agreement between those concerned. When
the speed is not specified, use the lowest speed shown in Table
1 for the specimen geometry being used, which gives rupture
within % to 5-min testing time.

8.3 Modulus determinations may be made at the speed
selected for the other tensile properties when the recorder

response and resolution are adequate.

TABLE 1 Designations for Speed of Testing®

Nominal
 Slrain® Rate &t
Ciassfication®  Specimen Type m“]’mfm Star o T,
’ mmm- min
{in/in.min)
Rigid and Semirighd 1, 11, il rods and 502 £25% 0.4
tubes
5002 =10% 1
500 £10% 10
1] 502 +25% 045
0EE0% 15
500 (20) = 10% 15
v 1(0.05) *25% 1A
10(0.5) £ 26% i
100 (8)* 25% 10
Nenvigid 1l 50(2) £ 10% 1
500 (20) = 10% 10
IV 0% 15

500@0)x10% 15

# Select the lowest speed that produces fupture i % fo § min for the specimen
geametry being used {see 8.2).

B 5ea Tarminology D 883 for definitions.

C The Il rate of straning cannot be calcuated exactly for dumbbel-shaped
specimens becausg of extension, both in the reduced seclion ouiside the gage
lengthand in the filkets. This il strain rate can be measured from the fnilil slopa
of the tansile strain-versus-time iagram.
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8.4 Poisson's ratio determinations shall be made at the same
speed selected for modulus determinations.

9. Conditioning

9.1 Conditioning—Condition the test specimens at 23 *
2°C (734 *+ 3.6°F) and 50 + 5 % relative humidity for not less
than 40 h prior to test in accordance with Procedure A of
Practice D 618, unless otherwise specified by contract or the
relevant ASTM material specification. Reference pre-test con-

ditioning, to settle disagreements, shall apply tolerances of
£1°C (1.8°F) and £2 % relative humidity.

9.2 Test Conditions—Conduct the tests at 23 = 2°C (734 *
3.6°F) and 50 * 5% relative humidity, unless otherwise
specified by contract or the relevant ASTM material specifica-
tion. Reference testing conditions, to setfle disagreements,
shall apply tolerances of *1°C (1.8°F) and *2 % telative
humidity.

10, Procedure

10.1 Measure the width and thickness of rigid flat speci-
mens (Fig. 1) with a suitable micrometer to the nearest 0.025
mm (0.001 in.) at several points along their narrow sections.
Measure the thickness of nonrigid specimens (produced by a
Type IV die) in the same manner with the required dial
micrometer. Take the width of this specimen as the distance
befween the cutting edges of the die in the narrow section.
Measure the diameter of rod specimens, and the inside and
outside diameters of tube specimens, to the nearest 0.025 mm
(0.001 in.) at a minimum of two points 50° apart; make these
measurements along the groove for specimens so constructed.
Use plugs in testing tube specimens, as shown in Fig, 2.

TABLE 2 Modulus, 10° psi, for Eight Laboratories, Five Materials

Mean 5 8q I, la
Polypropylana 0.210 00089 0071 0025 020
Callulose acetate butyrate 0.246 00179 0035 0051 0144
Acrylic 0481 00179 00863 0051 0144
Glass-rainforced nylon 117 00837 0217 045 0614
Glass-reinforcad polyester 139 00894 0266 0253 0753

10.2 Place the specimen in the grips of the testing machine,
taking care to align the long axis of the specimen and the grips
with an imaginary line joining the points of attachment of the
gtips to the machine. The distance between the ends of the
gripping surfaces, when using flat specimens, shall be as
indicated in Fig. 1. On tube and rod specimens, the location for
the grips shall be as shown in Fig. 2 and Fig. 3. Tighten the
grips evenly and firmly to the degree necessary to prevent
slippage of the specimen during the test, but not to the point
where the specimen would be crushed.

10.3 Attach the extension indicator. When modulus is being
determined, a Class B-2 or better extensometer is required (see
5.2.1).

Nome 13—Modulus of materials is determined from the slope of the
lingar portion of the stress-strain curve, For most plastics, this linear
portion s very small, occurs very rapidly, and must be recorded automati-
cally. The change in jaw separation is never to be used for calculating
modulus or elongation.

