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OZET

SUPER  ALAgI| MLARI N Agl NDI RI CI LI
GGLENEBGLGRLGGGNGN ARAQGTI RI LMASI

Y¢ ksek basén-1¢é& su p¢é¢skemrame, KCPmgreg nl
- atlkmalzemelerin kesilmesivp ar - al anmasénda denenmi Ktir
sanayi uygul amal aréna ge-il miktir.

Akéndeéer écel e Su Péeskert ¢ml ¢ Kesi m, €
el i kmel ere paralellik¢em°makbremekerkierki ? e
Lper alikd eemlneersémde et ki | i bir Kesfient em ¢

g
s
sérasifkadh ygexmaldéegle halxwp ééma ve kiesimkl iylap
gi bi ra skomuswyYdpgpshti farkuhéepegkkart imlege
t

eknol ojisi, sajl ad € operasyonel ve e
n

ej
end¢gstrilerinde yaygeé bir kullaném al an:

AJ u s 2080s Grahim AY



ABSTRACT

| NVESTGGATGON OF MACHGNABGY&STBY ABREKGWE
WATERJET

Initially, high-pressure water jets were employed for cutting fadturing
rocks, coal and various materials in the laboratory. Later, field and industrial
applications have been emerged.

Abrasive water jet (AWJ) cuttingrpcess is being developed related to
developments in industrial materials and is used effectively in cutting application of
super alloys Because it cuts without heat generation, there is no risk of thermal
distortion and localized structural changedl/ater jet cutting systems which have
many structural differences have been widely used in industrialised countries due to

its superior operational and economic advantages.

August 2010 Grahim AY
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BOLUM |

GGRGg VE AMAC

I1IGGRGg VE AMAC

Gel eneksel i K|l eme y°ntemlerinin I St e
teknolojik istemler sonucu, i malat m¢hen
bakl¥azdegl.l i k1 e 2. eDyenny ay é9alvaarkdéan éb ui zklonuda
ve il k gelenekseld50bdmayagyrel yané ¢Embnars édda
1996)

Su P¢skegrtegml ¢ Kesme piyasada sujeti
Orta Doju Teknik | niverrsdajean 6nelenna&imekh
ol duju AMet al Bilim Ve Gere- Bilim Kar kK

Pé¢skerteml ¢ Ke s med amé ({eakim re2008) kaudrld &asme

sistemlerinden sonra geliktirilen su pg¢
modern mal zeme 1 kKleme y°ntemlerine keéyas
mal z e me i Kl eme -al ékmal ar énda, °czel il
kul | anélBmadkétsatdréiry.e | uygul amal arda su jeti

gelmektedir. Esas alak su jeti ile kesmek ar makék geometriye s,
mekani k temizI|l eme i kKl eri Vvkeal pdaérr-éd maiszée yi Kk
yaygén kul |l ané m(Vasol wnranayp200lmaiks taemyr bi r b
artereceéeda basnénckki rarlt @lredem ga-yiuril er e
ul aktérélmase ve y¢ksek hézlara -ékareéel
akéenma yoluyla talesasikald@eryeaamleve KTanmes
Su peé¢skegrteml ¢ kesme ( Stenderden oy ikie ne k s
sénefa ayreéeleéer:
1. Su P¢gskegrteml ¢ Kesme
2. AKéndéreceéel é Su P¢gskegrteml ¢ Kesme
SPK -o0ok eski senel erden bu yana nispe

kesilip kazeéel maséndBu geun | saannéd yaind ebniike u lyl°annt &



°rneji 195061 er e; i | ké nta cd@amiamueyrgudidadma) s é

kesim kabiliyetini artterma arayeéexkl aré
olam Akéndérécélée Su P¢gskegrtegmleg Kesmeo 1 s
saray i de kul | aneéel(maeyrae b akd {Rumn2a08) é2001) ,

SPK ve ASPK il e malzemelerin kesi mi h
kesim kalitesini arttéermak i1 -in sistem
Her ne kadar sanayide SRKr et i c i firmal ar éndaijegilmvsivye
kesim i klemleri ger-eklexxtiriliyorsa da
iyilektiril mesi i -in farkl dejmad lzemiel 2 n
-ékmaktadeéer .

Her ikl eimede °mltceun u gi bi , SPKOonin de
kaliteld] - a | e(Katbhan ve-Khamvi 2069 kml mddiiye kadar vy
-ekKi tli araktermal ar , bazée ©°zel¥rurygjuil mma

akeéender éeceé taneeci pzar ihreedeffelma za- és é y ¢

takénmasé hezé iklenen par-anén y¢gzey ka
bir takém ol masé nedeniyle su ile kesil
anl akéel athagnelkamal ar élna thak aarnéllaémég!l abi | me:

arakteérmanén yap érhalage@ilmesiegerekmektéds gAkkurta - € k |
2006).

