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[TEPIAHYH

2V Tapovco LETATTVYLOKY EPYOCI0, GKOTOC £ivol 0 GYESOCUOC LG YEMUETPIOG
7oV vo TPooeyyilel 660 T dLVATOHV KOADTEPO TN YEWUETPIX HOG cLYKOAANOTG Ol
TPIPNg pe avadevon, pe otdyxo TV €EACEAMOTN OEIOTIGTOL KOl OAOKANPOUEVOL
EAEYYOV OE OULYKOAAMNGELS KPAUOTOS OAOLLVIOL, pe 1t pébodo TOoL N
KATOGTPOPIKOV EAEYYOV TMV LITEPNYDV.

210 TPAOTO OVO KEPAANLN YIVETOL OVOPOPA OTIC 1OIOTNTEG KOl TO YOUPOUKTNPIOTIKA TOV
alovpviov, kaBmg kol ot ovykOAAnom o TP pécm avadevong (FSW),
euPabvvovtag ot yeoperpia ™G (KOpleg Cdveg OLYKOAANONG) Kol GAAQ
YOPOKTNPLOTIKA TNG, OTMC Yo TopAdEtypa ot 1d10TTEG TOV EPYOAEiOV TOL TEAEL TN
OLYKOAANGT] KOt O1 EMOPACELS TOVG GE QUTN.

210 ke@AAoo 3, mopovcoldloviol Ol KLPLOTEPES  UN KOTUOTPEMTIKEG MEOOSOL
eAEyYOL, LE Ta eSO EPOPUOYNG TOVG, TO LELOVEKTILLOTO KOL TO TAEOVEKTILOTA TOVG
Evavil TovV  «ovpPoatikdvy  pebddmv kot mopatifetor  cLYKPITIKOG  TIVOKOG
a&lohdynong tov pHebodwv.

2t ovvéyew akoAovbel (kepdiowo 4), M QLGIK TOV VAEPNYWOV, HE 1GTOPIKY
oTOoLElD O TPMTO GTAOLO KO PETEMELTO AVAADOVTOL T YEVIKA YOPUKTNPLOTIKE TOVG,
T €10M TOV LEEPNYNTIKOV KUUATOV, TO TMOG TOPAYOVTAL Ol DTEPNXOL, 1 OEGUN TOV
VIEPN®V KOl 01 {OVEG TNG — YEWUETPIKA YOUPOUKTNPIOTIKA.

Y10 méumto Kepdlowo divetar o eEomMopdg kot n pebodoroyion eAEyyov TV
vrepy®v. Edd pmopodue va avtAnoovpe mANpoeopieg ywoo TG QOpPNTEG Ko
OVTOULATOTOMNUEVEG O1ATAEELS EAEYXOV, YO TOL EION TV LIEPMYNTIKOV KEQPUADV, Y0
o mpdtuma. Pabuovouncng mov YPNOOTOVVTOL €M KOU CNUEPO, Kol TEAOG
availvovtor pefodoroyieg EAEYYOL UE VIEPXOVS OTMOC AVTH TNG «ITOALONYOVG»,TOV
YPNOYLOTOMONKE GTNV Epyacia QVTH.

Téhog, ota KeEQAAOO 6 Kot 7, TOPoLCIALeETOL OAOKANP®UEVO O GYXEOOGUOS TTOL
TpoNyNnOnke mpv Tov EAEYY0 T®V SOKWWI®V amd aAovUivio, 1 EKTEAEST ALTOD KATM
amd ovoTNPY, CLYKEKPLUEVN HeBodoAoYio KOl TO TEPOUOTIKA OTOTEAEGLOTA TTOL
TPOEKLY AV, KAOMDG KoL TEPUITEP® TYOAMAGHOS TOVG KOl GUUTEPAGLOTA.



ABSTRACT

In this master work, the target is to design a geometry as close as possible to the
geometry of a Friction Stir Weld, aimed at ensuring reliable and integrated control in
welding aluminum alloy, with the method of non-destructive test of ultrasound.

In the first two chapters, there is a referance to the properties and characteristics of
the aluminum, and for friction stir welding (FSW method), deepening of the geometry
( main zones of the weld) and other characteristics such as for example the properties
of the tool that takes part in the weld and their effects on it.

In Chapter 3, there are presented the main non-destructive testing methods, with their
fitting fields, the disadvantages and advantages over 'conventional' methods and also
is given a comparative evaluation matrix of the methods.

Then in Chapter 4,it is analyzed the physics of ultrasound, with historical evidence
as a first step and subsequently analyzed their general characteristics, the types of
ultrasonic waves, how ultrasound is produced, the ultrasound beam and zones -
geometric characteristics.

In the fifth chapter, is given the equipment and methodology control of ultrasound.
Here we can get information for portable and automatic set — up controls, about the
kinds of ultrasonic heads, for calibration standards which are used until today and
finally it is analyzed the ultrasound testing methodologies such as pulse — echo, which
was used in this work.

Finally, in Chapters 6 and 7, it is completely presented the design which is preceded
before testing the samples of aluminum, its implementation under strict and specific
methodology and the experimental results which are obtained, with further comments
and findings.
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[TPOAOI'OX

H mopovoa petantuyiokn epyacio pe titho: « Melétn pebodoroyiag eEAEyyov kot un
KOTOAGTPOPIKOG EAEYYOG WE VLREPNYOVG GLYKOAANGE®V do TPPNG HE avAdELON
Kkpapatogorovpviov 5083-H111», mpaypoatomomdnke oto Epyactipio Noavanywkng
Teyvoloyiag (ENT) tng Zxoing Novanydv Mnyavordywv Mnyovikdv tov E6vikon
Metadprov [Torvteyveiov. Me v gvkarpio TG OAOKANP®ONS TNG LETATTLYLOKNG OV
gpyaciag, aicBdvopor TNV VIOXPEWGCT VO ELYOPLOTHOWM OPIGUEVOLS OO  TOLG
avOpdOTOLG TOV YVOPLoW, cuvePYAoTKo Lall Tovg Kot Era&av ToAd onuavtikd poro
TNV TPOAYULATOTOINGN TNG.

Apyikd, Bo Beha va evyaptotom Wrotépos tov Kadnynt) g Xyxoing Navanyov
Mnyovoloywv Mnyovikov Anuntplo 1. TToavteln, emPAémovia TG HETATTUYLOKNG
LoV £pYaciag, Yo T cuveyr kabodnynon Kot v moAvTiun fonbeta Tov.

Evyopioted Oeppd tov Av.Kabnynt) EMII N.Too0BaAn kot tov Kabnynt EMII
A MovoAGKO Y10 T GUUUETOYT TOVG OTNV TPILEAT EEETAGTIKT EMTPOTY).

[MoapdAinio Ba MBeha va  evyaplotio® péco omd TNV Kopdld pHov, Tnv
Ap.X.Zapheoylov, yio 6An ¢ ™ Ponbela kot ocvumapdotacn Katd T OdpKeln
SteEoymyng TG METOTTUYOKNG MOV epyaciag, mov vanpée yio péva kATl Topomdve
a6 TOAVTIUT, KaB®G Kot Tovg YToynerovg Awddktopeg Niko Aavioro kot [ovayidhn
Koapaxiln, ot omoiot 0roTedmoTe TOVG YPEECTNKA, NTAV ATOAVTO GUVEPYAGLLOL.

EmmAéov, evyapiotd 7Tov  Aéktopa ¢  ZyoAng IloMtikdv  Mnyoavikov
Y. Mnadoyiavvn.

Opeil® évo peydho evYOPIOTH KOOIGTOVTOG LE, O «VTOYPEO», CTNV OKOYEVELL
LoV, J10TL Y®pig avth o€ 1660 dSVGKOAOVLS Kopovs, 0 Ba NTav EPIKTO VO KATOPEP®
VO OAOKANPOG® TNV TOPOVLGH HETOTTVUYLOKY €pyacic, divoviag tov kaAVTEPO LoV
€aVTO.

TéNog evyaplot® amd o fAdN ™S Yuyng Hov, dVO GNUAVTIKOVS avBpdmovg ot Lo
pov, v koméia pov Iltuyovyo tov Tunuatoc tov Mabnuatikod Ilavemotnuiov
[Motpdv Koatepiva Z.AKokha xor tov Eadeppd pov Aumiopotovyo IMoiitkd
Mnyovikd tov ITorvteyveiov [Hatpav N'empyro K.Mndpo.

Y.I' : <Ot ko av kévovpe otn {oN HOG VO TO KAVOLUE HE Oy Kot pepdxt, yuorl

o010 téhog avtd mov atilel sivar n mpoomdbela kol Giyovpa kdmola oty O pog
ATOPEPEL TO EMOLVUNTO ATOTELEGLLOY.

Mg ektipnon,

Awviorog N.Karoyepomoviog
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KEDOAAAIO 1: TO AAOYMINIO
KAI TA KPAMATA TOY gy

1.1 TENIKA XAPAKTHPIXTIKA

To kaBapd alovpivio givor pétadro era@pld Kot moAd OAkipo. Ot unyovikég tov
w10tTEC 0ev e€aptdvTal HOvo amd TV Kabapotntd Tov, dAAd Kot amd T0 T0GOGTO
™G €VOOTPAYLVONG TOV £xEl VWOGTEL KOTA Tr OPKEL TOV HUNYOVIKOV TOV
katepyacidv. H onuacio tov yo v KaTooKeLAOTIKY Propmyovia eivot Todd peyain
Tl mapovstalet vymihd ewdkd pétpo ehaotikontoag (E/p) wor vynAn edm
unyavikyy avioyn (oTS/p), oe oyéon pe GAAo pétaddo kot kpdpoto. Emiong,
TapoLGLALEL KOAY avToyn o€ ddppwon).

Atomic Number

13 =
Al- T

Aluminium
26.98154 Atomic Weight

2-8-3 - Electron Configuration

Ewova 1.1 : ZopoMopog Tov 0AOVUIVIOL Kot YOPOKTNPLOTIKE TOV.

1.2 IAIOTHTEYX AAOYMINIOY

To aAiovpivio givar éva ehappd apyvpoypmpo pétairo. To atopkd Tov Bapog eivor
26,9815, «pvotaAhdveTor o©€ OO KLPKOD  EOPOKEVIPOUEVOL, MOVEL GE
Bepurokpacio 660°C (1,220°F), e&atpileton oe Beppokpacio 2.467°C (4,473°F), ko
&xetl 10O Bapog 2,7 (kg/m3 1 g/cm3). Eivar 1oyvupd niektpobeticd o¢ HETAALO Ko
eEOPETIKA aVTIOPAV. LTNV EMOPN TOV LE TOV ATUOGPAUPIKO 0EPO 0EEWODVETAL TOYEWC,
dtvovtog éva Aemtd cLuvEES EMPAVELNKO GTpOLLO 0&ediov Tov akovpviov (AlxO3). o
omoio givor adomépacto amd to 0&VYOHVO Kol TPOCPEPEL GTO UETAALO OVTIOEEIOMTIKN
npootacio. Eivar eEoapetikodg aymydg Tov nAEKTPIGHOD, VA glval Un HoyvnTiko, pn
AVAPAEELLO KoL U1 TOEKO.

EmumAéov, elval modd kalog aywydc e Oeppomrag. Mropel va avakvkAwOel, evo
popeomoteitar yvtevetal Kot katepydletor gokola. Kpdpato ovtod pe pkpd
TOGOGTH YOAKOV, Hoyvnoiov, poyyoviov kot mopttiov oAl Kol GAA®V KPOUATIKOV
otoyelov, Tov TPocdidovy Wiaitepa Eexwplotég Kot ypnoieg wtotteg. H avioyn
tov e€apthron omd v KabBapdttd Ttov. Etol, kabapd arovpivio oe mocootd
99,996% é&yel avtoyn o€ epeAkvopd mepimov 49 MPa, 1 omola dpwg pmopet va etdcet
ta 700 MPa petd amd Kpopdtmon Kot KatdAANAN Oeppukn KatepyaciaL.
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1.3 EOAPMOI'EX AAOYMINIOY

Mo cvykekpyévn mocodtnta pdlog alovpviov, Quyiler mepimov to 1/3 g dog
nélog amd oionpo. O cvvdLACUOG TOL VYNAOV AOYOL AVTOYNG TPOS PAPOg pe TV
VYNA avTOWPP®TIKY avToy] TOV, TO KAVOLV 1Wloitepa ¥PNOIHO KOTOGKELOGTIKO
VAMKO oL Umopel va ypnoiporombel otn SOUIKY| Kol apyITEKTOVIKT (TOGO MG OOLKO
0G0 KOl MG JKOCUNTIKO VAIKO), 0AAG KOl OTNV KOTOOKELT OWTOKIVATOV, TPEVOV,
EPOTAAV®V, TAOIWV Ko YEVIKOTEPO GE EPUPLOYES, OTOV OonTeiTON LEYAAO MPEMUO
@optio Kot TaVTdYPOVe eE0IKOVOUNON EVEPYELNS (TT.). LETOPOPE EUTOPEVUATOV,VYPDOV
KOLGIHOV K.A.T.).

E&attiog g peyding Oepuikng ayoytudtntdg Tov, ¥pNoUYLOTOEITOL GTNV KOTOGKELT
OKEVMV HAYEPIKNG, MG TEPITOMYUO TPOPIU®V, OAAY Kol GTNV KOTOUOKELN TIGTOVIDV
Yoo KWTpeg eo0mTEPIKNG Kavons. ‘Exet to 63% tng nAEKTpKng oy@yoTNTOS TOV
YOAKOV, OALL LOVO TO oo PBapog evdg 1diov aymyod. Katd cuvénela, évag aywyog
aAovpviov gival mo peYAAOg og SAUETPO amd Evav avTIoTOLO Omd YOAKO, OAAY
e€arxorovBel va eivar o eAa@pig Kot Oempeital KaTaAANAOTEPOS Y10 LEYOAOV UNKOVG
YPOUUES LETAPOPAS PELUOATOS VYNANG TAoNS (aymyol alovpiviov ypnoiorotovviot
TAEOV Y10 TN UETOQOPE MAEKTPIKNG evépyewng aviiotoyng tov 700.000V 7 xon
TEPLGGOTEPO).

EmnAéov, ypnowomoteitar 6 mopnvikoHg OvVTIOPACTNPES G GLVONKES YOUNANG
Bepurokpaciog (egotiog Tov YEYOVATOC OTL OmOPPOPE GYETIKG Alya veTpdVIn) KOl GE
Kpvoyovikéc Oepuokpociec emedn dSwtnpel v avtoy] TOov Kol avEAvel TN
OKANPOTNTA TOL OGO UEIDVETAL 1 Beppokpacia.

1.4 TA KPAMATA AAOYMINIOY

Onwg akppdg ocvpPaiver kot pe Kabe pETOALO, £€TGL KOU OTNV TEPITTMOOT TOL
KaBopov aAovpviov, M ¥PNOUOTNTA TOL OEVPVVETOL CNUOVTIKG EMELTA OO TNV
KPOUAT®ON Tov pe GAAa otoyeic. Me ovtév tov Tpdmo, dnpovpyoLVTaLl «vEd
HETOAAOY TTOV £Y0VV ®G PACT TO GAOVUIVIO KOl TOL 1) YPNOIUOTNTE TOVG GE SLAUPOPES
EPAPLOYES etvar LeyoddTEPT OO LTIV TOV KOBpov aAov VIOV,

Ta kpbpoto Tov aAovuviov dtakpivoviol 6e KpApaTo SUOPPMOONG KOl GE KPApLaToL
yotevone. Ta kpdpota Tov 600 AVTOV KOTNYOPLDY LTOSPOVVTOL GE KPALOTH TOV
UTOpOoVV Vo, VTOGTOOV BepUIKY] KATEPYOOIO KOl GE KPAUOTH TV omoiwv 1 Beppkn
katepyaoia eivar addvarn. Ot 10101 TOV TPOTOV €EAPTAOVIOL Amd TNV
axolovBovpevn Beppikn Katepyosio, Ve o1 1O10TNTEG TOV deVTEPOV eEQPTOVTOL OO
T0 TOG0GTO EVOOTPAYLVONG OV €YoV LTooTel. Ommg To KaBapd aAoLUIVIO, £TGL Kot
TO, KPAUOTE TOV £YOVV YOUNAT TUKVOTNTO, KOAT BEPUIKT KOl NAEKTPIKNY OyOYILOTNTO
Kot VYNA avtoyn oe daPpwon. Ot kKbpleg TPocHNKES TOV KPAUAT®OV CAOVULVIOV
elvat 0 yoAkOG, 0 G1ONPOC, TO LOYYAVIO, TO LOYVIGL0, TO TUPITIO KOl O YEVSAPYLPOG.
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Mivakag 1.1 : Ot kodkég OVOUAGTES TOV KPAUATOV SIOUOPPOONG TOL OAOVLIVIOL.

Baowo Métarro Kvpiapyo kpopatiké Kmowog

oToLYEl0

Alovpivio KoBapdmra and 99,00% Ixxx
Kot Téve

Alovpivio Xoikog (Cu) 2XXX

Alovpivio Mayyévio (Mn) 3XxXX

Alovpivio [Mupitio (Si) 4xxX

Alovpivio Mayviclo (Mg) SXXX

Alovpivio Mayvnoro kou [Tupitio 6xxX
(Mg, Si)

Alovpivio Yevodpyvpog (Zn) 7XXX

Alovpivio AAO KPOUOTIKE oTOtXELOL 8xxx

.y o6 2,5% Li
Mn ypnoipomolovuevn - 9xxX
GEPh

IMivakag 1.2 : Ot KodKEG OVOUAGTIES TOV KPAUATOV YUTELGNG TOV OAOVULVIOV.

Baowo Métairo Kvpiapyo xpopatiké Kmowkog
oToLyEi0
Alovpivio Alovpivio eAdyiong Ixx.x
kaBapdtrag 99,00%
Alovpivio Xarkog (Cu) 2XX.X
Alovpivio [Mupitio kon yoAkos 1 3xX.X
Mayvioio (Si kou Cun
Mg)
Alovpivio [Tupitio (Si) 4xx.X
Alovpivio Mayvrclo (Mg) S5XX.X
Mn xpn/vn cepd - 6XX.X
Alovpivio Yevdapyvpog (Zn) 7xx.X
Alovpivio Koaooitepog (Sn) 8xx.X
Alovpivio Ao otoryeia 9xx.x

To debtepo PEPOG TGS KOIKNG OVOUAGTIOG Yol TO KPAOTO SLOUOPO®ONS KoL Y10, TOL
KPALOTO YOTELONG, OVOPEPETOL OTNV KATEPYOSia, pnyovikn 1 Oeppukn, mov €youvv
vrootel. H avdivon g kodikomoinong awtng mapovsidleton otov [ivaxa 1.3.
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IMivaxag 1.3 : Kodikonoinon towv kpopdtov alovpviov, Bdorn g Kotepyacsiog mov
£€YOVV VTTOCTEL.

KQAIKOX KATEPI'AXIA

F [Ipoidv onwe mapnydn, xopic unyovikn M
Oepuikn| katepyaocio.

0] Avonnon

H Evdotpdyvvon, povo yo to kpbipata
SUOPO®ONG.

H1X Movo gvdotpdyvvon, (to X avapépeTat

070 Pabud evéotpdyvveng):
H11: Kpapa erdytotng oxAnpotntog
HI12: Kpdpo oxkAnpopévo kotd 25%
H14: Kpdpa oxAnpopévo katd 50%
H16: Kpdpoa oxkAnpopévo kotd 75%
H18: Kpdpa oxAnpopévo katd 100%
H19: Yrnépoxinpo kpdpa

H2X Evdotpdyvvom akorovBodpevn amnd
aVOTTNOT) OTOKOTAGTACT|G.
To X xvpaiveron amd 1 €mg 8,
VTodNA®VOVTAS T0 BaBd GKANPLVONG
HETA Ao avOTTNOM).

H3X Evdotpdyvvon, akorovBodpevn and
Bepuikn| katepyacio otabepomroinong oe
YoUNAR Beprokpacio, TPOKEEVOL VO
amopevybel KA pLVOT AOY®D YHPOVONG.
To X xopaiveror and 1 €mg 8,
vrodNA®VovTag To Pabud okAnpuvong
TP oo TN otadeponoino.

T Oeplikn| Katepyooioo GKANPLVONG LE
ynpavon.
T1 Bagn and ™ Beppokpacio Bepunc
LOPPOTOING™G KOl PLGIKN YPOVOT).
T2 Bagn and m Beppokpacio Bepunc

LOPPOTOINoMG, UNYXAVIKN KATEPYAGIH £V
YuYpO Kol PLGIKN YNPOVOT).

T3 Oepkn Katepyacio opoyevomoinong,
Baen, Katepyacio v yuypd Kot GUGIKN
yNpavon.

T4 Oepukn Katepyacio opoyevomoinong,
Baen Kot uGIKNY YHPOVOT).

T5 Bagn and ™ Beppokpacio Oepunc

LOPPOTOINONG KOl TEXVNTY| Y |POVOT|, GE
Bepprokpacio VYNAOTEPT AVTAG TOV
nepPAALOVTOC.

T6 Oepukn Katepyacio opoyevomoinong,
Baen kot TexvNnTn YHPOVoN, o€
Beppokpacio VYNAOTEPT AVTAG TOV
mepairovToc.

T7 Oepukn KatePyasio 0LoyeEVOmToinong,
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Baon, Oepukn Katepyasio
otafepomoinong.

T8 Ogpukn Katepyacio opoyevomoinong,
Baoen, kotepyosio eV yuypd Kol TEYVNTY
yNpaven.

T9 Oepuikn Katepyasio OLOYEVOTOINGTG,
Baen, Texyn YNPOVOT KOl KOTEPYUGiN
EV YUYPO.

T10 Bagn and m 6eppokpacio Oepunc
LOPPOTOINOMG, KATEPYOUSIH EV YLYP® KoL
TEYVNTH YNpAVON).
W Ogpuikn Katepyosio OpOyEVOTOinomC.
XpNOHOTOIEITOL LOVO Y10l TO KPALOTO
OV VPIGTAVTOL GKAN|PLVOT| LLE YHPOVOT).

1.4.1 KPAMATA ATAMOPOQYHY AAOYMINIOY

> Kpduoto orovpviov mov dev voictovialr ckKANpuven dounc ue Oegpuikn
KoTEPYOCia.

[Ipokerton yoo kpapata tov cepav 1000, 3000 kot 5000. Eivor povogoocikd, e

HKpE TOCO0OTH EYKAEICUATOV 1 HEC® UETAAMK®OV evdoe®v. Ot pNYOVIKES TOVG
w0mrTeg pvOuilovion pe Katepyaoieg CKANPLVONG, HE TN ONUIOLPYIK OPLOKDV
OTEPEMV OLOAVUATOV Kol KUPImG, Le TV enakoiovBodoo evooTpdyvvon.

o Xepd kpopdtov aiovuviov 1000

Ta xpbpata avtig ¢ oepdg mepEyovv tovAdyoto 99% Al Ot téc tov
LUNYOVIKAOV TOVG WO0TATOV gival YapmAésg, aAld Pertidvovtar pe evdootpdyvvon. Eivan
KOATAAANAQ Y10, KOTEPYAGTO EV YLYPD KOl OVIEYOLV CNUOVTIKA o€ VYpN Ko Bohdcoia
atpoceapa. Iapovoialovv dplotn NAEKTpIKN] Kot OepUiK oy@YWOTNTO Kol KOAN
avToyn o€ oAV younAég Oepuoxpacies. Ot Kupidtepec axabapaoieg mov mepEyovTol
oto Kpdpata ovtd ivol o oidnpog Kot To mupitio, 6e cLVOAKd 0600t 1% (Kpdua
1100). Mepkég amd T €QOPUOYEG TOVG EIVOL 1) KOTOOKELT] CUPUATOV Kol Oy®YDV
NAEKTPIKOL PEVUATOG, 1] KATOCKELT] OEPUAVTIKOV COUATOV K.

o Xepd kpopdtov aiovuviov 3000

[Tpoxerton yio kpdpato ahovuviov pe kupla Tpocshnkm to payydavio. H péyiom
dolvtdtnta tov Mn oto Al, mov givan 1,8% otovg 659 ° C, ehattdveron ypriyopo pe
) Oeppokpacia.

To Mn evovetar pe 1o Al, oynuatioviag t pecopetoAdikny évoon Al6Mn. H
oKAnpuvon tov Al pe mposOnkn Mn, cg mocootd pikpotepa and 1,5%, opeiletor o
JoTOPA NG EVOONG OVTAG HECH OTN UETAAAKT UNTPO TOV OAOLUIVIOL. ZVYYXPOVOC,
n mapovcia  Al6Mn mpokaAel avénon g Oeppokpaciog avaKpLGTAAAMONG TOV
kpapatog. H mpocsbnkn yorkov, oe mocootd 0,12%, mpokalel adEnon g Unyavikng
toug avroyns. H mpoobnkn Mg, oe mocootd pkpdtepa amd 1,2%, empépet
JEVTEPOYEVI] GKANPLVOT), AOY® TOL GYNUOTIGHOL oTEPE0D dtolvpartog. Ta kpduato
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Al-Mn pop@omotobvtor €OKOAO, OVIEXOLV OTNV ATHOCQOIPIKN JaPfpwon Kot
OLYKOAA®VTOL EVKOAN.  AvtiKaBiotov ta kpapota ¢ oepdg 1000, og epapproyég
OOV ATOTOVVTOL BEATIOUEVES UNYOVIKES IO1OTNTEC.

B{AlgMn) ] Bey

Al 0 x x
Nepieknkomro o€ Mn (% k.B)

Ewodva 1.2 : Awdypappo icoppomniog doewv Alovuviov- Mayyaviov. Xtov x-a&ova
Bpioketol T0 TOGOGTO MEPLEKTIKATNTAG TOV KPAUOTOG GE Ly YAVIO.

o Xeipd Kpapdatmv orovpviov 5000

[Ipoxerton yio Kpapota aAovpiviov, e KOpLo TPocHnNKn 10 HoyVIolo, GE TOGOGTAH
pikpotepa tov 4%. Ze avtd to peyoldtepo pépog tov Mg Bpioketor 6to oteped
OLGALHOL KOL TO VITOAOITO PETEXEL OTN UEGOUETOAMKTY Evooon Mg2Al3 1 omoia eivat
oKANpN Kot e60pavoT.

Ta kpapota e oepdc 5000, mapovctdlovy HETPLO UNYOVIKT OVTOYY], TOL OUMG
BeAtidveton pe evdotpdyvvon, o Papog Opmg, NG OAKIUOTNTOC. ZVYKOAADVTOL
evKola, £xouv LYMAN avtoyn o€ Baidooio daPpwon Kot Tapovstdlovy empaveln
KOANG moldtnTag HeTd amd Aslovon Kol ovodimon. Xy TepinTmon Tov TPOKELTOL Vo
VITOGTOVV TETOLEG EMPAVELNKES KOTEPYATIES, B TPEMEL TOL TOGOGTH TOL GLONPOV KO
TOV TTVPLTIOL VO SlaTNPOVVTAL GE YOUNAG EMIMESA. XTN GUYKEKPLUEVN LETATTUYLOKN
gpyacia To mepapata £xovv yivel o€ kKpapa aiovpviov 5083, emopévmg avagEpovpe
TAPOKATO OPIOUEVES 1O1OTNTEG TOV KPAUATOG QVUTOV.
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Kpapna alovpviov 5083

To aiovpivio 5083 eivar yvootd yio v avtoy tov 6€ dvckoAn mepPdAiovTa.
Eivan avBextucd og Boddooio meptBdiiov kabmg Kot o€ Tapovsio ynukav. Emmiéov,
Bewpeiton amd To MO OKANPE KpapaTo OUOPPEOONS TOL OAOLUVIOL KOl M
OKANPOTNTA TOL QVTH, dlaTNPEITOL KOO KO LLETE T GUYKOAANON.

Xnuikn cvoToo™n ToL Kpduotoc aiAovuviov 5083:

Troiycio Tvotuot %

S1 04

Fe 0.4

Cu 0.1

Mn 0.4-1.0

Mg 4.0-4.9
Zn 0.25

Ti 0:15

Cr 0.05-0.25
Al Balance

Mivakag 1.4 : Mnyoavikég 1d10treg adovpiviov S083.

Temper H32 0/H111
Proof Stress 0.2% (MPa) 240 145
Tensile Strength (MPa) 330 300
Shear Strength (MPa) 185 175
Elongation AS (%0) 17 23
Hardness Vickers (HV) o5 75
coe



IMivakag 1.5 : dvoikég 1016t TEC ahovpviov 5083.

Property Value
Density 2.65 g/em’
Melting Point 570°C
Modulus of Elasticity 72 GPa
Electrical Resistivity 0.058x10° Q.m
Thermal Conductivity 121 Wm.K
Thermal Expansion 25x10° /K

To aiovpivio 5083 ypnoomoleiton KuPimG GTOVE TOPAKAT® TOUEIS:
e  Novmnykn
e Avtokwnroflounyovio
o E&&Opeg avtinong metpelaion
o  YmAvec mieong
e Bayovéta opuyeiov

> Kpduata olovuwviov mov vrdKEWwTol c€ okAfpuvon oounc ue Oepuikn
KOTEPYOGiaL.

[Ipoxertan yio kpdpato tov ceipav 2000, 6000 kot 7000.

o Xepd kpapdtov adovpviov 2000

[Ipokertan yuo kpapato Al-Cu, 6nov o yarkdg mepiéyetal oe mocootd 2,6 — 6,3% ko
vy kpdpata Al — Cu — Mg, 6nov to payviolo kvpaivetonr petaéy 0,5 — 1,5%. H
OKANPLVOY TNG OOUNG EMTLYYAVETOL HE KOTOKpNUVion Tov evooewv CuAl2 kot
CuMgAI2, mov mpocdidovv 610 Kpapo eEMPETIKEG punyavikes 1010tnTec. H mpocOnim
Si kot Mn, og mocootd pikpotepa tov 0,8%, €uvoel TOV GYNUOTIGUO TETPALEPDV
OLOTATIKOV To omoia. Ppiokoviol o€ domopd Kol PEATIOVOLV TIG WOOTNTES TNG
UETOAAKNG UNTPOC.

H mopovoia Fe ocvyvd amodewcvoetar ProPepn, efouticg Tov OYNUATICHOV NG
évoong Cu2FeAl7, n omoia otepel amd 10 o1EPEd SAALUO UEPOC TOL YOAKOV,
elaTTOVOVTOG TN duvaTOTNTO GKANPLVONG TG douns. Qotdco, av mpootedet
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ouyxpoveg kol Ni, oynuatiCetor n évoorn Al9FeNi, mov mpocdidel 6To Kpapo oAy
KOAR unyaviky oveoyn, uéyxpt toug 230 °C.

Ta kpdpata g oepdc 2000, petd and Pagn Kot ypoven, £(ovv LETPLO OVTOYN OTN
duPpmon Kot GLYKOAAOVVTOL dVGKOAN O10TL, Ol YELTOVIKEG TPOG TNV TEPLOYN TNG
ovyKOANong Cmveg, vokewvtor e avontnon e&outiog Tov emParldpevov amd
oLYKOAAN oM Bepuikoy KOKAOVL, HE OMOTEAECUM, Ol UNYOVIKEG TOLG WO0TNTEG VO
eEaoBevohv onuavTiKd.

H avantuén tov kpopdtov autdv og apykd otdyo lxe ) peiowon tov Bdpovg tmv
O0EPOCKAPDY KL TOV OOMK®V GTOWYEI®V TOV SOGTNUOTAOI®V, AOY® NG UKPNG TOVG
TUKVOTNTOG, TNG LYNANG UNYOVIKNAG TOLG OVTOYXNG KoL TOL LYNAOD €01KOV HETPOL
eEMIOTIKOTNTOC. XMuepa TAEOV, PBpickovv kol GAAES PAPUOYEC AOY® TNG TOAD KOANG
aVTOYNG TOVG GE KOMMON KOl TNG VYNANG UNYOVIKNG OVTOYNG TOLG GE YOUNAES
Bepuoxpaocies (.. deEapevég LYPOL VIPOYHVOV).

500
@ =l =B
. 400 =
E E
! ;o— > p——
2 20 l -
= ool — I % » —
i - r
0
0 2 B 6 8 0 2 4 6 8
Cu (%) Cu (%)
QE \\\\m_.r_ et
E [\ >
s . =y =
] 10
LNV SR v— S—
0 2 4 6 B
Cu [%)

Ewkova 1.3 : Avtoyn o€ epelkvopd, 0p1o EAOCTIKOTNTOG KOl EMUNKVVOT| GE
GLVAPTNOMN PE TNV
TEPLEKTIKOTNTA GE YOAKO. O1 KOUTOAES LLE TO YPALLA T OVOPEPOVTOL GE KPALLOL TTOV
éxeL vmootel
SlodIKOGIo OVOTTTNONG, EVM Ol KOUTOAES LLE TO Yo t o€ Kpdpa mov £xel LVTOOTEL
oKAnpuvon.

o Yelpd kpapdtov aiovpuviov 6000

[podxertan yuo kphpata Al — Mg — Si. H oxifpuvon ¢ doung toug opeileTor 6to
oynuotiopd g évoong Mg2Si, oty onoia, cuvnBmg petéyel to chHvoro g Halog
TV ototyeimv Mg kot Si, pe Aoyo palov (Mg/Si) ico mpog 1,73. Kanow nepicoeia Si
BeAtuidverl og peptkd KPAUOTO TNG GEPAG TIC UNYOVIKEG TOVG 1WO10TNTES, 0 PAPOG OUM®G
NG OVTOYNG TOVG GE JEPpwon.
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Optopéva Kpapoto g OEPag avutng, mepEyovv mpoconkeg Mn, o€ mOG00TO
pikpotepo tov 0,8%, xar Cr, o mTocootd Hikpotepo T0v 0,3%. Avtég o1 TpochnKec,
ouvtehoUV o1 Pertioon TG UNYOVIKNG OVTOYNG, TS OvcsHpavotdtmrog Kot
vrofonBovv v ekAéntuvon TV KOKkwv. H mpocstnkn yaikoo Peitidvel, emiong, Tig
UNYOVIKES 1010TNTEG TOL KPAUATOS,MGTOCO TO TOCO0GTO TOL o mpémel vo Tapapeivel
pikpotepo tov 0,5%, Aoy ¢ Tantdypovng HElwoNS TG avToyng o€ daPpmaor mov
TPOKOAEL.

Ta kpapata g oepdc 6000 popeomoroHvtar ev Bepud Kot GLYKOAADVTOL EVKOAQ,
oLYXPOV®DG OHMG, OEV TOPOLCIALOVY KOAY UNYOVIK CUUTEPLPOPO GE YOUNAEG
Oeppokpooies, aAld M ypfion Tovg meplopileton péypt tovg 150 °C. Téhog,
TOPOVCIALOVY EEAPETIKY] AVTOYT GE ATUOCPUIPIKT d1dfpmon Kol o€ ddfpwon vmod
UNYOVIKY] KOTOTOVIOT).

Mg(%) A

12 { EOEJI/
.\

06 1 {w 310

04 1 R
20
02 t \ 2%
200
0 >

0z 08 06 08 1 L2 gi%)

Ewova 1.4 : Metafoln T unyavikng ovioyng aviAoyo e TV TEPLEKTIKOTNTO GE
Mg-Si.

o Yepd kpapdtov aiovpuviov 7000

[podxertan yuo kpdpata Al — Zn — Mg ko yio kpapoto Al — Zn — Mg — Cu. Avrtd,
HETA amd KataAAnAeg Oepuéc kotepyaoies, Tapovstdlovy TIC KOADTEPEG UNYOVIKEG
w010 TES amd OAa T kpdpata aiovpviov. To mocootd tov Zn kvpaiveton ond 4 —
8% a1 avtd tov Mg and 1 — 3%. H emrayvvopevn okAnpuvon doung opeileton
Kuplog otV Katakpnuvion g évoong MgZn2. [lposOnkn yoikoV, 6e€ TOCOGTO
pkpotepo tov 2%, mpokorel orANpLVON AOY® NG ONUoLPYiRG 6TEPEOD SLAAVUOTOG
KOl KOTOKPTLVIONG,.

Qo1000, N TOPOVGIO YOAKOVD, LELOVEL TNV EUPOTTOTNTA, TN GLYKOAANGIULOTNTO KOl
M dvcsBpavotomra Tov Kpapdtov Al — Mg — Zn. Tlapovsia ypouiov, 6e T0606TO
ppotepo tov 0,3% Peltidvel TV ovIox TOV KPALATOV OVTOV o€ OdPpwon vro
UNYOVIKT KOTATOVNON, EVO N Topovsio Zn BeATIdVEL T GVYKOAANGILOTNTA Tovg. Ta
Kpapata g oepdc 7000 vwofaAlovion evkoda oe Bepuikég Katepyaoieg, AOY® TOV
peYAAoL BepOKPAGIOKOD EDPOVS TNG TEPLOYNG OLOYEVOTOINGNG TOVGS, TNG KOANG TOVG
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eupomtotnToc, eviote N Poen TPAyLOTOTOLEITOL GTOV AEPA, KOL TOV GYETIKA YOUNADY
Bepuokpacidv ynpavens, omd ™ Oepuokpocio mepiBdilovioc otovg 160 °C. Adyw
TOV GLVOAOL TOV WIOTATOV QLTAV, TO YOPOKINPIOTIKE TOV KPUUATOV TNG CGEPIS
7000 dev oAAoldVOVTOL KOTA TN GLYKOAANGY| TOVG. 20TOCO, 1| GLYKOAANGIUOTNTA
TOVG TOPAPEVEL HETPLO. TO KUPLOTEPO UELOVEKTNUA TOV KPOUATOV TG GEPAS OVTNG
elvar 1 petopévn avioyn ev Oepuod, €101, N Oepurokpocio ypNoNS TOVE TOPAUEVEL
younAn  (dog 120 °C). Toa «xpdpote tov alovpwviov 1Tng oepdg 7000
YPNOLUOTOOVVTAL, KLPIWSG, OTNV KATOOKELT] OOMK®V GTOWEI®V 0EPOCKAP®Y Kot
TUNUATOV KOTOGKEVMV TOV VPICTOVIOL IGYLPT KOTATOVN G, OOV ATOITOVVTOL VYNAN
UNYOVIKT 0VTOYN KOl avTOoyn o€ dtdpmon).

1.4.2 KPAMATA XYTEYXHY AAOYMINIOY

H moldtta kot tor xopoktnplotikd evog KpApaTog y0Teuong dlogépovy amd ekeiva
TOV KPOUATOV aAovpuviov dtapdpemons. Ta yutd eEaptnpato £XouV OpLoTIKN Kot
KaBoplopévn Lopen Kot 0V vEICTAVTOL TAEOV KOO TAACTIKT TOPALOPPOOT).

Ta eWdwd yopoktplotikd mov mpémel va eEac@oAilel €va kpdpa  yOTELONG
aAovpviov etvor

» H kol yotevoypoma.

» H amovcio poypotdoemv.

» H opotoyevig Katavour Tov Topadoug.

» H nopaymyn LenTOKOKK®OV YUTOV OVTIKELEVOV.
» H kol avtoyn ev Bepum.

» H kol avtoyn o dtaPpwon.