10.3.1 Poisson’s Ratio Determination:

10.3.1.1 When Poisson’s ratio is determined, the speed of
testing and the load range at which it is determined shall be the
same as those used for modulus of elasticity.

10.3.1.2 Attach the transverse strain measuring device. The
transverse strain measuring device must continuously measurg
the strain simultaneously with the axial strain measuring
device.

TABLE 3 Tensile Stress at Yield, 10° psi, for Eight Laboratories,

Three Materials
Mean &, 5n I, Ig
Polypropylene 363 0022 0161 0062 (458
Cellulose acefate butyrate 501 0058 0227 0164 0642
Acrylic 104 0067 0317 0180 0887

TABLE 4 Elongation at Yield, %, for Eight Laboratories, Three

Materials

Mean 5 Sg I, Iy
Cellulose acatale butyrale 365 027 082 076 17§
Acrylic 4.89 0.21 0.55 0.58 1.56
Polypropylens 8713 (045 5BE 13T 165

103.1.3 Make simultancous measurements of load and
strain and record the data. The precision of the value of
Poisson’s ratio will depend on the number of data points of
axial and transverse strain taken.

10.4 Set the speed of testing at the proper rate as required in
Section 8, and start the machine.

10.5 Record the load-extension curve of the specimen.

10.6 Record the load and extension at the yield point (if one

exists) and the load and extension at the moment of Tupture.

Nerre 14—1f it is desired to measure both modulus and failure proper-
ties (yield or break, or both), it may be necessary, in the case of highly
extensible materials, to run two independent tests. The high magnification
extensometer normally used to determine properties up to the yield point
may not be suitable for tests involving high extensibility, If allowed to
remain attached to the specitmen, the extensometer could be permanently
damaged. A broad-range incremental extensometer or hand-rule technique
may be needed when such materials are taken to rupture.

11. Calculation

11.1 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, seating of the
specimen, or other artifact, but rather is an authentic material
Tesponse.

11.2 Tensile Strength—Calculate the tensile strength by
dividing the maximum load in newtons (or pounds-force) by
the original minimum cross-sectional area of the specimen in
square metres (or square inches). Express the result in pascals
(or pounds-force per square inch) and report it to three
significant figures as tensile strength at yield or tensile strength
at break, whichever term is applicahle. When a nominal yield
or break load less than the maximum is present and applicable,
it may be desirable also to calculate, in a similar manner, the
corresponding tensile stress at yield or tensile stress at break
and report it 1o three significant figures (see Note A2.8).
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1.3 Elongation values are valid and are reported in cases
where uniformity of deformation within the specimen gage
Jength is present. Elongation values are quantitatively relevant
i appropriate for engineering design, When non-umform
deformation (such as necking) occurs within the specimen gage
fength nominal strein values are reported. Nominal strain
values are of qualitative utility only.

shall be calculated whenever possible. However, for materials
where no proportionality is evident, the secant value shall be
calculated. Draw the tangent as directed in AL3 and Fig. ALZ,
and mark off the designated strain from the yield point where
the tangent Line goes through zero stress, The stress to be used
m the calculation is then determined by dividing the load-
extension curve by the original average cross-sectional area of

i
w
g, & Axial Strain, Ea
5,
@
2 §
E 4
0 I
2 —
< Dr/'“//ﬂ/-s"mnmrse Strain, Et

i 1 H

Applied Load, P
FIG. 4 Plot of Strains Versus Load for Determination of Poisson’s Ratio

11.3.1 Percent Elongation—Percent elongation is the
change in gage length relative to the original specimen gage
length, expressed as a percent. Percent elongation is calculated
using the apparatus described in 5.2

11.3.1.1 Percent Elongation at Yield—Calculate the percent
elongation at yield by reading the extension (change in gage
length) at the yield point. Divide that extension by the original
gage length and multiply by 100.

11.3.1.2 Percent Elongation at Break—Calculate the per-
cent elongation at break by reading the extension (change in
gage length) at the point of specimen rupture. Divide that
extension by the original gage length and multiply by 100.

11.3.2 Nominal Strain—Nominal strain is the change in grip
separation relative to the original grip separation expressed as
a percent. Nominal strain is calculated using the apparatus
described in 5.1.7.

11.3.2.1 Nominal strain at break—Calculate the nominal
strain at break by reading the extension (change in grip
separation) at the point of rupture. Divide that extension by the
original grip separation and multiply by 100.