SPK, °czellikle s¢per alakeml ar én i
uygul amadeér .- aBuwakéenz!ld @ nk el i bir axkkémnslmérnem
I Kl enmesi konusunda yojunl akeéel déjé g°r ¢l

kobal't esasl e ol mak Nigkel e e 8asglréubs ¢ paeyrr € &

kull aném orané ile wuzay aracé motorl ar é
S ¢epr al akeml ar i -erisinde en fazla kulla
i -erisinde en (Motokcu, ROGQ) | Bunred a m ddhkeile

I Kl enebilirlijine dair -alékmalar -o0ok az

i K| enebirindé dehegdlu y géuzlea ma yBpredmcp&nh &r sér a
verilerin dejerl endirmesinde far kl é mo d

dejerl endirme konusu yapélacakteér.



BOLUM I I

GENEL BGLGGLER

IL1IGENEL BGLGGLER
SPK,su ve akeéndéréedcomalke ¢sz(Kgkewelk kKiSPK 2@ 0 2 } |
ve ASPK, mekani k entakémlkad!| Rabhanadr,dle

uzaktan I K1 eme yapan vV e t ezg©h biri ml
t ez g ©h |(Erded, 4996) é r

SPK, lg@jdéatu k av v a, tekstil ve giyi m, K &
ayakkabéeyavetdcerm,, mer mer , granit ve sera

el ektroni k, ot omothivr,a buaznadya, yhea(@eneoded nénki Kd i
Tun-, . 3600LE Kkar orlaanridta ns evreaynai kg er den baseé
kesmei | e k¢-¢k par-al ar keserek ve kenarl a
czerine yapéktérmak yol uybBakibzoirrdceir Bek é
Kal kénma Pl ankegngadaeamimedeTegkholyejoidlekigel i
araseéendaki u YOPT, @I K afr allpaér,d €200 5

SPK deprem gi bi doj al afetlerde, enka

beton vb yekéentélaré kesme ve par-al ama ama

kull ané(abel Resi a, 2009) , téept a, karaci]
cerrahi si uy gue lara. J8@0L)a( rGx ygKat am 00 7) dijer
uygul am8PHKyrdeekst il cretiminde de kull an
°ncel i k t anrédnnhaesné yt°ean(bseam/i2803)d endi r

ASPK, SPKoden sonra geliktirilmik oluwu
ASPKO6de bulunan, suya akéndéreceée ekl eme

I12SU PUSKURTUMLU KESME

SPK, baséncé artéréelan esludenedilren ¢y 4
hezl ardaki tazyi kil i suyun, -arpma et ki si
bunun sonucu ol arak par-(@Geeenixéedmas,i
(Maniadakive ark.,2007)



Yuksek basing hatti

Asindirici deposu

Pompa {Basing ylikseltici)

‘J Asindirict

Su

Nozul

/

Is pargasi Su+agindiric

gekilillAkéndereceéel & SuUl eRgkhegemteqmlIGe nkds iYmmpeées

Su il e kesme prensibiK¢gkggkahackmygle& i a s
bir pompa ile yakhdeélk B86O6R ba6fmygaeyék
-apeénda bir | ¢l eden. Bge -iikrlielme r d kg \ actrdnedns fz eenk
900 m/ s' ni n.Bduz eyr¢iknsee k- éhkgkedileeek malzerheyeRifee s |
60 mm wuzakl éktan -arpteéerélKkéjeannda&rlkhaesema ai
-arpan su huzmesi, yaratél an akkRhamaérka v\
uzakl akt érar ak kesmeLy¢ilkel emi @i mgkzemél ak
mal zemenin dayancéna ¥g°reqg i de jbiarsel iel meelket ke
kartl ar é (PCB) i -in, bu me s afAx é b ha miml e
uzak akt éralcak | pdemm- agée M,akl ayép artteéerél
Kekil dGeraernt are kahin, 1995)

SPKdde su -apé -ok k¢g-¢k ve su héeze
ésl anmamakt a y a da - ok az ol ukan ésl al
kaybol makketsaidners érasénda gel eneksel y°nt e
sorunu yoktur. Dol ayéséyla mal zemenin ya,



~A

J 1le kesilmus.