O younAég Beppokpaciec ™ENG TOV KPOUATOV TOV GAOLUIVIOV, EMTPETOVY TNV
EMOVAYPNOLOTOINON TOV KOAOLTIAOV YOTEVONG TOV TPUYUOTOTOEITOL HE TPELG
TPOTOVC:

e Xvtevon oe dupo : H pébodog avt epapudletor yio v mopoywyn HWKpng
TOGOTNTOG OUOIOV  YUTAV  OVIIKEWWEVODV, TOAOTAOK®V egoaptnudtov N
OVTIKELEVOV 10101TEPG OOUTNC.

e Xvtevon oe petoAMkd tomo : To kpduo yvtevetor pe ) Ponbela g
Bapoumntag M yopunAng mieong. Me t pébodo avt To TOPOYOUEVE YLTA
TOPOVGIALOVY HKPATEPO TOPMOES GE GVYKPLIOT LE TNV TPonyoOuevn pébodo
x0TEVONG. Q0TOGO 1 HEBOOOC AVTEVOEIKVLTAL OTNV TMEPIMTOON KATOGKELNG
eCapmUATOV, EpYOLEI®V 1] AVTIKEWEV®OV TOADTAOKNCYE®UETPIOG.

e Xvtevon vrd mieon: Me 1 péBodo avt AapPdavovionr Aemtdrkokko YLTh UE
Aelec emEAVEIEC KO YEOUETPIKT akpifeta.
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Ta kpapato ydTELONG TEPEXOLY PEYOADTEPEG TOGATNTEG GTOLYEIV KPAUATOONG GE
oxéon He TO KPApATO oAoLUviov dapdpemons. Ta otoyeio avtd oymuatilovv
EVTNKTIKE, pewdvovtog £tot TG Beppokpaocieg yvtevong. [Hopakdtom mopatiBevol Ta
KLPLOTEPX KPAATO YOTEVOTG AAOLLLVIOV :

o  Zepd kpapdtov adovpviov 2XX. X

[Ipoxertoan yoo kpdpato aAovpviov-yoAkod To omoic YPMNOLUOTOOVVTOL TAEOV
OTAVIO. AOY® TNG YOUNANG UNYOVIKNG TOLG OVTOYNG KOl TNG KOKNG oVIOYNG OF
dwppwon.

o Yepd kpapdtov arovpuviov 3XX. X

[Mpékertar vy Kpdpato  GAOLUVIOL-TLPLTIOV, KPAUATO  OAOLLIVIOV-TTLPLTIOV-
payvnoiov kot kpdpato alovuviov-roptriov-yoikod. Avtd mepi€yovv mopitio o€
10600T0 5 € 20%, av Kol TIG TEPLGGOTEPEG POPEG TPOTIUAVTAL AVTE TOL £YOLV
EVTNKTIKY] 1] VTOEVTNKTIKY cVoTOON. Ta KpAUATH QVTE YLTELOVTAL EVKOAN Kol £XOVV
KoAn avtoyn oe dwPpwon. Ilpostnkn payvnoiov ce mocooto 0,3 og 1% M xaAkov
oe mocootd 3-5% Peltidvel oNUAVTIKE TG UNYOVIKEG 1O1OTNTEG TMOV KPOUATOV
alovpviov-rupttiov. Kpdpota aiovpviov-mtoupitiov-yokikol, 1 TEPIEKTIKOTNTO TOV
omoiwv 6 Tupito glvar KOVTivi] TG eVTNKTIKNG cvotaongs (12,7% Si), tapovoidlovv
KOAT] GOUTEPLPOPE €V BEPUD Ko YPOLLOTOLOVVTOL Y10, TV KOTAGKELT ELPOADV OTIG

UNXOVES ECOTEPIKNG KODOMG.
o  Yepd kpapdtov arovpuviov SXX.X

[Mpdkertar yuo kpdpato arovpiviov-payvnciov. To kupldTEPO TAEOVEKTNUA TOVG
elvar n e€apetiky] Tovg avtoy o€ Baidooto mepPdAiov, oV ATUHOCEOPO 1| HLEGQ
010 Balacovd vepd. 'Eyxouv KaAn KoTEPYOSILOTNTO, GALL LETPLO YVTEVCILOTNTA.

o  Zepd kpapdtov adovpviov 7XX. X

[Mpékertar ywoo KpApaTo OAOVUIVIOV-YEVIOPYDPOL Kol  KPAUOTO  OAOLUVIOV-
yevdapyvpov-payvnoiov. Avtd yvtevovtal dSVOKOAN, OAAG £YOLV KOAN OVIOYN OF
dPpwon. Emumdéov, voiotavror ynpaven o€ Beppokpacio mepiBaiiovtog, YU avtd
KOl Ol UINYOVIKEG TOVG 1010TNTEG AUPAvouy TN HEYIGTN TIUN TOVG HETE omd Eva péypt
dvo pnves. H taydmra andyvéng emnpedlel AMyo T1g unyoavikég toug 1010tnreg, ot
omoieg Tapapuévouv otafepég oe OAO TO TAYXOG TV YVTAOV OVTIKEUEVOV.
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KEDOAAAIO 2 : 2YIT' KOAAHXH AIA
TPIBHX MEXQ ANAAEYXHX
(FSW)[14,26]

2.1 T'ENIKA

[Tpoxertan yioo péBodo M omoio avamtHyOnKe oyetikd Tpdceato amd to Bpetovikod
Ivetitovto XvykoAlncewv (The Welding Institute, Askéufpiog 1991). Eivon teyvikn
oTEPENG KOTACTOONG KATO TNV omoio ovpPoivel TAACTIKY TOPAUOPP®OOT Kol
OLYKOAANOT TV VAIKOV, 0ALG 68 Beppokpacieg KAt amd to onueio TENS Tovg.

H teyvikn g Zvykodinong o Tpipne péocw Avadevong, Oewpeitor wg pia
onuoavtikn €EEMEN otov Topéa TV cvykoAAnocewv. Ot mpdteg épevveg 10 1991
emkevIpoOnKav oe Pactkovg Topeic TOco Yoo ™ PeAtiotomoinon TV TapapETPOV
™m¢ pebddov, 660 Kot ywoo T dnpovpyia TV eéaptnudteov mov aroaptilovy o
unyov) FSW. Méypt to 1995, o1 emomuoveg elyav petafel mo amd to Bempntikd
eMinedo o€ eQOPLOYEG TOGO GTNV OEPOVALTNYIKY Kol GT VOLTNYIKN Bropmyovio, 660
ka1l otV avtokwvnrofrounyavia. H épgvva ko n avantuén g teAevtaiog deKoeTiOg
nveo ot pébodo avtr, odnynoav oe mepetaipm e£EMEN mMPOIOVTOV Kol GAA®V
TOPOLOI®Y  TEYVOLOYIDV, PeATidvovtog £Tol TV TowdTNTo TV TPOIOVTOV Kol
LELOVOVTOG TOVTOYPOVO TO KOGTOG TOVC.

2.2 H APXH THYX ME®OAQY (FSW)

Ot Baocikdtepeg apyég mov d€movv ™ uéBodo FSW, elvar n tpin kot n avadevon,
OOV GE GLUVOLOGUO HE TNV TOPAYOUEVN BEPUOTNTA dNUIOVPYOLV TIG TPOVTODETELS
exeivec mov 00MYoVV, GE TANCTIKN TOPOUOPPOCT] Kol GUYKOAANGN TOV LVAIKOV, GE
Bepurokpacieg K4Tm ToL onpeiov T™ENG TovC.

Apyikd, epopuoOoTNKE KLPIOG ©€ Kpdupato clovpuviov, ypnyopo Opwg Pphke
ePappoY” o€ éva peydAo vpog vVAIK®V. Eva pun avod®oio Tepiotpe@Ouevo epyaieio
OLYKOAANOTNG HE pio €101KA OYEOOGUEV KEPUAN OC TPOEKTACT] EVOG TEPLAVYEVIOV,
EIGEPYETOAL OTNV EMAPT TOV OKUDV TOV dVO TAAKOV TOL TPOKELTOL VO GUYKOAAN 000V
Ko OépyeTan kot pukog ovtmv (Ewova 2.1).

Me 10 TepIOTPEPOUEVO €PYOAEID TNG UNYOVNG, OLVTEAOVVTIOL TPELS POCIKEG
Aettovpyieg:

a) H tomkn 0éppoavon tov dokipiov, B) H avadevon tov vAKoD Twv 000 TAUK®YV 1oL
oonyel o1 oLYKOAANONG Tovg Kol Y) H ovykpdtnon tov mAactikov vAkoh otnv
TEPLOYN TS OLYKOAANONG, KAT® 0okpPdS amd to mepavyévio. H Begpudtnta mov
OVOTTTUOOETOL, AOY® TPIPNG OVAUESH GTNV KEQPOAN GLYKOAANONG Kol TO OOKiLO,
odnyel otV TAUCTIKN TOPapOpewon avtov. H tomikn Beppdomra, HoAaK®OVEL TO
VAMKO YOp® amd TV KePUA. O GLUVOLAGUOC TG TEPIGTPOPIKNG Kol TNG EUTPOSHIOGC
Kkivnong tov gpyaieiov, TpoKaAel TNV Kivnon Tov LAIKOL amd TO UTPOSTIVO HEPOG TNG
KEPOANG, oT0 Tiom pépog awtne. To mepravyévio, meplopilel ) pon Tov HETAALOV
TEPITOL OTO OPYIKO EMIMESO NG EMOAVEWG TNG TAAKAG. QG omoTtéAecuo TG
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dlepyaciag avtng, 00NYOVUNOTE GTI) GLYKOAANGT] TOV TAOK®V GTI «OTEPEA TOVG
Qaon».

Acknon dovapng yia darijpnony ——»
™ £Tagig pe 7o pitalho

MpowBoupevn TTAEUpa

Kupiapxn ywvia Tou

il / epyalgiou TTEPICTPOPNG

Axprn Ymwoxwpovoa whsupa

Ewoéva 2.1: Mokpooskomikn anetkdéviorn cuykdAAnong pe t pébodo FSW.

AOY® TOV TOALOTADV YEOUETPIKOV GYNUATOV OV pmopel vor Xl M KEPOAN, 1M
kivnon tov vAIKoVU givan apketd ovvOern. Katd tn didpkela pog cuykOAANong Le
puéboso FSW, to vikd vrmofdiietor oe €vtovn TANGTIKY TOPAUOPOMOOT GE VYNAN
Oepuokpoacio, pe amotéleoua, tn Onpovpyios AETTOKOKKNG OOUNG Kol 1G00EOVIKMV
kokkwv. H Aentokokkn avty pkpodopn g FSW mpocdider oto pétorio apketd
KaAég unyovikég 1010 tec. H dradikacio cuykoAAnong oo tping Héow ovadevong,
onuovpyet Tig akdAoVOeg, caP®G dlaKEKPIUEVES (MDVEG GTN GLYKOAAOVUEVT TTEPLOYN
(Ewova 2.2) :

o Zovn Bacwkov petdirov: H mepoyn avtn, Pploketon pokpid amd ™ C{ovn
GLYKOAANONG, dgv €xel TapopopPmbel kol mapodrAo mov Ba vroPAnbel oTovg
Bepcog KOKAoVG ™G cvykOAANoMG, dev enmpedletor and ™ OBegpuotnra,
yloti 1 OeppdtnTo TOV AVATTOGGETOL Eval TTOAD YaUNAY.

o Oepukd emnpeaocpévny {ovn: H mepoyn avt Ppioketor Kovid otn {ovn
ovykOAAonG. O Beppkdg KOKAOG o SoHOpPAOCEL avaAOYa T UIKPOSOUN 1
oKOMOL KO TIG HNYOVIKES 1010TNTEG (0 HiKpO Pabuod), tov vAwkov. [Toapdia
aTd, dev TopaTNPEITOL TAACTIKY TOPAUOPPOOT).

o  Ogppo-pnyovikd emxnpeacpévy Lovn: Xty mEPLOYN AL TO €pYarEio, Ba
EMOPACEL TAV® GTO VAMKO, Owg emiong Kot 1 OepuodTNTA TOL AVUTTOGGETAL.
2V TEPITTOGT TOV AAOLUIVIOL VPIGTATOL TAAGTIKY TOPAUOPPMOOT) LE GUEST
EMOPOON OTIS MUNYOVIKEG 1010TNTEG TOV VAKOV, YOPIG OU®G TANPM
avakpuotdAlmon. Kdatt mov ) dwokpivel yopoaktnplotikd, o€ oyéon pe
C{dvn ocvykOAANoNG, M| OTTOl0 LPIGTATOL TATPY] AVOKPLGTAAAWGT.

o Zovn cvykéiineng: Ilpoxkeitan yo v mepoy TANPOVS AVaKPLGTAAAMONG,
n omoia KaAeitan kot {dvn avddevong kot eEapTaTol TANPOS OO TNV KEPOAN
oV meprawyeviov. O dpog LdvN avAadELoNG XPNOYLOTOLEITAL TNV TEPITTMON)
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OTOV £YOVUE VAL KAVOLUE LE KOTEPYATTES TPPNG LEGH avAdELOTG Kol OYL OTNV
TEPIMTOON TOV GLYKOAMGE®V Kot AT VATl GTNV TPAOTN TEPITTOOT EYOVUE
Vo KAVOLLE KaTd KOPLo AOYO UE TN LETOTOINGT TOL VAIKOVD.

width of tool shoulder

Ewova 2.2 : Ot dwokpitéc (oveg katd v FSW: A) Zovn Pactkod petdiiov, B)
Oeprka emnpeacuévn ovn, IN) Ogppo-punyavikd ennpeacpuévn Lovn, A) Zovn
GLYKOAANONG/ OVAOEVOTC.

H pébodog FSW ovykataréyetar otig mo e&elypéveg pebBooovg cuykOAANong g
terevtaiog oekoetiag. KoaAeitor ko «pdowvny pébodog, Adym tng e£otkovounong
evépyelag, etval eAKN 610 mepPAAlov Kot Exel TOAATALS YPNOELS. L€ GVYKPION UE
TIG KAaowKEG pebddovg suykornoewv n FSW katavaimver tn Aydtepn evépyela, Vo
dg AopPdver yopa pokpookomikny t™EN VAKOV Yo Tov KaBopiopd tov omoiov, Ha
énpeme va yivel ypnon emiProPov yio 1o mepiPairov dwivtov. H FSW, umopet va
EQOPUOCTEL 08 OAOVG TOLG TUMOVS TMOV GLYKOAAGEWV OTMG Yol TOPAOELYUAL,
UETOTKEG, YOVIOKEG, TOToL T, pe emkdAvyn, kat’ akun (Ewova 2.3).

(e) (f) (9)

Ewova 2.3 : Aidpopot Tomot cuykoAicewv 6mov epapudletor n FSW.

2.3 HAEONEKTHMATA THY ME®OAQOY (FSW)

H FSW, mieovektel évavtt tov GAAOV KAOGIKOV HEBOO®V. XTo TAEOVEKTNUATO
GLYKATAAEYOVTOL TOGO 1 OVTOYY] T®V GLYKOAAOVUEV®V VAIKOV, 0G0 kol 1 Berticoon
g avtoyng o€ kémwon. Emiong ta mpoidvrta eivor modd mo avBextikd 6to onpeio g
paPNG TG OLYKOAANONG Ko givor Aydtepo emppenmn ot SwPpwon omd TO
nePPAALOV.
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Ot younAég Beppokpacieg mov avaTTOGGOVTAL KATH TV EQOPLOYN TG HeBddov Kot
0 GYETIKA LKPOG BEPLKOC KOKAOG, 00NYOVV GE GUYKOAANGELS:

Me BeAtiopévn avtoyn 6e epeAKVGUO, OAYT, Képyn aALE Kol KOTWOoN.

Xwpic mopmddec.

Xwpig oTpePADGELS 1) GLPPIKVOCELS.

Xwpig 0&eldia ot cVYKOAANON.

Me BeAtiopévn epedvion poeng.

Mmnopet va epappoctel oe OAEG TIC 0E6E1C GLYKOAANGTG.

Agv ypnoyomotel KatovoMoKOUEVO, GTOtYElD, OTOTE OV LIAPYEL KOGTOG

AVOADGUL®V.

Agv ypnowonotetl aépa mpootaciog (eaipeon To TITAVIO Kol G€ KATO10VG

YOAVPEC).

v' Mmnopei vo ypnoipomomndei kot 6T GLYKOARGEIS KPaUdT®mV aAovuiviov
TOV OVIIKOVV GE SLOPOPETIKN GELPAL.

v IIMpog ovtopatoromuévn uébodog,.

AN N N N NN

<

2.4 MEIONEKTHMATA THX ME®OAQY (FSW)

Oa TPEMEL OTIG TPOG GLYKOAANGN TAGKEG VO VITAPYEL IOYVPTY GLYKPATNOT|, KATL TO
omoio umopel va SMUovpynoel OLOKOAES G€ EMIMEDD TOPAY®YNG, OTTOL Ol TAPAYOVTEG
TOV YPOVOL Kol TNG acPdArelag Tailovv onuavtikd poro. To yeyovog 0Tt Tpdkettan yio
po kovovpywo pEBodo, e€nyel v EAAetyn tov amapoitntov eE0MTMGHOD, YEYOVOC
OV TNV KaO1oTd o Ayotepo gvéAktr dwadikacio. Qo1dc0, TPOPANUATH OTMG TO
TOPATAVE KOODG Kot GAAN, OTTMOC Yio TOPAdEYHo TO VYNAO KOGTOS TOL MG TMOPO
VILAPYOVTOG eEomAIoHOV, evOéyeTal vo emepactovy L,o10Tt 1 uébodog FSW yivetan
0AOEVOL KOl TTLO OMUOPIATC.

2.5 EEOITAIZEMOX (FSW)

Yrhpyovv moAAEG KO SLAPOPES KATNYOPIEG TOV APOPOLY GTOV EEOTMOUO YO TNV
FSW. Kdbe pioa oamd ovtég £xel SQOpeTIKd TEYVIKA YOPOKTNPIOTIKA TTOL
EMKEVIpOVOVTOL TTavTa otn PéATiom moldtnta TeVv Jwdikaciov. Eyovue tpeig
Baoikég katnyopieg unyovov : o) Ot edwd oyedoopéveg unyavés, B) Ta pouror, y)
Ot tpomtomompéveg epélec.

Ot punyavég 6mov UITopovV EVKOAN VO OEXTOVV O1AQOPa KOUUATIOL OVAAOYO, LE TNV
eKkaotote kotepyocsio, owakpivovior omd €vo  peydAo oapBud eEaptnudrov,
JLPOPETIKOV LEYEDDY KOt YEOUETPLOG.

Ta poumot yopaxtnpilovion amd T SVVATOTNTO OVTOUATICUOD TOV TOPEXOVV GTO
ypNotn. Ot Aettovpyieg givar mo axpifeic kol obvOeteg o oyéon pe TG cvUPoTiKég
UNYOVES, OIS TO KOGTOG TOLG £lval apkeTd VYNAO. Ot eQaploYEG ivor TOPOUOIES e
aLTEG TOV SLUPATIKOV OT®G, GLYKOAANGCT OVOUOI®V UETOAA®V, AEMTOV TiYOVG,
HEYAAW®V ETLPOUVEIDV, TOAVTAOK®V YEOUETPIKAOV GYNUATOV KAT.
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Ewkova 2.4 : Mnyov) FSW.

To waBopiotikd pépog pwog unyoving FSW, omoteleiton omd €vo KoMvopikod
TEPLOVYEVIO, 1| TPOEKTAGT TOV Omoiov givol pior Ke@ain, 1 omola givar oyedtacuévn
€101 OOTE TEPLOTPEPOUEVN VO EICYMPEL EVTOG TOL TPOS KOATEPYOSIO VLAIKOV Kot
TOVTOYPOVA Vo, TPOowBOEeiTaL e pio TohTNTO OVALEGO GTO TPOG GUYKOAAN G VAIKE TO
omoio. gpdmtovtol. Ta mpog cLYKOAANGN LVAIKE GLYKPOTOUVTIOL GOLYTH TAvVE® oIV
tpanela epyociag, Le TETOO TPOMO, MOTE TOPG TNV TIECT TOL OEYOVTOL KATO TN
ddkacio TG oLYKOAANOTG, va mopapévouy axivinra. [lepiotpepdpevn n ke@ain,
TEPVEL KOATO PNKOG TOV OKUOV TOV TEHOYIOV TOV TPOKETOL VO GLYKOAANO0ULV.
Meta&h ¢ KeQPAANG Kol T®V TPOS GLYKOAANGT VAIKOV avamtieoetol Oepuotnta
AMyo tpifng. H Bepuomto avtn, «UOAOKOVED TO VAIKO TOV OKU®OV TOL KAOE
TeUOYiov, TO OMolo TAPAGVPETOL OO TNV MEPIGTPEPOUEVT] KEQOAT, oTpofiAiletan,
avopyvoeTonl Kot TeMkd dnpovpyet ™ paen petald tov vikov. [paypatornoteiton
amevBeiog petaTpomn TG UNYOVIKNG evépyelag o€ Bepuikn. H kivmrtikn evépyeia g
TEPIOTPEPOUEVIC KEPOANG, UETATPEMETAL GE OegpUikn oy TOL OamoLTEITOL Yoo TN
GLYKOAANGON TV dVO TAAKDV.

H véa avt pébodog cvykdAAnong a&lomoldviag tn BeppdtTTa Tov avanTOCCETOL
AOY® TpPNC oe cLVOLAGHO PE TNV THECT OV OOKEITOL OO TNV KEPUAN OTIG OKUEG
TOV VMKOV, 00nyel 6€ GLYKOAANGN TA LAIKA, YOPIS 0vTd Vo OTAVOLV TO OTueio
™MENG, YOPaKTNPLOTIKO TOL TV KabioTd ¢ néBodo, KaAdTepPN amd TIG AAAEG KAOGIKEG
puefdo0vg GLYKOAANOTG.
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2.6 XAPAKTHPIXTIKA TOY YAIKOY TON EPI'AAEIOQON

Kotd ™ ovykoAinon dwa Tpifg pécm avadevong, £xovpe va kKévovue pe pio Beppo-
unyovikny oladtkacio, O6mov to gpyoieio @Bdvel katd kOpro Adyo T solidus
Beppokpacio Tov TPOg GLYKOAANGN VAKOL. ['la va emtevyBel pia cvykOAAnoN Le
KOAN TO0TNTO, ONUAVTIKO POAO ToUlEl TO VAIKO TG KEPAANG. AvAAoyd e Ta DAIKA
OV GLYKOALOVVTOL, EMAEYOVTOL KL TO 0VAAOYO VAIKE oo T omoia eivart gTioypévn
N xkepaAn. Ta gpyoieion TG UNYOvnG £XOVV SAPOPOVS GYESIUGHOVG aVAAOYO UE TO
€100¢ TG ekbloTOTE GLYKOAANONG. AGBOC GYEdGOG 1 EmAOYN epYyaAeiov, pumopel va.
oonynoet gite otn Bpaion tov epyaieiov, €ite 6€ GLYKOAANON YOUUNANG TOLOTNTOG.

H emoyn tov cwotoh vAkov, amottel va yvopilovpe to xopakTnploTikd (VA
TPOG GLYKOAANGON, TAYOC TAOKOV KAT.) TOL E&ivol ONUOVIIKA Yo TNV EKACTOTE
dwdkacio. H telkn emioyn kabopileton katd kOplo Adyo amd Tic 1O0TNTES TOL TPOG
OLYKOAANGT LETOAAOV.

2.6.1 ANTOXH XE YYHAEY OEPMOKPAXYIEY

To vAKS tov epyareiov Ba mpémetl va eivan oe BEon va aviéyel ta option OAlyNG,
Otav To epyalelo EPYETOL GE EMAPY LE TNV TPOG GVYKOAANGN TALKO KOl EIGY®PEL GE
avtny, KoOdg Kou TG OWTUNTIKEG TACES o€ LYNAEG Oeppokpacieg, doTE Vo
amopevyOel mbavn actoyio 1 Tapapdpemon kad’ dAn T eacn ¢ dadKaciog.

Exto¢ and v avioyn oe vyniéc Bepuokpaocies, to epyareio Ba mpémetl va dratnpel
Kot T o1afepodtTd Tov. O €PMLGUOC TOVL gpyodeiov, gival €va QOIVOUEVO TOV
YOPoKTNPIlEL TIC OCLYKOAANGELS peyGAov pnkovg, pe mBovotnta To gpyoieio va
AGTOYNOEL KOTd TN O1dpKeELn TNG GLYKOAANGNG. YAIKA OOV £(0VV LTOGTEL GKAT|pLVOT
N Kamola. GAAN HETOTPOTY|, £XOVV Eva avdTOTO BeprokpactaKkd Oplo Kot v Kap® Oa
TOPOVGIACOVY KATOlL HOPeN 0oToYioG, AOY® TNG UEl®OoNG TOV UNYOVIKOV TOVG
womtov. To yeyovdg avtd o@eiletonr Katd KOPLO AOY® OTNV OVOTTNON 7OV
VEIOTATAL TO LAIKO. XT1 GUYKOAANGM da TPPNG HEGH avAdELONG, OL OAANYEG AVTEG,
OTOOVVOLMVOVV TO EPYOAELD KOl €ITE TO 00MYOVV GE TOPAUOPPOOT, EITE KOO KOl OE
Opavon. AkpPdg emeldn TpoOKeToL Yoo pio dadtkacios 6Tov T0 VAIKO LTOKELTOL GE
Bepurikovg kuKAovg B€ppaveng - yoéng, eivor o edkoAo va odnynbodue oe mhovn
actoyio. QoT000, LLAPYOLV TEPUTTMOCEL; OTOL TO £pYOAEio actoyel AdY®m Bepuikng
KOT®OMG.

2.6.2 ANTOXH >TH ®OOPA

To gpyadeio g cvykOAANONG givan £va eEdpTna TOV Pmopel hKkoAa Vo apotpeiton
amo TN pUnyovn, Yeyovog mov Ba mpokaiécel mboavhy eBopd e avTod, e ATOTEAEGLA VO
EYOVUE EMMTMOELS OTNV TMOLOTNTU TOV GVYKOAANGE®V, QEAVOVTOS TIC TOUVOTNTEG
eMatTOpdTOV. XTIG Katepyacieg TpIng péow avadevons, 1 eBopd tov epyadeiov
umopel vor TPOKVYEL amd AELOVTIKA OV Y¥PNCLOTO0UVTOL, KOALEG Ol omoieg Kotd
KOPLO AOYO HITOPOVV VO TPOKAAEGOVV YNKh @Bopd. O akpiPng unyovicuodg eBopdg
eCaptator amd Vv aAlniemidopaon peta&h TOL gpyoieiov Kol TG €KAOTOTE
mopopétpovs. o mapdadetypo ommv mepintmon epyorei®mv, KATOOKELAGUEVO OO
TOAVKPVOTOAAIKO KLPIKO vitpidlo Tov Popiov, mapatnpeitar Oopd, Ady® yopnAdv
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TOYVTNTOV TEPIGTPOPNG OAAG KOl 68 VYNAES TaOTNTESG, AOY® TNG évtovng TPIPNS Tov
OVOTTUGGETOL.

2.6.3 XYNTEAEXTEY OEPMIKHY ATAYXTOAHX

O ovvtedeotig Bepuikng OOCTOANG, €ival €vog ONUOVTIKOS Topdyovtos yuo. TV
actoyia tov gpyoreiov. Ewdwkd oe mepmtdoelg OmMov 1o epyoieio, KEQPOAN Kot
TEPLOWYEVIO, €lVOL  KOTOOKEVAGHEVO ONO  OLLPOPETIKA VAIKA Kol Gpo.  £YOLV
SPOPETIKOVS BEPUIKOVG GUVTEAESTES. L& OVTEG TIG TEPIMTAOGELS £ival TOAD ThAvO,
va 001 ynove 6TV KataoTpopn Tov epyareiov, av dev mpoce&ovpe ) Bepuokpacio
TOV OVOTTUGGETOL KO KOT  EMEKTOOT), TO POIVOLEVO LETAPOPAS BeppdtTTag KoTd ™
dwpkelr ™G OAng owdkaciag. I’ avtég Tig mepurtdoelg vrdpyovv TPOcHeTA
gpyareia TOL AEITOLPYOVV MG PLOGTEG, TPOKEWEVOL VA VITAPYEL BepLiKn 1GoppoTio
avapeca oto mePLovyEVio kot TV Kepain. To 1o mpoPAnua dev mapatnpeitan Otov
EYOLLLE VO KAVOLLE UE OLPOPETIKOVS BEPUIKOVG CLUVTEAESTEG PETAED TOV epyaleiov
KOl TNG TPOG GLYKOAANGT TAGKOC.

2.6.4 YAIKA TIOY XPHXIMOIIOIOYNTAI

[Mopdro mov 10 VAKSO amd To omoio €lval KOTAGKELOCSUEVO TO gpYyaAEio glval Evag
ONUOVTIKOG TOPBEYOVTAS YLl TV KOAY TOLOTNTA TOGO TG GLYKOAANGNG, OGO Kol TNG
ekfotote  Kotepyosiog O TPPng péow avadevong, ot €pguveg dgv  EYovv
emkevipmbel tO6co oe avtov tov touéa. [apokdtom axolovbel évag mivakag pe To
VAKE TTOL YPNOLUOTOOVVTAL, VAIKA OT®G 0 YALBOG KOl To KPALOTO 0VTOV, 0AAG Kot
Kpapota vikeAiov — koPaAtiov.

To vAkd amd 10 omoio @TdyveTol TOG0 TO gpyareio cvykOAANoMG, OGO KOl 1
KEPOAN, TPEMEL va. elvol avOEKTIKA, BOTE VO avTEYOLV OTIS VYNAEG Beprokpacies Kot
TEGELS TTOV OVOTTUGGOVTOL KOTA TH CLYKOAANGT. Oa Tpémel eniong va €xovv KoAN
avToyn otV o&eldmon Kot younAn Beppikn ayoyluoTnT, 00TMC MOTE, VO LELMVOVTOL
ol OepUiKéc omOAEEG Kol KAT  EMEKTACY, VO UNV TPOKAAOVVIOL OAAOLDCELS OT
unyovr. O ydivPag AIST HI3 €xel amoderyBel wg t0 KOADTEPO VMKO KEQOANG Yo
OLYKOAAN O TOV KPOUAT®V aAovptviov. AAAC DAMKA KEPAANG, TOV YPNCULOTOL0VVTAL
Yl TN GLYKOAAN G VAK®V, [E TOAD VYNAO onueio ThENG, Owg elval TO TITAVIO Kol O
YOAvBag, elval To ToAvkpvoTaAliko vitpidto Tov fopiov (PCBN).

Iivaxkag 2.1 : YAkd epyoreiov avaAoya LE TO TPOS GLYKOAANGT KPALOTOL.

Kpapata mpog Iayog mhaxk®v Yhko gpyalreiov
oVYKOAA oM
Alovpviov <12 Epyoaieroyarivpog WC-
Co
<26 MP159
Mayvnoeiov <6 Epyaieroyaivpog WC
Xarkov <50 Kpapata Nikeriov,
PCBN
Trraviov <11 Kpapoata porepapiov
AvoieidomTol yarvPeg <6 Kpapata porepapiov,
PCBN
Low alloy steels <10 WC, PCBN

-29 -




NikeAiiov <6 PCBN

PCBN

2.7 EPTAAEIA THY FSW

Koabéva ond ta pépn tov epyoreiov (ke@oAr] kol mePlovyévio), eKTeAel pia
SpopeTikn Agttovpyia. Qg ek T0HTOV, 0 KATAAANAOG GYESUGHOG OVTMV, OAAG KOl TO
VMKO amd 710 omoio eivar ovtd @Toypévo, EmOpodV  OTNV  TOLOTNTO  TMV
ovykoAMoewv. [TopakdTm aKoAoLOEL Lol GUVOTTTIKY OVOPOPA Y10 TOVG GYEIUC OV
OV LITAPYOVV TOGO Y10 TO TEPLALYEVIO OGO Ko Yo TNV Kepain. A&ilel va onueiwOel
otL véa oxédo Pplokovion oe Slapkn peAETn, Tpokeévov va  e&ummpetnfovv
eEE10IKEVUEVEG EQUPLOYEG.

2.7.1 TEQMETPIA EPTAAEION YYT'KOAAHYHY

H yeopetpia tov gpyareiov eivar évag moAd oNUOVTIKOS TOPEYOVTOS TPOKELLEVOD VoL
emtevyfel 1000 M KOAN TOWOTNTO TG GLYKOAANGONG OGO kol 1 UEYLoTN dvvoTn
TavTNTO TOL OVTN popel va Tpaypotomondel. To epyareio e FSW amotedeiton
amo £vo TEPLAVYEVIO KOL 0L KEQOAT OTTMOS POIVETOL YOPUKTNPIOTIKE 6TV Ewdva 5.
Onwc avaeépOnie 10 epyareio extelel dvo Pacikég diepyaoies:

e OpoBetel ) BepudTTa TOL AVATTHGGETUL OTIG TAGKEG AOY® TPIPNC.
e Avouryvoet ta VAMKA.

210 apykd 0Tad10 TO epyoareio eloympel 0TO oNpElD OOV EPATTOVTIOL Ol OKUEG TMV
Vo TAAK®V, 1 BgppdTTa avorTOGoETAL AGY® TG TPPNG LETAED TNG KEPOANG Kol TOV
TPog oLYKOAAN oM dokipiov. To epyoreio eloympel pEYPIG OTOV TO TEPLOVYEVIO VL
epdamtetan pe T1g TAakes. H tpin peta&d Tov meplanyeviov Kot TV TAUK®V amodidet
TO HEYOADTEPO UEPOG NG BeprdTnTOC OV avamTOHeoeTal Kob’ OAn ™ dladtkacio TG
ovykoAAnong. H dedtepn depyacio mov mpoypatomoteital givar e€icov onuoavtikng
KaOMOG «OVOULYVOED) KOl «UETAKIVEDY TO 000 VMKA, TPOKOADVTAG TEMKO TN
ovykOAANon toug. H opotopopeio g Hikpodopung Kot ot 1010TNTEG TOL OTOKTOVV TO.
VMKG petd T Owdikacio TG oLYKOAANoMG ogeilovtal Katd kvplo AdyYo o1
veopeTpia TV gpyareinv avtdv. Katd yevikd kavovao oTig TeplocdTepeg EQAPLOYEG
YPNOLUOTOIEITOL EMUTENO TEPLOVYEVIO UE KOYMMOTY] KEPUAT).
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Enimedn gphdrdo choaibig phdrlo

Karoum

Dharia @ Kegpah pe omeipupa
K(wa.\l-l - % @

Ewoéva 2.5 : o) Ta pépn tov epyareiov, B) Tomkn ke@aAn cuykOAANOTG.

H nepapatikn euneipio aAld ko o1 cvveyeis pehéteg odnynoav ot Pertioon 1060
TOV LDAIKOD 000 KOl TOL GYESWCHOV TNG KEPOANG Kol TOL Teplavyeviov. 'Exouvv
avartuyBel dropopetikés yeopetpieg kepalmv (Ewova 2.6), mov emikevipdvovtol
GTOV TPOTO LE TOV OTOI0 1] KEPAAT EIGYMPEL 0TI TAAKEG, GTOV TPOTO LE TOV OTO10 TO
TEPLOYEVIO TPpomBeiTon oTIg TAGKES Kol GTOV TPOTO UE TOV OMOI0 TEMK(O TO LDAIKA
avapyvoovtal. To wvotitovto TWI, €xet avantietl katd oA 10 oxed1acud 1060 TV
KEPOUADV OGO KOl TOV TEPLAVYEVIOL TOV EPYOAEIOV.

E
4

KUAIVBPIKG  KkdAoupo  KUAIVOpIKG  TETpaywvi  TPIYWVIKI
KWVIKO pe Ke@ahi) Ke@ahi)
omsipwpa

-
——

b
=

Ewova 2.6 : ['eopetpieg kKeoAdv.
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Epyaheio

KUAIVEpIKI)

KWVIKI)

kohoupo

TprwAij¢ kegahijg

pe khion)

ZYAHarta

—

SimAng
Karevbuvong

WPITTPOPI,—
{7
D

1
o

Mewperpia KepaAng

kuhivopikiy
pe omEipwpa

kohoupo
KWVIKO i€

kohoupo
KWVIKO it
TpEig oMmeipeg

TpmAi) kegakiy
e (LWTEPIKG
avorypa

KkekAeipivo
KuAivdpiko pie
OMEIPWHT

kohoupo pe
CTEIPWL

CTEpWHE

Ewova 2.7 : Ta €idn TV KEQUADV.

Ot Thomas et al mapotipnoav OTL Ol KeQOUAEC He OYAUO KOAOLPOL KOVOL
KOTOQEPVOVV VO GUYKPOTOVV GTIG EGOYEG TOVG AYOTEPO VAIKO OO OTL 01 KUAVIPIKEG
pe my idw dduetpo. Or keparéc avtéc ovoudlovioal Worl™ ko1 MX Triflute
avtiotoryo. Iliotedetor OTL Ol KeQPAAEG owTEG avEAVOLY TN SUVOIKY NG
GLYKOAANONG, KOOIGTOOV TO EDKOAN TN POT] TOL TANGTIKOTOUUEVOL TAEOV DAMKOV,
OLEVKOADVEL TNV TTPOG TO KATW® TPODONGT TOL TEPLAVYEVION KOl AVEAVETAL 1 EMLPAVELDL
EMOPNG TNG KEPOANG KOl TNG TAOGTIKOTOMUEVNS (VNG TOL VAKOD, avEavovtag £Tot
™ Ogpuodtra. H mheovotra tov epyoieiov givol Kupimg KLAMVOPIKOD GYNLOTOG.
[Ipoécpata, 0vO VEEC KEPAAEG OYXEOAOTNKAY, LE KOAOVPO OTELPOEIDEG GYNIO KOl UE
KAion g kepaAng (Ewodva 2.7), dievkoddvovtag £T61 T por} TOV VAIKOL YyOp® Kot
KOAT® amd TNV KEQOAN KOl TPOcdIOOVTAS KAAVTEPT OVOUEIENUOTNTA AOY® TG KAIoNG
™G KEPOANC.

2.8 [IIOANEY AXTOXIEY

Koatd 1t dwdwkacio pog ocvykOAAnomg o g Tpng HEC®  avAdELOTS,
eppaviCovrar kuplwg 3 €101 ateAEl®V: TO KEVA, TO VTOAEILLUOTO VAIKOD KOt Ol POYUEC.
H mapovoio tov kevov sivar ebkola aviyvevoiun, o€ avtifeon pe ta ovo dAia €idn
ateleldv mov pmopel va  gpeavictobv. Ta elattopato avtd Bo mpémer va
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AapPavovtal veoéym Katd 10 oyedlacud evog epyaieiov FSW. TMapdauerpol 6nwg o
oXeOGUOC TOV gpyaieiov, TOL TEPLOVYEVIOL OAAG Kol NG KEPOANS, TO PABog
dtelodvong g KePaANg otV mAdKa, 1 kAo mov Ba éxel to gpyoreio aALG KOl TO
YOG TV TAAK®V GYETILOVTOL LE TO EAATTONOTO QVTAL.

2.8.1 KENA-ATEAEIEY TYIIOY TOYNEA

EpeaviCovtar xupimg ommv mpowboduevn mAgvpd Tng oLykOAANOMG, ot Oplo
peTaEy G (VNG avAadevons - GLYKOAANONG Kol ToL Pactkod HETOAAOV, HEGH OTN
Oepuucd emnpeacpévn (ovn kot eivor mbavo gite vo eTévouy Hépt TV EMPAVELR TNG
ovyKOANong, eite kol Oyl 'Exer mapatmpnbei 611 awvtov tov €idovg ot atéleleg,
opeilovtal KaTd KOPLo AOY0 GTNV OVETOPKN TEGT TOL OOKEL TO MEPLOVLYEVIO GTNV
TPOg cLYKOAANON TAdKe Kabhg eigépyeton o€ avtn (Ewova 2.8). O atéheleg tomov
TOOVEA, KAAVTTTOLV OAO TO UNKOG TV GUYKOAANGE®MV.

kissing bond

Ewova 2.8 : Atéisia TOTOV TOOVEA.