114 Modulus of Elasticity—Calculate the modulus of elas-
ticity by extending the initial linear portion of the load-
extension curve and dividing the difference in stress corre-
sponding to any segment of section on this straight line by the
corresponding difference in strain. All elastic modulus values
shall be computed using the average initial cross-sectional area
of the test specimens in the calculations, The result shall be
expressed in pascals (pounds-force per square inch) and
Teported to three significant figures.

11.5 Secant Modulus—At a designated strain, this shall be
calculated by dividing the corresponding stress (nominal) by
the designated strain. Elastic modulus values are preferable and

the specimen.

11.6 Peisson’s Ratio—The axial strain, €,, indicated by the
axial extensometer, and the transverse strain, €, indicated by
the transverse extensometers, are plotted against the applied
load, P, as shown in Fig. 4. A straight line is drawn through
each set of points, and the slopes, de, / dP and de, / dP, of these
lines are determined. Poisson’s ratio, p, is then calculated as
follows:

= —(de,/ dP)(de, ! dP) i8]
where:
de, = change in transverse strain,
de, = change in axial strain, and
dP = change in applied load;
ar
p = ~(de) ! (de,) @)

11.6.1 The errors that may be introduced by drawing a
straight line through the points can be reduced by applying the
method of least squares.

“11.7 For each series of tests, calculate the arithmetic mean
of all values obtained and report it as the “average value” for
the particular property in question.

11.8 Calculate the standard deviation (estimated) as follows
and report it to two significant figures:

s =N\ (Ex*—nkHin-1)

3)

where:
= estimated standard deviation,

§
X value of single observation,




[ TEXNOAOTI'TIKO EKITAIAEYTIKO IAPYMA BIBYISWY VS

Q4 4N: M MHXANOAOI'TAX

4 o638 - 02

n = number of observations, and
X = arithmetic mean of the set of observations.
11.9 See Annex Al for information on toe compensation.

TABLE 5 Tensile Strength al Break, 10° psi, for Eight
Laboratories, Five Materials”®

Mean A 8q I, Ig
Polypropylene 297 154 165 437 466
Cellulose acatate butyrate 482 0058 0180 0964 0509
Acrylic 9.09 0452 0751 127 213
Gilass-reinforced polyester 208 0233 0437 0859 124
Glass-rainforead nylon 236 0277 0698 0.784 1.98

ATensile strangth and elongation at break values obtained for unreinforced
propylene plastics generally are highly variable due to inconsistencies in necking
or *drawing” of the center saction of the test bar. Since fensile strength and
slongation at yleld are more reproducibla and relate in most cases to the practical
usefulness of a molded pan, they are y d for ifi
purposes.

TABLE 6 Elongation at Break, %, for Eight Laboratories, Five

Materials®
Mean & Sp I, lg
Glass-reinforced polyester 3.68 020 233 0.570 6.50
Glass-reinforged nylon 387 010 213 0.283 B.03
Acrylic 13.2 2.08 3.65 5.80 103
Cellulose acetate butyrate 14,4 1.87 6.62 528 18.7
Polypropylens 283.0 50.9 180 1440 337.0

“Tensile strangth and elongation at breal values obtained for unreinforoad
Propylene plastics generally are highly variable due 1o inconsistencies in necking
of “drawing” of the center section of the test bar. Sioe tensila strength and
elangation at yield are more reproducible and relate in mos! cases o the practical
usefuiness of a molded part, they are generally recommended for specification
purposes,

TABLE 7 Tenslle Yield Strength, for Ten Labaratories, Eight

Materials
Tost Values Expressad in psi Units
Material  Speed,

in/min  Avefage 8, Sn r R
LDPE 20 1544 524 64.0 1466 179.3
LDPE 20 1894 3.1 612 1487 1713
LLDPE 20 1879 742 988 2078 278.7
LLDPE 20 1781 9.2 758 1379 2123
LLDPE 20 2900 555 878 1554 246.1
LLDPE 20 1730 3.9 96.0 1789 2687
HOPE 2 H 196.1 anas 5491 10413
HOPE 2 3523 175,89 4780 4824 13385

12. Report

12.1 Report the following information:

12.1.1' Complete identification of the material tested, includ-
ing type, source, manufacturer’s code numbers, form, principal
dimensions, previous history, etc.,