a) Islem gérmemis. b) AS

g e kIillL2 AISI 1030 MalzemeninVe Kesilen Keamp&sén (Mkkuao
2009)

Kesmesérasénda toz ol ukmamakt a, bu dur
SPK i1ile i kKlenmesi i - i n Mbtg gipayan malzerpeteling k s a
-ok katl e ol ar ak. ¥kzeeslillinkel sa | onp¢onski ¢mntdegkrig e | i
bilgisayar denetimli SPK g ©h | ar €. Bgue | tiekzngi@&htliarr keki | | i
ol arak kul.Mapékmalesa@éhéz| ar ¢gErdén5199%/ dak o

11.2.1SuP¢ s k ¢ r Kegnmehirg Tarihi

Yéeéksek basén-1 é& su, yakl akék 8#&00 yeél
Génegmezde kull anél an SPK,uUl &mamre | eriir ny & dh
gel i nekygpreim eendg¢ st ri si(Erden 199 S P K nimlals éekdéz 18
yéll arda madencili k alanénda, bakta Rusy
y € k a lemleinde 18531 856 yél |l aré arasénda Kal i for
(Summers, 1995ni speten yumukak zeminlerin ve Kk
( Ak -1 n, 1987) vV e 193061 u yéllarda, k ©°
ayréekteérél masendtadruhtlanlDéa)eée go°r ¢l me

Y¢ ksek basén-1 & s u, °nce | aboratuarc
mal zemel erin kesil mesi v eDaha &onra,adraainvena s € n (
sanayi uygul amaSua rpegnsak ¢gret-¢imlngi kttailrak |l € i ma
a- ma, hi dromekani k ve hidrolik kazé gibi
-eki t |l -al exkmalAarda,kdalOBaneéel makt ader

Bugye¢n sanayi de kull aneéel an SPK&énin [
Mi chigan | niversitesi 0ModramC FrOa ma nt avirgafednr
kal éen aja-laré dilimlemek i-in bakka bir
Franz bu -alékmasé ile basén-1é& suyun Kk



-arptéeréldéjenda kesme i kKl emiKminn ng d ra-seak |€
ve gelikimine. Rinlkc¢gt pkareit mskstem Franzoée
IngersotRand firmasénén bir bel ¢m¢ ol an McCar
hayata g ¢Grygla, 200§ Kam+,. Ba0 O/le)ni su smeskert g
tezgahe 11k kez, mobilya endg¢gstrisinde k
taraféndan 197 23ydle2087at én al enméexkt ér
19796 M@hBmed Hashish, SPKOnin kesme g

arar ken suya akeéendegreg é arktatt draankeinl elceeg men i
n

konuda - al ék nthalsahrias hb aakkléanddeé r éc é€ ol ar ak ¢
akénder écé katéel déj énda kes me gécénegn
kesil ebil ecejAkm@nd&re&adeltéi sistemonal98006d

Corporationdda Mohamed Hashish tarafénda
beton, cam ve -el.lR8Rédemi ader BumkbaakEl dai
- € kGrygla, 2007) Geren, 2001).

KI'k ticad®B3ASKpt omoebsiilmi cmadnel akruélnléann éld

sat én. Tagréknidy¢e 6de i se 19996da <¢ukurova | n
yumukak mal zemel eri kesebilecek 140 Mpa
tasarl anmeéexk vKen,R0d®| edi |l mi ktir

19906da yayeapbamam®°ber b¢ten denyada
rinde si s.tBém-lokr wlamwmktéelmrdan ve geni kK b
uj undan .1MOk6iodea M hendi sl i ] i Bl ¢ mg¢ Ol
areme ve 1 malate ¢ zepédl|ned8kingerDedatakt er

o ¢©
O »w o o

nl ama Tewrkialkateé& mae Fbnju taraf éndan mad

arakteér ma -al eékmasénda; Si stemin en

c

kselticisinin gelikt.iBrui |-mad, dsdERtangaiear,i ne vy

roi gi bi mal zemel er i kesmek i-in suyun

o o< w v -+

sén- ye¢kselticisi tasar eémeloReel égnadat iéln
rnek SPK kukusowae niversitesiMarkii ne@ M¢ hérganigs | i ] i

rem ve Kmal at gr Gelui ttarmafleeandasi $tacm

Q

n - y a k| a.k 8k metad Olrfayar aer iWcé metal malzemelerin

x~ o - ©°
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IL3Ag ! NDI RI Cl LI SU PKESMEJRTUML U

ASPK yakén zaman ©°nce kull anél maya ba
y°nteml|ler i(ouw2004) Bahtadair pl asti k gi bi met al
mal zemel erin kesi mi i -1 n SPK yeter |l
malzemelerin kesimi AR i |l e ger - ek |AeSkPeKb;i | anle kmierdy u m
y umuk ak met all eri n, -inko, -el i k, titan:
kérél gan mal zemel eri n, t ak vV e serami k1 e
kul | an é(EmenHka%),d> r2005), ( Hlobgyve ark.,2005.