2.8.2 YIIOAEIMMATA-POQI'MEY

[Ipdkertar yo pion ovyvd eppavilopevn atéielo v omoio. ot Piprloypaeio ™
oLUVAVTAE PE dLapopovg 0povg O, kissing bond, lazy S 1| entrapped oxide defect.
Opseiketon oV guedvion evog MUICLVEXOVS oTpONATOS 0&ewdiov mov eykAmPiletan
ot {ovn ovykdAAnone. H atélela avt eppavileton eite AOy® KOKNG TPOETOUACTOG
TOV Ogtypotoc, gite AOym kakng 0éong tov gpyaieiov, e cuvovacud pe vepPoitkd
peyaAn toyvnta TEPIoTpoPng kot tpowdnong (Ewdva 2.9).
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(a) Near back surface (b) Enlargement of A

1000rpm-2000MmMm/min

Ewova 2.9 : Mikpookomiki aneikovion atéretog tomov kissing bond, kovtd otnv
EMPAVELL TNG CLYKOAANOTG.

2.9 ITAPAMETPOI KATEPI'AYIAY

2.9.1 KINHXH TOY EPI'TAAEIOY

And 11 mo Poaocikég mapopétpovg g FSW elvar n taydmta mepiotpoeng tov
epyoreion (TeplavyEvio- KePOAN), OeE10GTPOPA 1 OPLOTEPOSTPOPA (M, Tpm) Kol M
TayvNTO TPOwons (v, mm/min) TOL TEPLAVYEVIOV KOTA UNKOS TNG POPNG TNG
ovykOAnone. H mepiotpoen tov gpyaieiov mpokaAel v avddevon kot avapeitn
TV 000 TPOG GLYKOAANGN LVAMK®OV YOp® Omd TNV KEPAAN Kol TEMKE 1 PETOKiVNoN
ovToh Omd TO UTPOCTIVO OTO TOo® WHEPOG TNG KEPUANG, EMPEPEL TEMKO TN
GLYKOAANGT TOVC. MeyoADTEPT TOYVTNTO TEPIGTPOPTG, GUVETAYETOL KOL LEYOADTEPN
PPN Kot dpa avEnon g Bepuokpaciog Le AmoTELEGHO TV KOADTEPT OAVAOELGT] TOV
VAMK®OV.

EmmAéov pe tTi¢ taydmteg mPOMONG KOl TEPIGTPOPNC, VRAPYEL Kot pio GAAN
onuavtiky mapapetpoc. H kiion (yovia) mov Oa €xel 1o epyodeio, o€ oyéon pe v
PO ovYKOAANon mAdka. H khion avt) eEac@aiilel TV OLOIOHOPON «UETOPOPU»-
avadELoN TOL VAIKOL amd TO UTPOCTIVO UEPOC NG KEQOANG ot1o miocw. E&icov
ONUOVTIKOG Tapdyovtag eivar kot to fabog €1¢ T0 omoio Ba €16€EAOEL 1 KEQOAN oTNV
TAdKa, To omoio eEaptdral amd To UiKog Tov Ba Exel 1 KEQOUAN TOL gpyaieiov. Av yi
mapaderypo 1o Babog eloydpnong eivar ToAD pkpd, T0TE T0 gpyareio OV EpyETOLl GE
EMOON HE TNV TAGKA KOl 1] 0VAOELGT TOL LAKOD d¢ Ba etvar ikavomomtikn. Apa
oLYKOAAN O O€ B elvar amOTEAEGLLOTIKY).



2.9.2 XTAAIA ATAAIKAYTAY

H dwodikacio cuykdAnong, pe m nébodo FSW mepihapfdvet ta e&ng otadwa:

e Y1do10 mpobéppavong Adym TpPNg.
e Y1410 TOPAUOPP®ONG AOY® OVAGELOT|G.
o 214010 e£mOnomng Aoym avadevong kot Kivnomng.
* 214510 amOYLENG.
(a) Upper Material Feeds
Shoulder Zone (b)
\ :: TOOL ROTATION
REAR 5';‘;””’2“'\\ \ FRONT WELDING DIRECTION <@mspamsms , PIN TOOL SHOULDER

Extrusion

/ Zone B

Pre- Heal
Zone

[::__-—_'_—é/ PINTOOL TIP

Forging
Zone

X

g

Vortex Swirl

/

PRE-HEAT ZONE

exTRuSION FORGING

COOL DOWN
L7 p— INITIAL ZONE ZONE
: Initial Deformation DEFORMATION
Zone ZONE

Ewoéva 2.10 : Zoveg mov dnpovpyovvtol Katd tnv cvykoAinon pe FSW.

210 TPM®TO OTAO0 NG TPobépuavong, avorntocsovion Oeppokpaciec Adym Tping
avapeca oto gpyoieio kol oto Vo enefepyasio péETtaAro. Ot Bepuikéc W10 TEG TOV
HETAAAOL KO 1) TAYOTNTO TPOYDPNONG TOL Epyareiov, kabopilovv ) Beppdtnra mov
avantocoetol oty mepoyn avt. Kabdg to epyadeio kiveitor katd URKog tov
dokipiov dnuovpyeitar Eva apykd oTdolo mopapdpPewons. Avtd cvuPaivel yoti to
VA6 Beppaiveron méve and pio kpiown Beppokpaciao, émov apyilel n avddevon Kot
n pon Tov VAMKoVL. To VAKO oto otddo avtd mECETOL TPOG TO. TAV® KOONDS TO
epyodelo gioépyetal oto dokipo kot tavtodypova eEwbeitan mpog ta £Ew. 'Eva pépog
TOV VAIKOU TTapapével ot (v oTpofAiopod KAT® amd TV KEQOAT. TNV TEPLOYN
Omov to VAMKO e€mBeitar Adym ¢ mieong mov Tov ackeiton and To epyaireio, Kiveiton
oo TO UTPOCTIVO HEPOG TNG KEPOUANG TTPOS T0 Tiow. Mia kpioun 1660epun petafoin
010 0e&10 Kol aploTePd PEPOG TG KEQUANG oprobetel o péyebog mov Ba €xel  (ovn
avadELoNG TOV LAIKOV, KaODG 1 mieon kol 1 Ogppdtmro Tov OVOTTOCCOVIOL GTNV
ePLOYN vt B 03NYNGOVY TNV AVAGELGT TOV VAIKOVD.

Yndpyovv moArol Tapdyovteg Tov exnpealovy ™ {dVN ovAdELGNS TOV VALKOV:

e H yeouperpia tov gpyareiov (oYedCUOC KEPAANG KOL TEPLOLYEVIOL KOl 1|
oyxéon peyébovg petald toug).

o T[lopduetpor ovykdéAANong (popd kot Oevbvvon kiviong tov epyoreiov-
0eE10GTPOON, APLOTEPOSTPOPN- TAXVTNTA TEPIGTPOPNS Kot TPOwoNGS, Pdbog
Otelodvong KEQOANG, KAIoN KEQAUANG).

e To &idog Tov VAKOD.

e H Oeppokpascio Tov dokipiov.
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2.10 MIKPOAOMH

H évtovn mlootiky| mopapdpemon Kour 1 vynin Beppokpacio mov avanthoceTal
o oadkacio g pebddov, cLUPAALOVLY GTNV AVAKPLGTAAAMGT KO dntovpyia TG
OVOOELUEVNG TEPLOYNG. ZOUPMVO LE TN YOPOKTNPIOTIKY HWKPOOOUN T®V KOKK®OV
onpovpyovvTol TANPOS doy®pPopuéveg peta&d tovg @ n (ovn mpodbnong, n Covn
vIoy®PNoNG, N LoV emPAvelg Tov gpyareiov kot N (OVN EMEAVELNG VTOGTNPIENG.
Me Bdon Vv emidpacn tng Oepuikng evépyelag, NG UNYOVIKNG €VEPYEWG 1 TO
GLVOLACUO OVTAOV KOTO TNV EQAPUOYT TG HEBGOOV, HUITOPOVV VA YOPOKTNPIGTOVY Ol
e&Ng dpopeTikég Lmvec:

e H {ovn avédevong ( nugget zone).
e H Oeppounyovikd emmpeacuévn {ovn (Thermomechanical Affected Zone,
TMAZ).

e H Oeppuxa emmpeacuévn Covn (Heat Affected Zone, HAZ).

Retreating Advancing

Ewova 2.11 : Aneikévion 610 pKpooKOTIo Twv (oVAav Tov dNUtovpyobvtol Katd T
GLYKOAANO).

H pwpodoun oAraler oe xdbe {dvn kot avtd €xel GUESH OMOTEAEGUOTH OTIG
UNYOVIKES 1010TNTEG TOL VAKOV. [’ awTd Kol T0 peyahdtepo HEPOS TOV EMOTNUOVOV
€0TIOCAV TNV TPOGOYY| TOVG GTN UIKPOSOUN TV (OVAOV QVT®V.

2.10.1 ZONH ANAAEYX>HY

H mhootikny mopapdppwon kot 1 Oeppotta Adym TpiPfg mov avonTOGeETAL, EXEL
OOV OMOTEAEGUOL TN OMUIOVPYIK AVOKPUOTAAAMONG T®V KOKK®OV GTNV TEPLOYN NG
avddevong. H {ovn avt ovopdletatl {ovn avédsvong ( nugget zone- weld nugget).



Pin shoulder side

Advancing Side Retreating Side

Onion ring
layering

Parent
material

Anvil side

Ewoéva 2.12 : Xapoaktnpiotikd onion rings tng nugget zone.

H demopdveio ¢ avokpuotoAlopévng nugget zone kot tov Poctkod UETAAAOL
OLEETOL OHOIOLOPPO, TNV LITOYMPOVGO TAEVPA, VM avtifeta otV TpomBovuevn
TAELPA EIVOIL AYOTEPO OLOYEVOTOINILEVT.

Aviroya pe TG Tapoap€Tpovs, yewpetpio epyodeiov, Beppokpocion kot Beppukn
Oy@YOTNTO TOV HETAAAOVD, 1] LDV OVAGELOTG UTOPEL VO, TAPEL TEAMKE OLO GYNLLOLTOL.
Eite 10 Poaowd, to omolo mAataivel mpog 10 €mbved PEPOG TOV, €ite AVTO TNG
EMEUTTIKNG LOPPTG.

‘Exet mapoatmpnBei, o6tt or taydtmreg mepiotpoerg oamd 300 €wog 500 rpm
SLOHOPP®VOLYV TN PACIKN LOPPT], EVD TNV EAAEITTIKN HLOPON TaydTNTEG v Tov 700
rpm. [apatnpeiton 411, dStutnpdvtag v idto Ke@aAn, to oynpa g {dvng ovadevong
oAAGCer pe ™ petafoAn g toyvtag. Kabopiotikd porlo otn popen mov Ba xet
tedkd 1 {ovn avadevong mailet kot 1 OdpueTpog g kepainc. Oco mo peydin eivon
N SLAUETPOS TOGO Kol O KVKAKO TO GYT|LL0L TNG.

Ewoéva 2.13 : H enidpaon g toydTNTog 0TV MKPOSOUT| TNG nugget zone
o) Tayvtnta tepiotpoeng 350rpm, B)Taydmrta nepiotpoeng 650rpm.
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H avakpvotdriiwon mov cvvteleiton kotd ™ cvykdAAnon pe ) pébodso FSW ot
Covn avadevong dnuovpyel Aemtokokkn pikpodoun. Tapduetpol 6nwe 1 yeopetpio
TOoV gpyareiov, n cvotaon tov dokiuiov, N Beprokpacio Tov, N wEoT TOV ACKEL TO
epyodeio katd ™ dieiodvor, 10 TG0 ypnyopa To dokipo Oa yuybei, ennpedlovv
aueoa ) pikpodoun mov Ba Exel 1o VAIKO HETE T GLYKOAANOT).

Ewova 2.14 : To péyebog TV kOKK®OV 6TV nugget zone o€ d14popa GNUEld.

2.10.2 GEPMOMHXANIKA EIMHPEAYXMENH ZONH

Avauecsa oto Poaocwd pétordo kot T OV ovAdELONG  OVOTTOGGETOL M
Oepuounyavikd ennpeacpévn Covn (OMEZ). Eivor andppoto 1060 g Oeppodtmrog
OV  OVOTTTOGGETOL, OCO KOU TNG TAPAUOPP®ONG 7OV  VOIoTATOL TO VAKO.
Hopatpeitar  €éviovn  mapopdpeoon. Ot kdékkot tov  Pacwod  petdAiov
EMUNKVVOVTOL OO T U0 AKPT] TOV OOKIUIoL péypt Ko TV nugget zone, £mG Kol TNV
A axpn tov. IMaporo mov n OMEZ vrdkertar o€ TAAGTIKY TOPAUOPPOCT,T|
UIKPOSOUN TNG 0V LPICTATAL AVAKPLGTAAAMOT).




2.10.3 ©EPMIKA EITHPEAYMENH ZONH

[Tépa amd ™ GMEZ onuovpyeiton n Oepuikd ennpeacuévn (ovn (OEZ). X (ovn
vt AapPavouv ydpa Beppikoi KOKAOL, TOL OU®G, OV 0N YOVV GE AVAKPLGTAAAMO
TOV KOKKOV 0VTE KOl G€ TAPAUOPP®ST) Tov VAKoV. To péyebog tov kékKwv givon
pikpotepo amd avtd g Beppopnyavikd ennpeacuévng Lovng.

Ewoéva 2.16 : H pikpodoun ota 6pro v (ovov cuykdAinong, Al7075 o) Bacwo
pétadro, B) Ospuikd ennpeoacuévn {ovn, yv) Oeppopnyovikd emmpeacpuévn (ovn,
KOVTa
otV Beppud ennpeacuévn Lovn, 6) Oeppounyovikd exnpeacpévn LoV KOVTd 6TovV
TLPNVO GLYKOAANOTC.



KEDOPAAAIO 3 : MH
KATAXTPOO®IKEX ME®OAOI TOQN
YAIKQNUA,B]

3.1 TENIKA

Ye EMMEOO EMOTNUOVIKNG £PEVVOG, OVAKTINGY TEYVOAOYIOG KOl TPOANYTG,
TPOKELUEVOD va eEAEYEOVE €val DMKO 1 VO TPOGOIOPICOVUE UNYOVIKEG KOl (PLGIKES
TOV 1O10TNTES, £YOVUE TN SLVATOTNTO XPNOTMG OVO UEBOOWV: TIG KATACTPOPIKES KO TIG
U1 KOTOGTPOPIKEC.

Me T1g KataoTpo@ikég nefddovg, HTopovE VO KOTOVOT)GOVUE TN CUUTEPLPOPE TOV
VMK®V, VO ONUIOVPYNCOVUE TOTOVG EPUNVEING OLTNG TNG CLUTEPLPOPAS KOl VO
Bpolue TIC PEYIOTES KOTATOVIGELS, TEPA OO TIG OMOIEG TO VAIKO UTOivEL GE GTASL0
aotoyioc. Ot péBodor avtég, Opmg, mpobmoBiéTovy TNV Kataokevny €vog apldpov
dokimv pe KaBopiopéves dootdoelc, OTmg opilovy ot TNPOVUEVES TPOSLOYPUPES KO
TNV KOTOGTPOPY], GTI CLVEXELD, TOV SOKIUI®V, Yo TNV avdAvon Kot T desaymyr| Tov
GUUTEPACUATOV.

H avéykn, ouwg, vo eAEyYovIon KOTAOKEVEG KO UNYOVIKA LEPT) OOTE Vo evTomileTon
Eykapa M Vmapén N M Onuovpyic ampOPAENTOV OVOUOAM®Y TOL UTOpEl Vo
TPOKAAEGOLY TNV AOTOYI0L OLTOV OAAL KOl 1 OVOYKOOTNTA Vo Tpocdtopilovtol ot
UNYOVIKEG KOL Ol (QUGIKEG 1010TNTEG OPICUEVAOV VAIK®V, €V owtd Ppiokovtal og
Aertovpyla, 0dNyNoe otNV avAmTLEN TOV UN KOTACTPOPIKMOV HEBOd®V EAEYYOL TV
vAikadv (Non Destructive Testing, NDT, MKE). Aniadn ot pébodor MKE eivor n
dwdkacio Tov amotteiton Yoo T SELPLVON NG TOLOTNTOG, TOV 1OI0THTMOV Kot
JOTACE®Y, TNV OVIXVELOT EAUTTOUATOV TOV VAMKOV KOl TOV  UNYOVIKOV
eCapmudrtov, yopic vo mpokaleitor Kataotpoer 1M avermavopbmtn PAAPN pe
advvapio TEPUTEP® EAEYYOL.

Me avtég T1g TEYVIKEG YWpic TPOSOHETN KATATOVNON UTOPOVLLE:

e Noa evromicovpe €ykaipa v vmopén emkivovvov onueimv, onladn onueia
OLYKEVIPMONG TACEWV, OMMG LUKPOPOYUES, OCVLVEXEIES, OLOPPMOOELS Kol
EAATTOUATO.

No 7mpocdloplotohv PUNYOVIKES, YNUIKES, YEOUETPIKESG KOl QUOIKES 1O10TNTEG TMV
VAKAV.

e AxOU0, OE TEPIMTMOGELS OV TO TPOG EAEYXO LMKO, Oev emapkel yioo TNV
KOTOGKELY]  TVmOmOMUEVOY  dokiuiov, Omwg mpoPAémetor  oamd  TIg
TPOOLALYPOPES HE TIC YVOOTES ouuPatikés pefdoove, YPMNOYLOTOIOVVTIOL Ol
pnébodor MKE. Emmdéov, eEaceaiilovv Tov mowoTikd £€Aheyyo Kot 1T
CLUVINPNOT KOTOOKELV®V, TOV AmouToOV LYNAL Eemimedo OCQAAEWS OE

Kobnuepwi xpron.
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3.2 ATAXQPIZMOX MEOOAQN MKE

Ot pébodor MKE tov vAkdv mov €yovv avamtuyBel péypt onuepo pmopel va
YOPLoTOOV G€ dVO KLPLEG Katnyopies: otlg Pacikéc peddoovg, mov epapudlovron
eupiTaT OTOV  €AEYY0 TAOV VAIK®OV KOl OTlg VrOAowmes  pHebBOdovg  mov
YPNOUOTOLOVVTOL GE EIOIKEC TEPUTTAOGELS. TNV TPADTH KOTIYOPio aviKouV:

H omtikn pébodog.

H pébodoc twv 01160V TIKAOV VYpOV.

H Bropnyovikn axtvoypapio.

H pébodoc twv vrepnywv.

H pébodog v payvntikdv copatidimy.
H pébodog twv dtvoppevpdrov.

H pé60d0¢ g aKkovoTIKNG EKTOUTNG

H pébodog g Beppoypapiog.

> doebtepn Katnyopia, avikovv n péBodog ¢ Enpoaktivoypapiog, 1 HEB0d0g
yabupov emkoAdyemv, 1 LEB0S0G TG dLaPPONG PEVGTAOV, KAT.

3.3 ZYT'KPIXH MH KATAYXTPOOIKON KAI KATAYTPOOIKON MEGOAON

3.3.1 MH KATAYXTPO®IKOI EAEI'XOI

HAEONEKTHMATA:

1. Apeon epoppoyn otn OdKAGIo TOPUYOYNS YOPIS KOTESTPOUUEVO
eCaptuata (scrap), eKTOG 0md o TA TOV PPIcKOVTOL ELUTTOUATIKGL.

2. Egappoloviar 6to 100% g mapaymyng 1 o€ delypa.

3. Tlpocapuolovtar eDKOAa.

4. Abpopot éheyyot pmopel va dteEdyovtan TanTdypova. 1 €V GEPAL.

5. Avvatotra emavaAnyng.

6. AvToQEpOUEVA- POPNTE UNYOVILLATO EAEYYOV.

7. Eopoapuolovior oe eEapTtUOTO KO KOTACKEVEG TOV Ppickoviol o€ Aettovpyia.

8. Métpnon 6uGCDPEVOTG EAATTOUATOV G VAIKA G YpNo).

9. Epyotikd K06T0G YOUNAO GE EQOPHOYES ETUVOANTTIKOD YOPOKTIPO.

10. E€akpifwon unyoviopod kénwong.

MEIONEKTHMATA:

1. Avéykn e£e1dikevévov TPooOTIKOL.

2. Xopig T ypnon Oeiypatog m ovAALON TOV OMOTEAEGUATOV LTOKELTAL CE

VTOKELUEVIKN EPUNVELQ OO TOV TEXVIKO.

ANyYN LETPOV OKTIVOTPOCTAGIOG.

4. Mepikéc amd Tig pebddovg amattovv VYNAO KOGTOG EMEVOVCEMV GE EOIKA
pUnyoviuoTo.

[98)

_41 -



3.3.2 KATAYTPOPIKOI EAEI'XOI

HAEONEKTHMATA:

1.

MeTpf|oe1c TOGOTIKEG LLE OMOTEAEG AT ¥P1IOIL0 0T PedTiwon Tov TpoidvTog.

2. Emtpémouv TV aVTIKEWEVIKT 0VOALGT TOL OOTEAEGUATOG, YMOPIG OlpmVvia

HeTall TV TPUTNPNTOV.

3. Apecomnta LETPNCE®V Kol EAEYYOV.
MEIONEKTHMATA:

1. Eeapuolovton o€ HUIKpO delypa. Avayxn eEaxpifmong
AVTITPOCHOTEVTIKOTNTOG OEIYUATOG EMTL TOL GUVOAOVL.

2. Xpnoworombévta eEaptripata eivor aypnoto.

3. Avoyepnc n emovoANTTIKOTNTO.

4. Meydla detypota EAEYYOV 0€ CLVOVTOVTOL, AOY® VYNAOD KOGTOVG.

5. Amoyopevtikn m xpnomn o€ LVAKE LYNAoH KOGTOVS KOTOOKELNG 1 LMK LE
LIKPY| GEPA TOPAYDYTS.

6. AdOvon 1 HETPNOT GLGCMOPELONG ELVTTOUATMOV GE LAIKA GE YPN|ON.

7. AVCKOAN 1M €QOpUOYn OE  YPNOWOTOovMEVH  eEapTANATO YTl O
KOTAGTPOPIKOG EAEYYOG BETEL LTONATA TNV AYPTGTELGT] TOVG,.

8. ZNMUOVTIKY ovAYKn UNYOVIKNG KOTEPYUGING 1] TPOETOYLAGING TOL OETYLLOTOG.

9. Ot gmevdiioelg kePaloimv Kol T0 KOGTOG TV EPYATIKAOV TOL OTOLTOVVTOL EVaL

oLV B®G LYNAD.

3.4 OL KYPIOTEPEYX ME®OAOI

3.4.1 OIITIKH MEGOAOX

H ontwkn pébodog (visualtesting, VT) eivar n mo andn pébodog MKE evog vAakoo,
OV TPOYUOTOTOLEITAL Y10 TOV EVIOTIGUO EMPOVEINKDOV EANTTOUATOV E1TE UE YOUVO
pat gite pe ) ypNon opydvov, OTMG ONTIKEG tveg N LIKPOSKOTO. Mo omtAr] OmTIKY|
eEétaomn umopel va amoKaAVYEL ATEAELEG Kot £TGL VO, 00TV |GEL GE U0l ALUECT) ATTOPPIYN
TOV SOKLUIOV KO EMOUEVMG Vo KepONBEL xpOVOG Kot PN od TEPITTEG OOKIUES.

Avo givor o1 kot yopieg ontikdv peBodmv eAéyyov:

AVTéC TOL  YPNGIUOTOIOVV  OpYyOva, ONMG UIKPOOKOTO, TNAECKOTIN Kot
nmpoPoleic, Ta omoia aprOLovV TIG aPYES TNG YEWUETPIKNG OTTIKNG, COUPMVA
LE TNV OTolaL 01 POTEWVES aKTiveG dtadidovTat vBvypapLa.

Avtég Omov yivetow ypnom TG QULGIKNG OMTIKNG, Aaupdvoviog vedym v
KOUHOTIK @OON TOL MTOG, Onm¢ cuppaivel pe ) cVUPoAn ToL E®TOG 6T
POTOELACTIKOTNTO, TNV OAOYPAPIOl KOt TIC KOVOTIKEG.
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Ewoéva 3.1 : Ontikn pébodog.
Téhog, Ba mpémer mpwv amd Tov OMTIKO EAEYXO Ol EMPAVELES Vo TpoeTotudlovtal,
amopakpHvovtag akabapoies, Ypaco, cKOVPLEG Kot GAAL DAIKA O1dfpwong.

3.4.2 AIEIXAYTIKA YT'PA

Amotedel e€EMEN TG omTikNG neBOS0L. LTa TAEOVEKTIATA TNG ElvaL 1] TOYVTNTA, M
duvVaTOTNTO KAADYNG LEYOA®MV ETPAVELDV, KABDG Kol TO YopUNAO KOGTOG 0yopds Kot
Aertovpyiog Tov eEomMopov. Me ) pébodo twv delsdvtikdv vypmv (Penetrant
Liquid Testing, PT), aviyvedovtotl emoavelokés poyués Kot GALES aTéAELES, OL OTOLES
dev elvar opatég pe youvo pdtt. Ot O106TAGEIS OVTOV TOV POYU®V Ylo. va. givot
aviyvevotpeg mpémetl va givor mAdtovg 0,001 mm, pqkovg 1 cm kan BédBovg 0,1 mm.
Epappoletar evpdtata oe peppirikd Kot un vAkd, oe avoleidmtoug yaAvPec, ehagpd
Kpapoto K.0.

H dwdkacio mov akoiovbeiton eivor | TapakdTo:

H emdveio mov 0éAovpe va eAéyEovpe, yekdleTor pe YpOUOTIOTO d1dALLLO TO 0TTOi0
OteleoveL Ko eumoTiCel TIc TVXOV POYUEG TOL KOTAANYOVV 6TV empaveln. [TAévovtag
TNV EMPAVELD KOL OTI GUVEYEWD LE TN YPNON TOL KATAAANAOL VYPOL 1 GTEPEOD
EUQOVIOTT], COUPMOVO PE TO TPLYOEWES PAIVOUEVO, TO OBALUO, TOV £YEL TOPOUUEIVEL
OTIS POYUEG, Kol Ta Odpopa glottdpota, yivetar oviiAnmtd. Ot atéheleg T10TE
QOiVOVTOL GO YPOUATIOTEG YPOUUES, YPOUONTOS OVAAOYOL TOL YPTCUOTOIOVUEVOL
VYPOV, G AEVKO POVTO. XN SodKacioL EPOPLOYNG TOVS, Umopel va mpootebel Eva
oKOpHa 6TAS10, AVTO TNG YOAAKTMOONG TNG ETPAVELNS LETE TO TAVGIUO TNG Kol TPV TNV
emudAoyn pe tov gupaviot) (cuvnbog ypnoyomolovvtor ehopilovta SelcdVTIKA
VYpd Ko M EMBE®PNON YIVETAL GE VTEPIDOES PMOTIGUO).



Ewkove 3.2 = Avigvooon atchoidv pe t pébode ten Swsiadvrics »YpOVv.

3.4.3 BIOMHXANIKH AKTINOI'PA®IA

Me ™ péboodo g aktvoypagiog (RadiographicTesting, RT) eAéyyovtar vikd pe ™
APNON NMAEKTPOUAYVNTIKOV KOUATOV, OT®G Ol akTives X 1 TUPNVIKNG aKTvOBoAiog,
omw¢ eivon ta copdtio o, B kor ov axtiveg y. Epapupdletor yio va angikovietohv
€0MTEPIKEG KOl eEMTEPIKEC AemTOpUEPElES TG dopng e€apmmudtov e TANBmpo
viukov. [pokertoan yio péBodo mov YPNGUYLOTOLEITOL OE TEPMTMOELS TOL OEV €ivo
duvatn 1 gpappoyn GAANg texvikng. O €heyyog emtuyydvetal pe v TPosPoAr Tov
eEAEYYOUEVOL TUNUOTOC O OKTWVOPOAIDL KOlU KOTAypOoen 1TNng €KOVaS o€ QAU
aktwvoypaiag. To enelepyacpuévo AN Topovcldlel TIG dOMKEG AETTOUEPELES TOV,
KaO®OG LETAPAAAETOL ] TUKVOTNTO TOV QIALL.

H emedveio oty omoio mpoxertor va deloybel o €leyyoc, Ba mpémer va eivan
kaBapn), n 01eV0VVON GAP®ONG TNG KEVTPIKNG déoung akTvoPforiog Oa mpémet va eivan
0G0 T0 dLVVOTOV KAOETN TPOS TO PLAW, M andOTACT] amd TNV TNYN oKTivov X ®¢ TO
o\ (amootao eotiaong) Ba mpémet va eivor apkeTd peydin, K.6.

Téhog, M axtvoypagion €xel TO TASOVEKTNUO OTL pE TO QLA divel éva pOvViHo
TEKUNPLO TNG KATAGTAONG TOL LVAIKOV. H gpappoyn g Opme, amortel e101kd uétpa
npootaciog Tov epyalopévav, Adym Tov emPBAAPOV GUVETEIDV NG GTOV OVOPAOTIVO
0pYOVIGUO.
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Ewova 3.3 : 'Eleyyoc ypopung cornvav (pipeline), pe m pébodo g padtoypoeiog.

3.4.4 YIIEPHXOI

H pébosog vrepnywv (Ultrasonic Testing, UT) Oewpeitar 1 onuavtikdétepn pébodog
MKE, éyovtag gupitepec eQOPUOYEG GUYKPLTIKG HE TS LIOAOWEG. AvTtd cvuPaivet
O0TL givon amhr|, OYETIKA ypryopm, €papuoletal e MOAAG LAKE Kot pmopel vo
EVTOTIGEL EMPOVELNKEG OALA KOl ECOTEPIKES AGVVEYELEG TOV VAIKOV.

Etvon 1dwitepa onuovtik] ywoo T pETPNON TAYXOVE KOTOOKELAOV UEYAA®V
OloTACEWMYV, OTMG GE TAOLN, CMANVES, AEPNTES, OVTIOPOCTNPES KA. Xpnolonoleitol
OKOUN Y10 TOV EAEYYO KOL TOV TPOGOIOPIGUO TNG TOLOTNTAG TV GUYKOAANGE®Y Kot
emmAéov amoterel pio pn ovpPatikn péBodo katepyasiog apaipeong Kot KOMNG
UETOAAW®V.

Téhog pmopovpe va TPOGOIOPICOVIE KO OPICUEVES OO TIG UNYAVIKES 1O1OTNTEG TOV
VMK®OV OTt®¢ Yo mopddstypo, 1o pétpo ehaotikétntog E, 1o pétpo ddtunone G,
avtoy o k.G. Extevéotepn avdivom yia ™ péBodo twv vrepnyov oakolovbel oe
EMOUEVO KEPAALO.



Ewoéva 3.4 : 'Eleyyog pe vepnyovg oe pipeline.

3.4.5 MEOOAOX MAT'NHTIKON YOMATIAION

H 1eyvik tov payvrikov copatdiov (Magnetic Particle Testing, MT)
YPNOUOTOIEITOL Y10 TOV EVIOMIGUO KOl KATA TPOGEYYIOT] TPOCGIOPICUO EMUPAVELOKDY
N KOVTIO OTNV EMPAVELN EVPICKOUEVOV POYUDV GE LOYVNTIKO DAIK(, Ol OToieg Oev
elval opatég pe youvo pdartt. H pébodog avtn oe pmopel va epappootel oe un
LOyvNTIKA DAIKA, 0TS TO YVOAL, TO aAoLiVIO, 0 YOAKOG K.A.

H dwadikacio ehéyyov meptrappdver ta axoiovda Brjpara:

e FEiodyeton 1o e€etalOpevo SOKIHO 6TO KATAAANAO HoryvnTIKO Tedio.

e  Eopopuolovion ta poyvntikd copotiote vwd pHopen okOvNg 1 EmOAEWYNG LE
KOTAAANAO VYPO (LEAGVL).

o E&etaletan to dokipo o cuVONKeS KOTAAANAOL QOTICUOV (E10KEG Avyvies),
epunvedovtog kot vroroyilovtog Tig mbavég evoeiEels.

H pébodog ompileror oy 1010tT0. KOTG TNV OMOlQL 1) HAyvnTiK©y pon o€ €va

poyvnTiCOREVO LAIKO SloTapAGGETAL TOTIKG OO TNV TOPOLGIN ATEAEL®V. ALT M
dwtapayn avaykdlel TG HOyVNTIKEG OLVOUIKES YPOUUES v «PByaivouvy amd TO
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aVTIKEILEVO Kol Vo emavelsépyeton o€ avtd. To pavdpevo avtd ovopdleTon dappon
HOYVITIKNG POTG.

H mapovcia actoyiog tov vAkoby yivetar opatn amd Ty amdToun aAloimon TV
YOPUKTNPLOTIKDOV YPOULDV, TOV GYNUOTILOVV TAVE GTO OVTIKEILEVO TO UIKPOGKOTIKA
oOUATIOW TG QEPOLAYVNTIKNG oKOVNG. [1o TNV amOoTEAEGUATIKY] €QOPUOYN TNG
puebdoov, mpémer m S1evBuven TOL AVOTTVGGOUEVOD HOyVNTIKOD Tediov vo givor
KkéBetn mpog ™ drevhuvon TOV POYUOV.

Ewova 3.5 : H péb6odog tov poyvntik®dv copatidio.

3.4.6 AINOPPEYMATA

H péBoodog tmv dwvoppevpdtwv (Eddy Current Testing, ET) 1 enayoyik®v pgopdtov
elvol o onUOVTIK] Kol €upliTaTo  OlOEOOUEVT] U1 KOTAOTPOPIKY] MEHOSOC
VTOAOYIOHOD Kol  €AEYYOL  UETOAMKAOV — VAMKOV — (MAEKTPIKE  aydYLHLOV).
XPpNOHOTOIEITOL Y10 TOV TPOGIOPIGHUO 1O10THTMOV Kol SIUGTAGEMV TOV VAK®V, KOOMOS
KOl Y10L TOV EVTOTUGUO EMPAVEIOKAOV 1) KOVTO GTNV EMLPAVELD ALGVVEYELDV.

Kotd tov éheyyo pe dtvoppebpata, EVOALUGGOUEVO PEVUO ETAEYUEVIG CLYVOTNTOG
epapuoletor oe éva mnvio. To evolloooduevo miextpikd medio  Tmapdyst
petofariopevo poyvntiko medio oto mnvio. 'Etol dtav to mnvio, £pbel o emapn pe 10
ayoyo eEaptnua, To HoyvnTikd tov medio damepvé To VAIKO Kot Onpovpyet
poyvntikd medio  i01ag  ovyvotntag HEcO oTo  €EAPTNUN, TPOKAAMVIONG Pon
dwoppevpdtov og avtd. H pon avt oto g&dptnua mapdyst to S1KO TG HoyvnTiKO
nedio, 10 omoio emmpedlel pe TN GEPE TOV TO OPYIKO NAEKTPOLAYVNTIKO TTEdIO TOV
mviov. To emakdAovBo poyvntikd medio amoterel v @NYN TANPOPOPLDOV TOL
AVOAVETOL NAEKTPOVIKA Y1l VO dMGEL TO {NTOVUEVO omoTéAESO. Mo aGLVEXELD GTO
VAMKO JTopdceGEL T GLVEX PO TOV OWOPPEVUATOV KOl TO GYETIKO HOYVNTIKO
nedio.
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Ewova 3.6 : Huébodog twv dtvoppevpdtmv.

Téhog, N emedveln Tov TpokeToL vo ereyyOel mpémel va eivan Tposfaoiun omd tov
awoOntpa- kepain. BéBata, Exovv katackevaotel €100l acOnpeg axoua Kot yio
EAEYYOVG GE OTEG 1| GTEPDOUATO TEPIKOYAI®V LE EYKATEGTNUEVOVG TOVG KOYAleg. Ot
UETPOVUEVEG UETAPOAEC T®V OVOPPELUATOV GLVOPTOVIOL HUOVO TOV 0KOAOVOWV
XOPOKTNPIOTIKOV:

Hhiektpucn ayoypdmro.

Moyvntiky| dlomepatdTNTaL.

l'sopetpkég 1016t TEG TOL £EETALOUEVOV OVTIKEUEVOU.
AmOCTOON TNG KEPAANG OO TNV EMLPAVELD TOL VAIKOD.

3.4.7. AKOYXTIKH EKITIOMITH

H pébodog axovotikng ekmounng (Acoustic Emission Testing, AT) eivou 1 teyvikn
Katé TNV omolot oviyvedOoVTOl KOl OVOADOVIOL TO MYNTIKG ONUOTO, TO OmOoio
TOPAYOVTOL OmO TNV TOXEl OTOOECUEVLUEVT] EVEPYELD TOPUUOPPDOCEDY OV
eppaviCovior péca oe VAKE Katd Tn OnMpovpyior Kot ETEKTOCN POYUAOV. ZUVETAOC,
KOTA TN HEBOOO TNG KOVOTIKNG EKTOUTNG TO CNUO TPOEPYETOL OO TO 1010 TO VAIKO
Kot Oyt amd ewtepikn Tyn. [a 10 Adyo avtd eivon amapaitntn wpodmoddeon N
EQUPUOYYT QOPTIOVL EAEYYOV, OV OHMC Vo un Eemepvad To PoPTio. GYEOAGHOD TNG
KOTOGKELNG,.

H okovotikny exkmounmn meptlopPdvel to @owvopeve mov oyetilovror pe 1
onuovpyia Kot LETASOOT TV EAUCTIKAOV KULATMV TOL TOPAYoVTaLl HECH GE £Va DAKO
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pe amotoun amedevBépwon evépyeac. H myn avty tov kopdtov pmopei vo eivon
TOTIKY UETOTOMION TOV GLVOJSEVEL TNV MANCTIKN Topapdpemon, N 1 Evapén Kot
O14000M 0oTOYI0G OTO VAIKO.

H teyvikn g aKovoTIKNG EKTOUMNG €lval 1O10ATEPO CNUOAVTIKY Y10 EAEYYOVG TTOL
omoutovvror vo oeayxbodv oe KATAGKELEG LYNAOD KvOOVOL Om®G 0EPOTAAVA,
de€apevég, doyeio VYPAOV KOVGIH®V K.4.

Ewova 3.7 : 'EAeyyoc |l 0KOVGTIKY] EKTOUTY| GE YEPLPAL.

3.4.8 MEOOAOYX OEPMOI'PADIAY

XOoupova pe to vopo g aktvopolriog pélavog coupatoc tov Planck, kabe copa
exméumetl Oeppikn axtvoPoiria, g omoiag o pdcua e€aptdton amd T Oepuokpacio
ToV. ZTNV €V A0y puéBodo peAetdrTon n ekmepmopuevn veépLOpT aktvoforio amd Eva
VAMKO pEC® KOTAAMA®V oLOKELAOV (BEPUONAEKTPIKY UNYOVY  QOTOYPAOIOTG,
moponiekTpiky cvokevn vidicon). Kataypdeovtar ov petaforéc e Oepprokpaciog
evOg VAKOL amd poKpld Kot omd TN HEAET TV AouPovOUEVOV  EIKOVOV
(Beppoypaeruata 1 LVITEPVOPOOYPAPNLLOTA) TPOKVTTOLY TANPOPOPIES YO0 TV VITOPEN
ATELELDV 1) ONUEI®V GLYKEVIPOOTG TAGEWYV GTO CAOLLO.



Ewova 3.8 : H pébodog g Beppoypapios.

Téhog, mapoatiBeton €vog mivokag a&loAdynong, mov meptlapuPdvel OAeg TG uUn
KATOoTPOPIKEG HEBOOOVE.

IMivaxkag 3.1 : Mn kotaotpo@ikég pEBodot Kot 1 IKOvOTNTO TOVG GTIV aViXVELON
ateLelOV-PAaPdv.

Eidoc atélelac-
PAdGPng

Ontikn
embempnon

AlE16OVTIKG,
vypd

Ymépmnyot

Straight
beam

Angle
beam

Mayvntika
cOUOTIOW

Eddy
current

X-
Ray

Eme
ovELoL
KEG
ovo
Ol00TACEMV.

d

Eme
OVELLL
KEG
POV
Ol0GTAGEWV.