12.1.2 Method of preparing test specimens,

12.1.3 Type of test specimen and dimensions,

12.1.4 Conditioning procedure used,

12.1.5 Atmospheric conditions in test room,

12.1.6 Number of specimens tested,

12.1.7 Speed of testing,

12.1.8 Classification of extensometers used. A description
of measuring technique and calculations employed instead of a
minimum Class-C extensometer system,

12.1.9 Tensile strength at yield or break, average value, ang
standard deviation,

12.1.10 Tensile stress at yield or break, if applicable,
average value, and standard deviation,

12.1.11 Percent elongation at yield, or break, or noming]
strain at break, or all three, as applicable, average value, ang
standard deviation,

12.1.12 Modulus of elasticity, average value, and standarg
deviation,

12.1.13 Date of test, and

12.1.14 Revision date of Test Method D 638,

13. Precision and Bias 2

13.1 Precision—Tables 2-6 are based on a round-robin test
conducted in 1984, involving five materials tested by eight
laboratories using the Type [ specimen, all of nominal 0.125-in,
thickness. Each test result was based on five individual
determinations. Each laboratory obtained two test results for
each material.

TABLE 8 Tensile Yield Elongation, for Eight Laboratories, Eight

Materials
Test Values Expressed In Percent Units
Material  Speed,
inJmin  Average 8, Sq r R
LDPE 20 17.0 1.26 3.16 3.52 8.84
LOPE 20 148 1.02 238 2.85 BE7
LLDPE 20 157 137 2.85 3.85 787
LLDPE 20 168 158 3.30 4.46 9.24
LLOPE 20 "7 127 2,88 456 8.08
LLDPE 20 15.2 127 2.59 355 7.25
HDPE 2 a.27 140 2.84 am 7.94
HOPE 2 9.63 1.23 275 345 7.7

TABLE 9 Tensile Break Strength, for Nine Laboratories, Six

Materials
Test Values Expressad In psi Units
Materlal ~ Speed, —
in/min  Average S Sq 4 R
LDPE 20 1582 523 M9 1464 2097
LDPE 20 1750 666 1029 1864 2881
LLDPE 2 4879 17 2180 358 61ag
LLDPE 20 2840 78.6 1435 220.2 4018
LLDPE 20 1679 3 47.0 996 1316
LLDPE 20 2660 119.1 166.3 3336 465.6

13.1.1 Tables 7-10 are based on a round-robin test con-
ducted by the polyolefin subcommittee in 1988, involving eight
polyethylene materials tested in ten laboratories. For each
material, all samples were molded at one source, but the
individual specimens were prepared at the laboratories that
tested them. Each test result was the average of five individual
determinations. Each laboratory obtained three test resulis for
each material. Data from some laboratories could not be used
for various reasons, and this is noted in each table.

13.1.2 In Tables 2-10, for the materials indicated, and for
test results that derived from testing five specimens:

** Supporting data are available from ASTM Headquarters, Request RR:D20-
1125 for the 1984 round robin and RR:D20-1170 for the 1988 tound robin.
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TABLE 10 Tensile Break Elongation, for Nine Laboratorles, Six

Materials
Test Valugs Expressed In Percant Units
Material  Speed,
infmin  Average Sp r A
LDPE 20 667 315 505 862 1666
\DPE 20 568 61.5 89.2 1723 248.7
LLDPE 20 850 257 138 719 3187
LLDPE 20 4.4 6.68 17 187 326
LLDPE 20 803 257 104.4 78 2825
LLDPE 20 782 416 867 166 2708

13.1.2.1 §, is the within-laboratory standard deviation of
the average; I, =2.83 §,. (See 13.1.2.3 for application of 1)

13.1.2.2 S is the between-laboratory standard deviation of
the average; [ = 2.83 S, (See 13.1.2.4 for application of 1)

13.1.2.3 Repeatability—In comparing two test results for
the same material, obtained by the same operator using the
same equipment on the same day, those test results should be
judged not equivalent if they differ by more than the /, value
for that material and condition,

13.1.24 Reproducibility—In comparing two test results for
the same material, obtained by different operators using differ-

ent equipment on different days, those test results should be
judged not equivalent if they differ by more than the I, value
for that material and condition. (This applies between different
laboratories or between different equipment within the same
laboratory.)