ASPK il e kesme ikl emi, su ad@loiardf er e b
akéndéerécé taneciklerin -arpma &etkisi o
ibarettir(K ¢, | e k - i ve AkkKabit ©n20@0 X k ® € k ,|l ba sséuny a

akénderecé par-acéklar AkéentdteokEtcgeg bpbhar-aeétk
hassas kontr oTipkolarakiB4 °Infednd k dd o | ® BRgdaké nda s
dol ayl arénda ackéndkekr éma&l zpeam e salananktppbanmairncea né
kuvwet101 2 kg dol @E&nenal®98)ndader

ASPK sg¢reklilik, hassasiyet ve tekrat
ot omasyona .- Bikl guiysgauynadrurdenet i ml i esnek i
ol arak Kkul.| Mehabikmakt eadé@&lrerin sékéekteéej]eée ve
sorunsuz keserK e s me i Kl emi ni tamamlayan ve kesi
ge-en su ve akéndereceée par-acék kar eékemeé
gerekit Bu a ma-ak an dar é guwan bimsestemUilye hazriesi) ya da
-el i k pl ak(Brdea,199&® ul | aneéel éer

ASPKOde su baséncéeTid@iOk MpEPKitvaz g@idamna
hezel 7290 m/ s aiHaluéeé] ewdaderLoeR96édat dinD6r Ban
genegmegDde bas 1 ék sistemler ¢, r(owiElUrope,k v e

2010. ASPK il e del me ve kesme ixklemlerinde
deji kim ol mamakt a, mal zemel erin metal ik
g°r ¢l meEkkurte2006)

Bugye¢n b u yentem °czell i kl e havacéel é
kull anéel makt a, ot omasyona -0k uygun b

yaygén!|l akvMatkkalad&®e sentetik mal zemel er ,
al ¢mi nyum) mal zemel er dgHrdere1996) | i kesi mi vy



TabloIL1ISPK&énin Dijer Y°ntemlerle Karkeéel akt €
2003)

Yonte|(Par - a |Hassasiyeti Kke bakl| Malzeme ¢ar Kesme
Mallyetl Kesedlma Yézeyi

Birim ° 0.13 mm D¢zgen
daha vy
Alevle Daha az Daha az Daha héz Var Var Kaba
kesme
Delme Keéesa Benzer Daha yav| Var Var Bur uku
presi -al éxkn kenar
daha vy
Laser Daha 13 mm den Knc e ma | Var Var Kaba
yéksekaz kalldaha heéez
daha vy
Plazma Daha az Daha az Dahah e z | & | Var Var Kaba
kesme
Tel Daha Daha vy (%75 Var Var D¢zgeén
erozyon yéksek daha y a
ASPK il e her terl ¢ mad gmeney k&Y lEanbii | E
yézey peéerézl.gKlegsjmenearsaahéijpét iirse 2 mm den a
Uygund ¢ zenek i1l e eji mli (Erdes m36)SRKnlar é s &
del i k del me ve kesme i kKlemlerd. harici nde

y ap él ab i(Akkug, R006)d(Shipwaywe ark.,2005), (Shih, 2002), (Hashish,
2009)

Karmalar (kompoz t | er ) tasaréemcél ar vV e m¢ her
mal zemel er ol ar akkg ngMmeg, g dme kateadmabi | u-a
end¢gstrisinde kull anél an ASPK, b¢teéen u-a
kesmek i -1in t er(bke lEK1® Hadish,i2009) Paolimer matrisir
kar mal ar i se baze °czel fizi ksel vV e m €

uygul amal ar da aranélGahemekszeelmelyendemdir
kesildijinde kesilen y¢zeyin (G&Heénvee si vV e
ark.,2007)

ASPKObOde kesil en ésénmadteé¢rl iik-eiln nLer r¢n
kesi mi nde, dijer y°nt HQoois eeraek. 2007)r ASPKlaha g
n¢egkl eer sant-ralldkema galbdiinjlrairsékpltiat eml er e g?°
tehli ke t akedej(Bechtel 2000) B ue ryc® nht eend i N gk Ikete rr s
il k kezAlIKmdanyYyal)a X99906da vkakl, 200d)n €l mékt er (L
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gekIL3BIASP K KI €@ Inkgkeiky entiggrsodelKo v a 0@ mm (Louisve
ark.,2007)