L

Kovt
&
oV
EMPAvELD OVO
OO TACEWV.

2

Avo
dwot
doew
V KOVT4 6TV
EMPAVELD KO
TAPOAAANAES

4
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TPOG OVTY).

Kovt

« (]

otV 0 0 3 3 2 3
EMPAVELL TPLOV

JOTAGEWV.

210

£C0T ﬁ|

EPIKO

dvo 0 0 1 2 0 0
dwotdoemv

Kd0eteg oTNV

EMPAVELQL.

210

=

EPIKO =

dvo 0 0 3 3 0 0
dwotdoemv

TopAAANAES

GTNV EMLPAVELQL.

210

€0MT 4 il

EPIKO 0 0 3 3 0 0
POV

JLCTAGEWV.

(0)= Aev avyvever (1)=Agv evoeikvoutar (2)=Evoeixvoton (3)=Idavikn yio v epappoyn
Emodvewn : avt mov givor koatdAANAn yio va yivel n e€étaon.
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KEDOAAAIO 4: H OY2ZIKH TGN
YIIEPHXCQN 115

4.1 HXOI- YITEPHXOI XYNTOMO IXTOPIKO

O éheyyog TV VAKGOV pe ™ Ponbeta Tov Myov givor pio amd TIG TOAMITEPEG N
KOTAGTPOPIKEG HEBODOVE OOKIUNG TOV AVTIKEWEV®V Yo TNV €DPECT GOPUAUATOV G’
avTd.

Eivar yvootd 011 kepopomolol kot ayyelomAdoteg Sokipndlovv ta mpoidvia Tovg
YTUTOVTOS TOL EAOLPPLE KOl aKOVYOVTOG TOV 10 Tov mapdyetat. Me tov idto tpomo
EAEYYOVTOL TOL YLTE OVTIKEIPEVO, COANVOGCEIS HEYAAOD HNKOVS GE SVAMGTPLOL KOt
Yevikd o€ Bropmyavieg yioo Toxov piypato 1 oPpmcels. Ot poyrés Kot o1 GYETIKA
LEYOAES PUGOAIDEG GE YLTA AVTIKEIPEVO KAODS KOl GNUOVTIKY EAATTOGCT TOV TAYOLS
TOV TOYOUATOV TOV COANVOGE®MY, AOY® JPPMOCEDY, £(0VV GOV OTOTEAECUO TNV
aALOI®ON TOL NYOL OV TOPAYOLV OTAV T, YTLTNCOVUE UE KATO oeLpPl. Emeidn
oumc M pEBodoc avtn elval moAd mpwTOYovn Ko otnpiletal € oAokAnpov otnv
EUTELPIKT OKOVGTIKN IKOVOTNTO TOV EAEYKTY, KAOMG Kol OTN YEOUETPIKY LOPPT TOV
aVTIKEWEVOD, YeVVNONKe M avaykn evpeong g okpPéotepng kol aldmotng
nedddov eréyyov, mOAD mo gvaicOntng omd oavtg tov TEYVIKOV. I[lapdAinia
mopoatnpOnKe 6Tt 660 1 GLYVOTNTA TOL YPNCLOTOLOVTAV TV LYNAOTEPT, TOGO OL
JOTACELG TOV EANTTOUATOV TOV UTOPOVCHY VO AVIXVELTOLV NTav UIKpOTEPES. Ot
TOPOTNPNOELS OVTEG 0ONYNOOV OTN XPNON TPOOOEVTIKA LYNAOTEP®Y GLYVOTHTWV
HEYPL, OV £PTACOV GTNV TEPLOYN TOV VIEPNY®V, ONANd TEPO ATO TNV OKOVGTIKY|
wavotnTo Tov £xel o avOpomvo avti (20 kHz). Ot mpdteg amdmepeg mopaymyng
VIEPY®V Eywvav pe OaTAEELS OKPOPLGIMV TEMEGUEVOL 0épa, KaBDG Kor pe
vyiovyveg niextpkéc exkevaoels. To 1915 o PaullLangevin €0woce tnv 0ploTiki
ADom otV TOPAY®YN KOl TNV OVIXVELSN TOV VIEPNY®V KAVOVIOG YPNON TOL
melONAEKTPIKOD POVOUEVOL OV avakaAvEOnKe amd tovg Pierrexon Jacques Curie.
'Hom, amd 10 1929 o Pdoog Sokoloff elye v 10éa aviyvevong erattopdtov o
UETOAAKEG TAAKEG TPOGPAALOVTAG TIC pe piot OEOUN VIEPNXOV KOl UETPDOVTAG TNV
évtaon mov petadidetan og kbe onpeio Tovg. AKOAOLOWS TNV GUYKPIVE LLE VT TTOV
petadioetal amd o mepoyn xopic eAattodpata. To 1942 o Firestone eivatl o mpmdTog
mov gpdpuoce T HUEHOOO TOV LIEPNXWOV YO TN LETPNOTN TOV TAYOVS UETOAMK®OV
VMK®V. Ao tOTE €Youv Yivel TOAAEC PEATUDOEIS OTIC GULOKELEG TOAPOUYMYNS
VIEPY®V UE OTOTEAECUO TO €VPV TEDIO EPOAPUOYDY TOLG GTO UM KOTOGTPOPIKO
ELEYXO VAMK®V, 0T UETOAAOLPYIO, OTIC LTOPPVYLIEG TNAEMIKOWVMOVIEC, GTNV 1UTPIKN,
ot Proroyia kot 6g TOAALOVS AAAOVS TOLELS.

4.1.1 HXOI- YIIEPHXOI I'ENIKA XAPAKTHPIXTIKA

"Hyoc xoieiton n meprodikn petafoin g mieong Tov aépa, 1 omoio LETOOIOETOL G
KOpO, TOv omoiov M ovyvotTnTa eivon wavr va gpebilel To aebnTplo ™G aKoNG.
I'evikd g Nyot yapaktnpilovion ta TacIKE EAACTIKA KOHOTA OV, o€ ovTifeon pe Ta
NAEKTPOUOYVNTIKE, OEpUIKA KOl OTTIKG KOUOATO, OTOLTEITOL Y100 TN S1Ad00T TOLG M|
omapén g VANG (oteped- vypd- aépia). Ae yivovior avtiinmtd OAa To MYNTIKA
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KOpoTo omd 10 avOpdOTIVO avuti, OAAG pOvo ol Kotnyopio omd ovtd, mOov Ot
ovyvoOtTTEC TOLG Ppickovtor oty meployn 16 Hz péypr 20 kHz.

H emotun mov e€etdlel To povopeva oYeTikd e toug yovg givat 1 akovotikr. Ot
Nyot dtaxpivovian og amAos, OTOL 1 HETABOAN NG TEGEMG TOL AEPOL EIVOIL OPLOVIKT|
GLVAPTNOT TOV XPOVOL, Kol TOVG GLVOETOVS OOV 1 UETAPOATN TNG TECEWMS Elval PEV
TEPLOOIKN OALA Oyl apUOVIKN Kot ol omoiol avoivovion koatd Fourier oe moAlovg
amAOVG MYOVLS, TV ONoi®V Ol oLYVOTNTES &ivor oképalo TOAAATAGGLO TNG
BepeMmI0Vg cLYVOTNTOC.

To @dopa T@V PNYoVIKOV EAUCTIKOV KOUATOV TEPIAAUPAVEL:

e Tovc vdnyovg pe cvyvotnteg <16 Hz

e Tovg akovoTikovg yovg pe cuyvotnteg 16 Hz<f<20 kHz
e Tovg vépnyovg pe cvuyvotreg 20 kHz<f<20 MHz

e Tovc vrepumépnyovg 20 MHz<f.

YUVET®MG Ot VIEPNYOL &€ivol o KOTELOVVOUEVY] OEGUN UNXOVIKOV EAOCTIKMOV
KOUATOV VYNNG ovuyvotnTag. YTEPNYOUS EKTEUTOVV HEPKE (MO, TOVS O0mOiovg
YPNOYOTOOVV Y10, TOV TPOGOVATOMGUO Tovg. Tétown {da elvar ol vuytepideg, Ta
dedpivio k.6, YmEpnyot emiong ekmEUmOVTIOL OO SLAPOPO. UNYOVIKE pUEca Katd ™
Aertovpyio TOVG, OTMG EvaL O1 UNYAVEG 1] KATA TN COUPNAATNON TOV UETAAA®V.

Avo Booikég Katnyopieg vrepNy®V LVIAPYOLV, avAAOYL HE TNV oYL Kol To. Tedia
epappoyng toug. Ot vépnyot peydAng woyvog (1-100 W), ot onoiot ypnoyLomotovvot
KLpimG Yo ToV KaBopIGHo TG CLYKOAAN GG Kot TN BEpLUKN KOTEPYOTIO TOV VAIKDV.
Kot ot veépnyor pkpng woyvoc (1 mW-1 W), ov onoior ypnoomrorodvtor otnv
WTPIKY], OTO VTEPNYOMKPOCKOTIO, GTO GULGTNUOTO ONUOVOTNG METPNONG Kol
TNAEYEPIGUAV KOl TOVG U1 KOTAGTPOPIKOVS EAEYYOVS TV VAIKMV.

4.2 EIAH YIHEPHXHTIKON KYMATQOQN

4.2.1 TENIKA

H &16doon tov mmtikov kopdtov cvuPaivel oe 600 Pacikéc oevbivoelc. X
dehBvvon G TOAGVTOONG TV CTOWYEWMODV COUATIOV TOL GOUOTOS Kol OTN
dtevbuvon dadoonc Tov Kopdtwv. Enedn éva nymtikd xoua, dev givor timote GALo
Tapd 1 S1Ad00N TOV TOAAVIOGE®V TOV CTOLXEIMV TOL EANCTIKOV GAOUNTOC, Y10, TN
duadoon tov amorteital | wapovsic g VANG. ‘Etol ota vypd kot aépia dadidovrot
LOVo JapnKn KOUATO, EVO O6TO 0TEPEN COMOTA OladidovTat Oha Ta £i0N TOV KLUATOV
(dounkm, €yKapolo, OT®G Kol cLVOLACUOS aVT®V). Ta oTeEPed LAIKA £yovv N
YOPOKTNPIOTIKY WOOTNTO VO, EMTPEMOVY TN O1A000N UEYOANG TOIKIAMOG TOGIKMV
Kopdtov, Onm¢ eivoar to elootikd kouato (elasticwaves), to mAaotikd KOpOTO
(plasticwaves)kot To. kKpovoTiKd KOpato (shockwaves).

IMa evtdoelc Tdoewv PIKpOTEPES TOV 0piov dlappPons (EAACTIKT EOPTIOT), 1 dLAd0oN
TOV TOCIKOV KOUATOV YiveTol pe TV TohTnTe TOV EAOCTIKOV KUHATOV. Eved v
EVIAGELS TACEWV LEYOADTEPES TOL OPlOV dLPPOTNC, 1 016.000T TV KVUATMOV YIVETOL e
™V Ta)OTNTA TOV TAACTIKGOV KUUATOV, TOL givol Alyo piKpoTepPN amd TNV ToyOTNTO
TOV EMIOTIKOV KOUPATOV Kol 1 omoio  petafdAletor pe v Kpdtuvon
(strainhardening) tov vVAKOL. Opmg o evtdoelg Tdoemv VIePPOAIKAE PEYOADTEPESG
TV opimv dppons, 1N Sdd0cN TOV TUCIK®OV KLUAT®V Yyiveton pe pio petafint

-53 -



tayvtnTa M omoio pumopel vo mANcldlel 1 Kot akOpa Vo EETEPVE TNV TAXLTNTO TOV
EAMOTIKOV KULATOV. Ta TacKd eEAacTIKA KOpaTa dtokpivovtal KUpLo, 6€ SLopNKT Kot
€YKAPGLOL.

4.2.2 AIAMHKH KYMATA

210 OopnKkn Kopata 1 Sevbuvon TOAAVIOONG TOV GTOWEWODYV COUATIOV TOV
ompatog kot 1 devbuvon ddoong tov Kopatog cvumintovv (Ewova 4.1). Térow
KOpoTo lvan ta kKopota mECEMS TOL 0épa. Ta dtopunkn KOpATO KaAOVVTOL Kot KOHOTO
méoemc. Ta dapnkn KOpata 01adidovTol Kol oTI TPELS HOPPES TS VANG (oTeped-
vypn-aéple) Kot givar to PacikOtEPO €100C KLHATOV TOL YPNCIUOTOEL 1 U
KataoTpoPik HEBodog Tov vrepnywv. IHapdyovior pe 016popovg TpOTOLS, EVKOAN
Kot e amhd Tpémo e ™ Pondeta e10IKOV KePAADV (probes), StapnK®OV KOUATOV.

Longitudinal Wave

Wavelength Direction of travel

-~ —
Movement of air
Rarefaction Compression molecules

©2007 HowStuffWorks

Ewoéva 4.1 : Avounkm kopato.

4.2.3 ETKAPXIA KYMATA

Y10 eykdpoto KOpoTa, 1 OevOLVON TOAGVTOONS TOV GTOLEIMOMY COUATIOV TOV
oopatog eivor kaBetn ot o0evbvvon oddoong tov kvpatog (Ewova 4.2). Ta
EYKAPOLOL KOHOTO TOPAYOVTOL OO EOIKEC KEQOAES €YKAPGI®MV KLUATOV 1 oo
Slounkn xopoto v aStomombel KatAAANAO TO QOWVOUEVO TNG OVAKAOGNG M
dubAaong mov cvpPaivel 6tav ta StopNKN KOUOTO TPOCTINTTOVYV GTN OOYWOPLOTIKN
emedvela 600 vAMkov. Ta eykdpota Kbpata 6100idovTol HOVO GE DAMKA OV UITOPoLYV
vo. ovoAdBouv SaTUNTIKES TAGELS, Y10 OVTO KOAOVVTOL Kol KOUATO SlOTUNONG. Agv
dwdidoviar onradn ota vypd kot ota aépro. Awndidovior OpmG Ge oplopéva
ToYOPELGTO LYPA TOV EUPAVICOLY HEYOAN GLVEKTIKOTNTO OTMC €lval To UEM, TLUKVO
dwvpa  Coyopng k.G, ylovtd Kol ooV VMKO TPOGOPUOYNS, TOV KEQUADV
VIEPNYNTIKOV EYKOPCIOV KOUATOV, XPNOLOTOI00VTOL HETAED dAA®DY Kot To péM M
dwdvpa Chyapns. Ta eykdpoio kopato £pappolovior 6 TOAAEG TEPUTTMOOCELS UM
KOTOGTPOPIKOV EAEYYOVL TOV VAIKAOV KOl £Vl amopoitnTo Y10 TOV TPOGOIOPIGHO TMV
eMoTIKOV 0Tafepdv TV VAKAOV pe v NDT pébodo twv vrepnywv.
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Ewova 4.2 : Eyxdpowa kOpata.

[Tpénet va tovicBel 0TL kabapd drapnkn Kot eykdpoto kopota oynuatiCoviot oe éva
VAIKO, HOVO €Gv Ol OLGTACELS TOV VAIKOV, ot Kabeteg mpog ) devbuvon dibdoong
TOL  KOMATOG, sival  onuavtikd peyadvtepeg amd TO  PNKOG  KOHATOG  TOL
YPNCLOTOLOVUEVOL VITEPNYNTIKOV KOUOUTOC,

Edv dev minpeitar vty 1 ouvBnkn, 101e Tapdyovtol Kot dAla €0 KOPATOV OTmG
elval o kopate mhokdv (platewaves) 1 kOpota tov Lamb (Lambwaves), ta omoia
dwkpivoviarl ot dwwctaitikd Kopata (dilatationalwaves) kot 6t KOURTIKG KOpOTO
(flexionalwaves), ta em@ovewokd xvpoata (surfacewaves), ta kdpata oTpéyemg
(torsionwaves) K.G. XOVERMOC, €KTOC TOV JUUNKOV KOl EYKOPOIOV KUUATOV , HE
KOTAAANAO GUVOLACHO TOVG TOPAYOVTUL KOl TO, AkOAOVON £101 EAUCTIKOV KUUATOV.

424 KYMATA ITAAKON 'H KYMATA TOY LAMB

LNV TEPINTOON AENTOV TAUK®MV, To. Srddopeva katd dievhuvon kabetn mpog 1o
TAY0C TG TAGKOG EAACTIKG KOUATO, d1adidovTal pe Evay 11aiTepo TPOTO SLUPOPETIKO
omd exeivo mov dwndidovtar Ta (oo Kopato (StapnKkn Kot eyKapote), HECH 68 COUATO
peyaAov ootdoemy. Alokpivovpe 600 TOMOVE KLUATOV TAOK®V, TO. OLOCTOATIKG
KOpoTo Kot To KOpntikd kopata (Ewova 4.3).

ORECTION OF WAVE TRAVEL =————{ DIRECTION OF WAVE TRAVEL e

Particle oscillation

Ewova 4.3 : Kopoto tov Lamb a) Aweotaktikd, B) Kapmtikd.

L
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4.2.5 EINIOANEIAKA KYMATA- RAYLEIGH

Ta em@oavelakd KOUOTO OVOTTOGGOVTOL HOVO OTNV EMPAVELNL TOV COUATOV KOl
eMEKTEIVOVTOL OO TNV EMEAVELL PECH 6TO cOua, o€ Pdbog ico mpog éva mepimov
unkovg kopartog (Ewkova 4.4).

Direction of wave travel ——»

\ Particle
oscillation

Metal

/

Small arrows indicate directions
of particle displacement

At-rest surface

Ewkova 4.4 : Empoveiokd kopora.

4.2.6 KYMATA YTPEVYEQY

Ta kKOpoTo OTPEYEMS OVOTTUGGOVIOL GE COUOTO TTOV £X0VV HOPPN pafdov Kot
EKTEAOVV OTPEMTIKY] TOAGVI®OON YOp® omd Tov emunkn agovo g pafoov. H
d1evBvvon 810006emS TOV KLUATOV GTPEYENMS, GLUTITTEL pe TN dtevbuvon Tov dEova
™g papoov. O1 ta0 TN TEG HLA00MG TV NYNTIKAOV SWOUNKOV €| €YKAPGImV Cr Kol
EMUPOVEIOKDV Cs KOPATOV, glvarl otafepéc TV VAKOV Kot glvar aveEdptnteg omd
oLYVOTNTO TOV KOHOTOG KO TIG OLOGTAGELS TV VAIKMV.

Téhog, Otav ta NyNTIKE KOpoTo dradidoviat TPog OAES TG O1EVOVVGELS OLOIONOPPO,
ovopdalovtor ceoPIKd KOUOTO, EVEO TO KOLOTO TOL 0100{d0vVTOoL OUOIOHOPPO TPOG TN
pia povo katehBovvon ovopdlovron eminedo KOpOTO.

43. H XYMIIEPIOGOPA HXHTIKON KYMATON 3XTIX >YNOPIAKEX
EIMIOANEIEY AYO YAIKON

4.3.1 KAGETH ITPOXNITOYH ¥TH AIENTIIPANEIA AYO YAIKON

Edv éva nymrtikd ofjpa cuvavtioel KAeta T S0 ®PIoTIKY ETLPAVELL OVO VAIK®V,
tOTE vl PEPOG TNG MYNTIKNG EVEPYELIS TOV TEPVA GTO GAAO VAIKO, evd éva GAAO
uépog avakidatarl o ot (Ewkova 4.5).

To m0GOGTO TOVL AVOKAMUEVOL KOl OEPYOUEVOL KVOUATOG, €apTdtol amd TnV
OKOVOTIKT aVTIGTOOT Z TV dV0 VAK®V. H akovotikn avtiotaon opileton m¢:

z=p*c,

OTOL p 1 TLKVOTNTO TOV VAIKOD KOt € 1) TOXVTNTO TOV YOV GE QVTO.
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Ewova 4.5 : KaBem mpodcTTton KOUOTOG GT S0 ®PLOTIKN EMPAVELD OVO VAIKMV.

Edv éva mymtikd wopo mepdoer oe évo VAKO 0KOLOTIKNG avtiotaong Z;, Kot
oLVOVTNOEL KAOETA o S1oyy®PIoTIKY EXPAVELRL TCL pe £va GAAO VAIKO OKOVGTIKNG
avtiotaong Z,, tote opileton o cuvieleotnc avakiasng R, amd ) oyéon:

Z5,—Z
R= 2 1,
Z,%Z4

2Z,
Exi ¢ ovvtereoTnc otaO aonc: T=————
ToNGg WG TEAEQTNG (e Zy+21

Ot ovvteheotég avakiloong R kot 6160haong T, divouv to TOGOGTO TG NYNTIKNG
mieong mov avakAdtal, 1 eloympel 6To 0e0TEPO VAIKO. O cuviedeotg avdakiaong R
umopet va etvar BeTikdc 1 apynTiKdc, vd 0 cuvteleotig 10 aong T pmopet va givan
HEYOADTEPOC 1| LUKPOTEPOG TNG HOVAdAG Kot eEapTaTOL OO TIG TYHES TOV OKOVGTIKOV
ovTIoTdoe®V Z; kot Zo.

21 S ®PIGTIKN EMPAVELD TOV OVO VAIKAOV 10YVEL 1] GUVEXELN TNG NYNTIKNG TTiEOTG
mov ekepaleTot amd ™ oyéon:

Po+P=P,,

Omnov Py etvan n axkovotikn wwieon tov wpoomintoviog kKOpatog, Py etvar axovotikn
mieon Tov avakA®pPEVOL KOpaTog Kot givat ion pe RPy ko Po=TPy givor n axovotiky
mieon Tov O1bAdUEVOL KOHTOG. 'ETo1 svupmva pe ta Tponyov eV TPOKVTTEL OTL:

PotRP=TP,
I+R=T.

Edv ot akovotikéc avtiotdoelg 0vo VAKaV sivon ioeg (Z1=7;), T0TE eV LIAPYEL
avaxiaon, oniadn woyvel R=0, evdd 6Aog o Myog mepvd avepmodioto péoa omd
LY MPLOTIKY] ETPAVELD TOV dVO VMK®V, OnAadn tote Oa 1oyder T=1.

"Etot mpokimtel 6ti o KOPOTO TOV LIEPNXOV KATH TN LETAPOCT TOVG 0o TO YdAvPa
oToV aépa avakAovv to 99,96% g evépyeldg Tovg evd amd yaAivPa oe Plexiglas to
68%, amd alovpivio oto vepd to 70% Kot Téhog and yoralio oto arovpivio to 0.64%
™G EVEPYELS TOVG,.



Enopévmg Ba mpémel mpiv amd kdbe Eeyyo va eAEYYOVTAL 01 GUVTEAEGTEG AVAIKAUONC
kot Sbraong (R, T), ywo va eaceariletor m O1éAgvon TV LIEPNXOV GTO
eleyyouevo vAMKO. Mo KaADTEPT OKOVGTIKN EMOPY] TNG KEPUANG TOV LIEPYWOV KO
TOV VAIKOV 1 000 VAIK®V TopepPdAdeTal, ovarloyo Kol PE TO €100G TOV KLUAT®V
(drounkm M eykapoia), KatdAAnAn ovcio 6m®G 10 AAdL pUnyovig, To vepo 1 O1dpopeg
ewIKéc maotec. Etol, evd 10 mapepforidpevo Aemtd otpopa s EEvng ovoiog
HELOVEL TNV €VTOOT TOL OEPYOUEVOL VIEPNYNTIKOD KOUATOG, TAVTOYPOVE OUMG
€E0VOETEPMVEL TO GTPAOUA 0EPA TTOV O VITPYE HETAED TV dVO COUATOV YOPIG TNV
napovsion g ovoiag kot Bo avokiovoe oyxeddov 10 100% g evépyslog TOL
VITEPNYNTIKOD KOUATOG.

4.3.2 HAAT'TIA TTPOXIITOYH XTH ATIAXQPIYXTIKH EITIOANEIA AYO YAIKON

Otav éva mmrikd KOUO TPOOTINTEL GE L OWPICTIKN ETPAVELD 0VO VMK®OV UE
yovia tpécTtoong dtdpopn twv 0 popdv énwg cupPaivel oty KA TPOGTTOO,
TtOTE GLUPOIVOVY TTOAD JLOPOPETIKE POIVOLEVO. XTIV TEPIMTOGN OVTH, TO NYNTIKO
KOpo avakAdrtol kot dtbAdtol dmwg oty Kabetn mpdontwon. H dwawpopd pe v
KkéBetn mpdomtwon elval 6Tt 6TV TAAYL0 TPOGTTOGN NYNTIKOL KOUATOS TOPOTPEITOL
LETATPOTY] €VOC WEPOVG TNG €VEPYELlg Tov o GAAO €ldog KOMATOG, TOGO GTO
AVOKADOUEVO OGO Kol 6TO SLOOADEVO LEPOC TOV.

2mv Ewéva 4.6 gaivetal 1 TpOoTT®oN £vOG SIOUNKOVG KOUOTOG, GTN S0 MPIGTIKY
EMPAVEIL OVO VDMK®OV, OT®MG KOl TO TOPOYOUEVO OVOKADOUEVO Kol StabAdpeva
€YKApoLoL Kot StopnKn KOpoTa.

<3

Incident Reflected

Beam Beam

9| Incident Angle

6, Aokacted Anglo Refracted Refracted

i
1
1
I
I
: Shear Beam Longitudianal Beam|
1
1
1
1
L

Ewova 4.6 : Aibypoppa pe 6Aa ta mhova €101 KOPLATOV KOTE TV TPOCTTM®GT VIO
yovia 0; SIoUNKOVS KOUATOS GE SLOYMPLOTIKY| ETLPAVELL.

[Topatnpeitor 6t mwapdyovtar 4 €idn Kopdtwv, dvo ond avdxkiaon kot OVO Amd
ouwbAaon. Emiong, 10660 oty avdkioaon 6co kot otn 61dOlact, mapdyston and Evo
Sltoupunkeg Ko £va eykapoto kopa. Evvogitor 6t1 6tav 10 vAKO givor vypo 1 a€plo Ta
gykapota Kopata eEapaviovrat.

Ot oevbiveelg OAwV TV KLPAT®V, TOGO TOV TPOGTIMTOVIOS OGO KOl T®V
AVOKADUEVOV Kot dStobAdpevayY, Kabopilovtal ard T yovia mTov oynuatilel kabe Eva
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amd T, PE TNV KAOETN TPOC TN SY®PIOTIKY| EXPAVELN TOV OV0 VAIKAOV. X& 0VTH
TNV TEPINTMON TPOCTTOONG TOV NYNTIKAOV KUUATOV, 16X00LV 01 15101 PLGIKOL VOLOoL
OV 1GYVOVV Kol 6TV OTTIKY|. Emiong, 0mm¢ kol oty onTiky, £T61 Kot 6TV TEPITTMON)
TPOCTTOONG TOV NYNTIKAOV KUUATOV Topapévouy ot évvoleg dtdbiaon 1 avdicioon
TOV KOWOTOG pe TNV 101 onpacio. Ioydel o yvwotog amd v ontikn, vopog tov Snell,
0 omoiog maipvel v mapoakdto popen (Ewodva 4.7) coupmva pe 10 tponyodEVO
OXTHO.

Snell’s Law:

ny sin €7 = no sin 6

o

0,

g

Ewova 4.7 : O vopog tov Snell.

Avt M oyxéon oyvetl Yo kb €ldovg KO, EYKAPGIO 1 OUNKES, gite TPOKELTUL Y10l
avaxkiaon Tov 1 d1dOAacN ToL.

4.4 H AEXMH TON YIIEPHXON: ITAPAT'OQI'H — XAPAKTHPIXTIKA

4.4.1 TENIKA

[Mopaymyn vrepnyov tpaypatonoteital pue dtdpopovg 1pdémovs, wotdéso otov MKE
HE VLIEPNYOVG KOTA PAcm 1 OéouUn TOV VRAEPNYWV TOPAYETOL OEOTOLOVING TO
melonAekTpIKO Qovopevo, Katd To omoio, oe avtifeon pe Tic dAleg pebddovg,
dvvaton va. wapoayBovv veépnyol vyniodv cvyvotntwv. Ot oueOntipeg vrepnywv
(ultrasonic transducers), amotelobv 10 Opyavo mapay®yNS (Toumd) Kot TOAAEG POPES
TavtoOYpova, TO aoOnTiplo Opyovo (OEKTN), TOV GULGTNUAT®OV VIEPNYWOV TOL
ypnowonoovvior otov MKE tev vAk®v. Xuven®dg, 1o nyntikd medio e 0éoung
VIEPNY®V, OGOV aVAPOPE GTO YEVIKE TOL YOPAUKTNPIOTIKA, cLVOPTATOL 0Td TO €100G
TV aentipov Tov ypnoyorotovvtat. [apaxkdtm, Teprypdpetar 10 melonAekTpikod
QOIVOLEVO KOl TO YEMUETPIKA — MAEKTPIKE YOPOKTNPIOTIKA TNG MYNTIKNG OEGUNG.
210%0¢ eivar M ewaywyn Tov xeploty Owrtdéewv MKE pe vmepryovg, o
pefodoroyia emAhoyng katdAANAOL eE0MMGHOD KOTO TEPITTMON).

4.4.2 TAPATQI'H YIIEPHXQON — INTEZOHAEKTPIKO ®PAINOMENO

To meloniextpikd @ovopevo ivor pio Pactkr] 1010TNTO OPICUEVEOV QLGIK®OV M
OUVOETIKOV KPLOTAAA®V, Ol omoiolt Otav katamovoOvior epgavifovv avtibeta
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NAEKTPIKA POPTIOL OTIG ATEVOVTL TAEVPES TOVC. [0 TNV KOTAvONGeN TOL POLVOUEVOL
Bewpovpe tov kOPo and meloniektpikd kpvotarro e Ewdvag 4.8.

Otav 0 mefonrekTpikdg KPUOTAALOG KATATOVEITOL EVOALAE G PEAKLGUO Kot Oy
TAPAYEL EVOALAGOOUEVO MAEKTPIKO OLVOUIKO OTIS omévovTl empdvelés tov. Etot,
Otov €V0 OKOVOTIKO KOWO, OTNV TEPITTMON HOG VREPNYNTIKO, QPTACEL O Evav
meCoNAEKTPIKO  KPUGTOAAO, TOV VLTOPOAAEL GE KOTAOGTAGCY EVOAAUGGOUEVOL
epelkuopol ko OAYMC. Avtd €xel MG AMOTELEG LA, VO AVOTTUCGETOL EVOAAUGTOUEVO
NAEKTPKO dVVOLIKO, N TOMKOTNTA TOL 0010V OAAALEL [LE TN GLYVOTNTO TOV KOHUOTOG
Kol 1 Téom Tov elvar avaroyn g akovoTikng ieons. H dwadikacio oty amoterel to
ev0y melonAekTpikd @aVOUEVO KOl TOTE O KPUGTOAAOG AETOLPYEl G OEKTNG
KOUATOV LIEPNY®V, UETOTPEMOVTOG TIG UNYOVIKES TOAOVTMGES GE NAEKTPIKN TAOM
(MAekTpikd onpaTo).

To melonAextpikd povopevo, dpme, eivol ovaotpEyino. AnAadr|, edv EQOPUOCOVLLE
éva NAEKTPIKO JVVOIKO OTIG OmEVOVTL TAELPEG £VOG TIECONAEKTPIKOD KPLGTAALOVL, O
KpYotarhog Oa TapoapopPmbel eperlkvotikd N OAMmTIKG, avAAOY e TV TOMKOTNTO
TOV NAEKTPIKOL Ovvapikov. Edv to dvvapikd avtd sivar evarlacoodpevo, 101 0
KpOotadhog Oa epeikdetar 1 Ba OAiPeton pe T cvyxvoTTO TG EVOALAGGOUEVIG
tdone. Edv gumodiotel n oddayn Tov 000 S106TAGE®V TOV KOPOL, TOTE PE TNV TPith
tov Oldotaon Ba aokel OAmTIKEG dLVAUES 6TO PEGO (VEPD, aépag, HLETAALO), LE TO
omoio cuvopevel 1 Tpitn d1doTaoT Kot ot onoieg Ba etvar avdAoyeg pe TV TAoT TOV
epapuoletor otov kLPo. XtV mepimTon mwov M TAoN Elvol EVOAAACGOUEVT,
TPOKOAOVVTOL HETAPOAEC OtV TlEON TOL OOKEITOL OTO HECO KOl EYOVUE G
OTOTEAECHUO TNV TOPAY®YN OlunKeVv kKoudtov. To avdotpoeo mielonAekTpikd
(QOVOLEVO YPNOLOTOLEITAL Y10 TNV TTOPAYMYY| SLOUNKDV DITEPNYNTIKOV KUUATOV.

XPNOOTOUDVTOG TOVG TECONAEKTPIKOVS KPLGTAAAOLG VO AEITOVPYOVV ElTE UE TOV
evby elte pe tov avaoTpo@o TPOmMo, KOTUoKEVALOVTOL Ol TELONAEKTPIKES KEPOUAEG
(transducers), ot omoiec elvar {omg TO MO ONUAVTIKO OTOLEID €VOG GLGTNHUATOG
VIEPY®V. ZNUEPO Y10 TNV KATOOKELY] TOVG YXPNOLUOTOoVVTOL TO. TELONAEKTPLKL
KEPOUUKA, TO, OTTO10L EIVOL TOAVKPVOTOAMKA GLONPONAEKTPIKA VAIKE, L KPVOTOUAAIKN
doun oAV kovtd ot1o KuPikd cvotnuo. Ta LAIKA avTd £(0VV OVIIKOTOGTNGEL GE
peyéro Pabud tovg kpvotdArovg yoralio, waBmg eivor  otkovoukoTeEpPQ,
KATaoKeLALoVTOL EDKOAN KO LTOPOVV VO TAPOLV OTOL00NTOTE GYNLLOL.

Yuvoyilovtog, 1 HETUTPOTN TOV NAEKTPIK®OV TOAUMY GE UNYOVIKEG TOANVTMOELS Kol
AVTIGTPOP®GS, 1 LETATPOTN TOV UNYOVIKOV TOAAVIOGEMV GE NAEKTPIKA GTLLATO, TOV
npaypoatonoleiton  and to meloniektpikd ortoryeio, elvar m Paon Tov N
KOTOGTPOPIKOD EAEYXOV LLE VITEPTYOVC.

AN y Kpuaralloycavikci
LA QEoveg xpuoTdAAou
yaialia

T — x-n\dxa yia f 21— 3
— : . _ s =i I T,
x Si1apnikn xKupara f e 18 ety

y-nidxa yia IR /
EYKGpoia wupara ] '

{a) »

Ewoéva 4.8 : o) O xpdotariog Tov yoralio kot B) Toa mlakiow y Kot y.
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4.43 TEQMETPIKA XAPAKTHPIXTIKA AEXMHY YITEPHXON

H 6éopun tov vrepyov ekméunetol and KpUOTAALOVG e KUKAKN dtaToun (KEQOAEG
KkaBétov déounc) M amd KpPLOTAALOLG 0pOBOYWVIKNG S1OTOUNG (YOVIOKES KEPOALS).
Avti 6pwg n déoun vo Tapovctdlel KOV KLAIVOPOL 1 TPICUATOC TOPOVGIALEL ia
TOALTAOKOTEPN GUVOETN €1KOVO. ZTNV MEPIMTMOT TOL 0 KPVGTOAAOG £YEL KUKAIKN
Swatopn], M vrepnyNTIKN 0éoun yowpiletar oe Tpelg {dveg Kot €Yl T HOPON TOL
oynpotog (Ewova 4.9).

Backing Material Wear Plate Sound Field
Electrical
Leads
A —t
Piezoelectric Element
Near Field Far Field
Ewova 4.9 : Aéoun vepymv Kot yopaKTNPIOTIKEG TEPLOYES.
4.4.4 NEKPH ZONH

Mo tebel og Aettovpyia 1 GLOKELT TOV VIEPTX®V ELPAVICETAL O APYIKOG TAANDG.
Av 10 TTpo¢ €EAeyy0 VMKO givon TOAD Aemtd, M avaKAAoT TG ToW EMPAVELLS TOV Oa
TEGEL GTO TUNHO TG 006VN G oL NON KaTaAAUPAVEL O opykdg TOANOS. Mmopet eniong
0 MYO¢ KaTA TN 01dPact] Tov péEco amd Eva OOKIUO VO, GLVOVTIOEL TOAD KOVTH GtV
empaveln. Omov Ppioketor 1 KEQOAN KAmOw ATéAELD, TOL VO, EEAVAYKACEL TUNLLOL
ovTOV Vo avVOKAOGTEL Ko TAAL 1] avakAaor ot o€ Ba pavel Tdvo otnv 006vn. v
TePOYN ot Aowmdv mov Ppioketor TOAD KOVIQ GTNV EMPAVELN TNG VIEPTNYNTIKNG
KEPOUANG, elval addvaTn 1 aviyveLON OTEAEIDOV 1 KOl OTOLNGONTOTE UETPNONG, AOY®
TOV OTL TO VYOG TOL OPYIKOD TOALOD KOAVTTEL TIG OVOKAAGELS TOV £PYOVTOL OO TIG
dlapopeg avopariec tov dokiiov. I'ia t0 Adyo avtd M meployn ovopaletor vekpn
Covn. H vexpn {ovn givor 1060 peyoddtepn, 060 1 GuYVOTNTO TOV VIEPNY®V givat
pikpotepn. o éleyyo moAD Kovid oTNV EMPAVEID TOL SOKIiOV pmopel va yivel
APNON OMA®V KEPOUADMY OV TAEOVEKTOVUV EVOVTL TOV OMADV KEPOADV GTO OTL dgv
nmapovctdlovy vekpn Covn.
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4.4.5 EITYY ZONH (ZOQNH FRENSEL)

Metd ™ vekpn] Lovn, akoAovBel n eyyhg {dvn oty omoia mapatnpeitoar cupPoin
™mg déoung. Aniadn omnv mepoy] avth, T0 €UPUSOV NG STOUNG TNG OEGUNG
CLUVEYDC UEIDVETOL, VO ovtifeta M evépyela avd HOvAdo ETIPAVELNS CLVEXMOG
peyodlovel. Apa, 660 peyoldtepn yivetat 1 amdcTOoT Amd TOV KPUGTOAAO, TOGO TO
VYOG TOL TOALOV HEYOADVEL €9’ 0G0V BEPota TPOKLTTEL Yio TOV 1010 OVOKAAGTNPA.
To pnkog ¢ eyyvg Lovng e€aptdton amd T0 oYU TV KpLOTAAA®Y. 'ETot av puAdue
Y10 KUKMKO KPOGTOALO TO UNKOG TG Elva:

N=D"2*{/4*Cn N=D"2/4*},

e N= 10 unkog g &yyvg {odvng oe mm.

e D=n duidpetpog Tov KpLoTdALoL GEMmM.
e f=mn ovyvomta oe MHz.

e )= T0 UNMKOG KOHOTOG GE mm.

e (C=n taydtmta ToV YOV 0E m/sec.

Fraunhofer zone
Fresnel zone
/70 /
.- -.-':-j;- ............................... v -
7 '\..\
- [
A d
—— ’/-’
s

Ewova 4.10 : Eyyog Lovn.