13.1.2.5 Any judgment in accordance with 13.1.2.3 and
13.1.2.4 will have an approximate 95 % (0.95) probability of
being correct.

13.1.2.6 Other formulations may give somewhat different
results.

13.1.2.7 For further information on the methodology used in
this section, see Practice E 691.

13.1.2.8 The precision of this test method is very dependent
upon the uniformity of specimen preparation, standard prac-
tices for which are covered in other documents.

13.2 Bias—There are no recognized standards on which to
base an estimate of bias for this test method.

14, Keywords

14.1 modulus of elasticity, percent elongation; plastics;
tensile properties; tensile strength

ANNEXES

_(I\landamry Information)

Al TOE COMPENSATION

ALl In a typical stress-strain curve (Fig. A1.1) there is a
toe region, AC, that does not represent a property of the

Streas

A B E Strain

Note 1—Some chart recorders plot the mirror image of this graph.
FIG. A1.1 Material with Hookean Region

material. It is an artifact caused by a takeup of slack and
alignment or seating of the specimen. In order to obtain correct
values of such parameters as modulus, strain, and offset yield
point, this artifact must be compensated for to give the
corrected zero point on the strain or extension axis.

Al2 In the case of a material exhibiting a region of
Hookean (linear) behavior (Fig. Al.1), a continuation of the
linear (CD) region of the curve is constructed through the
zero-stress axis. This intersection (B) is the corrected zero-
strain point from which all extensions or strains must be
measured, including the yield offset (BE), if applicable. The
elastic modulus can be determined by dividing the stress at any
point along the line CD (or its extension) by the strain at the
same point (measured from Point B, defined as zero-strain).

Al3 TIn the case of a material that does not exhibit any
linear region (Fig. Al.2), the same kind of toe correction of the
zero-strain point can be made by constructing a tangent to the
maximum slope at the inflection point (H"). This is extended to
intersect the strain axis at Point B, the cormrected zero-strain
point. Using Point B' as zero strain, the stress at any point (G')
on the curve can be divided by the strain at that point to obtain
a secant modulus (slope of Line B' ). For those materials
with no linear region, any atfempt to use the tangent through
the inflection point as a basis for determination of an offset
yield point may result in unacceptable error.
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FIG. A1.2 Material with No Hookean Region

A2, DEFINITIONS OF TERMS AND SYMBOLS RELATING TO TENSION TESTING OF PLASTICS

A2l elastic limit—the grealest siress which a material is
capable of sustaining without any permanent strain remaining
upon complete release of the stress. It is expressed in force per
unit area, usually pounds-force per square inch (megapascals).

Neme A2.1—Measured values of proportional limit and elastic limit
vary greatly with the sensitivity and accuracy of the testing equipment,
eccentricity of loading, the scale to which the stress-strain diagram is
plotted, and other factors. Consequently, these values are usually replaced
by vield strength.

A22 elongation—lhe increase in length produced in the
gage length of the test specimen by a tensile load. It is
expressed in units of length, usually inches (millimetres). (Also
known as extension.)

Nore A2.2—Elongation and strain values are valid only in cases where
uniformity of specimen behavior within the gage length is present. In the
case of materials exhibiting necking phenomena, such values are only of
qualitative utility after attainment of yield point. This is due to inability to
ensure that necking will encompass the entire length between the gage
marks prior to specimen failure.

A23 gage length—the original length of that portion of the
specimen over which strain or change in length is determined.

A24 modulus of elasticity—the ratio of stress (nominal) to
corresponding strain below the proportional limit of a material.
It is expressed in force per unit area, usually megapascals
(pounds-force per square inch). (Also known as elastic modu-
lus or Young's modulus).

Nore A2.3—The stress-strain relations of many plastics do not con-
form to Hooke's law throughour the elastic range but deviate therefrom
even at stresses well below the elastic limit, For such materials the slope
of the tangent to the stress-strain curve at a low stress is usually taken as
the modulus of elasticity. Since the existence of a true proportional limit

in plastics is debatable, the propriety of applying the term “modulus of
elasticity” to describe the stiffness or rigidity of a plastic has been
seriously questioned. The exact stress-strain characteristics of plastic
materials are very dependent on such factors as rate of stressing,
temperature, previous specimen history, etc. However, such a value is
useful if its arbitrary nature and dependence on time, temperature, and
other factors are realized.