O kpOOTOALOG TPOKELUEVOL VO GTEPEMDEL LEGU GTNV KEPUAT], TAKTOVETOL OO TN Lo
EMPAVELDL TOL. ATOTELEGHA OVTOV givar Eva LEPOG TNG EMPAVELOS VO TTOAAETOL KOL TO
Ao va pével akivnro. H empdvela avt ovopdletar evepyodg empdvela. H didpetpog
OV OVTIoTOWEL otV evepyd emdveln ovoudleton evepydg OldpeTpog Kot
ovpPoAriletan pe Deff. Zopuemva pe tovg yepuavikovg kavovioovg 1oy vEL:
Deff=0.97*D
Ondte N mopamdve cyéon yivetar:
N=0.94*D"2*{/4*Cy N=0.94*D"2/4*\

["o teTpaymvikng O10TopNG KPVGTAALO 1OYVEL:

N=1.3*(qefp) */4*C
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e N= 10 unNKog g €yyvg {dvng oe mm.

e f=n ovyvomra ce MHz.

e (C=ntaydtmra ToV YOV o m/sec.

®  (ef= 1 EVEPYOGS EMPAVELD TOV KPVGTAAAOV.

4.4.6 ATIOMAKPY>XMENH ZONH (FARFIELD)

Metd 1o téA0g TG £yYVG Cdvng akoAovBel n amopakpvopévn (ovn. Ztn {dvn avt N
NYNTIKN OEGUN OMOKAIVEL. ANAAOT GTNV TTEPLOYT QLTI OGO OTOUAKPVVOLUGTE OO TNV
KEPOAN, TO EUPAOOV TNG OATOUNG TNG OECUNG GLVEYMG LEYAADVEL, EVOD 1 EVEPYELD AVEL
LOVAd0 EMUPAVEIONG CLUVEXMG UELOVETAL. Apa, OGO O OVUKANGTAPOS OTOUOKPVVETOL
amd ToV KpOGTAAAO, TO VYOG TOL TOALOV 6TV 000VN [iKpOiveL.

H yovio @ 100 k@VOL NG OECUNG TOV VIEPTYMV TOL EKTEUTOVTOL OO £VOV KUKAIKO
KpOoTaALO, divetar amd T oyéon:

Sin®/2 = k*N/D
Omnov o cvvtedeonc k e€aptdTor omd TO VYOG TNG AVAKANCNG Kol TOiPVEL TUUES:

e k= 1.22 yia Oyog avaxkiaong 0%.
e k= 1.08 yia Oyog avaxkiaong 10%.
o «=0.56 yia Vyog avaxkiaong 50%.

To Vvyoc avakiaong 50% 1 60% mpoxvmtetl edv BewpnBel N TYN TOV VIEPY®OV ©G
pio amAn Ty pe EuPoro, omdTe 1 TOKIAMN GTNV OKOVGTIKY| TTLEGT TOL OMLIoVPYELTOL
Katé puKog Tov a&ova g déoung, PR, og pia andotaon R and v mnyn, divetar and
™ oxéon:

PR=P,*2sin {m/A*[(D*/4+R?*)-R]}

"Etot yio Oyog avakiaong 50%, evvoeitor 0Tl 1 aKOLGTIKY TEGT TOL KVUATOG £)EL
pewmBel katd 50%. Avdioya yia Oyog avakiaong 10%. Otav n yovia O givor peydin,
TO VYOG NG KABETNG EKTPOTNG GTOV TOALOYPAPO €ivol HIKPO LE AmOTELEGHA VAL ETvat
dVOKOAOG 0 EAeyy0G TV VAIKOV. [Ma va petmbel n yovio O, tpénel pe faon tov TOmO
Sin®/2 = k*A/D:

e Na ypnowomoindel mefoniektpikdg kpHoTaAlog peyardtepng dwapétpov D 1)
e No pewwbel 10 pMKog KOUATOS pe avénom TG cLYVOTNTOS TOV TAPAYOUEVOL
KOUOTOG,.

[Tpémer va tovicBel 0TL o1 €£1I6MOELS Y10 TO OUGKOPTIGHO TNG 0EGUNG Ogiyvouy OTL
LKPTG OLUUETPOV KEPOAAEG EYOLV TAATIO OEGUN, KOL TO UEYAANG OLOUETPOL KEPAAES
&xovv mo gvkola KateLBLVOUEVN dEGUN, OAAG LE peyaAvTEPT £YYOC (V.
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447 HOIOTIKA XAPAKTHPIXTIKA THY AEXMHY  YIIEPHXON
INIEZOHAEKTPIKON AROHTHPON

H amo6doon tov eAéyyov pe vrepiyovg yopaktnpileTon amd Tn SoKPITIKN IKOVOTNTO
(resolution) kot TV evacOncio (sensitivity), g mapayoduevns déoung veepnywv. Ot
évvoteg ovtéc ¢ éva Pabuo exkppdlovv v kavotnta e MK pebddov va evromicet
TG ATEAELEC.

Q¢ gvoucOnoia opileton | KavdtTTa TG PEBOOOV Vo, EVTOTIGEL LIKPDOV O100TACEMV
atéleleg. Qg daKpiITiky wavoTTa opiletar n KavotnTa TG HeBOdoL v EVTOTicEL
atélelec, ol omoieg eivor mOAD Kovtd, eite peTa&d TOLG, €iTE€ OTNV EMPAVED TOL
vAkov. Kot ta 000 avtd peyédn cuvoptodvtal amd T cuyxvoTnTa TOPoY®YNG TMV
VIEPNY®V. ZVYKEKPIUEVO, Ko TaL 0V0 PEYEDN avEAvovTon 0G0 aVEAVETOL 1] GUYVOTNTOL.

Emiong, mototikd yopaktnplotikd g oéoung dvvatar va Bewpnbel n eochBévnon

(attenuation). H e£acBévnon eivon 1 ammAeio evEpyelag ™G OEGUNG, MG CLVETELL TNG
okédaomng (scattering) N Tng amoppdenong (absorption).
H oxédaon epeaviCeton 6tav 1 dEGUN TOV VTEPNY®V CLVOVTA VIO YOVIEG OLAPOPES
JLYOPIOTIKEG EMPAVELEG KOl OVOKAATOL I S1BAGTOL aKaVOVIOTA 1] LETATPEMETOL OE
Ao €lon wopdtov. H omoppdenomn elvar 1n GUEST UETATPOT TNG HUNYOVIKNG
EVEPYELOG TV VIEPNYNTIKOV KUHATOV o€ Beppdtnta. H amoppdenon eivar wo £viovn
OTOV Ol TOAOVTIMOELS YIVOVTOL ME UEYOADTEPN TOXLTNTOA, ONANON HE LYMAOTEPN
oLYVOTNTO. XTO TEPIGGOTEPA LMK, 1 oamoppdenon eivar guBémg aviroyn tng
GUYVOTNTOG TMV LIEPNYNTIKOV KUUATOV.

Ovcuotikd Aowmdv, m amoécPeon elvar 1 pelowon g MYMTIKNAG Tieong TV
VIEPMYNTIKOV KOUATOV, amd TV opyikn Tun Py oe kdmow tiun P, étov to kdua
dramepvd 1o vVAIKO og Bdbog d. H oyxéon mov diver v mieon P og andotaon d péoa
070 LAKO givon :

P=P,* ¢™

O ovvtedeot|g a KoAeiton ocvvieleotng omdofeonc (attenuation coefficient) o
exkepaletar ouviwg oe dB/mm 1 dB/m. H cuvolkn amdcPeon oe pio amdctaon d
TOL VAKOV, TPOKVTTEL A TNV akOAoLON GXEON :

_ 150
a*d= ln-; [Np]

Exopaletar oe Nepers [Np]. o mpaxtikodg Adyovg €xel kabiepwbel g povada
andcPeong to decibel [dB], omoio cuvoéetar pe [Np] pe ) oxéon 1dB/m = 8.686
Np/cm.

448 H EIIAPAXH THY YXYXNOTHTAY XXTA XAPAKTHPIXTIKA THX
AEXMHY  YTIEPHXQON. AIAAIKAYIA EINIAOTHY IMIEZOHAEKTPIKOY
AIXOHTHTPA.

H ocvyvémra mopaymyng tov vrepiyov toilet onpoviikd poro OG0 010 TOLOTIKA
0G0 KOl OTO YEOUETPIKA YOPOKTNPIOTIKA TG déoung tov vrepnyov. Iapakdtom
YiveTol avagopd og TEPALTEP® GLGYETIGELG LETAED TOV TOPAUETPOV QVTAOV.
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H amdxpion tov aicOnmpa otig akpaieg TIHEG ouyvoTTOC, ££0PTATOL OO TO VAKO
andcPeong to onoio eumepiEyel. Oco peyadvtepn eivon n amdSPeCT, T0G0 UEYOAVTEPO
glval To €0POGg TOV GLYVOTITO®V GTO OTOI0 ATOKPIVETAL.

Me Bdon Tic oy€oelg mOV GUVIEOLV TN GLYVOTNTO LE TO TOLOTIKG YOPAKTNPIOTIKA

™G OEGUNG TV LIEPNYWV, 1] AVENCN TNG GLYVOTNTOG :

o Av&dhvel v evaucOncio Kot T SoKPITIKN KOVOTNTO (KOVIA GTNV EMPAVELQ).
o YvvieAel otV emitevén otevoTtePNC OEGUNG.
e Av&dvel to uMrog g £yyvg Lmvng.

SOUpova pe OAo TOL TOPOTAVE®, QOIVETOL AGPOAES TO GUUTEPOUCHO OTL QVEAVOVTOG
™ oVYVOTNTO TOPAYMYNG TOV LIEPNYWV, avEdvovpe v amddoon g pebddov.
Qo1660, KaTL TETO10 eV 1oyvEL amdAvTa. [Ipénetl va Aapupdvoviotl Tavtdypova vIOYN
N eMOPACT NG GLYVOTNTAS GTO VITOAOUTO, (YEMUETPIKA) YOPOKTNPIOTIKA TNG OEGUNG,
T OO0, EMIONG GLVOPTAOVTOL OO TOPAUETPOVS, OTMOC, 1 SO Tov LAKOD (péyebog
KOKK®V), TO TAYOS TOL LAIKOV, TO £id0¢, 1 mbavn Béon kot to uéyebog twv atereldv,
K.o. ' Etot 1 avénon g ouyvotntog, cuvendystot Eniong :

o  MeydAn amodvuvapuwon AOy® oKESUOTG.
o  XounAn d1E1GoVTIKOTNTA.
e  Yynio 86pvfo amdxpionc.

Eivon mpogavéc, O0t1 amotedel 0OokoAn odwdwkacioo 1 emitevén g PEATIOTNG
EMAOYNG oLYVOTNTAG, KOOGS mpémetl va 1sootabuilovtal Tavtdypova 1 BETIKN Kot M
apvnTikn emidpaon g peTafoAng g cvyvotntoag. Qotdco, 1 emAoyn alchnTipa
KATAAANANG cvyvotnTog Bewpeitar avaykaio dtadikacio yio KOs mepintwon eAEYyovL.
Kabag dev vdpyetl kamolo LobnUaTiKy] £€K@PaoT] Tov Vo cLGYETIEL OAEC AVTEG TIG
TOPAUETPOVG LLE TNV OTOTEAEGLOATIKOTNTO TG HeBASoL, ypnciponoteital 1 £€vvola Tov
Adyov Enuatog mpog GopvPo (Signal-to-NoiseRatio-S/N), wg kpitiplo aglordynong
Kot EmMA0YNG asOntipa. I'evikd évag Aoyog S/N, 3 mpog 1, Bempeitor L amoterel T
Baon.

O Aoyoc S/N, eppécmg duvatal Vo EKPPACEL TV OTOTEAEGLOATIKOTNTO TG HeBOOOV
KaBmOG TEPYPAPEL TOGO CNUOVTIKOTEPT Eival 1 aVAKANGCT TOL TPOEPYETAL OO Hia
atéleln og oxéomn e TV avakAaon — B0pvPo mov TPOEPYETUL OO YAUPOUKTPLOTIKA
TOVL LAIKOV (OT®G M HEYAAT KOKKOUETPIOL TOV) 1 GLOTATIKA TOV (O™ TOL AdpOvy GTO
oKVPOSENQL).

Onwg etvar yvootd 1 1oy0g evOg oNHOTOC TpoepyOuevoL gite amd BopvPo site and
ATELELDL GUVOPTATOL OTTO TOPAUETPOVS OTTMC:

o To yeopetpkd yopoktplotikd e mopayouevne déoung (Covn eotioong).

e Tn cvyvoTTO KOt TO E0POG GLYVOTHT®V TOV osOnTpa.

e Tn dwdpoun Tov Nyov TPV 10 onueio eréyyov (LEca 6To VYPO 1| 0TEPED HEGO)
KoL TNV ondoTaoT.

e Toa yopaxtnpiotikd g emedavelag (TpoydTNnTo, LOpeN).

e Tn Béon tov atereldv o€ oxéon pe T 01evBvvon g dEounc.
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Tr doun Tov VAIKOVL.
Tnv avaxklooTiKOTTO TG ATEAELNG, 1 OTTOL0 EEOPTATOL QIO TNV OKOVGTIKY| TNG
avtioTaon, 1o puéyefog Kot oyfLa TNG KoL TOV TPOGOVATOAGUO TNG.

[ToAAég amd TIG mepupitpovs avtég cvoyetTilovion Ot 07201 tov divel T0 Adyo

(S/N) :

‘Onov

16 *Afmw(f())
P *Vimera * Wy *wy, * 4 FOM(fo)

p : TUKVOTITO.,
Vimetar * TOOTTA X0V,
Wy KL Wy: 6100TAGELS BioKOL dEouNG 6T0 onueio eotiaomng,
A¢: ddpkeLo ToAUoD,
fodoovyvotTa,
Afjow * éviaon moApod oty 18106VxvOT 1O,

FOM : 06pvpog 61pHatog 6NV 10106V(vVOTNTOL.

H oyéon avtn divel m dvvatdmta va Pertiotomombet n emAoyn g cuyvotntag o€
oyxéomn pe T AAAeg Tapop€Tpovs. ['evikd amd ) oyxéon avt) @aivetal 0Tt 0 Adyog
(S/N), kou cuven®g N YVNAACILOTNTO P0G OTEAELOG:

Av&davet, kabng avgdaver to péyebog e atélelag. H yyvnmiaocpdmro piog
atélelog etvon evBEmg avdioyn tov peyéboug e,

Av&dvel 660 mo otev givar  déoun. H yyvnloaootto piog atéietog eivon
AVTIGTPOPMG OVAAOYT TOL TAATOVG TG dECUNG.

Av&dvel 600 mo ochvtopog givar o Tolpdc. H yyvmiaoyomto pog atélelog
etvar avtioTpdPMC avaroyn g didpkelg tov maApov. Oco mo GVUVTOUOG
etvat 0 TaApOG (Tov TapdyETaL Amd AoONTNPES LEYAAOV EVPOVG GLYVOTHTMV),
TG0 AMOOOTIKOTEPQ AVIXVEVETOAL 1] OTEAELD.

Meidverat yro. VAKE PEYEANG TUKVOTNTOG 1] Ko peydAnG ToyLTNTOS S1dd0oTg
TOV NYOV.

Tevikd ov&aver pe v avénon g ovyvomtas. L26td00 Yoo pepikd VKA,
On®G T0 KPApoTo TTaviov, 1060 0 Opog Aggy, 000 Ko 0 Opog “Figure
ofMerit”, (FOM), tng e&iomong petafdiiovion xatd tov 1010 epimov TpOmO
600 petafdiretor n cvyvotnta. ‘Etol oe pepucéc mepimtwaoelg o Adyog (S/N)
elvar aveEaptnrog g cvyvotnTog.
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KEDOAAAIO 5: EEOITAIZMOX KAI
ME®OAOAOI'TA TN
YITEPHXCQN 5

5.1 XYYXKEYEY

O cmoTOC €AeYYOC TOV CLYKOAANCE®MV OMALTEL TOV KATOAANAO £E0MAMGHO, O 0010
npénel va Pabpovoundel pe v avdroyn oakpifei amd tov yepomy. Aéyovtag
e€omMopd, €VVoOlUE KUPIMG TNV GLUOKELN, TIG KEPOUAEG TOPAYMYNG VIEPNYW®V, TO.
KAAMO0. GVUVOESTG TOVG, TO TPOTLTA Pabpovounong kot o vypd ovlevéng tove. Ia
va emtevyBel 1 péylom axpifeia Kot yvnAAcILOTTO TOV PETPNGE®V, EKTOG amd TN
owotn emAoyn Kabevog amd to mopomdve Eexwplotd, mpémel vo dobel 1dwaitepn
Bapdtmra Kot 610 cwotd cuvdvacud tove. ‘Etot, Aowmdv, opilovpe kamoleg eAdyloteg
aropoitnreg Tpoimobécelg (Tov aPopovy Kupiwg TNV GLoKELN KOO AVTY]), Ol OTOIES
KoL TPEMEL VL TANPOVVTOL Y10 TO GOCTO EAEYYO TWV GUYKOAAGE®V, TOV OVAPEPOVTOL
TOPOKATO:

e No pmopet vo Aeltovpynoel TOGO G€ U0 KEPAAT, TOV ToUlgl TO POAO Kol TOL
TOUTOV Kot TOV EKTT, OGO Kot e dVO KEPAAEG, piol Yol TOV TOUTO Kot pio yiol
70O JEKTY).

e No pmopel vo AEITOLPYNOEL GE TOLAAYIGTOV SVO GLYVOTNTEG UECH GTNV
neproyn ano 1 éog 6 MHz.

o Na &yel E0MTEPIKO EVIGYLTH KO 1] EVIoYLOT Vo ToipveL S1akpitéC TIHES ava 1 1
2 dB.

e No umopel va ¥pnoLOTOLEL TOV EVIGYLTY, YOPIG Vo KpOPEL Ta advVoTO GLoTal
(awtd ONAad” oL 0 TAAUOS AVAKANCTG TOVS ival TOAD acOeVN().

e Na éxel Tapovoioor o€ popen A-scan 1 dAAN TapoOUOLO.

e Na &gl ypovikn Pdomn mov va eivor ypoppkn, pe oandkion = 1% og 6An v
euPéreta Tov TOAUOD.

e Na mapéyel puOulopevn éktaon xpdvov — Baong arnd 100 g S00 mm unKog
SO POUNG TAALLODY, TOGO Y1 SIOUNKT OGO Kol Yl EYKAPGLO KOHOTOL.

e Na £&yel éheyyo Kabvotépnong, MOOTE VO UTOPOVUE Yo KAOE KEQOAN Vv
VTOAOYIGOVUE TOV «VEKPO YPOVOY», ONAAdN TO XPOVO OV YPEWALETAL O TAAUOG
Vo 010vOoEL TV amOoTOoT amd ToV TELOKPUGTOAAO HEXPL VO SIEIGOVCEL GTO
TPog EAeyy0 TEUdYL0.

e H 006vn tov opydvov va €xel dafabuicelc 1660 katd v opldvria, 0G0 Kot
KATO TNV KotaKOpuen o1ebiuvorn Kol Katd TPOTIUNoMN amd TNV £CMOTEPIKY
mAevpd ™G 006vNg, dote va amogehyovtol avakpifeleg mov opeiloviol og
eowvopeva dtiBraonc.
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H 006vn va €xel v katdAANAN @OTEWVOTNTO, OCTE OAEG O1 £VOEIEELS Va ivat
EVaVAYVmoTeS amd pa ardctacn S00 mm.

‘Enerta and 15 Aentd mpoBépuavong g GuoKELNG, ot evoei&elg oty 006vn

TPEMEL VO €lval amoAVTOG oTafepég Kol katd v optloviio Kot KOTQ TNV
KataKkopven devbvvon.

Mo ovokevég mov TPOoPodoTOvVTOL OO TO NAEKTPIKO SIKTVLO, SLOUKLUAVOELG
otV tdon Tpoeodociag g TaEews Tov £10%, dev Tpémel va TPoKOAOHY 0VTE
oplovtieg petatomiosls peyoAvtepeg tov 1% g éktaomg tov ypovov —
Baong, ovte petatomicelg otnv  evioyvorn (KATaKOPLEES UETATOTICELS),
peyoAvtepeg and 1 dB. Xvokevéc mov Asttovpyovv pe pmotopio, TPETEL Vo
KAEIVOLV OTOMOTO OTOV Ol TAPOTAVE® GLVONKEG dEV TANPOVVTAL.

H mieloynoeio tov mopondve amoitnoewv, umopel va eleyyBel yopig xov va
yperdleTon N vapén KAmolov doKipiov. Mepikég, OUMS, amatovy KATIAANAO doKipo,
10 onoio pmopel va givar gite omotodNmote tepdyto and ydAvpa, gite Eva and to [IW
npdTLTa Pabpovoumong.

Awokpivoope 600 PEYAAES KATNYOPIEG CLGKELAOV EAEYYOV:

1.

Dopntéc dwutdelc eléyyov: Me TIG OPNTEG GLOKEVEG YIvETOL YEPOKIVNTOG
ONUEWKOC EAEYYOC, HE emapn NG TECONAEKTPIKNG KEPOUANG TNG OATAENG
miveo oto e&etalopuevo LMKO, apol TpdTa KOAVEOEL 1) TEPLOY EAEYYOL UE Eval
otpodpa pécov ovlevéng. Me tov yepokivnto €leyyo yivovtor cuvibmg
TO(LUETPNOELS KO aviyvevon ateheidv — PAafov ce pia kataokevn (m.y.

ovykOoAAnon). Ot péBodot GAPMOoNG — aTEWKOVIONG TTOL YPNGLULOTOLOVVTL VOt
avtég Tv A-scan kot B-scan.
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Ewoéva 5.1 : ®opnti d1dtaén eEAEYYOL VTEP V.

2. Avtoporomompévee dwtdlelg eAéyyov pe eguPantion: Xtov euPantilopevo
ELeyxo 1060 TO EAEYYOUEVO DAKO, OGO KOl 1 KEPUAN TOPAYWOYNG LIEPNY®V,

Bpiokovion Pubicuéva oe de€apevn. H de€apevn mepiéyet 1o péco ovlevéng,
mov givan kdmolo vypo, cvvnBéotepa vepo. H déoun vepnywv katevBiveron
oto e€etaldpuevo VA kot 6tov mpoomintel (cuvHBwg) Kabeta 6g avTd, TOTE
YPNOCLOTOLOVVTOL SOUN KT DTEPNYNTIKA KOpHOTO. YTdpyel Opmg 1 tepintwon,
N TPOGTT®OON TG OEOUNG Vo YIVETOL LTO YWViK KoL Vo Ypnoiporotnfovv
YOVIOKEG TEYVIKEG EAEYYOV. TNV TEPITTMOT OVTY|, XPNCUYLOTOLOVVTOL EYKAPTLO
KOULOTO 1] CLVOLAGHIOG EYKOPCI®V KO SLOUNK®V KOUATOV 1] KOO Kot KOLOToL
tov Lamb, avédroya pe ) yovia npéontmong mov emAgyetal. Ot dataelg
euPontilopevor ehéyyov eivor avtopotomomuéveg kol dlakpivovior oe
CUUPOTIKEG, HIKPAV Kol HECOIMV OOCTACEMV KOl GE OlOTAEELS UEYAAOV
pey€boug.

Amotehovvtoan omd 1N oefapevny péoo otnv omoia epPomrtifeTron  TO
e€etalopevo vAKo, amd €va mhektpokivnto @opeio mAve® o©TO Omoio
npocapuolovior ot melONAEKTPIKEG KEPUAEG Kol amd Uil KEVIPIKY] LOVAOQ
eneepyaoiag, péow g omoiog yivetar m enefepyoacio TV dedopévay,
kaBopileton n kivinon tov @opeiov, 0 TPOTOC GAPMONG KOl YEVIKOTEP
puOuiletan n Aettovpyia TG OANG ddTOENG.
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Ewova 5.2 : Epfontilopevn didraln eréyyov.

5.2 YIIEPHXHTIKEY KEOGAAEY

H xepoln, (ue tov 6po kePOAN, €vvooLUE TO oTOLEi0 TOL TEPIAAUPAVEL KOl TOV
meCokpOoTaALO Kal ToV omocPectipa), pall pe To KOADOO GUVOESNC TG HE TNV
GLGKELN, TPEMEL VO, EIVOL £TG1 KOTACKEVACUEVO MGTE VAL UMV TPOKAAoDV «BOpvo», o
omoiog emnpealel v axpipela tov petpioemv. Kabe kepain mpémel vo avaypdeet
mévo ™G T €ENG oTotyela:

v' Toonueio amd 10 onoio o vaépnyog Pyaivel amd TV KEPUAY, YVOGTO Kol OG
B.I.P. (Beam Index Point).

T yovia g kepoing (Yyovia dtdBAlaons Tov KOPATOG).

Tn cvyvottd TG,

Tov 10mo oV KOpHTOG (SLOUNKES 1} EYKAPG1O).

T 0106TAGELS TOL KPVGTAALOL.

Tov TOT0 TOV KPLGTAALOV.

AR RN

Axopa mpémel va 1oyvovy T EENG:

r / r r ’ 2
v' H gmedvela omotovdnirote kpuotdihov dev mpémet va. vepPaivel to 500 mm

Ko Kopio GAAN Tov dtdotaon ta 25 mm.
v' To B.LP. piog kawvovpylog ke@oAnc mpémet va Bpioketar ot cwoth 0éon ue
pio HEY1oTn amdKALoT TG TAEEMS TOL + 5% Tng peyaAvtepnS S1AGTACNG TNG.
v H yovia piog kawvovpylog ke@olng de 0o mpémet va Slopépel mapandve omd
10 + 2% amd TV TN TOL avaypPAPETOL EXAVD TNG.



V' 0 G&ovag g SEo NG TOL VIEPTXOV, TPEMEL VAL Eival TAPIAANAOG OTIC TAEVPES
oV eopéa and Plexiglas (mamovtodkt) kot Tuxdv andkiion vo unv vaepPaivet
10 £ 2%.

[Mopakdto aivoviot Stdpopot TOTOL KEPAADY,

Ewoéva 5.3 : Tomol kepodmv.

5.2.1 KEGAAEY KAOETHY AEXMHY

Ot keparég kabBétov déoung epopudloviar otV mepintwon mov embvpovus va
pofolEe GTNV TOYLUETPOT] KATOLOL DAMKOV, VO EVIOTICOVLE ATEAELEG TNG OOUNG TOV
N va. Tpocdlopicovpe T EAUCTIKEG oTafepég Kat TV amoOcPeon Tov, apkel va eivan
EMIMEIN 1 KAT® EMPAVELHL TOVL.

Ewova 5.4 : Asntopépetec ke@aing Kabétov déoung.
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5.2.2 KEOQAAEY ITAATTAY AEXMHY

Ye MEPMTOOEL, OMOL elval advvarn M ¥PNoN TG KEPAANG Kabétov déounc,
xpPNoLonoovvVToL KEQOAES TAGYlag Oéoung. [o mapdostypa, otav Bélovue va
UEAETNGOVHE KATTOLL GUYKOAANGT, OOV LOG EVOLOPEPEL TL GUUPOIVEL GTO EGMTEPIKO
g (mopot, eykieiopato, pOyYUEG KTA), OV UTOPOVLLE VO YPNCULOTOUCOVLE KEPOUAN
KaBETOV dEGUNG, SLOTL APEVOS OV B LITAPYEL KAAN ETOPT OVOUESO GTNV KEPUAT Ko
OTNV TPAYLL OQAVELDL TNG GLYKOAANGONG, KATL oL eumodiler v dieicdvon Tov
VIEPNYOV OTO VAIKO Kol GQPETEPOL M KAT® EMPAVEWL TNG CGLYKOAANGMG mov Oa
avakAooTel 0 VIEPNYOG etvar KEKAUEVT], OTTOTE KoL OV Bal EXOVUE OO EMGTPOPTG.
Ye ovty Vv mepintowon Ppiokovy €pappoyn ot KEQPOAEG TAAYOG OEGUNG, OOV
TOMO0ETOVVTOL GTNV EMPAVELD. TOL KUPIMG VAIKOV Kol GTEAVOVTOG TOV LIEPNXO LTLO
yovio umopodpe vo AdPovpe Tt ONUOVTIKN TANPOQOpic. Yo TNV KOTACTOON TNG
ovykOAAonG. Eriong, pmopodpe va aviyveboovpe atéleleg KEKMUEVES OC TPOG TNV
EMPAVELX TOVL SOKLLIOV.

Kehugod
\

. {pUOTGAADC
Mnvio A\ N'
YAIKG Npooapuoync i E

g."“ - e e e |
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Ewova 5.5 : KepaAn mhdylog oéoungc.

5.2.3 EMBAIITIZOMENEY KEOAAEY

Ot gppantilopeves ke@alég etvar pio €101k KaTnyopio VLEPNYNTIKOV KEPOADY KO
YPNOUOTOLOVVTOL KLUPIWG GE CLTOUATOTONUEVO GUCTILLOTO EAEYYOV, OTMOC 1 GAP®OT)
onpeiov mpog onpeiov (C-Scan). Enedn n Aetrtovpyia v euPontilOUEVOV KEPAADY
TPpoVToBETEL TNV TOPOVGIN KATOOV PEVGTOL 7OV TOPEUPAALETAL OVAUEGO OTNV
KEQPOAN KOl OTO JOKio, Topdyovtal HOVO Stounkn kopata, kabmg ta vypd dev
UTOPOVV VO LETAOMCOLV EYKAPGLOL KOLLOTOL.

5.2.4 KEOAAEY AITTIAOY KPYXTAAAOY

Ot kepoAég OmAoh KpLoTAALlov mov Tapovotdlovtal otnv Ewova 5.6, éxovv 10
mheovéKTNUa OTL dOgv eppaviCouv vekpn (v, (TePLoY TOL LAIKOV Y10 TO OTOi0 OEV
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UTOPOVUE VO TAPOLUE KOUiot TANPOQOPIN) Kol ETOUEVMOG TPOCPEPOVTOL YOl TOV
ENeyY0 AEMTMOV SOKIUI®V M Y10 TNV OVIXVELCT] OTEAELOV TOL PpioKoviot TOAD KOVTH
otV emedvelo Tov VAIKOV. H yovia mov oynuatifovv ot 600 kpvotailot ovoudleton
yovio, opogpns Ko givar to péyefog g mov kabopilel to péyebog g vekpng {dvng
ko v evaioOncia. Oco peyalvtepn givol ot n yovia, toco pikpotepn Oa givor n
vekpn Lovn, oAAd pkpn Ba etvor kot 1 Teployn péytotng svaictnoiog.

Kahibia

Mo

AXQuoTIKn PGVLON

MeETalAKA emeave:g
KedgaraAhox,
fuvia cpogng

Tulivec and OKANpO yapri

Yhuo xaSuarepnang

|
:
|

| Aoxiyio

Ewova 5.6 : Aentopuépeieg KeOANG OITA0D KPLGTAALOV.

5.2.5 KEOQAAEY EIAIKOY TYIIOY

[Tépav TV Tapamdve KEQPUA®DY, LTEPYOLV EMIONG Kol KEPAAEG E01KOV THTOL, TOV
YPNOUOTOLOVVTOL Y10 CLUYKEKPIUEVEG EQapPUOYES. TEToteg elvar o1 KePAAES Yo dokipa
VynAov Beppokpacidv mov mEPEYOLV pio EMOPN OmO  KEPOUIKO VAKO, Ot
€0TIOLONEVEG KEPOUAES TTOV KOTOOKELALOVTOL LUE OPIGUEVT] KOUTVLAOTNTO, Ol KEPUAEG
mov  eAéyyouv Ookipo mOAD peydAng omdcoPeong KoOMG Kol Ol KEQOAES TOL
OTOGKOTOVV GTOV EAEYYO GOANVOV, GLONPOTPOYLUDY 1] AKO KOl avOpOTMV.

5.3 KAAQAIA YYNAEYXHY

Ta kod®dto cHVOEST G €lval ALTA TOL GLVOEOVV TIC KEPOAES LLE TNV cLoKELN. AdY®
TOV OTL Ol amoltioels sivor mhpo mOAAEG kol €€apTOVTIOL OO TN CLYKEKPLUEVN
EQUPLOYY], OTO EUTOPLO KLKAOPOPOLV Thpa TOAAOL TOTOL KaA®Ii®VY, U Wlaitepa
YOPOKTNPIOTIKE 0 KAOe évag. [evikd, éva KoAM®Ol0 TPEMEL Vo TANPEL TIG TOPUKAT®
npovmobécelc:



e No unv mapdyet «B0pvPoy, 101kd o€ VYNAES GLYVOTNTEG.

e No &xel katdAAnAn Owpdkion, ®ote vo punv ennpedletor 10 onuo omd
NAEKTPIKA KO LOLyVNTIKA TTEdiaL.

e Noa elvor opkeTd avOeKTIKO, EVKOUTTO KoL VO £XEL GYETIKA peYdAo ypdvo Cmns.

e No vdpyel o PHeYEAN TOKIAIL UINKOV.

o Mepikég eQupUOYEG AmotTovV adtaPpoyo KAAMOLd.

Zuvnlmg, o KOADI KATooKELAlovTol He €vo HETOAAKO mepiPAnpo TAEYUATIKNAG
HopPNG, T0 omoio e£acpaAilel T0G0 TV avtoyn 060 kol TV evkapyio tov. EEm and
10 mePIPANUO 0VTO, TOTOOETOVLVTOL SLAPOPO EMGTPOUATO, TO €100G TOV OMOiWV
e€aptdTor amd TV €PApRoyN Yo TV omoio TpoopileTon To KaAmoto. ['a mwapdaderypa,
enioTpopa ond TeEPAOV ypnopomoteitor 0tav YpelalOHacTE KOAMOO TOAD LVYNANG
amodoone, emioTpouo GIAMKOVNG Otav Oéhovue peydin sveMéio, evod gvpvTOTO
ypnowonoteitor kot emiotpopo.  PVC. Ewiwég epappoyéc amortodv adidfpoya
KOAMO0, TO OTOiol £XOVV Kol EWOIKO KOTOOKEVAGUEVEG OTEYOVES VTOOOYES Y10 TIG
KEPAAEG, Kol pmopovv va ypnoyoronbolv oe apketd peydia PéOn téco oe kabapd
vepo, 060 Kol o€ BoAacovo.

(©

Ewova 5.7 : Kaddowo ohvoeong kepaimv pe dtdraln.

5.4 ITIPOTYTIA BAOMONOMHXHY

Kotd to mpdto xpoévia e €Pappoyng tng HeBOdov TV LIEPNY®V GTOLS UN
KOTOOTPOPIKOVG EAEYYOLS, Tpoékuye To €€Ng TpoPAnua. Ot petpnoelg mov yivoviav
dgv elyav emavoAnyipudmro. AnAadr, eved ywotav po pETpnorn akpiog 6to 110
onueio o6mov elye Eavayiver maldtepa, ta amoteAéopata o cvpuPipalovray petald
TOUG. AVTd 00MYNCE TOVS KOTAUGKELOOTEG TWV GLGKELMV VO KOTOVONGOLV OTL Ol
OLOKEVEG OTEG efvar Thpa TOAD gvaicOnteg Kot ol pLOUIGELS TOVG PUTOPOVY TOAD
gbkoAa va aAlGEovy. ‘Enpene, emopévad, va fpouv KAmolo Tpdmo MGTE VoL LTOPOVV Vol
T1¢ Pabpovoprodv Katd TaKTE YPOVIKA OLOGTHLOTAL.

H avéyxn avt, odynce oy Katackevn Tov tpdtunwv Baduovouncng, to onoio
elval TEPdL0 YVOOTOV 0100TAGE®MY TOAD pueyding akpifetoc. ‘Etot, Aowtdv, petpovrtog
To. TPOTLTO. AVTA Kot PpLOUICOVTOC TNV GLOKEVT] MGTE VO HOG dMCEL TIS aKPPEiS
dwotdoelg, v €yovpe Pabuovopncel KatdAANAo OCTE Vo HOG TUPEYEL CMOTEG
LLETPNOELS.
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Yrdpyovv mhpa ToALA €10M TpotdnwV Pabuovounong (calibration blocks), ta omoia
eaivovtal otnv mapakdto Ewkova 5.8.

- e—

Ewova 5.8 : Atdpopot tomot mpdtunev Babpovounonc.

I'evikd mhvioe, To TpOTLTTO ¥PNGIUOTOIOVVTAL Y10 TOV EAEYYO KO TN d10pHwon TV
TOPOKATO GTOLYEI®V:

o Ipoppkdtnta Tov xpoévov — Paong.

e BaBuovéunon tov ypoévov — Bdong.

e Awdpoun maApov.

o Twvio e KePAANG.

e Evpeon tov B.LP. (tov onueiov and émov o dEovag g déoung eE€pyeTan
oo TNV KEQOAN Kol EIGEPYETOL GTO TEUAYLO TOL TPOKELITUL VO, EAEYYOEL).

e Avdivon g KEQAANC.

e To mpo@ik g déounc.

e Evpeon tov «vekpol xpovovy» g KEPAANG.

o  Oplopodg Tov emmédov gvarctnaciog.

H PoaBuovéunon tov keporov, sivor amoapaitntn ywori pe tOv Kopd To
«ramovtodkioy @Bsipovtor. H @Bopd avt pmopel vo punv eivol CUUUETPIKY pe
amotéleopa va aAraEel 1660 yovia 6co kot o B.1.P. g kepainc.



5.5 YI'PA XYZEYEHY

Otov 1 KeQPAA EKTOUTNG VIEPY®V TOMOOETEITAL TAV® GTO TPOG EAEYXO TEUYLO
tomofeTov e AVAUESH TOVG £va LYPO oVevéng (couplant) Tov omoiov 0 KOG lvat
VO LEYIGTOMOMGEL TO TOGOGTO TNG EVEPYELNS TOV TOAUOD Tov StobAdTol péso GTo
Tepdylo. Avtd ovpPaivet yioti To vypPd dDYVEL TO GTPMOUO AEPO TOV VILAPYEL AVAUESH
o KeQOAN kot to tepdyo. H diddoon tov vaepnywv otov aépa eivor undopvn,
oV povo éva mocootd g taEemc Tov 0.002% tov vrepnyov SwwbAdTOL amd TOV
aépa 6To oAovpivIO.

To 1060610 NG Tieong TV LIEP OV MOV SIAGTAL and T0 éva Uéco 610 GARO
eE0PTATOL ATO THV GKOVGTIKY aVTIGTAGT TOV dVO quTdv HECHV Kot STveTal omd Tov
TOTO:!

275

T:____
ZotZ,4

Omnov Z; kot Z; eivot 01 0KOVGTIKEG AVTIGTAGELS TOV SO LEGMV.

IMivaxag 5.1 : YAk Kot 01 aKOVGTIKEG TOVS OVTICTAGELS.

YAIKO AKOYXTIKH ANTIXTASZH

Alovpivio 17*%10° kg * m™* s~
AGd 1% 10°kg * m™ * g7
Nep6 1.5%10°kg * m™* ™!

I'hokepivn 246 *10°kg*m=*s
Aépog 430 * 10°kg * m™>* 5!

[ToArol etvar o1 Tapdyovieg mOL VIEIGEPYOVTAL OTNV EMAOYT €VOC VYPOL cVLEVENG
(Beppokpacia, empavelokn tpaydtnTa K.A.). I'evikd éva vypod oculevéng npémet:

e No KOAOTTEL KOl TNV EMPAVELD TN KEPAUANG KOl TOL TELLOYIOV.

e Na didyvel OAOV TOV aEPal.

e No KOAOTTEL OAEG TIC EMPOVEINKES OVOUUAIEG TOV TEUAYIOV KO VO TAPEYEL
Aelo empavera.

e Nao emtpénel dvetn kivion g KEQEOANG.

e No tomobfeteitor gvkoia, va kabapiletar edkolo kat vo gival aKivouvo Yo To
TEUAY 0.

o Ewdwd vypd ovlevéng, mov ypNGIULOTOOHVTOL Y1o. TOV EAEYYO VAIKAOV TOL
Bpiokovtor oe vynAég Beppokpacies, mpémel va avtéyovv otig Beprokpacieg
avtég, Yopic va oAAGCEL M OKOVOTIKN] TOLG OVTIOTOON KOl YOPiG Vo
AALOIDOVETOL ) GVGTOGT TOVG,.

Yndpyovv ndpa mToAAE S1apopeTikd vYPA cVLeVENG, HePIKA omd Ta omoia eivat vepo,
YPAoO, CIMKOVN Kol YALKEPIVN, 1 omoila Kol YPNOUOTOlEITOL EVPVTATH AOY®D TWV
TOAD KOADV OKOVOTIKOV 1010TNTOV TG BéPata, 0lo to mopamdve amortovyv oA
HEYAAN eumelpion amd TOV €AEYKTY|, TOAAEC MPES EVACYOANONG Kot AP TOAD KOAN
Yvoon g Lebddov TV vIEPNXOV.
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5.6 MEOOAOAOTI'TA YTIEPHXON

5.6.1 TENIKA

O vrepnyMTikdg EAEYYOC TV VAMK®OV PocileTon 6TOV TPOTO TOV TO NYNTIKA KOLOTO
empedloviotl katd TN O1éAgvon Tovg amd éva dokipo mov eAéyyetat. Ta mymrikd
KOpota veiotavtol oonTég aAAayEg, amd TG omoieg UTOPOVLE VO EKTIUCOVUE TNV
KOTAGTOON N TIC UNXOVIKEG 1010TNTEG €vOG LAKOD. H mapeumddion tov mymtikon
KOpotog pmopel v mpoéAbel eite amd evoldpeceg empdveleg Tov dokiuiov, gite amod
™MV amoppoéPNoN TOL MOV, AOY® NG AVATTLENG e0mTEPIKOV TPdV. Bdacel twv
TOPATAV® Aowov, £xovv avamtuydel Tpelc Pacikéc péBodot vepnynTIKOD EAEYYXOV: M
1éEB0d0C TG dleAeVoEMC, 1| LEBODOG TOL GLVTOVIGHOV Kol 1 HEBOOOG TNG TAALLON Y OVG.

5.6.2 H MEGOAOX THXY AIEAEYXHY

[Mpdkertar yio péBodo mov amortel T xpnomn Vo SaPopeTikdV Kepaimv. H pio
KEPOAN oL Agttovpyel cav moundg tomobeteitan otn pion TAELPE TOL LAKOV, EVD M
dAAN mov Aettovpyel ®¢g OékTNG, Tomobeteital otV amévavtt emedaveln. H teyviknm
vt epapuoletol oty epintwon mov 10 e£eTalOPEVO VAIKO €xel T 000 amévavTt
EMPAVELES TOV emimedeg kal Tapdriniec. Emiong, mpémetl o1 atéleieg va £xovv péyedog
LEYOADVTEPO OO TO PNKOG KOUATOG Y10, Vo Yivouv avtiinmtés. Amd tn chykpion g
£VTOONG TOL NYOL TOL JEPYETOL OO Wio TEPLOY] TOL VAIKOD OV OEV £XEL ATEAEIES, LE
™V avtiotolyn o meEPoYNG Tov £XEl ATEAELES, UTOPOVUE Vo eEAYOLUE YPTOLLQ
ovunepdopata. Me ™ pébodo avtn, maipvovpe mAnpoeopieg Po6Vo yio v VTapEN
ateleldv Kot Oyt v to péyebodg tovg, 10 Paboc oto omoio Ppickoviar 1 TOV
TPOGaVATOMG O ToVG. Epapuoletan evpémg o€ AenTég TAAKEG.

5.6.3 HMEO®OAOX TOY XYNTONIEMOY

Koatd ™ pébodo 1ov cuvtoviopol, £vo GUVEYES LIEPNYNTIKO KVUO TOL JLOYXETEVETOL
o€ (o emimedn mAdKo pe EMImEdEg EMPAVEIES, UTOPEL VO JIEYEIPEL OE TAAAVTOON TNV
TAGKO [E TN QLGIKN NG cvyvotTTa. ['lo va cupPel avtd, mTpémel  TAdKa va eivon og
0éomn va maAleton erebBepa Kol OTIC dVO EMPAVELES TNG. AVTO cvuPaivel, Otav Kot
OTIG OO TAEVLPEG TNG TAAKOS LITAPYEL VAIKO e YOUNAY 0KOLoTIKY| avtiotaon. ‘Exet
amoderyOel, OTL 0 GVVTOVIGUOG UTOPElL va TEPLYPAPEL O £V GTACIHO KOUO, KATO TO
omoi0 .VTAPYOVV KATOl HOPLO. TOV VAIKOV 7OV TapOUEVOVY cuveymg akivnta. H
oLYVOTNTO TOV TPOCTITTOVTOS VIEPNYNTIKOD KOUATOG UETAPAAAETOL UEXPL T CTIYUN
nov epgavifetor pio TOAGVTOGON GUVTOVIGHOD GTNV TAGKO. X€ aUTH TNV TEPITT®ON,
amopPOPd amd Tov TOUTO TEPIECOTEPN oYL amd 0Tl B amoppoPovce edv dOev elye
oLVTOVIOTEL. XN GUVEXELD, 1 oVYVOTNTO QLEAVEL UEXPL VO ELPAVICTEL O ETOUEVOG
TPAOTOG GLVTOVIOCUOG. ToOTE amd ™ SPopd TV OV0 GLYVOTHTOV GLVTOVIGUOD Af,
vroAoyiletan to mhyog Tov eEetalopevov dokiov amd tov tomo d = C / 2Df. H
HéB0O0G avTY| elval KOTAAANAT Y10l TOV TPOGOIOPIGUO TOV TTAYOVE KOl TOV EAUCTIKMV
oTafepdV £VOG VAIKOV. Op®s, OV TPOCPEPETAL Y10 TNV AVIXVELCT] OTEAELDV.
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Ewova 5.9 : H pébodog tov suvtovicpo.

5.6.4 H MEO®OAOX THY ITAAMOHXOYX

Eivor n mAéov Swadedopévn onuepa péBodog vmepnyntikov eAéyyov. Me avtiv
vroAoyileTon T0 VYOG ™S MYoVS oL YopakTNPilel To pEYEBOC TOL AVAKANCTNPO
(epmodiov), kabdg Kot 0 ¥pdvog dtEAevong Tov TOALOD, oV TTPodidel To Pdbog oo
omoio PBpicketon o avaxkiaompas. Eav to eufaddv tov avakioaotipa eivar pikpotepo
oV gUPadoD TG MMTIKNG dEaUNG, TOTE £val PEPOG TG OEGUNG OVOKAGTOL GTO EUTOSI0
Kol T0 VIOAOImO cvveyilel v mopeio Tov PEXPL VO avaKAACTEL amd TNV KAT®
empdavelo. tov dokiov. H mpdm) avikiaon Oo pog ddoel évav TOAUO OV
avtiotoyel ot B€on g atéAelag, evd N avakAiaon g Kato empdvelog Bo dmaoet
évav maApd mov Ba avtiotorel oto mhxog tov dokipiov. I'vopilovrog to ypdvo
Otéhevong t, UTOPOVUE VO TPOGOIOPIGOVIE TNV OMOCTOCT O TNG OTEAENG OO TNV
TOVO EMPAVELD LEGH TNG OYECTG:

o=Ct/2.

]

m__ L J

B - ' {
3. "LARGE™ FLAW - PARALLFL TO ! -;—&- il } |
TEST SURFACE | :k |
% B N | } _ 3
4. "SMALL™ FLAW - NOT PARALLEL TO o [
TEST SURFACE | L l Jl\ J]
e A ==

. "LARGE™ FLAW - NOT PARALLEL TO [ H:
TEST SURFACE /
= i | A —

Ewova 5.10 : Aneucovion S14popov TOT®OV ELATTOUATOV.

2. "SMALL™ FLAW - PARALLEL TO i—1
TEST SURFACE | !

0
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IMa v pébodo g maiponyovg, Exovv avamtvybel péBodot pe T1g omoieg pmopov e
va vroAoyicovpe to péyebog piag atélelag mov PpickeTol 6T0 E6MTEPIKO EVOG VALKOD.
"Exovtog o¢ amoteAéopata tov HETpoewV 10 BAB0C TG ATEAELNG KO TNV TTMOGT TOV
VYOVS TOV TOALOD OV QTN EMUPEPEL, LE TNV YPNOTN TOV AEYOUEVOV S0y POUUATOV
DGS pmopovpe va mpocdiopicovpe mpoceyylotikd to péyebog g atéielas. ‘Eva
Swrypappo DGS  avagépetor o€ po GLYKEKPUEVT KEQAAN. Akolovbel éva
Topadetypo oty mopokdtm Eucova 5.11.
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Ewova 5.11 : TTapaderypo DGS swoypdppartog.



KEDOAAAIO 6: 2XEAIAXMOX KAI
EAETI'XOX ME TH MEGOAO TQN
YIIEPHXOQN XE FSWiiss.5

6.1 ZXEAIAXMOX '’EQMETPIAY EAEI'XOY THY FSW

YKomOG NG UETAMTLYIOKNG €pyaciag Omwg mpoavaeépbnke eivar o PEATIoTOG
oxeOGHOC eAéyyov NG HeBddov cuykOAANoNS oo TPPNG HE avAdELOT), KOWVAG
yvoot| kot ¢ Friction Stir Welding (FSW). Emopéveg, mpotapywd otd)0
OTOTEAEGE 1] TPOCEKTIKY TPOGEYYION TNG YEMUETPIOG TNG CLYKOAANONG, £TGL MOTE VO
eEaopaiiotel pio a&lomotn oyedioon Kot HEB0SOG EAEYYOL TV SOKIUI®MV TTOV £YOVLV
ovykoAnOel pe FSW.

KaBag 1 yeoperpia e FSW mapovcidlel dtapopés mg mpog Tig {dveg cuykOAAN GG
oe oyxéon pe TG KAOoKEG peBOOOVS cuyKoAAoemy, Bo mpénel va oyedootel pia
owpopetikn  peBodoroyior eréyyov. Ilapatnpeitor o6t1 1 ovykéAinon FSW
napovctalel yeopetpio tpoaneliov, mov mepthapufavel t1g tpeic Pacikég {dveg ™G
FSW (nuggetzone, TMAZ, HAZ), ot omoileg amotelobv Kot TG KOPIEG «TEPLOYESH
npog éreyyo (Ewova 6.1).

Ewova 6.1 : O xOpieg {dveg g Friction Stir Welding.

"Etol n yeopetpio mov emA&yOnke yio tov €Aeyy0, S10(pOPOMOLEITOL GE GYECT LE TNV
KAOOIKN YEOUETPIO TOV «GUUPOTIKOV» GLYKOAANGE®V, 1| ool ivol TPIY®VIKY Kot
YPNOUOTOIEITOL Y10 TOV EAEYYO TOVG,.



O éleyy0G TOV GLYKOAANCEWMV TPAYLATOTOEITOL GE TPio GTAOLNL:

e 'Eleyyog tov pétariov Baong, pe aenmmpa kabetng mpdontmonc.
o 'Eleyyog g pilog g cuykOAANONG, Le a1cOnTNpO YOVIOKNG dEoUNG.
e 'Eleyyog To0v 0ONHOTOC GUYKOAANGNG,LLE AUGONTAPA YOVIOKNG OEGUNG.

AveEdptnrta amd TV TEPLOYN EAEYYOL, ATOLTOVVTOL TPOKATUPKTIKEG EVEPYELEG, OTMG
KaBopIoUOG TOV  EMQEAVEIDV, EMAOYN VLAIKOU oV(evENG, €mAOYN  KATOAANANG
KEPAANG, KaBOPIGUAC TEPOYDV (OVAOV K.0., OTOVL Ba avapepBOVV Kol TOPAKAT®.

Tpeig eivor o1 TOmOL GhpmoNg Tov £PAPUOLOVTOL Y10 TOV EVIOTIGUO UI0G OTEAELOG,
OAAG Kou ev ovveyeio Tpokelpévoy va, BedtiotoromBel to Aapfoavouevo onua g
oty 006vn A-scan:

o Yapwon l: IopdAinia ctov dEova TG GLYKOAANONC.

o Yapwon 2: Kdbeta otov dEova g cuyKOAANonC.

o Xdpwon 3: Mikpn meplotpoen el Kot aplotepd ¢ mPog Tov agova Tng
GLYKOAANOTC.

Kotd tov éleyyo TV OLYKOAAMNCE®V LE YOVIOKO ooOnNTpa, TAve o610 OdOoKipo
oyedralovror ot Loveg capwongs. Ot Ldveg avtég oyxedtdlovtar Aapupdvovtog voyn To
YEOUETPIKA YOPAKTNPIGTIKA TOGO TNG GLYKOAANTNG KATAGKELNG, OGO Kol TNG OEGUNG
VIEPN V.

2oppova pe v akdAovdn Ewodva 6.2, opileton 1 «omdotacn TApovs PLOTOCH
(full skip distance), og 1 amdctacn ond T0 AKPO NG GLYKOAANGNG, GTNV Omoia oV
tonofetn el 0 Yoviakog aicOntpag, nyofoAel To Akpo TG GLYKOAANGTC.

SKIP DISTANCE

V PATH 1
O, = Refracted Angle leg = -
Cos BR
T = Material Thickness
2T
. : _ V-Path = ———
Skip Distance = 2T x TarneR Cos O,

Ewoéva 6.2 : Opiopog amostdoemc TANPovS PALOTOG TNG 0EGUNG TG KEPAANC.
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Me Bdon v mponyoduevn €OVE Kol TO YEMUETPIKA YOPOKTINPICTIKA TOL
eMdopartog (T: mhyog eldopatog) ko g déoung (Or: M yovia déoung acbntmpa),
vroAoyifovTon ot TIHEG «TANPOVG PHOTOCY KOl «OLAOPOUNG YOV, A0 TIG 0KOAOVOES
oY£0ELG:

[Tpec Pripo= 2T*tanOg
Awdpoun Myov=T/cosOr

SOUpove HE TIG TOPOTAVE® OYECES, Kol AouPdvoviog vmoyrn TO TAYOS TNG
ovykoAnong (V), vroroyifoviot kot oyxedialovtat ot {dVEG GAPMONG TPOKELEVOL VL
eléyyovron n pila, TO COUO KOl TOL AKPOL TG CLYKOAANOTG.

e H {ovn Z1 og andotaom piocov Puatog and tov aZova g cLYKOAANOTG.

e H {dvn Z2 oe andctacn mAnpovg Prinatog and tov AEova g cLYKOAANONG
peiov to ed mhyog g GLYKOAANONC.

e H {dvn Z3 oe andctacn mAnpovg Prinatog and tov aEova g cLYKOAANONG
TAEOV TOV GOV TTéYOVG TG GLYKOAANGNC.

O éheyyoc mpaypoatomoleitoar 1000 Oe&ld 0G0 KOl aplotepd TOL Aova NG
GLYKOAANOTG.

6.3 EKTEAEXH YXEATIAYMOY

A@o¥ opiomnke 1 yeopetpia ™S cLYKOAANGTG, AKOAOVONGE GYESOGUAC TG TOUNG
MG cLYKOAANOMG KABE doKkpiov pe KAipaka 1:1 og vroloyiotikd eOAAL KoL 1 xbpoén
tov {ovov olpoong, He oTdY0 HEGH TNG YPNONG EWIKADV SOPAVEIDV TOL
anmetkovilouy TiG OECUEG TV VIEPNYNTIKOV KEPAUADV, VO ETAEYOVV Ol KATAAANAES
YOVIOKEG KEPOUAES Y10 T GAPOOT OVTAOV oTIS embountéc (oves. Q¢ doTACELS TNG
veopetpiag, Oewpndnke tpomélio pe peydAn Pdon uqkovg iGov pe TN SIAUETPO TOV
TEPLOAVYEVIOV TOV EPYOAEIOL TTOV YPNOIUOTOONKE YO T GLYKOAANGN TOV TAUK®DOV
amd OAOLUIVIO Kol ®¢ pkpn Pdon pnkovg, icov, pe 10 PdBog dieicdvong Tov
epyareiov. EmréyOnke yovioxy kepodn 70° kar cvyvomrag 2.25 MHz, n onoia
eatverar oty Ewova 6.4 poll pe dAheg yoviakes Ke@aAég mov aneppipdncav Kabmg
dev KdAvTTaY Pacikd kpiTipila ov £ENyoHVTOL Ko 6TO VITOKEPAAMO 6.4.4.

| |
mm

Ewova 6.3 : Eniheybeica yeopetpio cuykdAAnomg Tpog EAeyyO.
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Ewéva 6.4 : Tomog kepalic 70° mov emhéydnke, kabbg kot GALEC YOVIOKES
KEPAALS.

6.4 IIPOETOIMAXIA EAET'XOY

6.4.1 OLITIKH EITIOEQPHYH YYI'KOAAHYXHY

211G EMOUEVEG TTAPOLYPAPOVG YIVETAL OVOPOPA GE OAEC TIC OTTOPOLTITES TPOETOLUACIEG
mov Tpémel va yivouv, mpwv opyicel o €Aeyyog TG GLYKOAANOMG. Apyikd, pio
TPOKATOPKTIKY] OTTIKY €MOEDPNON NG OLYKOAANONG &ivan amapaitnen. IToAv
xpowo eivar va yvopilovpe dtdpopes mAnpopopieg OTmg T HEB0JO eKTEAESTG, TO
VMKA TOGO TOV TEUA)IOV, €AV £YIVE SLUUOPPMOT] GTA TEUAYLO TPV TN GLYKOAANON
TOUG, TIG OeploKpaClOKEG EMOPACELS Kol TEAOG €0V €YOovV Yivel OmOlEcONTOTE
emdlopbnocelc. Ola avtd ta otoyeio o mpémer va eA&yyovior omTiKd, 0G0 givat
duvatov PéPara, katd unkog g paens. Ta amotedéopato Tov ontikol eA&yyov Ba
TPEMEL VAL KOTAYPAPOVTOL, LE O1UITEPT] EUPACT] VO OIVETOL GE EUOAVI] EANTTOUOTO
OM®G:  emPAvElOKN KopmoAdtnto, pEyebog dieicdvong ot pilo ™G paene,
SLOUPOPETIKO TAYOC HETAAAOL OImAL A TN paQ™n, EKTACT] TNG EVIGYLONG TNG POPNG,
TAPOLGIO LEYOAMY EMPAVEINKDV POYLOV, GIVIPIGHO paeNS Kol KoK v0uypappon
TOV TPOG GLYKOAANGN TEUAYIWOV.

Kotd ™ OJwpkeld tov ontikov eA€yyov, &ivol kot 1 KATdAAnAn otiypn vo
EVIOTICOVLE KOl VO ONUEIOCOVLUE Tov G&ovo cvupetpiog g pagns (centerline).
Axpng yvdon tov a&ova avtol €ivarl TOAD GNUOVTIKY Yol TO GMOOTO EAEYYXO NG
POPNG OTTMG OoL O1AMIGTMOGOVLE KOl TN GUVEYELOL.

6.4.2 [IPOETOIMAXIA EITIOANEIAY

H gmoedveia tov tepayiov mov Ba ypnopomomOet yio tov EAeyyo ™G cLuYKOAANOMG,
TPEMEL VO EMTPENEL TNV AVETN KIVNoM NG KEPAANG KOl VO, TOPEXEL TKOVOTTOUTIKEG
ouvOnKeG Yoo TN HETAOOON TV LIEPNYNTIKOV Kupdtov. [a avtd to Adyo, m
emeavelakn tpaydnta, oev mpénel va vrepPaivel ta 6 um. Tpoaydnta peyaivtepn
TV 6 um pumopel va GAAOLOGEL TO GYNUOL TNG OEGUNG TV VITEPXWOV, VO LELDCEL TNV
evaucnoia Kot vo 00nynoel o AGON KaTd TOV EVIOTICUO TV EAATTOUATOV.
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Emmiéov, amd kabe mAevpd g paenc kot yoo pio andotacn ion pe 1 7 g
dwdpoung tov vepnyov (skip distance), 1 pagn Oa mpénel va eivon kabapn kot vo
v €yel MTGIMES GLYKOAANOTG, aoTadES PAOI0VE GKOVPLAG 1| 0KAOAPGLAOV, EYKOTEG,
OVAOKOCELS, OKOVY, YPEQIDL amd UNYOVIKT KOTEPYOSio KOl OTWONTOTE GAAO TTOL Vv
eumodiler tov €reyyo. o va emrevyBel awtd, MOAAEC Popég amarnteitan Aeioavon tng
EMPAVELNG UE EVOV KOTAAANAO AElavTiKO TpoyO. Avtifeta, AO101 TNV EMPAVELX Ol
omoiol €YOLV KOAN] GLUVOYN HE TO TERAYO Kot €ival opkeTd Aelol, O Aemtd
OTPMOUATO UTOYLAS, OEV QLPALPOVVTOL KATA TOV EAEYYO.

6.4.3 EIIIAOT'H YI'POY YXYZEYEHY

H emoyn tov vypod ocOlevéng yivetar odupmva pe 6co mpoavagépbnkay oe
mponyovpevo kepaiato. No vmevBouicovpe, 0t n emAoyn yiveton pe Pdaon v
EMEavVEINKN TpoybTTo. TOL TEpoyiov, TN Oeppoxkpacioa Tov kKot T BEom NG
emMEavelng oto yopo (my. €av elvar Katokdpven, eAdyoto 1 Kot KobOAOL
kexhMpévn). Téhog onpovtikd givat o vypo va pnv etvon emPAaPEG Yo 1o TEUAYLO.

2V mopovco LETATTLYLOKN €pyocia, eAEYyONKov GLYKOAAMGES aAovpviov o€

Bepurokpacia meptPdAlovtog. ' Tic cuvOnKeg aVTEG, TO VYPO TPOCAPUOYNG TOV
emA&yOnke etvon n yAvkepivn, KaBdg mopovctdlel ToAD KOAEG OKOVOTIKES 1O10TNTEG
Y®PIG Vo AALOIDVETOL 1) GVGTOCN TNC.

6.4.4 EIINAOI'H KEOAAQN

H emloyn tov kepaldv mpénet va yivetar Aapdvovtag vwoyn ToAlovs TapdyovTeg,
o1l omoiotl, TOAAEG POPES, OVTIKPOVOLV O évag Tov GAAov. ['a mapddetrypo, KEQPOAES
YOUNANG ovyvoTnTag elval KOAVTEPES, OmO TAELPAS dlelocduong Kot SLOKPITIKNG
KavOTNTOG, OTOV EAEYYOVUE OVOUOAEG EMPAVEIES, YTl Ol LIEPNYOL YOUNAGDV
CLYVOTNTOV OV £€(OVV HEYOAN OmOKAlon amd Ttov dEova g OEoUNG, o€ oYéomn Ue
OLTI TOV LIEPNY®V LYNANG GUYVOTNTOG.

I'evikd opwc, M cvuyvotnta TPEMEL va, givorl 6GO TO dVVATOV PEYAAVTEPT DOTE VO
EYovpe PEYIOTN SLOKPITIKY IKovOTNTO Kol ovaAvon. BAEmovpe Aowdv, 6t 1 amdpoon
Y. T0 €100¢ TG KEPOUANG OV Ba YPNCIUOTOMGOVLLE, amoTerel TPOidV cLpUPiPaciov
aVAUESH GE TOALOVG TAPAYOVTEG,.

H cvyvomta g kepaing, emiéyetor pe faon 1o péyefog Tmv KOKK®V TOV VAKOV,
TOV TPOGOVOUTOAICUO TOV EANTTONAT®V, TN HEYIOTN okpifelo mov OéAovue, Vv
AmOCTOCT TOV £YEL VAL d1aVOGEL 0 VITEPT YOGS K.&. XapunAéc cuyvotnTeg gival KaAOTEPES
otov TpokelTor vo EAEYEOVUE VAIKA e aVOUOAN ETQAVELD, 0poD 1 Oleicdvor etvar
LEYOADTEPN OTIG GUYVOTNTEG VTG, EVAD VYNAOTEPES YPTOLLOTOLOVVTOL Y10 CVIXVEVLOT)
TOAD UIKPOV EAVTTOUATOV, 0@oD TOTE TO UNKOG KOUOTOG TOV VLREPNXOL &lvan
HIKPOTEPO Kot 1 KEQOAN €xel KaAOTEPN aviivor. Ot KeQoAEg eyKapoinv KOUAT®OV
TOPEYOVY KOADTEPT OVAALGT OTd OTL Ol OVTICTOLYES OLOUNK®V 1010C GLYVOTNTAG, YIOTl
Yo TNV 1010 GLYVOTNTA KO Y10t GTEPEG CAOUATO, EYOVUE UIKPOTEPO UNKOG KOUATOG GTO
gykapowo omd Ott ota Swunkn kopota. Otav 0éhovpe va edéyEovpe peydeg
EMPAVEIEG GE UIKPO YPOVIKO SLAGTNLO, YPNCUOTOOVUE UEYAAEG KEQPOAES YOUNANG
ovyvotTag. ZuVNBmG ot TIHEG GV VOTNTOS KVpaivovTon amd 2 MHz émg 5 MHz.

"Eva dAA0 onpovtikd 6Totyelo yio TNV EMA0YN TS GLYVOTNTOG TNG KEPOANG, ivor 1
e€acBévion mov mapovoidlel To VAIKO. Me tov Opo eacBévion, evvoodue OAES TIg
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OTMOAEIEG TOV TOAUOL KOTA TN 0160061 TOV, EKTOC Od OVTEG MOV OPEIAOVTOL OTN
veopetpio Tov. Ot andAEES AVTEC OPEIAOVTAL GTO SUCKOPTIGUO TOV TOAUOD, GTNV
E0MTEPIKT OmoppOPN oM AOY® NG TPPNS HETOED TOV GOUATIOIMV TOL DAIKOL Kot GTN
cvyvotnta Tov vIepNov. Oco peyalvtepn eivar n cuyvoTTA, TOGO PEYOADTEPT ETvar
Ko 1 e§ac0évion.

210, TEPLGGOTEPO VAIKA, HE KOTAAANAY EMAOYN OCLYVOTNTOG KOl YO, OLOPOUN
veEPNYOoL MIKpOTEPN TV 75 mm, N eacBévion avtny eivar opeintéo. Edv yu
0mO10VCONTOTE Adyous eppaviletar évtovn efacBévion (xovopdkokko VAKS), o
eleyKTNG mpémel va emAEEEL dradpoun ToAUoD HikpdTEPN TV 75 mm.

To péyebog Ko 10 oyNUe TG KEQOANG, EAPTAOVTIOL OO TNV EKAGTOTE EPUPLOYT.
2uv0mg o1 KEPAAES £YOVV GYNUOL KUKAKO, TETPAYOVIKO N TOpaAANAOYpappo. T
éleyyo ouyKoAAcemV, To néyebog Kupaivetar cuvnbmg amd 6 — 28 mm SLAUETPO Yia
KUKMKEG, Kol amd 5 — 24 mm 10 UNKog KABe TAELPAC Y0 TETPAYOVIKEG KEPOALEC.
Kepoléc mopaAnAOypoplov GYNUHOTOS, cuvioTatol Vo, £X0VV AOYO UNKOUG TTPOG
TAATOG LIKPOTEPO OO 2.

H yovio ¢ ke@aAng, mpémel va emAéyeTon €161 MOTE Vo Toipvovpe Tavta EVOEEn
amd CNUOVTIKA EAATTOMOT, OTWG POYUES, ateA TEN oTa Toy®uaTa Kot ot pila
™G POPNG, TOPDOES Kol EYKAEIoHOTA GKOVPLAS. ['evikd, KaTd TV emAoyn TG YOViog
pEmeL vo, Aapavoope vréyn To A0S TOL LAMKOV, TN OUOPPMOT] TOV TLUYOV £XEL
Yivel ota TPOg GLYKOAANGN TEUY IO KOt TO €100C TOV EAATTMOUOATOS TOV TPOKELTOL VOl
evtomticovpe. o var mipovpe Ko avtnynon amd éva e dTTop, 1 Yyovia mov Ha
ypnoonomel mpémetl va glvar TETol MGTE 0 TMOAUOG VO XTLUTNOEL KAOETA 1 GYEOOV
KkdOeta oe oTo.

Y

Ewkova 6.5 : Exmount| yoviakng Kkepaing otn pilo cuyKOAANoMG.

Ot yovieg mov ypnoporotodvrar cuvidmg sivar 45°, 60° kau 70°. H kepory tov 70°
elvatl KaTdAANAN Yo TIG TEPIOTOTEPEG EQAPUOYES Yoo Ty amd 10 mm €wg 35 mm,
yeyovog mov emPefordvel MV EMAOYN HOG OTNV Topovoo epyacio. [ mwhyn
HEYOADTEPO, TV 35 mm ypPNCOTOIoVVTOL KeQaris kupimg 45° kar 60°. Télog,
HEPIKOT KOTOOKEVLOOTEG, TAPEYOLV OTN YKAUN TOV TPOIOVI®OV TOVG, KEPAAEG
HETAPANTAG YOViag Ol 0Toieg OUMG, OEV ¥PNGLOTOL0VVTOL TOAD cuyva. H emdoyn g
CMOTNG YOVIOKNG KEPOUANG, YIVETOL EMUEPOVS HEC® SLOYPOUUATOV TNG VITEPTYNTIKNG
déoung v KaBe KepaAn, OMOL € GLVOLGUO HE TO GYESOUO TNG TOUNG TNG
YE®UETPIOG TNG OLYKOAANONG oL TpOKEITo Vo eheyyDel, KoTOAyOLUE Kol GTOV
VIOAOYIoUO — GYedG O TV LOVAV chpmong.
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Ewoéva 6.6 : Zdveg cuykdAAoNG - Zoveg olpmwong eAéyyov g FSW.

6.5 BAOMONOMH2H AZGHTHPON

6.5.1 KAOETHY AEXMHX

o ™ PBabuovounon g 01dTaéng ToYLUETPNONG YPNOLUOTOOVVTAL KAUOK®OTH
doxipia Babpovounong (step wedge calibration block —VW). Ztnv mapokdto giova
(Ewova 6.7),6iveton to kKAMpokmto dokipo Padpovéunong mov ypnoiponombnke ot
HETOTTTUY KT epyacia. AmoteAeiton amd névte Pabideg o1 omoieg dtopépovv kotd 2,5
mm peta&y toug. To dokipo avtd ypnowonoleitor yio ™ Pabuovounorn Keeaimv
OuAOV  KPLOTAAAOL 7YoL TOV £AEYYO EMMEOWV EMPOVEIDV 1 HE TOAD HIKPT
KapmoAotTo. AopBdvoviat ot 500 axpaieg TYES ThyovS, TPOKEWEVOL V. CTOOOTEL
TO GOAALO LETPNONG TOL OPEIAETOL OTO YEMUETPIKA YOAPOAKTNPIOTIKA TNG OEGUNG.

- 86 -



Ewova 6.7 : TIpotumo Babpovoumons ke@aing kabétov déoung.

6.5.2 TONIAKHY AEXMHY

Mo ™ Pabuovounon tov yoviakov acintipov ypnoyoromdnke 1o dokipo V2.
To doxipo avtd lvol KATOOKEVOGUEVO amd €OIKO KPpAUa yaAvfo mov €xel VTOoTEL
KatdAANAY Oeppikn emelepyoacio TPOKEWEVOL VO OMOKTNOEL TN UEYIGTN OLVOTN
opoyévewa. ‘Exel unkog 75 mm kot amotedeitor amd dV0 KOUTOAO TUNUOTO HE OKTIVEG
R; kot Ry, 25 ko 50 mm avtictoya. Téhog, pépet dapumepn om dapétpov S mm
Kot T0 Thryog Tov. H dradikacia fabpovounonc meptroppdvet tpio otddwa:

[Ipw

Evpeon onpueiov e€d6dov.
EnaAn0evon yoviag €600V YoVIOKNG KEQOANG VITEPIXOV.
BaOpovounon dudtaéng katoypopng.

Vv vAomoinon Kkabe otadiov mpaypatomoleitar €AEYXOC OTNV TUN NG

TayHTNTOG TOV VIEPNY®V KoL aviyveDETOL 0 apykos moApdc. H taydtra mpénel va
elvat avt mov avticTolyel 6To PETAALO TOL dokipiov. O apykdg TaApdg eppaviCeTon
Bétovtag oty mapdauetpo delay, mv tiun 0.

1.

IMo v gbpeomn tov onueiov €650V peTakveiTal 1 YoVIOKT KEQOAN de&id -
oaplotepd ¢ Otov peylotomombel o mOAUOG otnv 006vn Koataypoenc.
Inuetoveton 1 Béon €600V GV KEPUAN.

. Ta v ermaAnBevon g yoviag €000V TG YOVIOKNG KEPUANG VIEPNXWOV,

tomofeteitar n Kepain oty avtiotoyn Béon g oto dokipo V2 (kepoin
45° o 0om TV 45° K.0.K). AVOPEVETAL HEYIGTOTOINGT TOV TAALOV.

. Tw ™ PabBpovounon g oOdToENG KoTtaypoeng YPNOLLOTOOLVTOL Ot

pvOuicelg g dowtaéng kataypaerg width, delay. Ilpoxewévov va
wpaypatonomel 1 fobUovOuNon AmOITOVVTOL TPELS TAALOL TOV AVTIGTOLYOVV
0€ TPELS AVAKAACELS: 01 0VO TOAUOL XPNOCUYLOTOOVVTOL Yo T pOOoT TV
nmopopétpov width ko delay xou o 1pitog yww v emoinbevon g
dadkasiog.



ITwo avaivtikd:

e Apywd péow g pvOuiong width puOuileton to vpog 006vng ota 250
mm.

e Hyoforovtag mpog 10 Rys ko pvOuiloviag v mapduetpo delay
tomofeteitan  TpdTN avdkiaor mov AapPdavetor oto 25 mm.

e PvOuilovrag v mapdapetpo width, Torobeteiton n devTEPT Avdrioom
ota 100 mm.

o Tvpvdvtag v KepaAn Kot nyoPordvtog mpog to Rsp, eEAEyyeTaL av n
np®dTN avdkiaon eueovitetor ota S0 mm. Xg mepintwon mov de
ovpPaivetl katt Této10 emavalopupdvoviat To OLVO TOPOUTAVED GTASIO.

Ewova 6.8 : IIpotumo Pabpovoumons ke@aing yoviakng 0EGUNG.

6.6 MEOOAOAOI'TA KAT EKTEAEXH TAXYMETPHY>HY

H mayvpétpnon mpoypotomoleitonr pe v TEYVIKN TNG TOALONXOVS 0QOV EYEL
nponyndei Pobpovounon tov oacmpov Kabee mPOCTTOONG HOVOL 1 SUTAOV
KpuoTdAiov. Xpnowomomnke kepaAn cvyvotnrtag 2,5 MHz kot ddtoén mov
eaivetal omv mopakato ewkova, (Ewdva 6.9). Ilpoxertoan yio ) @opnti} cuokeum
nayvpétpnong g StressTel T-SCOPE I11.
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Ewoéva 6.9 : ®opnti cvokevn| mayvpétpnong StressTel T-SCOPE I11.

21006 ooOnTNPEg LOVOD KPUGTAALOL, OTOV XPNGLLOTOOVVTOL, TPEMEL VO, AOUPAVETOL

VoYM TO PNKOG NG vekpng Cdvng g 0éoung, m omoio OmWGONTMOTE TPEMEL VO
amocBéveror 6to mpootatevTiKd Tov atcOntrpa (delayblock or shoe). e mepintmon
OV TO TPOCTOTEVTIKO OEV €YEL TO ATOPOITNTO TAYOG (.Y £xEl uewwBel Adym @Bopdg),
totE pmopel va. cuumeptAneOel cedipo oty Tayvpétpnon g taEng tov 0,001-0,15
mm.

Emiong, n ypnon acOnmpwv povod kpuotdAiov Ogv evoeikvuTtol Yo, VAKE Tov
€xovv &gite HeYAAO GUVTEAESTN AmOPPOPNONG TNG NYNTIKNG EVEPYELOGS, €ITE OV €YOVV
oamdALTO TOPAAANAES EMPAVELEG (T1.Y. MLEYAAN TPpaYDTNTA AOY® SAPPOCNC).

EwWwd ot voumnyikn, vy Vv TEPITTOON  TOYLUETPNOE®V  OAPpOUEVOV
EMPAVELDV, YPNOLOTOIOVVTOL oucOnpeg dmAod Kpvotdiiov. H yewpetpio g
TAPOYOUEVNG OECUNG TOVG EMITPEMEL KOAN €0TIOOT KOl UIKPT OKESOOM KOl M
moyvpétpnon oev emmpedletar and t vekpn {ovn. Qotdco, pépiuvo mpémel vo
Aappdavetal 1660 Yoo T cwot emAoyn g (dvng eotioong Tovg, 660 Kot Yo TNV
OmOKAOT OTH HETPTOT TOL OPEIAETOL OTN YEWMUETPIN TNG OECUNG.

H {dvn eotioong dev mpémel vo eMAEYETAL GTEVN YO TOYXVUETPNOELS EAAGUATOV
peydiov méyovg kot avtiotrpoga. Ocov apopd 6To GPAALN HETPNONG TOV OPEIAETIL
OTO YEMUETPIKA YOPOKTNPIOTIKG TNG TOPAYOUEVNG OECUNG VIEPNY®Y, N EPOPULOYN
KOTAAANANG dradikaciog Babuovounong pHe ) xpnon KMUOK®OTOV SOKIU®OV HEUDVEL
onuavtikd 10 o@dAiua. Emiong ot ocvyypoveg dwotdéelg moyvpétpnons dwbétovv
KATAAANAO pLOUIGTY 010pOonc TG amdkMong. TELOG avapépeTar OTL O T dOKIpLNL
ov gAéyONoav NTav Tayxovg 6 mm.



6.7 MEOOAOAOTI'TA KAI EKTEAEXH EAEI'XOY YYI'KOAAHYEQN

6.7.1 IEPITPA®H AIATAEHY EAETXOY

Xpnowonomdnke otabepn| dtdtaEn vaepnyov g etoupeiog NDT Automation, tng
omoiog oKomdg elvar 1 Tapaywyn OAOKANPOUEVOV GUGTNUATOV EAEYYOL , TOPEYOVTOG
kdpteg eréyyov (PC boards), 6mov o& GLUVOLOGHO AOYICUIKOD OVAALONG Kot
omdKTNONG OEOOUEVOV  TOPEYOLY  OEIOTIGTO GLGTHUOTO VLIEPNY®V EAEYYOVL —
GOpPOONG.

Ewova 6.10 : Kapteg eléyyov (PC boards) - NDT Automation.

To Aoyiopd mov ypnotpomomnke, eivar to Ultrawin™ Windows Ultrasonic A, B,
C- Scan Software, 10 onoio amotelel Eéva cvotnua 32-bit pe amdKTNoN 0EOOUEVOV,
OTEIKOVIONG KOl OVAALGNG G TPAYUATIKO ¥pOVO. ZyedldoTnKe ylo vo gitvat e0ypnoto
KOl QUAIKO TTPOG TO YPNOTH, LE EVKOAO LEVOD KOl EIKOVIOLN, He duvatdTNTES TPOPOANG
0€ TPOYUATIKO YpOVO OTMG TPOooVaPEPONKE Kol e eMTAEOV AglTovpyieg, OTMG Yo
mopadetypo n eEaywyn tov dsdopéveov oe MS Excel ko 1 mepoutépm enelepyacio
QUTOV.

Emumiéov mponyuéveg emhoyéc mepihapuPdvovv morlomAég mOAec (gates), e
EMUEPOVS TOYVTNTEG, MECH N Un TEPLopopod o€ B-Scan, kabmdg kot mpoopeTiéc
evotTeg Aoyio ko, 6mwg:

v TOFD

v' 3D Enoavéinyn
v Kapmoieg DAC
v" RF Kvpotopopég
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Ewéva 6.11 : Ztrypuotono mpoypuparog Ultrawin™ g NDT Automation.