A235  necking—the localized reduction in cross section
which may occur in a material under tensile stress.

A2.6  offser yield sirength—the stress at which the strain
exceeds by a specified amount (the offset} an extension of the
initial proportional portion of the stress-strain curve. It is
expressed in force per unit area, usually megapascals (pounds-
force per square inch).

Nome A2.4—This measurement is useful for materials whoese stress-
strain curve in the yield range is of gradual curvature. The offset yield
strength can be derived from a stress-strain curve as follows (Fig, A2.1)

On the strain axis lay off OM equal to the specified offset.

Draw A tangent to the initial straight-line portion of the stress-strain
curve,

Through M draw a line MN parallel to OA and locate the intersection of
MN with the stress-strain curve.

The stress at the point of intersection r is the “offset yield swrength.” The
specified value of the offset must be stated as a percent of the original gage
length in conjunction with the strength value. Example: 0.1 % offset yield
strength = ... MPa (psi), or yield strength at 0.1 % offset ... MPa (psi).

A2T percent elongation—the elongation of a test specimen

expressed as a percent of the gage length.

A28 percent elongation at break and yield:

A2.8.1 percent elongation ai break—the percent elongation
at the moment of rupture of the test specimen.
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FIG. A2.1 Otfset Yield Strength

A2.8.2 percent elongation at yield—the percent elongation
gt the moment the yield point (A2.21) is attained in the test
specimen.

A29 percent reduction of area (nominal)—the difference
between the original cross-sectional area measured at the point
of rupture after breaking and after all retraction has ceased,
expressed as a percent of the original area.

A210  percent reduction of area (truej—the difference
between the original cross-sectional arca of the test specimen
and the minimum cross-sectional area within the gage hound-
aries prevailing at the moment of rupture, expressed as a
percentage of the original area.

ALIL proportional limii—the greatest stress which a
malerial is capable of sustaining without any deviation from
proportionality of stress to strain (Hooke’s law). It s expressed
in force per unit area, usually megapascals (pounds-force per
square inch),

AL12 rate of loading—the change in tensile load carried

by the specimen per unit time. It is expressed in force per unit
time, usually newtons (pounds-force) per minute, The initial
fate of loading can be calculated from the initial slope of the
load versus time diagratn.

ALI3 rate of straining—the change in tensile stran per
Uit time, It is expressed either as strain per unit time, usually
Melres per metre (inches per inch) per minute, or percent
elongation per unit time, usually percent elongation per minute.
The initil rate of straining can be calculated from the inital
Slope of the tensile strain versus time diagram.

Note A2.5—The initial rate of steining i synonymous withthe rate o
Clﬁ!s‘head movement divided by the initia! distance between crossheads
O0ly i achine ith constant e ofcrosshead movement and when the
SPecienhas & uniform original cross section, does not “neck down.” end

not slip in the jaws,

ALI4 rate of siressing (nominal)—the change in tensile
“UESs (nominal) per unit time. It is expressed in force per unit
e per unit time, usually megapascals (pounds-force per

square inch) per minute. The initial rate of stressing can be
calculated from the initial slope of the tensile stress (nominal)
versus time diagram.

Note A2.6—The initial rate of stressing as determined in this manner

" has only limited physical significance. It does, however, roughly describe

the average rate at which the initial stress (nominal) carried by the test
specimen is applied. It is affected by the elasticity and flow characteristics
of the maierials being tested. At the yield point, the rate of stressing (true)
may continue to have a positive value if the cross-sectional area is
decreasing

A215 secant modulus—the ratio of stress (nominal) to
corresponding strain at any specified point on the stress-strain
curve. It is expressed in force per unit area, usually megapas-
cals (pounds-force per square inch), and reported together with
the specified stress or strain.

Note A2.7—This measurement is usuaily employed in place of modu-

lus of elasticity in the case of materials whose stress-strain diagram does
not demonstrate proportionality of stress to strain.

A2.16 strain—the ratio of the elongation to the gage length
of the test specimen, that is, the change in length per unit of
original length, Tt is expressed as a dimensionless ratio.

A2.16.1 nominal strain at break—the strain at the moment
of rupture relative to the original grip separation.