Tuvoyilovtog 1o Aoytopkd Ultrawin™ e NDT Automation mapéyet evehéia kot
aflomotios 6TO0 PN KOTOOTPOPIKO EAEYYO LE VTEPNYOVLS Kot KAmOw omd To. KOPLoL
YOPUKTNPLOTIKA TOL EIVOL TO TOPAKATO :

v Aoyopukd 32- bit Windows.
v E&oymyn anotelecUGTmV — HETPNOEDY OE TPOYLOTIKO Ypdvo.
v Eéoywyn anotelecudtov capwong oe MS Excel.
V' Avvatdtnto TOAATADY TOAUOY — AqyemV.
v EbkoAog S1oepiopog opyeiov.
v EbkoAn Swoyeipnon tov mapapétpov clpoong.

6.7.2 EAETXOX METAAAOY BAYHY

O éleyyog TOV EMEAVEIDV TAELPIKA TNG GLYKOAANGONG TPOYUOTOTOLEITOL
TPOKEWEVOD VO, TTPOCOOPIoTEL TO TAY0G, KaODG emiong Kot TuOV (QULAAOEONG
pop@poAoyio 610 €0mTEPIKO TOL peTdAAOV. Omwg avapépnke, o €Aeyyog avTOC
yiveTon pe tn ypnomn oonmpev KEBeTng TPOGTTOONG EMAPNS. LTV TEPITTMOOT TOV
eAEYYOL e emaON Tpaypatonoleiton ocdpwon 1 oty mepoyn Tov petdAiov Paonc.
‘Etol katd tov €heyyo A-scan £vOG LVAIKOU ympig atéAeles avopévoviorl pio mpotn
KOpLEN 1M omoia avTIoTOLYXEL OTOV aPYIKd TOAUO Kol pio de0TEPN, N OmOoie OVTIoTOUYKEL
oTNV avaKAQoT NG OEGUNG A0 TNV KAT® EMPAVELD TOL LAKOV. XPTGILOTOUDVTOG
™V TN ToL XPOvoL Tov pesoraPel petalh Tmv dvo avakAdcemv, Tpocsolopiletal To
Téyog ToV VAKOV oV TTEPLoyn Tov M.B.
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6.7.3 EAETXOX PIZAY Y>YTKOAAHYHY

O éheyyoc g pilag ™G CLYKOAANGONG TPAYUATOTOIEITOL UE GAPOGN TOTOL 1,
akolovbovrog ™ Covn odpwong Z;. Ilpocoyn odivetar oe tuydv onuatoe mTov
eueoavifovtor ylo amdoTacT) UIKPOTEPT TNG TANPOLS SOPOUNG MOV T Omoio
vrodnAdvovv v vroapén atedewwv ot pila (ateAng ™EN, poYUN, TOPOL, OTEANG
dteiodvon x.4.). To onua etvar dtopopetikd Yoo kGbe mepintwon atédelng, Kabmg Kot
N OVIIUETOTION TOV €VOEIEE®V TPOKEIWEVOL Vo Ttpaypotomonfel n extipnon twv
XOPOUKTNPLOTIKMY TOVG,.

[T ovykekpévo v atédeleg Onmg ateAng ™EN 1 Oleicdvon, Kotaypdeovtal
ocuvnBmg péxpt Tpelg moApol. Avtibeta Yo atéhelec Om®G POYUES 1 TOPOVG
KATOYPAPOVTOL TEPICCOTEPOL TOV TPUDV TAAUDV.

Ewova 6.12 : Zohveg cuykOAANoNG - Zmdves 6apmong eA&yyov g FSW.

6.7.4 EAETXOX AKPON YYI'KOAAHYXHX

[Mpaypatonoteiton pe cdpwon tomov 1, akorovBmvrag 11g {dveg cdpwong Z, kot Zs.
[Ipocoyn divetanr 6e TLYOV CNUATO TOV EPYOVIOL GE OVTEG TIC OMOCTAGELS OO TOV
d&ova TG GLYKOAANGNG, T OO0 VITOINAMVOVY VITOKOTY).
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6.7.5 EAET'’XOX YOMATOY YT KOAAHYHY

O £éleyyoc TOLV GOUATOG TNG CLYKOAANGONG TPAYLOTOTOIEITOL e COUPMOELS TOTOV |
Kol 2 ovoloTIKA HETOED TV {ovov capwong Z, kKo Zz. Otav to vrnd e&étaon
éAacpo gtvar pKpov Téyovg apkovy pia 1 600 capmcelg TOMoV 1 oe SLpopeTIKEG
TPOYLES TOPAAANAESG Ko peTtaly TV {ovov olpwons Z, kot Zs. Otav to vwo e&étaon
éhacpa glvar peydlov mayovg tote amatteitol cuVOLACUOS GaPDOGEDY TOHTTOL 1 Kot 2.

[T ovykekppéva Kvovuevol o Tpoyld TapdAANAn petald tov {ovov Z; Ko Zs,
divetol Tpoooyn o€ TLYOV CHUATO TOV AVTIGTOLYOVV GE SladpopU| YOV LEYOAVTEPN
and pio TANpN Ko pkpdtepn amd Ovo mANpElg ddpopés Nyov. EvbOg poag
evtomioBel £vag T€T010G TAAUOG LEYIOTOTTOLEITOL [UE GAP®OT TOTOVL 1 Kot 6T GVVEXELN
pe oapwon Tomov 2. Av d¢ peylotomotleiton LETOED TV 0V0 OTOCTACEMY OTOTEAEL
doyetn évoelén kot o AopPdveton vdyn. Xe TEPINTOON TOL UEYIGTONOLEITOL EVTOC
TOV 00 OTOCTACEMY KO OVOAOY®S TG VOGS TOV TOAU0D, amogaciletol 1 aviicToym
TEYVIKT ovTIpeTOmong (nebodoroyia eAéyyov pila cvuykOAANONG).
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KEDOAAAIO 7: IIEIPAMATIKO
MEPOX

2T1G TPELG GLYKOAAGELS OV TTpaypatomoOnkay, ypnoporomdnke n uéBodog g
oLYKOAANONG Ol TPIPNS pe avadevon, oe mAdkeg alovpviov 5083 — HI11, pe Babog
Sieiodvong Tov epyareiov 6mm kot khion 2°. TIpdkerton yio eEhdopota Toyovg 6 mm.
H cvykdiinon 12, éyve pe kohvopikd meipo mov eépel omeipmpa, evd ot GALES dVO
pe Kovikd (Zynuo 7.3 — 7.4). Ztov mivakoa 7.1, moapovcialovior ot GLVOTKES
GLYKOAAN GG TOVG.

Ta tpia dokipa pe kwowovg (6,12,11) and arovuivio 5083-H111, tov onoiwv ot
OLYKOAAMNGELG EAEYYONKOV amelkoviLovVToL GTNV TAPUKATO EIKOVOL:

Ewoéva 7.1: Ao k1o mpog ta mave, dokipa 6, 12 kot 11 avtiotoryo.

Hopatmpodvtar kabopd oty eikdvo ot {OVES GAPOONS TOV YOPAYTNKAV Yl TOV
Eleyyo ™G GLYKOAANONG Kot amd TIG 600 TAEVPEG TOL AEovVa, KOODS Kol Ue KOKKIVOL
onudodta, mbava onueio ATEAEIMV TOL CTUEWOONKAY Y10 TEPUITEP® OVAAVOT) KOT TN
OlapKELN TNG CAPWOOTNC.



Méow KatdAnlov tHnov vroloyiotnkov ot (®veg capwaongs, ol omoieg ival 101eg
Kot yo ta Tpior dokipa. ‘Exovpe, {dvn cbpwong Z; = 16,5 mm, {dvn cdpwong Z, =
26 mm kot {dvn odpwong Zs= 36 mm.

e
| Za| |
- | L4
, 2mm ||
‘ 3
ITMAZ [ | | [
T) H, | M, g
Nugget | I | ©
| | | | R
gl pmm
| o
| o
B 100 mm i
7 7

Ewova 7.2 : Zyedroopog kot {Oveg GApmoNG VIEPNYNTIKNG OECUNG Yo EAEYYO TV
doKyimv.

Mivaxag 7.1 : Xoapaktpiotikd cVYKOAANoNG SoKiimV

Aokipa Dopa cvYKOLIN GG Tayvmmra Tayvmmra
TEPLOTPOPNS npomong

6 KéOeta otnv 950 rpm 85 mm/min
éloon

11 Hoapdrinia otnv 600 rpm 60 mm/min
éloon

12 [MopdAinio otnv 750 rpm 85 mm/min
éloon
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Ewova 7.3 : Kovikdg neipog.

Ewéva 7.4 : Kulvdpikog meipog pe omeipopa.

AOKIMIO 6 :

210 00Kipo 6 Kot 6€ GLVIVAGUO Amd TO GO TOV EANPON KaTd TN GAPMOOT TOL,
KkpiOnke amapaitmrog o €Aeyyoc vy atélea TOmwov Tovvel (tunnel defect), kbt mov
emPefordOnike Kot PiKPOGKOTIKA.



Ch. 1 A-Scan (Scan #1)
TOF [us): [G1] 0.000 [G2] 0.000 AMP [%¢): [G1] 57
1.0

™M oo 5.00 10,00 | 15.00 20.00 25.00 30.00

(TS
|' gy“; M \ h

v 4.16 [us] 29.68 [us]
0.00 |||||n| 80.70 [mm)
Water Path: 4.113 [mm] TOF: 2.552 [us/div] Thickness: 8.070 [mm/div)

Ipaonpa 7.1 : Zodvn cdpwong Zi, 0e€1d Tov aEova g cLYKOAAN OGS TOL doKIiov 6
(IMBavn mapovcio atérelog).

210 mopomdve ypdonua mopatnpeitor tépua apltotepd TG 006vNg HAG,0 VYU
ToAog g pilag, va dlatopdocetal — LEYIOTOTTOLEITAL, YEYOVOS IOV UG 00MYEL TNV
TEPALTEP® OLEPEVVIOY| TOV TOAALOD, ETMIKEVIPOVOVTOS TNV TPOGOYN HOG GTO OTNueio
avto. [opaxdtw oto ypaenua 2, to omoio eivan ypdonuo RF, mapatnpovvior dvo
EMUEPOVS TOAUOL, €K TOV OTOI®V 0 TPMOTOG €lval EAAPPE HEYOADTEPNG EVTOOTG,
TPAYUO TO OToio paGg ONAGVEL TV Tapovsia atéreag (TOmov Tovvel) ot pila ™G
oVYKOAANoNG, (VN chpwong Z.

H atéAelo tomov tovveld, exteivetar 6e OAO TO0 UNKOG TG cLYKOAANoNG petaly weld
nugget zone kou TMAZ, kvpiong oty tpowboduevn mievpa. [ThBavéc artiec eitvan n
yoxpn ovykoAAnon (néBodoc otepeds KATACTAONC,ONMANSY YOpig TV Topovcin
méemg M BEpravong g SEMPAVELNS TOV TPOG CLYKOAANGT TEROYI®OV) | N HKPN
KAlon ovykOAANoNG K.0. Xov pHEVEKTNUO Tapovctdlel, v vrofdOuion TV
UNYOVIKOV 1010THTOV TOL VAKOVD.
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Ch. 1 A-Scan (Scan #1)
TOF [us): [G1] 0.000 [G2] 0.000 AMP (%): [G1] 99

0.00 5.00 10,00 | 15.00 20.00 25.00 35.00

o I’ A A A A
Adl J A=A AL | |
' \

|, u

i 4

N |h| !||

i‘ ll
| ‘ / ’ F‘]l T.‘LI I.'I".l"'-,:’k'r,ﬁ.""\r"u ""I.l""'\l'ﬁ"-'f.'
"

g
I &
I "

4.06 [us] 30.00 [us)

0.00 [mm)] 82.03 [mm)]
Water Path: 4.017 [mm] TOF: 2.594 [us/div] Thickness: 8.203 [mm/div]

Ipaonpa 7.2 : Zodvn cdpwong Z;, 6e&1d Tov dEova TG GVYKOAANGNG TOL doKIiov 6.
[ToApoi mov vrodnAdvouy atéreto ot pila ( TOTOL TOVVEN).

Ewova 7.5 : Mikpookomikog EAeyyoc Kot eaAnfevon atéAelog TOTOL TOVVEA.
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Ewova 7.6 : Atélela Tomov TobveA dokiiov 6 - Mikpoypapio.

Ewova 7.7 : Yroderypa — [eprypoaen atéAeog TOTOL TOVVEA.



AOKIMIO 12 :

2V TopoKAto €KOvo mopatnpeitor atéielo mov ovopdletor «wmepPolkn 1
axavoviotn avddevony» (abnormal stirring), Adym oynuatog tg weld nugget zone 1
Kot akopa eEantiog g vrepPoikng mapoyng Bepuomrag. Kabopiotikod poro yia v
EUGAVIOT TOL QOIVOUEVOL 0VTOV, €lvol ol LVYNAES ToydINTEG TPOMONG Kot
TEPIGTPOPNG TOL EPYUAELOV TTOV YPTCLUOTOLEITOL Y10 T GLYKOAANOM).

Ewova 7.8 : Yrnooerypa — [eprypaen| atéretag TOmov vrepPoAkng - akavoviotng
avadevong.

Ch. 1 A-Scan (Scan #1)
THK (mm): [G1] 0.000  [G2] 0.000 AMP (%): [G1] 99 [G2] 0
1.0 : . :
M o0 i 1500 30,00 72.00

W

hﬁ ‘1 “i

| '

I Gl - ;
4 L0000 S A AT YDA LT O T TR AR

5.56 llli

0.00 [mm) )4
Water Path: 5.368 [mm) TOF: 6.756 [us/div] Thickness: 21.364 [mm{div)

I'paonpa 7.3 : Zodvn cdpwong Zs, 6e&1d Tov aEova TG GLYKOAANGNG TOL SOKIIOL
12.
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Amo 10 Ypaonua 7.4, mapotnpnOnke pio opotdtnTa pE avtd Tov dokiuiov 6 Kovta
om pia ™ ovykdAAnong, oAAG Ko péc® Tov Ypoaenuotog 7.3 petafd g
Bepuopnyavikd ennpeacpévng (ovng kat g Oepuxd emnpeoacuévng Lovne. ‘Etot kot
€00, TapovcslioTnke poaydaios peToforr] ToL TOAROD TG VYVS pilag, Omov
e€etalovtag Tov moAUd Kol YPOQIKE Kol HETEMELTO, WMKPOGKOTIKA, EVIOMIGTNKE TO
eMdTopo Tomov abnormal stirring.

Ch. 1 A-Scan (Scan #1)
[G1] 0.000 [G2] 0.000 AMP [26): [G1] 54 [G2] D

15.00 30.00

0.0
g

hl’r{‘"l’i"r‘\m:

m

I'pédonpa 7.4 : Zovn cdpwong Z;, 6e€1d tov dEova TS GLYKOAANGNG TOL OOKIUIOL

12.
2, S0 B Sl TR o ) - . &1l e
-y P 2 + _,. > - = - - e ”~ ") 2

Ewkova 7.9 : Mikpookomikog ELeyyog atédetog dokiiov 12.
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AOKIMIO 11 :

210 dokipo ovtd @aivovtor koBopd pe yopuve patt dV0  XOPOKTNPIGTIKA
ENOTTOUATA:

e Atéheln Tomov aviakov (groove like defect): 'Eva cuveyéc 1 draxomtopevo
OVAGKL TV otV TpomBodpevn mAevpd TG cLYKOAANONG. Attio pmwopet va
OTOTEAEGEL M YOUNAN Topoyn Oepudtmrag mov Kupimg oeeideTon otn pUn
EMOPKTN KAOETN 0EOVIKT SUVOUN.

e Lo - %

L NN~ e ————_

)

I

: / e

\
LY

Ewova 7.10 : Yrooerypo — [eprypagn atélelog TOTou avAakion.

o Atelg oweiocdvon (Lack of penetration) : Atehng dieicdvon 1 &N 1 omoia
TapoLGLALETaL OTNV TG TAELPE NG GLYKOAANONG TV VO TEHOYI®OV KoL
mBavég ontieg etvol 1 PN IKAVOTOmTIKY POt} VAIKOV ot {dvn ovadevuons, Tov
opeiletor kvupimg AavOacuévn emrioyn oktivag tov meipov ToL gpyaieiov
GLYKOAANONG, 1| OTtOl0 TPOKOAAEL 1) GUUUETPIKT POT} VAIKOD KT TO TTéY0G TNG
GLYKOAANOTC.

Ewoéva 7.11 : Yrooerypa — Ieprypaen atédelog tomov atehovg oleicodvong.
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[Mopaxdtw divovror ypagnpota Kot yuo Tig Tpelg LdvVES apmaong Tov d0KIHiov, d10TL
TO EMATTOUA TG ATEAOVG O1EIGOVONG VINPYE GE OO TO PUNKOG TNG CLYKOAANONG Kot
mapoatnpeital TOAUOG 0 0moiog eivar TOAD AENTOG Kol apKETA LEYAAOL VYOoLg Kot o
UTOPOVGE VoL TPOEPYETOL amd KAmolo PEYAAN poyun mov Ppicketon KEOeTa 1| GYEOOV
KAOETO TPOGAVATOMGUEVT GTOV AEOVA TNG GLYKOAANGTG.

Ch. 1 A-Scan [Scan #1)

TOF (us): [G1] 25.600  [G2] 0.000 AMP (%): [G1] 0 [G2] 0

0.00 ! 15.00 30,00 | 45.00 72.00 90.00
! i i

. < |
b |1;|.s
iy " |I1i s
flln - "l y :
P el W e
5.50 [us)
0.00 [mm)]
Water Path: 5.310 [mm] TOF: 6.756 [us/div]

Ipadonpa 7.5 : Zovn cdpwong Z;, 6e€1d tov dEova S GLYKOAANGNG TOL OOKIUIOL
11.

Enopévmg, 0nwc oto ypaonua 7.5, €161 Ko otol vTOAOUTO, TOPATNPEITOL LETE TOV
Ao G vywbvg pilag, MOAUOS VYNANG £vTaoTmg VAL GLVOOEVETOL OO GAAOVG
UIKPOTEPOVE KO O AETMTOVC, YOPAKTNPIOTIKOL TG eAAmovg tENG ot pilo g
PAPNG HI0G CLYKOAANONG.
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Ch. 1 A-Scan (Scan #1)

TOF (us): [G1] 25.600  [G2] 0.000 AMP (%): [G1] 0 [G2] 0

1.0 ¥ r ¥
™ oo 20.00 40,00 0.00 10000 |

W AT T B0 F“orrfp“i"'"ﬂ“f'
5.50 [us] [
0.00 [mm)]
Water Path: 5.310 [mm] TOF: 8.500 [us/div] Thickness: 26.880 [mm/

I'padonpa 7.6 : Zovn cdpwong Z;, aptotepd ToL AEova TG GLYKOAAN GG dOKILion
11.

Ch, 1 A-Scan (Scan #1)
TOF [us): [G1] 25.600  [G2] 0.000 AMP [%): [G1] 0 [G2] D

20.00 0.00 v 80.0 100,00 !

“Ji, N : -
Wil il | 4 : :

' 4 R e R UL R R R A TV oy L T R
5.50 Jus) 90.50 [us]
0.00 [mm] 268.80 [mm)]
Water Path: 5.310 [mm]) TOF: 8.500 [us/div] Thickness: 26.880 [mm/div)

|-
I\u Lkllf"’!r f

paonpa 7.7 : Zodvn cdpwong Z,, 6e&1d Tov aEova TG GLYKOAANGNG TOL SOKIIOL
11.
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Ch. 1 A-Scan [Scan #1)

TOF [us): [G1] 0.000 [G2] 0.000 AMP [%): [G1] 60 [G2] 0

0.00 - 0.00 ' 80.00 100.00 !

I

| H ,
\rlﬁ ‘—n_'(mt"'h’-.r‘ﬁ'u o
5.50 [us]

Water Path: 5.310 [mm)] TOF: 8.501

I'padonpa 7.8 : Zovn cdpwong Z3, apltotepd Tov AEOVa TG GLYKOAANGNG TOV
doxiov 11.

Téhog avaeépetar 0TL 6e Ol T dokipa, mapovcidotnke €va defect, to omoio
ovopdleton ‘ribbonflash’ kot yapaxtmpiletoar amd v vrepPoiikn eEdONGM VAIKOV
EML TNG VO EMPAVELNG, OAPNVOVTOS £VOL KUUOTOEWES GTPON VAIKOD KOTE HUNKOG TNG
VIOY®POVoHG TAELPAG. Atwtieg elvar  kuplog ot vymAéc Beppokpacieg mov
OVOTTUGOOVTOL KATO Tr GLYKOAANGY GE GLVOLOCUO HE TN HeYoAOTEPN KAOETN
agovikn mieon Tov epyaieiov TPog To TEUd)LO.

Ewova 7.12 : Yrooerypa — [eprypaon atérelag tomov ribbonflash.
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Ymv mopakato ewova 7.13, mapoatiBovion yopakmpiotikol maApol vrepny®V, Tov
LLOG VITOONADVOLV TNV Tapovcia atéAelag 6to e€etalopevo vAkd pog. 'Etol pnopet va
yivel pio GOYKPION HE TO TOPOTOVE® TEWPOUATIKE OTOTEAEGLOTO — YPOPIUOTO,
GLUTEPAIVOVTOG TNV OLOLOTNTO LETAED QVTAOV.

[Mo moapdderypo o Tp®d@TOC TOAUOS TOV Ypaenuatog 7.1 and apiotepd, Tapovcstalet
opototto pe to defect no.2 g ewovag, 6mov emPefardONKe KOl PKPOGKOTIKA
Enerta amd EAEYYO, TG TPOKELTOL Y10 OTEAELO TOTTOL TOVVEA.

Emumiéov mapddetypa amotehel o mAapdg tov ypaenuatog 7.7, pe to defect no.3
KkaBmg Kot to ypaenua 7.8 pe 1o defect no.7.

SOUTEPACHOTIKA, EMELTO. OO TNV KOTOYPOON KOl KOTOXDPNON TOV TOAU®DV TOV
KpiOnkov onuavtikol ywo tTov €Aeyy0 TOV GLYKOAA|GE®V, O0KOAoVONGE oclvYKpilom
AVTOV UE YOPUKTNPIOTIKOVS TOAROVG EAATTOUATOV KOl TEAOG €maANBELON AVTOV
EmeLta oo PLETAAAOYPOPID TV OOKIUI®MV — MKPOGKOTIKO EAEYYO.

Undercutting

Weld
bead

Weld bead perimeter

Ewova 7.13 : Xapoakmnpiotikoi ToAnol aTeAEImY.

Téhog, oe mepinmtworn Omov olokinpwbel o €leyyoc pe vmepnyovg kot pio
GLYKOAAN O, KPOel OG «VYNG GLYKOAANGTY, TOPOTNPEITOL 1] LIKPOOOUT Kol KUPIMG
10 péyebog Tov kokkwv. Eniong amapaitntn elval n pétpnon mg KpookKAnpOTTOoS
(oprlévtior Ko kGBeT™), Yoo vor SOVUE TN GYETIKN GUUTEPLPOPE TOL VAKOD EVTOG TNG
Covng avadevong aALd Kot Kuplog €6V Kol TOCO PEIDOVETOL 1| GKANPOTNTO £VTOG TNG
Bepuikd emnpeacpévng Lovng oe oxéon TAVTO PE TO EUNTPIKO VAKO. Zto Ogppuxd
Katepydola  kpapoto aiovuwviov (my. 6082-T6, 7075-T651, 2024-T4), n
vrofabon g okAnpdéttoag eviog ™ Covng avdadevong ko e OEZ eivan
OVOUEVOUEVT, OALD KOl ONUOVTIKY, AGY® O1dAvoNG TV Katakpnuvicpdtov. Metd
EKTOG amd TN OKANPOTNTO UTOPEl Vo LEAETNOEL KATOL0G UNXAVIKEG 1010TNTES, OTMC
avToYN € £PEAKVGUE Kot KOG, KaBMG Kol TNV avToy 6€ ddfpwon.
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2YMIIEPAXMATA

Ot péBodotl pn KaTaoTPOPIKOL EAEYYOL, €lval 1 Sl0dIKOGIO TOV amotteiTon
Yy TN OeHPLVOT NG TOLOTNTAGS, TOV WOIOTHTOV KOl TV OCTACE®Y, TNV
aviyvevon EACOTTOUATOV TOV LDMKOV KOl TOV UNXOVIKOV EE0PTNUATOV,
Yopic vo mpokaAeitor Kataotpoen N avemavopbwtn PAAPN pe advvapio
TEPALTEP® EAEYYOV.

H péfodog twv vepniywv Bewpeitor n onpaviikdtepn pébodoc MKE.

O un xoTaoTPOPIKOG EAEYYOC LE VITEPNYOVS OMMG TOPOLGLALETOL KOl GTOV
nivoka 3.1, mapéyxel alomoto ko akpiPn EAEYY0 TOV GUYKOAANGEWV Kol
elval pio péBodog pe evpy QAoUo EPUPUOYDV, €V GLYKPIoEL UE GAAEG
pueBOA0LVE U1 KATAGTPOPIKOD EAEYYOV.

O ocwotog éheyyog amaitel Tov KOTdAANAO €£0mAIGHO, ONAMON TN CMOOTH
GLGKELN Kol KEQOAES TOPAYMYNG VIEPNYWV, TO KOAMDIO CUVOEST TOVG, TO
TpoTLTOL Badpovounong Kot o vYpod cHLEVENG.

210 KeEPAANO 6, amodeiytnke TwG VIApPyeEL yewpetpia v v FSW, mov
umopel va ypnopomombel ®g yvopovos, He okomd  TovV EAEYYO NG
GLYKOAANONG, TAPEYOVTOS CUAVTIKES TANPOPOPIES YO TV TOLOTNTA CVTYG.

Emumiéov o010 kepdrato 7, a&lomoidvtag T0 oyedlaoHd TG YEOUETPIOG TNG
GLYKOAANONG daL TPIPNG LEC® OVAGELON G, EVTOTIGTNKAY POCIKE EAATTOHOTO
mov gpeaviovror ot pébodo owtr, OTMG YL TOPASEIYUO 1 OTEANG
Otelodvon Kot 1 oTEAELD TOTTOL TOVVEA.

[TopatnpnOnkav kol oto tpia dokipe eMatopato, 6mov pe T Porbeta Tov
Aoytopkod Ultrawin™ mov meptypdgpeton 610 £kto Ke@GAmo, KaBdS Kat 1
pebodoroyio EAEYYOL TNG GLYKOAANGNS , OKOAOVONOE 1) EKTIUNGT AVTOV Kol
EMEITO. LOKPOOKOTIKOG EAEYYOG YO TNV TOVTOTOINCY] T®V EANTTOUATOV —
OTEAELDV.

OLOKANPOVOVTOG O LT KATOGTPOPIKOG EAEYYOC LLE VIEPNXOVS, OMOTEAEL pia
OVTOTEAN EMIOTNUN, 7OV €EEAMOGGETOL OOPKMG GTO TEPUGHO TOL YPOVOU,
OpOVTOC KOTAAVTIKG GTOV 0EIOTIGTO EAEYYO KOTACKEVMV KOl GUYKOAACEWV,
1 omoio OMOTEAEGOL KO OVTIKEILEVO HEAETNG TNG TOPOVCOS  UETATTUYIOKNG
gpyaciog.
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Introduction

Nondestructive material testing with ultrasonics is more than 40 years old. From
the very first examinations, using ultrasonic oscillations for detection of flaws in
different materials, it has become a classical test method based on measurements with
due regard to all the important influencing factors. Today it is expected that ultrasonic
testing, supported by great advances in instrument technology, give reproducible test
results within narrow tolerances. This assumes exact knowledge of the influencing
factors and the ability to apply these in testing technology. Not all influences have to
be seriously regarded by the operator. In many cases some of the influences can be
neglected without exceeding the permitted measurement tolerances. Due to this, the
test sequence is simplified and the testing time reduced. Despite this, the future
belongs to the qualified operator who carries out his task responsibly and who
continuously endeavours to keep his knowledge at the latest state of the art.

1. Why use ultrasonics for nondestructive material testing?

At the beginning of the fifties the technician only knew radiography (x-ray or
radioactive isotopes) as a method for detection of internal flaws in addition to the
methods for nondestructive testing of material surfaces, e.g. the dye penetrant and
magnetic particle method. After the Second World War the ultrasonic method, as
described by Sokolov in 1935 and applied by Firestone in 1940, was further
developed so that very soon instruments were available for ultrasonic testing of
materials. The ultrasonic principle is based on the fact that solid materials are good
conductors of sound waves. Whereby the waves are not only reflected at the interfaces
but also by internal flaws (material separations, inclusions etc.). The interaction effect
of sound waves with the material is stronger the smaller the wave length, this
means the higher the frequency of the wave.

A=c/f
v ¢ = Sound velocity [km/s]
v f=Frequency [MHz]

v 1= Wave lenght [mm]

This means that ultrasonic waves must be used in a frequency range between about
0.5 MHz and 25 MHz and that the resulting wave length is in mm. With lower
frequencies, the interaction effect of the waves with internal flaws would be so small
that detection becomes questionable. Both test methods, radiography and ultrasonic
testing, are the most frequently used methods of testing different test pieces for
internal flaws, partly covering the application range and partly extending it. This
means that today many volume tests are possible with the more economical and non-
risk ultrasonic test method, on the other hand special test problems are solved, the
same as before, using radiography. In cases where the highest safety requirements are
demanded (e.g. nuclear power plants, aerospace industry) both methods are used.
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2. Ultrasonic testing tasks

Is there a primary classification of tasks assigned to the ultrasonic operator? If we
limit ourselves to testing objects for possible material flaws then the classification is
as follows:

1. Detection of reflectors

2. Location of reflectors
3. Evaluation of reflectors

4. Diagnosis of reflectors
(reflector type,orientation, etc.)

Instead of using the word "reflector', the ultrasonic operator very often uses the
term "discontinuity". This is defined as being an "irregularity in the test object
which is suspected as being a flaw". In reality, only after location, evaluation and
diagnosis has been made, can it be determined whether or not there is a flaw which
effects the purpose of the test object. The term "discontinuity" is therefore always
used as long as it is not certain whether it concerns a flaw which means a non-
permissible irregularity.

3. Detection of discontinuities

The essential "tool" for the ultrasonic operator is the probe, Figs. la + 1b.

damping blocks
housing Y
housing .|

| socke
darrping
a perspex wedge -

(probe delay) - .
crystal
Fig. 1a Straight-beam probe (section). Fig. 1b Angle-beam probe.

The piezoelectric element, excited by an extremely short electrical discharge,
transmits an ultrasonic pulse. The same element on the other hand generates an
electrical signal when it receives an ultrasonic signal thus causing it to oscillate. The
probe is coupled to the surface of the test object with a liquid or coupling paste so that
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the sound waves from the probe are able to be transmitted into the test object. The
operator then scans the test object, i.e. he moves the probe evenly to and fro across the
surface. In doing this, he observes an instrument display for any signals caused by
reflections from internal discontinuities, Fig. 2.

Fig. 2a Plane flaw — straight-beam probe. Fig. 2b Plane flaw — angle-beam probe.

Every probe has a certain directivity, i.e. the ultrasonic waves only cover a certain
section of the test object. The area effective for the ultrasonic test is called the "sound
beam" which is characteristic for the applied probe and material in which sound
waves propagate. A sound beam can be roughly divided into a convergent (focusing)
area, the nearfield, and a divergent (spreading) part, the far field, Fig. 3. The length
N of the near-field (near-field length) and the divergence angle is dependent on the
diameter of the element, its frequency and the sound velocity of the material to be
tested. The center beam is termed the acoustic axis. The shape of the sound beam
plays an important part in the selection of a probe for solving a test problem. It is
often sufficient to draw the acoustic axis in order to show what the solution to a test
task looks like. A volumetric discontinuity (hollow space, foreign material) reflects
the sound waves in different directions, Figs. 4a + 4b.
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N = rear field length
.-Y = angle of divergence

near field

far field

[=

I
acoustical axis
(central beam)

Fig. 3 Sound field.

-
\V/
5

Fig. 4a Volumetric discontinuity — straight-beam probe, Fig. 4b Volumetric discontinuity — angle-beam
probe.

The portion of sound wave which comes back to the probe after being reflected by
the discontinuity is mainly dependent on the direction of the sound wave; i.e. it does
not matter whether scanning is made with a straight-beam probe or an angle-beam
probe or whether it is carried out from different surfaces on the test object, Fig. 5.
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Fig. 5 Volumetric flaw — detection form different directions.

If the received portion of the reflected sound wave from the probe is sufficient then
the detection of the existing volumetric discontinuity is not critical, this means that the
operator is able to detect it byscanning from different directions. A plane (two
dimensional) discontinuity (e.g. material separation, crack) reflects the ultrasonic
waves mostly in a certain direction, Fig. 6.

Fig. 6 Reflection on angled plane discontinuity.
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crack Hica

Fig. 7 Apparent deformation of the sound beam on a side wall.

If the reflected portion of the sound wave is not received by the probe then it is
unlikely that the discontinuity will be detected. The possibilities of detection only
increase when the plane discontinuity is hit vertically by the sound beam. This applies
to discontinuities which are isolated within the test object. With plane discontinuities
which are open to the surface of the test object, e.g. a crack running vertically from
the surface into the test object, a vertical scan of the crack does not always produce
the required success.

In this case wave overlapping occurs (interferences) due to sound wave reflection on
the side wall of the test object which seems as if the sound wave bends away from the
corresponding side wall, Fig. 7. In such cases, the probability of crack detection is
very good if the angle reflection effect is used, Fig. 8a. At the 90° edge, between the
crack and the surface of the test object, the sound waves are reflected back within
themselves due to a double reflection, Fig. 8b. Use of the angle reflection effect is
often even possible when a plane discontinuity, which is vertical to the surface, does
not extend to the surface and under the condition that the sound wave reflections at
the discontinuity and the surface are received by the probe, Fig. 9.

Fig. 8a Crack detection with 45° scanning.
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Fig. 8b Angle reflection effect.

Fig. 9 Plane, vertical reflector near the surface.

Often in thick-walled test objects, in which there are vertical discontinuities, this
condition cannot be fulfilled so that the reflected sound waves from the discontinuity
and the surface of the test object do not return to the probe. In this case, a second
probe is used for receiving the reflected portions of sound thus enabling detection of
the discontinuity.

With this type of testing, the Tandem Technique, one probe is used as a
transmitter, and the other probe is used as the receiver. Both probes are moved over
the surface of the test object and are spaced apart at a fixed distance. Scanning is
made for vertically positioned discontinuities at different depths of the test object,
depending on the probe spacing, Figs. 10a, 10b and 10c.

Although, with angle scanning in thin test objects, there is a possibility that plane
discontinuities cannot be vertically hit, Fig. 11 a, the detection sensitivity is much
better, especially by suitable selection of the scanning angle and the test frequency so
that the user favours the single probe test as opposed to the more complicated tandem
method. This is normally the case when testing welds up to a thickness of about 30
mm.

Of course the possibility of detecting discontinuities which are not vertically hit is
reduced. However, this deficiency is often compensated by an additional test with
another angle of incidence, Fig. 11 b, or by using a probe with a lower frequency, Fig.
11 c. A typical procedure can be found in the corresponding specifications (test
instructions) for weld testing.



Fig. 10a Angle reflection effect.

Fig. 10b Tandem testing: center zone.

_. 332,_

T D R

Fig. 10c Tamden testing: lower zone.



Fig. 11a 70° scanning: unfavourable angle.

Fig. 11b 45° scanning: favourable angle.

reflected sound
waves

- flat defect

Fig. 11c 70° scanning with 2 MHz; detection by large divergence of the sound beam.

4. Method of testing and instrument technology

4.1 The ultrasonic flaw detector

Before we concern ourselves with further test tasks and their solutions, we must
firstly acquire more detailed knowledge about the most frequently applied ultrasonic
technique, including test instruments and probes. Based on what has already been
stated concerning the location of discontinuities, we must transmit short sound pulses
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into the test object in order to measure the sound pulse's time of flight from the probe
to the reflector and back. This is only possible when there is a clearly defined start
time and target time. As long as the test object's sound velocity is known it is then
possible to determine, using simple calculation, the distance of the reflector and thus
its exact position in the test object, Fig. 12.

2T

(111

Fig. 12 The priciple of time of flight measurement.

Sound reflections in the audio range are called echoes (think of the yodeler in the
mountains). Therefore why should we not use this short appropriate term for the
reflection of an ultrasonic pulse? Thus the name of the method came into being which
is applied in most areas of application for material testing with ultrasonics: the Pulse
Echo Method, Fig. 13.

start signal finish signal
(pulse) (echo)

/
o

sound transit

transit time

path | measurement

work piece

Fig. 13 Block diagram: Pulse Echo Method.

The time measurement starts with the electrical transmission pulse, the initial pulse.
This is an extremely short electrical discharge which triggers a sound pulse at the
probe crystal. This pulse travels through the material and is reflected by a
discontinuity or the opposing wall and returns back to the probe. The received
oscillations are converted into an electrical pulse which stops the time measurement.
The distance to the reflector can now be instantly determined by the following
formula:



v' s =sound path [mm]
v ¢ = sound velocity [km/s]
v t=time of flight [ms)

If the time of flight is graphically displayed then we are not far from the universal
Ultrasonic Flaw Detector, Fig. 14.

In order to evaluate the visual signals (echoes) on the screen there is a grid on the
inside of the CRT. The exchangeable attachment scale, which has a horizontal scale
with 10 graduations is called the display scale, Fig. 15.

- & :i '! '.'
T
a

= -
{
T -

Fig. 14 Ultrasonic Testing in practice.

Fg. 15 The Display scale

Using this scale, the ultrasonic operator is able to measure echoes on the display.
How is this done? As already stated, the electrical transmission pulse triggers the
sound pulse at the probe crystal. At the same time this voltage pulse is feed to the
input of the amplifier so that the high voltage causes a vertical deflection of the
display sweep, this is called the initial pulse, Fig. 16a.

With this initial pulse, the sweep starts in the lower left corner of the display
synchronous to the start of the sound pulse in the test object and moves along the base
line at a constant speed to the right, Fig. 16b. The speed of the pulse is dependent on

-121 -



the material of the test object (sound velocity = material constant). The sweep speed
of the instrument's display can be varied within wide limits.

< transmitter
tranamission

sound wave

Fig. 16a Initial pulse = Start.

transmitter

sound wave

Fig. 16b after 10 ms.

Thus the speed of the display sweep can be exactly matched to the sound velocity. In
our example the electron beam reaches scale division 4 while the pulse is at the
opposing side of the test object, Fig. 17 a, then it will of course need the same time to
return, i.e. the beam spot will be at the 8" scale graduation, Fig. 17 b.



transmitter

\_ © 2 4 6 8 10

Fig. 17a Beam spot at the 4th scale graduation.

transmitter

Fig. 17b Beam spot at the 8th scale graduation.

The part of the sound pulse, which is transmitted through the couplant and into the
probe, generates a small electrical reception signal at the crystal which, via the
amplifier, causes vertical deflection of the beam spot, this is the backwall echo Fig.
18. The deflection takes place quickly because the sound pulse is short, therefore can
only trigger a short voltage pulse at the probe crystal. The electron beam returns
quickly back to the base line and continues to the right, whilst the largest part of the
sound pulse is reflected at the couplingsurface and travels through the test object a
second time.



The display indications can now be allocated into two measurement values:

1. Horizontal position. Left flank of the echo at the 8™ scale graduation.
2. Vertical amplitude: 70% screen height.

transmitter
s
¢ -
/ work piece
f!
probe
”~ ™
back wall
echo
I‘.J L L L |
0 2 4 6 8 10 )

Fig. 18 Backwall echo at the 8th scale graduation.