A217 tensile sirength (nominal)—the maximum tensile
stress (nominal) sustained by the specimen during a tension
test. When the maximum stress occurs at the yield point
(A2.21), it shall be designated tensile strength at yield. When
the maximum stress occurs at break, it shall be designated
tensile strength at break.

AL18 tensile stress (nominal)—the tensile load per unit
area of minimum original cross section, within the gage
boundaries, carried by the test specimen at any given moment,
It is expressed in force per unit area, usually megapascals
(pounds-force per square inch).

Note A28—The expression of tensile properties in terms of the
minimum original cross section is almost universally used in practice. In
the case of materials exhibiting high extensibility or necking, or both
(A2.15), nominal stress calculations may not be meaningful beyond the
vield point (A2.21) due to the extensive reduction in cross-sectional area
that ensues, Under some circumstances it may be desirable to express the
tensile properties per unit of minimum prevailing cross section, These
properties are called true tensile properties (that is, true tensile stress, etc.).

AL1Y fensile stress-strain curve—a diagram in which
values of tensile stress are plotted as ordinates against corre-
sponding values of tensile strain as abscissas,

A220 true strain (see Fig. A2.2) is defined by the follow-
ing equation for e

Lq——[_o——p-

. L +
FIG, A2.2 lllustration of True Strain Equation
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where:
dL = increment of elongation when the distance between
the gage marks is L,
L, = original distance between gage marks, and
L = distance between gage marks at any time.

A221 yield point—the first point on the stress-strain curve
at which an increase in strain occurs without an increase in
stress (Fig. A22).

Notz A2.9—0nly materials whose stress-strain curves exhibit a point
of zero slape may be considered as having a yield point,

Note A2.10—Some materials exhibit a distinet “break” or discontinu-
ity in the stress-strain carve in the elastic region. This break s not a yield
puint by definition, However, this point may prove useful for material
characterization in some CASeEs.

A2 yield strength—the siress at which a material exhib-
its a specified limiting deviation from the proportionality of
stress to strain. Unless otherwise specified, this stress will be
the stress at the yield point and when expressed in relation to
the tensile strength shall be designated either tensile strength at
yield or tensile stress at yield as required in A2.17 (Fig, AL3).
(Sez offset yield strength.)

A223 Symbols—The following symbols may be used for
the ahove terms: .

Symbol Term
W Load
AW Incrament of load
L Distance batween gage marks &l any tima
L, Criginal distance betwesn gage marks
L, Digtance between gage marks at moment of upture
AL Increment of distance between gage marks = elongation
A Minimurn cross-sectional area at any fime
A, Driginal cross-sactional area
A Incrament of cross-secional area
A Crosssaglional area at point o rupture mazsured ater
braaking specimen
A Gross-seclional area at point of rupture, measured at the
moment of rupture
t Time
At Ingrerment of time
0 Tensile siress
Ae Increment of stress
ay True fensile siress

oy Tensile sirength &t break (nominal)
iy Tenile sirenqth at braak (trug)

€ Sirain
Ae Increment of strain
iy Total strain, at bréak
i True sirain
%El Parcentage elongafion
YR Yield polnt

E Modulus of elasticity

STRESS

ABE = TENSILE STRENGTH AT BRE/
ELONGATION AT BREAK

B = TENSILE STRENGTH AT YIE}
ELONGATION AT YIELD

C= TENSILE STRESS AT BREA
ELONGATION AT BREAK

D= TENSILE STRESS AT YIEL|
ELONGATION AT YIELD

STRAN
FIG. AZ.3 Tensile Designations

A224  Relations between these various ferms tmay be
defined as follows:

¢ = WA,

fr = IAVA

gy = WA where Wis breaking load)
rr = Wid{whera Wis breaking load)

= Ad=(L=L)L,

o= (L-LL

ir & J't duL = It
S = [(L-LL) % 100=x 100

Percer reducion of area (norminal) = ({4, = A,J/A,] ¥ 100

Parcent reduction of re (1ug) = [(A, = A7VA] % 100
Rate of loading = AW/t

Rate of stressing (naminal) = Ao/d = (AW]/AJ/A!

Rale of straining = Ae/dt = (ALL At

For the case where the volume of the test specimen does not
change during the test, the following three relations hold:
0,= afl + = ol (A2
Oy = Uu[l f fu] = UULn JLU

A=4,01+¢

MHXANOAOI'TAX
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