At the moment this does not tell us very much, however, later we will see that nearly
all usable results which we obtain from ultrasonic testing are based on these two
readings. Let us take a look more closely at the current result: The high initial pulse
starts at the left in front of the scale zero point. The rising flank corresponds to the
time at which the electrical signal is on the crystal and starts the sound pulse.
However, before it is fed to the surface of the test object it must travel through the
protection layer of the probe (probe delay). Although it is relatively thin, a short
period of time is required. The initial pulse is exactly shifted to the left by this period
of time, Fig. 19a.
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2 4 6 8 10

electrical ) rmechanical ’
Zero i Zeyo
(initial pulse) (surface)
probe

protecting face
Fig. 19a Straight-beam probe: initial pulse delay.

With angle-beam probes the sound pulse in the probe must travel through a much
longer delay path made of perspex before it is transmitted into the test object.
Depending on the type of probe, the initial pulse delay can be so large that it no longer
appears on the display, Fig. 19 b.

alectical
2ero
(initial puise)

probe | 0 2 4 8 810
delay i A | mecharical
(wedige) : = -~

wm (surface)

work piece

Fig. 19b Angle-beam probe: initial pulse delay.

We already explained the echo at the 8" scale graduation before: It is the pulse
reflected at the opposite wall of the test object, the backwall echo. Now it is not too
difficult to guess how the display changes when there is another reflector within the
sound beam, e.g. a material separation: between the initial pulse and the backwall
echo another echo will appear, caused by partial reflection of the sound wave on a
discontinuity, Fig. 20.
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Fig. 20 Test object with discontinuity, display with flaw echo.

Such an echo is called an intermediate echo. It is easy to foresee the position
changes of the intermediate echo on the display if the reflector is at different depths.
Fig. 21 atb: the position of the intermediate echo on the display in relation to the
position of the backwall echo behaves the same as the distance of the discontinuity
related to the total thickness of the test object. We already know a method of
determining the distance of an internal flaw; the ultrasonic tester speaks of location of
the discontinuity.

flaw
N
back wall
echo
flaw
|
_ © 2 4 6 8 10

Fig. 21a Discontinuity in front of the backwall.
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Fig. 21b Discontinuity near the surface.

4.2 Near resolution

So, what can we do when a small discontinuity is just below the surface of the test
object, i.e. directly in front of the probe? Can this discontinuity still be detected? The
answer is no, because the intermediate echo is now within the initial pulse, it is

therefore covered by it. Probably there are also no further indications that there is a
near-to-surface discontinuity here, Fig. 22.

Fig. 22 A non-detectable near-to-surface discontinuity.



Or do we perhaps have a clue which will lead us to the unseen intermediate echo (a
near-to-surface discontinuity)? The answer is yes, when the discontinuity is large
enough and shadows a noticeable part of the sound beam so that the backwall echo
becomes smaller, Fig. 23. If the near-to-surface discontinuity is also smooth and
parallel to the surface, then there is an echo sequence which is more or less well
formed because the pulses are reflected many times between the surface and the
discontinuity, Fig. 24.

flaw

(0] 2 4 6 8 10
" J

flaw echo

sequence
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In this case, the amplitudes of the echoes become smaller as the distance increases.
The more dense the flat echoes advance to the surface, the more the echoes of the
echo sequence disappear into the initial pulse, this causes the echoes to become even
more dense. In such cases there is a limit to detection.

From everything, we see that the initial pulse is not welcome on the display,
however it is a technical necessity: it limits the detectability of near-to-surface
discontinuities. Reflectors in the dead zone, the non-testable area immediately
beneath the surface, can no longer be detected, Fig. 25. The dead zone is dependent
on the test setup, this means from the probe and the test instrument. However, it can
be minimized by suitable selection of the testing device.

Fig. 25 Dead zone: display, test object.

4.3 The probe

Probes whose beams are normal to the surface are called straight-beam probes,
Figs. 1a and 26.

Fig. 26 Straight beam probe.



Most standard straight-beam probes transmit and receive longitudinal waves
(pressure waves). The oscillations of such a wave can be described by compression
and decompression of the atoms propagating through the material (gas, liquid and
solid), Fig 27. There is a large selection of straight-beam probes in various sizes and
range from frequencies of approximately 0.5 MHz to 25 MHz. Distances of over
10Tm can be obtained thus enabling large test objects to be tested.
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Fig. 26 Straight beam probe

The wide range enables individual matching of probe characteristics to every test
task, even under difficult testing conditions. We have already mentioned a
disadvantage of straight-beam probes which, under certain conditions, can be
decisive: the poor recognition of near-to-surface dis-continuities due to the width of
the initial pulse.

Probes whose beams enter at an angle are called angle-beam probes because they
transmit and receive the sound waves at an angle to the surface of the test object, Figs.
1b and 28.

Fig. 28 Angel-beam probes.

Most standard angle-beam probes transmit and receive, due to technical reasons,
transverse waves or shear waves.
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Fig. 29 Transverse wave

With a transverse wave the atoms or molecules oscillate vertical to the wave's
direction of propagation, Fig. 29, due to the fact that excitation is made by shear force
(transverse to the propagation's directive forces). Transverse waves only occur in
solid materials never in liquids or gases because these do not have a shear modulus
and therefore do not effect any shear forces. In addition to this, they propagate much
slower than longitudinal waves in the same material. There is no quick reply tothe
question about why angle-beam probes do not transmit longitudinal waves. In this
case a detailed examination is required.

4.4 Refraction and mode conversion

Inclined sound waves are almost exclusively generated so that they occur at an angle
to the probe/test object interface, Fig. 1b. This is simply achieved by cementing the
element onto a wedge shaped delay path which is normally made of perspex. If a
longitudinal wave, at a fixed angle of incidence (the wedge angle), hits the
perspex/steel interface then this wave is firstly split-up into a reflected and a
transmitted wave, Fig. 30a.

Reflected waves obey the reflection law (angle of incidence = angle of reflection)
and transmitted waves the refraction law (Snell's law):

sina ¢
sinff ¢,

v' a=angle of incidence

v" b =angle of refraction
v ¢;= sound velocity in medium 1
v ¢o= sound velocity in medium 2

POOMmIng
WG

\ o
8

madum 1

mechum 2

8.

reflected

wave

refractec

VAT

Fig. 30a Refraction and reflection without transverse waves.
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Moreover something strange happens: In addition transverse waves are created at
the sound beam's point of impact, Fig. 30b. This happens with reflection as well as
with refraction! Due to the fact that the transverse waves propagate at around only
half the sound velocity of longitudinal waves, other propagation directions are
automatically produced due to the refraction law, i.e. reflection and refraction angles.

i / refllected

incoming o y
wene i wave
o |
III II.
madium 1 \ .fl
medium 2 refrmtedd
S 2 \ wave

Fig. 30b Refraction and reflection with transverse waves.

If, with inclined scanning, this wave conversion is not taken into consideration, then
location and evaluation of discontinuities is not possible in many cases, even
detection becomes questionable because one echo on the display leads to two different
reflector locations depending on whether one takes longitudinal waves or transverse
waves as a basis, Fig.31.

But where is the discontinuity? A clear answer can only be given by the operator
when one of the wave modes does not occur. That is undoubtedly the precondition for
the universal application of anglebeam probes. This precondition can be derived from
the refraction law: firstly we recognize that the refraction angle of longitudinal waves
is for steel approximately twice as large as that of the transverse waves, Fig. 30b.
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With further enlargement of the angle of incidence the angle of refraction b also
increases until finally, at an angle of incidence of a = 27.5° (1st critical angle), the
longitudinal wave, with an angle b of 90°, is refracted. This means that it runs along
the interface whilst the transverse wave is still transmitted into the test object, Fig 32a.

Fig. 22a Refraction: 1st critical angle

Our precondition for clear reflector evaluation is fulfilled: now only one sound wave
occurs in the test object, this is the transverse wave with a refraction angle of 33.3°
(for perspex/steel). With further enlargement of the angle of incidence various
refraction angles of the transverse wave (= beam angle) can be set, e.g. exactly 45°,
Fig. 32 b. Finally, with an angle of incidence of about 57° (2nd critical angle), the
transverse wave, with an angle of 90°, is refracted and propagates along the surface of
the test object, it then becomes a surface wave, Fig. 32 c.

That is the limit over which no more sound waves are transmitted into the test object.
Total reflection starts from here, Fig. 32d.

Fig. 32b Refraction: transverse wave under 45°.
Fig. 32c Refraction: 2nd critical angle, surface wave.

Fig. 32d Total reflection.

The area in which an angle of incidence is present between the 1st and 2nd critical
angle (27.5° - 57°) gives us a clear evaluable sound wave in the test object (made of
steel), namely the transverse wave between 33.3° and 90°, Fig. 33.
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Fig. 33 Usable range for angle-beam probes in steel.
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4.5 Characteristics of angle-beam probes

Due to the fact that steel is tested in most applications, the angle-beam probes are
designed so that suitable angles of incidence are produced in steel. To achieve clear
evaluation there are angle-beam probes with angles of 35°, 45°, 60°, 70°, 80° and 90°
(surface waves), Fig. 33.

Angles of 45°, 60° and 70° are mostly used. With regard to frequency, angle-beam
probes do not have such a wide selection as straight-beam probes. This is primarily
due to the fact that high frequency transverse waves in non-alloyed fine grain steels
are subjected to high attenuation. As the sound energy of the waves travels through
the material it is so strongly absorbed and scattered that only relatively small test
objects can be tested with sufficient sensitivity.

If discontinuities have to be detected over larger distances (in thicker test objects)
then angle-beam probes with larger crystals and lower frequencies are to be used; e.g.
a reflector with a size of 2 mm in low alloyed fine grain steel with a 2 MHz
anglebeam probe with a large crystal can be detected up to a distance of 700 mm. The
near resolution of angle-beam probes is often better than with straight-beam probes
because the initial pulse is shifted far to the left due to the relatively large Perspex
delay path. The falling flank of the initial pulse could sometimes still cover near-to
surface discontinuities. Figs. 34a+b show, when using an angle-beam probe, how a
near-to-surface drilled hole (1 mm deep) can be reliably detected.

.,

Fig. 34a Scanning a 1 mem transverse hole at a depth of 1 mm
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Fig. 34b Detection of a hole with a MWB 70-4E.
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4.6 The TR probe

If you want to obtain a similarly good near resolution with straight-beam scanning
you should use a TR probe, Fig. 35.

transmitter receiver
socket @ socket
acoustical ;
barrier damping blocks

b

— | delay

crystal ( -

Fig. 35 TR probe: section.

This technique uses two crystal elements which are acoustically and electrically
separated from each other in the same housing. In addition to this, both elements are
stuck to a relatively long delay path (made of perspex) and are slightly inclined
towards each other. Connection of the TR probe on the instrument is made in the TR
or dual mode, i.c. one element is connected to the transmitter and the other with the
input of the receiver amplifier. The initial pulse is positioned far left of the display
due to the long delay path, Fig. 36.

work piece

Fig. 36 TR probe on the test object: CRT with backwall echo.

Multi-reflections within the delay path of the transmitter do not interfer because the
transmitter element does not have any reception function. Only when the sound pulses
come out of the test object and into the receiver element of the TR probe do
evaluatable echoes appear on the display.
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The electrical and acoustic separation is, due to technical reasons, not completely
possible. Especially high gain adjustments and rough test object surfaces cause
portions of sound to be directly transferred from the transmitter to the receiver.

This generates an interference echo on the display which is called the cross-talk
echo. The cross-talk echo can exactly cover the near-surface area of the test object
and once again there is a loss in detection sensitivity, especially of small
discontinuities. However, most cross-talk echoes are so small, or even negligible, that
they can be clearly distinguished from possible discontinuity echoes, Fig. 37.
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Fig. 37 TR probe on the test object: discontinuity echo in the cross-talk echo.

TR probes are therefore ideally suited for the detection of near-to-surface
discontinuities and for thickness measurements on thin test objects. The TR probe
reacts considerably less sensitive to coupling variations which may be caused by
rough or curved material surfaces. This characteristic explains why TR probes play a
valuable part in the chemical and energy generating industries: they are ideal for
testing all types of tubes and containers, for the detection of discontinuities in tube
walls, and for measurements of inside corrosion and remaining wall thicknesses.
Special high temperature probes are even able to measure the wall thickness on test
object surfaces up to about 550°C so that installations can be tested during operation.




5. Locating discontinuities

5.1 Calibration of the instrument

The location of a discontinuity can be instantly determined using its echo if the
instrument is correctly calibrated. Calibration means, linear display, from the zero
point on the scale, of a certain distance range of the object to be tested. The zero point
on the scale corresponds to the surface of the test object and the 10th scale graduation
the maximum distance, e.g. 100 mm steel, 10 mm aluminum, 25 mm brass etc. When
specifying the calibration range the naming of the material is also important because
the displayed distance of the echo, sound path s, is always deduced from the time of
flight t of the pulse and the sound velocity caccordingto the equation:

ct
s ==
2

v" s = sound path [mm)]
v" ¢ = sound velocity [km/s]
v’ t = transit time [ms]

This relationship is not unimportant for the ultrasonic operator but it is not required
for the sequence of calibration. The rule simply says:

Use a work piece of the same material as the test object whose dimensions are
known. By coupling the probe onto an object of known thickness t an echo sequence
appears on the display, Fig. 39. The associated sound paths correspond logically to the
paths being travelled in the test object, for example with a straight-beam probe it is
the multiple of the test object's thickness t, therefore:

= ]IstEcho=t,
= 2nd Echo =2t,
= 3rd Echo = 3t, etc.

We must now adjust 2 of these echoes on the corresponding scale graduation to the
required calibration range.
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Fig. 39 USK 7: Backwall echo sequence with a straight-beam Probe.

The instrument is then calibrated, i.e. by reading off the scale position T the sound
path s (distance) of the associated reflector can be determined (location of reflectors,
wall thickness measurement).

5.1.1 Calibration with a straishtbeam probe

The reference piece used for calibration is called the Calibration Block, or
Standard Calibration Block, if the block used is standardized. The Standard
Calibration Block 1, also simply referred to as V1 block (according to BS 2704 -
A2), has a thickness of exactly 25 mm and is made of low-alloyed fine grained steel
so that it can be used for nearly all types of calibration when similar steels are to be
tested. Example 1: Calibration range 100 mm steel (longitudinal waves) The 10 scale
graduations on the horizontal display scale are to have a range of 0 to 100fmm steel,
Fig. 40. One scale graduation therefore corresponds to 10 mm in the test object. We
say: the scale factor k (display scale) is 10 mm per scale graduation.

0 50 100 mm

atee] |

Fig. 40 Calibration range: 0-100 mm.

We couple the straight-beam probe to the V1 block (laying flatwise), Fig. 39. The
backwall echo sequence now comes from the 25 mm steel path. The allocation of
sound paths si to the corresponding scale positions Ti is carried out using the
calibration table:
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Echo-No Sound Scale Skalen-
i path s; factor k | position T;
frmm) [mm/scale| [scale
grad ] grad]
1 25 10 25
2 50 10 5.0
3 75 10 75
4 100 10 10.0

Fig. 41 USK 7: Calibration in the 190 mm range.
The corresponding scale position Ti is calculated by using the formula:

Si

T; =

v' si = sound path of umpteenth echoes
v" Ti = scale position of the umpteenth echo
vk = scale factor

The exact adjustment of echoes from the calibration block, as in Fig. 41, is made
with analog ultrasonic flaw detectors using the controls pulse shift (or delay) as well
as coarse and fine ranges.

In doing this, the adjustments must be alternately carried out at these points until the
echo flanks are at the correct scale positions. With modern digital instruments the
calibration range of 100 mm and the sound velocity of 5920 m/s are firstly entered.
After coupling the probe to the calibration block, the function delay or probe delay is
changed until the echoes are correctly positioned, Fig. 42.
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Fig. 42 USK 7 D: Consideration of the probe delay.

Example 2: Calibration range of 250 mm in aluminum 10 scale graduations
correspond to 250 mm in aluminum: k = 25 mm/graduation. We couple the straight-
beam probe to an aluminum test block which is 80 mm thick, i.e. a backwall echo
sequence is produced from this thickness (t = 80 mm), Fig. 43.

Fig. 43 USK 7 D: Calibration of a 250 mm range with an 80 mm aluminum path.

The calibration table now looks like this:

Echo-No Sound Scale Skalen-
i path s; factor k | position T;
[rmm] [mm/scale | [scale

grad] grad ]
1 80 25 32
2 180 25 6.4
3 240 25 9.6

Exact reflector location is only possible after correct calibration of a test instrument.
The ultrasonic operator moves the probe over the test object. In a normal case, i.e.
when a discontinuity does not exist, only the initial pulse and the backwall echo are
visible on the display. As soon as a discontinuity is within the area of the sound beam,
an additional echo appears between the initial pulse and the backwall echo, Fig. 44,
e.g. an echo at scale graduation 1.4. With calibration in the 250 mm range the distance
to the reflector s is therefore 1.4 x 25 =35 mm.
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Fig. 44 USK 7 D: Sound path measurement.

5.1.2 Calibration with a TR probe

For technical reasons, the calibration with a TR probe can only be made to a certain
extent using a backwall echo sequence from a comparison object. Due to the slight
angular beaming, Fig. 35, transverse waves occur with the TR probe which cause
strong interference behind the 1* backwall echo so that the 2nd backwall echo is often
unable to be identified. Therefore, a stepped calibration block is used for the
adjustment of both echoes, alternately going between two steps (2 point calibration).

Example 3: Calibration range for 10 mm steel.

Step block VW (steel: 1 - 8 mm). The 3 mm and 6 mm steps should be used for
calibration. The step selection depends on the depth range of the expected reflectors.
Here the echo from 3 mm must be adjusted to the 3rd scale graduation and the echo
from 6 mm to scale graduation 6, Fig. 45a+b.

Fig. 45a The two positions (3 mm and 6 mm step) of the TR probe on the stepped calibration block
VW.
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Fig. 45b Calibration echo at the 3rd graduation (top) Calibration echo at the 6th graduation (bottom).

a) Firstly, we couple the TR probe to the 3Tmm step and use the delay control for
adjusting the echo flank to the 3rd scale graduation.

b) Now we couple the probe to the 6 mm step and bring the echo to the 6th scale
graduation with the range control.

c) Steps a) and b) are alternately repeated until both echo flanks are exactly on the
3rd and 6th scale graduations, Fig. 45a+b.

The main application of TR probes are wall thickness measurements, but they are
also suitable for the detection of near-to-surface discontinuities, Fig. 46a+b.

Fig. 46a Probe DA 312 on a speciemen with a side drilled hole in a depth of 1 mm.



5.1.3 Calibration with an anglebeam probe

For calibration of the test instrument with an angle-beam probe the standard
calibration block 1, Fig. 47a, and the calibration block V2 (according to BS 2704 -
A4), Fig. 47b, are almost exclusively used because no backwall echo sequence is
received due to the angular beaming from a plane-parallel calibration block.

Fig. 47a WB 60-2E on Calibration Block 1

Fig. 47b MWB 45-4E on Calibration Block 2

The advantage with echoes from the circle segment of the calibration block is that
the same sound path is always given independent of the probe angle, Fig. 48.

When the angle-beam probe is exactly coupled in the center of the circle segment, a
first echo is exactly received from 100 mm out of V1 block. According to the
reflection law, the sound waves coming out of the arc are reflected away from the
coupling surface to the back, this means away from the arc, Fig. 49a.

A second echo out of the arc, needed for the calibration sequence, cannot therefore
be produced. For this, there are two saw cuts made in the center of the quarter circle:
in the edges, which these saw cuts form with the surfaces, the sound waves are
reflected back within themselves due to double reflection (angle reflection effect) so
that they go back to the arc, Fig. 49b.



Fig. 48 Different probe angels at V1 block
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100 mm

Fig. 49a Sound path in the V1 block without angle reflection

100mm EOmm A0mm

Fig. 49b Sound path in the V1 block with angle reflection

Because the radius of the circle segment is exactly 100 mm we will regularly receive
an echo sequence with distances of 100 mm, 200 mm, 300 mm etc. with which we are
able to carry out calibration of the test instrument the same way as the straightbeam
probe. Fig. 50 shows calibration of the 250 mm range.

Fig. 50 Range: 250 mm with a WB 60-2 on V1 block

For the miniature angle-beam probe one uses the considerably smaller and lighter
Standard Calibration Block 2 (V2 block). This has, as opposed to the V1 block, two
circle segments with a common center point, however it does not have saw cuts. The

- 144 -



required echo sequence is produced here by the alternating reflection of the sound
waves, Fig. 51a+b.

this wave will be
absorbed !

Fig. 51a Path of a sound wave in a V2 block, radius 25 mm

s ;= 50 mm
S 125 mm
S = 200 mm
LS. WV.

Fig. 51b Path of a sound wave in a V2 block, radius 50 mm

The corresponding echo sequence is produced according to whether the probe beams
into the 25 mm radius or the 50 mm radius. No echoes appear with sound paths by
which the sound pulses from the "wrong" direction meet at the center point because
these pulses are absorbed by the
front damping element of the probe. Fig. 52 shows calibration of the 100 mm range
by scanning into the 25 mm radius of Standard Calibration Block V2.

Loalid 4l L L

2 4 & 8 10

vy

o] 100 mm
steel

Fig. 52 Range: 100 mm calibrated on V2, radius 25 mm
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5.1.4 Locating reflectors with an angle-beam probe

The echo of a discontinuity on the instrument display does not now give us any
direct information about its position in the material. The only available information
for determination of the reflector position is the scale position and therefore the sound
path s, this means the distance of the discontinuity from the index point (sound exit
point) of the probe, Fig. 53.

s = sound path
s=kT k = scale factor
10

T = screen reading | [H
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|
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|

|
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work piece reflector

Fig. 53 Scanning a reflector using an angle beam probe

The mathematics of the right-angled triangle helps us to evaluate the Surface
Distance and the Depth of a reflector which are both important for the ultrasonic test,
Fig. 54a.

Sound entry point projection “flaw triangle”
Point '
a :
D -
B
— ; | a=s-siniB
s - |
| d=s-cosB
B = probe angle B
s = sound path e
flaw location
a = surface distance
d = depth

Fig. 54a The flaw triangle

We therefore now have the possibility to instantly mark a detected flaw's position on
the surface of the test object by measurement of the surface distance from the sound
exit point and to give the depth. For practical reasons, the reduced surface distance
is used because this is measured from the front edge of the probe. The difference
between the surface distance and the reduced surface distance corresponds to the x-
value of the probe, this is the distance of the sound exit point to the front edge of the
probe, Fig. 54b.

- 146 -



a = surface distance
a = reduced surface distance
x = x-value = distance:
incdex point -
a front edge of probe
a
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Fig. 54b Reduced surface distances and x-value

With ultrasonic instruments having digital echo evaluation these calculations are
naturally carried out by an integrated microprocessor and immediately displayed so
that the operator does not need to make any more time-consuming calculations, Fig.
55.

Fig. 55 USN 50: A hole being scanned with the probe
MWB 60-4E

This is of great help with weld testing because with the calculation of the flaw depth
an additional factor must be taken into account, namely: whether the sound pulses
were reflected from the opposing wall. If this is the case then an apparent depth of
the reflector is produced by using the depth formula which is greater than the
thickness T of the test object.

o

= apparert depth

apparert flaw location

Fig. 56a The apparent depth



The ultrasonic operator must acertain whether a reflection comes from the opposite
wall and then proceed with calculating the reflector depth, Fig. 56b.

a=s-sinB3
d = apparent depth
d=s-cosB3

d=2T-d

d' = real depth

T = work piece thickness

|

‘ real flaw location

T s . |
| s il
:::n apparent flaw location

Fig. 56b The real reflector depth after sound reflection

6. Evaluation of discontinuities

Of course, a discontinuity is best evaluated when its size (extension) is known. The
operator's wish to accurately know the "real reflector size" is understandable therefore
it is expected that an nondestructive testing method, such as ultrasonic testing, give
this information. However, due to the fact that on the display only the echo can be
interpreted, this means the reflected sound coming from the discontinuity, it is very
often difficult, and in some cases even impossible, to reliably assert the size of the
reflector. In fact, the echo height plays the decisive part when evaluating
discontinuities during manual Ultrasonic Testing.

6.1 Scanning method

In ultrasonic evaluation one is frequently able to come near to the true reflector size
as long as the discontinuity is large compared to the diameter of the sound field. The
discontinuity then reflects the complete impacting energy back, Fig. 57.

By scanning the boundaries of the discontinuity, reliable information can be obtained
about its extension. The ultrasonic operator normally observes the height of the
discontinuity echo. The probe position on the test object at which the echo drops by
exactly half indicates that the discontinuity is only being hit by half the sound beam,
Fig. 58a.

This means that the acoustic axis is exactly on the boundary of the discontinuity. The
probe position is marked and the operator determines further boundry points until a
contour of the discontinuity is formed by joining the marked points together, Fig. 58b.
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Fig. 57 A large reflector in the sound beam

Fig. 58a Straight beam probe on the reflector boundry

probe position
with echo amplitude delamination
reduced to 50 % i
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Fig. 58b Top view with reflector for extension

Location of the reflector boundry becomes more exact the smaller the diameter of
the sound beam is at the reflector position. Therefore, if the reflector extension is to
be exactly measured it is recommended that a probe be selected which has its focal

point at the same distance as the reflector.
TR probes are especially suited which have a hose-shaped sound beam with a small

diameter (1 - 3 mm) at their most sensitive depth range.
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6.2 Evaluation of small discontinuities: The DGS method

A reflector which is completely contained within the sound beam is regarded as a
small reflector. If such a reflector is evaluated by scanning then it is not the size of
the reflector which is obtained as a result but the diameter of the sound beam!
Therefore, the scanning method is not practical in this case. We have noticed
previously that the height of a reflector echo will become greater the larger the sound
beam area is which covers the reflector. This feasible behavior can be used on small
reflectors: their echo heights increase with their areas, Fig. 59.

Under optimal conditions, e.g. drill holes with flat bottoms and at equal depths, this
law can be confirmed: The echo heights are proportional to their area or The echo
heights are proportional to the square of their diameter.

Example: The flat-bottom hole with a diameter of 2 mm has an echo which is 4
times that of a 1 mm flat-bottom hole because the area has quadrupled.

However, if the echoes from two drill holes at different depths are compared then an
additional distance dependence of the echo heights is established, Fig. 60.
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Fig. 60 Reflectors at different depths and their echoes

With accurate tests using flat-bottom holes at different depths a simple law can be
found, at least in the far field of the applied sound beam: The echo heights inversely
reduce to the square of their distance.

This does not normally apply to the nearfield of the sound beam! Here, the test
results show that the echo heights within the focus reach their highest amplitude and
are reduced again at shorter distances, Fig. 61.

If such curves are put on transparent scales having the CRT format then we
immediately have the possibility to comparatively evaluate echoes from unknown
reflectors and those from natural reflectors, i.e. the echo height of the discontinuity is
compared to that of a circular disk. The discontinuity in Fig. 62 reflects the sound
waves the same as a circular disk having a diameter of 4 mm.

Due to the fact that we can only assess the sound reflected from the discontinuities
we must of course not equate the diameter of 4 mm with the "true size" of the
discontinuity. We therefore refer to them as an equivalent disk-shaped reflector or
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as equivalent reflector size (ERS). The equivalent reflector size only corresponds to
the true reflector size of a discontinuity in an ideal case which is when it is circular
and exactly hit vertical to the acoustic axis.

In practice this almost never occurs which means that the true size of a discontinuity
is normally larger than the equivalent reflector size. A law for this cannot be derived
because the echo height is strongly dependent on the characteristics of the
discontinuity, this means its geometry, orientation to the sound beam and the surface
quality. For example, a pore (spherically shaped gas inclusion) with a diameter of 2
mm has an equivalent reflector size of 1 mm; an angled flat reflector 5 mm long
gives, according to orientation, a result of ERS 0 (not detectable) to perhaps ERS 2.

This uncertainty in the evaluation of the discontinuity is however neutralized when
other possibilities and techniques in ultrasonic testing are used to inspect detected
discontinuities closer. An experienced ultrasonic operator can, without additional
expense, accurately give information about the discontinuity which he has detected.
Scanning the discontinuity from different directions, assessing the echo shape and the
behavior of the display when moving the probe (echo dynamics) are just a few
techniques which can be successfully applied.

Despite the remaining uncertainty with evaluation of natural discontinuities the
above method of discontinuity evaluation is applied in many countries due to the fact
that the method is based on well proven laws in the sound field. It is therefore
reproducible, i.e. the evaluation results are independent of testing device and
operator.

The socalled DGS scales or discontinuity evaluation can be obtained from the probe
manufacturer for many probes and various calibration ranges. DGS means that the
scale is allocated an echo at the Distance, with correctly set Gain and (equivalent
reflector) Size. However, the modern version of the DGS scale would need some
explanation because it was developed to fulfill the requirements of the most common
specifications in practical testing: If, on a certain test object whose purpose and
therefore stress values are known, an ultrasonic test is to be carried out then firstly, if
necessary with destructive testing, it should be established how large the permitted
material flaw should be. Of course, the position of such a flaw in the material and its
rate of occurance play a part.

If a permitted flaw size has been determined then this size is multiplied with the
safety factor which, amongst others, also takes the evaluation uncertainty of the
ultrasonic test into account. The corresponding echo amplitude curve for this size is
now of importance for the ultrasonic test. The ultrasonic operator scans the test object
with the probe and only needs to record the indications which exceed this recording
curve, Fig. 63.

Consequently, only one curve is necessary for the evaluation. Due to the fact that,
depending on the application, different recording limits occur, it must be possible to
allocate other equivalent reflector sizes to this curve. This allocation is shown by a
table positioned at the top right of the scale: starting from a defined default setting of
the instrument, the auxiliary gain is taken from the table which belongs to the
required recording value and added to the gain controls. If the correct range
calibration has been made then test object scanning can now begin. When an
indication from the test object exceeds the recording curve then this result is to be
recorded in writing and evaluated. If required, the test instructions provide the
following measures: rejection, repair or further tests for exact assessment of the
discontinuity (diagnosis).
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Fig. 64 shows testing of a forged part. The recording curve corresponds to
Equivalent Reflector Size 3. The detected discontinuity, at a depth of 110 mm,
exceeds the curve, i.e. all reflector data must now be recorded into a predetermined
form.

Fig. 64 Discontinuity evaluation with a DGS scale

6.3 Sound attenuation

In addition to the laws which establish the behaviour of disk shaped reflectors within
the sound beam of a probe (distance and size laws) another effect can be observed:
The sound attenuation. The sound attenuation is caused by the structure of the test
object but is also strongly dependent on the frequency and the wave mode of the
applied probe. Only when these effects are known can they be considered by the
discontinuity evaluation. However, the evaluation becomes more difficult, time
consuming and more unreliable so that DGS evaluation can be burdened with
tolerances which are too great.

6.4 The reference block method

These uncertainties in evaluation can be reduced when there is a socalled reference
block available which is made of the same material as the object to be tested and
which also contains artificial reflectors whose echoes can be directly compared to the
discontinuity echoes from the test object. The application of the reference block
method is, in practice, made in two different ways:

6.4.1 Comparison of echo Amplitudes

The test object is tested with a high gain setting by which the smallest detectable
reflector is displayed. An echo indication is peaked, i.e. the maximum echo indication
is achieved by careful movement of the probe and the echo peak set by adjustment of
the gain to a predetermined height, e.g. 80% CRT screen height (reference height),
Fig. 65.
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Using the same settings, the reflector from the reference block is scanned which is
approximately positioned at the same distance as the discontinuity, Fig. 66.

The quantative unit for evaluation is now the gain change of the ultrasonic instrument
which is necessary to set the reference Echo to the reference height, Fig. 67.

Result: The discontinuity echo is 8 dB higher than the reference echo because the
gain must be increased by 8 dB (from 34 dB to 42 dB).

The recording limit normally corresponds to the echo height of the reference
reflector whose size is to be determined, the same as the DGS method, before the
ultrasonic test.

6.4.2 Distance amplitude curve

All reflectors in the reference block are scanned before the test, their maximum echo
heights marked on the attachment scale of the display and joined by a curve, Fig. 68.

Position bl =2 =2 <%

o =2 <1 (=] a2 10 J

.

Fig. 68 Reference block wiht side drilled holes and resulting
echoes

The curve produced is called the Distance Amplitude Curve, or DAC for short.
When a discontinuity echo appears, an immediate assessment can be made whether or
not the discontinuity echo exceeds the DAC. In addition to this a determination is
made, by a corresponding gain change, to see by how many dBs an echo exceeds the
curve. This excess recording echo height (EREH) is our reproducible measure for
the evaluation and reporting of the discontinuity.

The advantages of the reference block method with a DAC are:
1. That it is no longer necessary to compare each discontinuity echo with the
corresponding reference echo from the reference block but to directly make the

evaluation with the DAC.
2. That the heavy reference block need not be transported to the testing location.
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3. That the recording of a DAC for certain applications is only required once because
the curve is documented on a transparency or in the memory of a modern ultrasonic
test instrument.

By recording the curve using reflectors in a test object comparable to the work piece,
this curve contains all the influences in the test object (distance law, sound
attenuation, surface losses). Corresponding corrections are therefore not necessary.
Regarding the evaluation results, we must understand here that the effect of the
discontinuity (geometry, orientation and surface quality) is not taken a great deal into
account the same as the DGS method. Therefore, the result of a discontinuity
evaluation with the reference block method has the same uncertainty as the DGS
method.

The preference regarding which method to use is subjective. The corresponding
national test specifications normally state the test method to be used so that the
operator is not able to make his own decision. If no data is available, the test situation
should be analyzed in order to decide which method be best used:

Firstly, it must be established whether a reference block exists which corresponds to
the test object. If yes, then the test can be carried out simply and reproducibly with the
reference block method. If no reference block is available then the DGS method can
be used, or a reference block must be subsequently produced comparable to the test
object.

However, in many cases the DGS method can be used without difficulty, namely
when the test object is made of low alloy steel, has a simple geometry, a low sound
attenuation and an even surface quality. The test should be carried out with a narrow
band standard probe with a frequency between 1 MHz and 6 MHz for which there is a
DGS diagram or a DGS scale.

The new computer controlled instruments normally support the program controlled
recording of DACs. With the USD 10 the recorded DAC is automatically converted to
a horizontal line. This is known as time corrected gain (TCG), Fig. 69.

The recording curve is therefore an horizontal line so that the evaluation can be
visually and acoustically supported using a monitor gate (flaw alarm), Fig. 70a-c. At
the same time for each echo, the excess recording echo height is displayed in dB
(DBR value in the measurement line of the USD 10) in addition to the data for
discontinuity location.

Of course, the recorded curves, including the complete instrument settings, can be
stored. It is therefore guaranteed that any later tests can be carried out with the same
settings. By storing the instrument settings, including the active A-Scans with the
discontinuity echo, the operator has all the data available for producing a test report at
any time.
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Fig. 70a Weld testing with the USD 10

7. Documentation

The higher the value of a test object or the greater the importance of a component
with regard to the safety requirements of the complete object, e.g. an aircraft bolt,
then the more important the required ultrasonic documentation becomes (product
liability). On the one hand this documentation proves that the test was completely and
correctly carried out, and on the other hand enables the test to be repeated at any time
under the same conditions
(test reproducibilty).

The documentation, the test report of an ultrasonic test, roughly consists of 3 parts:

a. Data concerning the test object and the test method.
b. Data concerning the testing device.
c. Results of the test:
Typical tabular list of all detected and evaluated discontinuities, refer to the example
report, if necessary, a drawing of the test object with flaw positions.

The operator must record data during the test, especially data of the detected
discontinuity. Creation of the actual report is normally made later in the office. The
recordings must be frequently supplemented by calculations before the operator
transfers them into the report. The creation of a test report very often takes as much
time as the actual test itself and should be taken into account when determining test
expenditure. Even when working conscientiously, transfer or calculation errors cannot
be excluded, especially with large amounts of data.

Modern ultrasonic instruments with memory and data transfer functions greatly
improve recording of the adjustment data and test results during the test as well as
creation of the test report and therefore ease the operator of a burden, who can then
concentrate on the test task. By directly storing of all discontinuity data in the
instrument, transfer errors can be excluded, position coordinates of the detected
discontinuities are entered into the instrument and are therefore contained in the
stored data set along with the A-Scan. If required, the documentation can be printed at
the test location, Fig. 71.
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Individual documentation matched to the test task is carried out with a PC. The
possibilities for measurement data processing are as versatile as the programs offered
on the market. In order to make the application of data communication with a digital
ultrasonic instrument flexible, a utility program is very often used. This is normally a
program which is easy to operate and enables reliable data transfer between PC and
test instrument.

In addition to this, all stored instrument settings (= Data set), the corresponding
adjustment parameters (= Function lists), the display contents (= A-Scans) as well as
the individual parameters can be recalled and stored on a floppy disk or hard disk.
Function lists are filed into an ASCII format, A-Scans and LCD menus in normal
graphic formats (PCX, IMG). A data set corresponds to a complete instrument
adjustment and is saved in a hexadecimal format. This guarantees that by return
transfer of the data set to the test instrument exactly the same instrument settings are
available. The function lists and graphics are now available to the operator
for further use.

Now he is able to use his own program (word processing, database) for individual
design of his own test documentation. Instrument settings and display graphics are
simply read into his program. This routine work is easily made by a so called Macro.
A macro is nothing more than a list of commands belonging to the user program being
used and runs automatically thus creating the required documentation. The names of
the files to be processed are requested, in dialog, by the operator.

The following report is an example of documentation automatically produced for a
weld test. The test was made with the USK 7 D and the indications from the
discontinuities stored in the instrument. Finally, all data (function lists and A-Scans)
were stored on a disk using the program UltraDoc. The test report was made with a
macro from the program WordPerfect 5.1:

Ultrasonic test report
(example referring to AD-Merkblatt HP 5/3)

Manufacturer SLV-Duisburg Waeald test imen No. 1
Weld type v Weald preparation: 30

Welding method: Covered slectrode Parent material: ST 52

Added material unknown Test volume: Weald + HAZ

Test surface:

1.2 [see drawing)

Test surface condition:

evenly rough

Weid thickness

25 mm

Weld width

32 mm

Weid length

200 mm

Referance points

see drawing

Misc. :

Evaluation with DG5S
scale

Tast nstrurmsant: UsSK 7D Calibration range: 200 mm

Sensitivity setting: ERS3+6dB Comections + 14 dB ransfer loss
Probea: MWE 70 4E Freguency: 4 MHz

Angle of incidence: 707 Scanning position: see drawing
Standard Calibration va2 Reference blocic R25/C

block:

Couplant ZG S Pre-test nothing fownd

Tast class b Recording threshold ERS 3

Indications to be recorded:

MNo. | Sec. " Imax =2 t dt d Dir dB Findings / remarks |
1 1 o 20 30 C 4 21 2 + 18 Root crack
2 0 30 32 -1 3 23 1 + 6 Root crack
3 166 191 201 o 2 21 2 + 6 Root crack
- 163 168 201 -1 2 22 1 +2 Root crack
5 - 126 - 2 - 19 1 -8 Pore/small inchusion near
edge
L] 1 — 50 — o — 22 & & Transverse crack
Test | Cologne Date: 12.3.1901
Test resuit: Repair necessary
Operator J. Smith Supervisor H. Molier
Signature




8. Diagnosis of indications (outlook)

As opposed to the tasks of an ultrasonic operator, dealt with up until now, the
diagnosis of indications is not only based on measured ascertainable parameters. The
interpretation of the echo is an additional task. This interpretation normally requires
many years of practical experience including carrying out comparsion tests of
ultrasonic findings with the results of a destructive test on a test object which is no
longer to be used.

Methods for diagnosis of indications as well as signal analysis techniques using
auxiliary equipment are outside the bounds of this introduction to ultrasonic testing.
For this, there is a range of literature available as well as many special publications
which we would like to point out to the reader.
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