ASPK iled®° k¢ m mal zemel eg¢irng litkl edt®ndBsy ensdie 8
ol ar ak ©° I(Malg 200Qkxi¢jre.r ab e rRABEPKad de ses «kKi dde
eden en °neml%34deij iex kmd@enr,d re%nle2 hielzee de bas
gor ¢l mMelkt7 vmel 6 6t I Eme hézénda 93 (HoBhvses Ki
ark.,2006b). 85 dBA'nén ¢(zerindeki sesl er, ge- i
rahatsézl ékl arameéenedem®OoldBA' dethd @ ke g lIsten € ¢
olarak kabul edilmektedifCan ve ark.,2001). B° yl e dur uml arda i Ki't
koruyucud o n a giygnmesi gerekmektedir (Malm, 2010 ¢ r ki ye ' d e ; uzun
ses seviyesinin enerj.i ortal amaséna g°r .
Sanayi Bl gesi i -indeki 7PberdblBi r akeaims 665 -
dbA sénér é Ygatliekiilmmialtaml.ar @éna yakénl ackt
d ¢ K me KResmi Garete, 2008)

Tabloll.2SPK ve ASPKOnNi nl aBnalzaér eéKu(lGearneenm vAe Tun

Yoj un Dijer Kullaném Al anl
Géeda s|Ri skl i al anl arda ve
Kaj et vV e mu kTekstV &e gyim|i kK| eml er i ,

sektRay; uk Ve plTamiziki| N¢ k1l eer ve el ektrik
sektAyracgk, kabe ve deri Knkaat sektor ¢ vV e
Kzol asyon wuygul amal an uygulamalar

Cam, mermer, granit, veer ami Kk sekfMaden sekt?r g,

Met al ikl eme sekt°r ¢ | Basyeay én,

Elektrik-elektronik sanayi, Kimya ve teép alanl al
Otomd i v sekt©or ¢, Yol bakeéemé teak KV erl
Uzay ve havacél ék sanG°zl ¢k camé, gevenl

kompozit) camlar.




4L UL E
Su peé¢skerteml ¢ kesmede akéndér écéseéez

kul | .aaédeécre suyun pe¢egskertel ecejii -al exmal
su ile -alékélacajé zaman ayneée | ¢l eye kal

1H41Su P¢egskegrtem Lel esi

L¢el e, SPKode suyun mal zeme y¢ézeyine -
bel ¢emt¢lre mal zemesi ol araki K ualgask &€ ml &Kra& ,k
safir y a da yaygeéen ol at alke y-apflyar €£af 0 r ]
dol ayl arGemdeadéirk| e %6’ nenkyi ojpiak 134d)e b6i r a- &
bulunur D¢z si |l i ndiri k Kk é4s nkéantéenT oblpayliimlgisllee r ia p «
50-200 saattir L ¢ 1 e i - -eperlerinin d¢zgeéen ve -

(Erden, 1996)., (Ak-in, 1987)

}—‘(‘(\' :
—>"___~\
T ——— ,\\ ﬁ//* L.

e
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N

SRR 'L =(2,5—3,0)d

gekidEnUWlIlgun Tlagslag £lmei 1, 1987

Si stemde «kKkebeke suyu kull anél déj énda

filtrasyoni k| eml eri nden sonr a (ZI0PojeR@lpt e kadar

w U

L./ i‘lV
i

Su Girisi

)

N

gekiblL¢l le. (Yazécéojlu ve Yal-énkaya 2003)
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SAH. 6 ntiinpi , -apé ve boyu, suyun seéekeée ak

kabiliyetini et ({oobseayecark. 2008 Ye Il pa da ntdiep | ¢ |
séké akék medeaSueysuin -soakbi Kk és-aapl & Dbir yol
berakeél maswgkEusti psaélkaéh edbkee&r ki nme s a kesim i dah:
i Kl eml eri nde @hoimgaeHara R083) el edeéer | ar

gekliblL ¢ e -BoldariSae]jr a Kabar ék, PoSekl¢gptenekierj Ve S
(Kunapornve ark.,2008)

IH42AK éndeér écél & Su P¢gskegrtem Lel esi
el

e
em arasénda dajekenienAkeéwneedercectal , kar éxt

AKéndér éc sistemlerde | ¢l eden -eéka

késémda kareéxkteéeréleéer ve karékeéem tekrar ¢
verilen t¢epten gebtil el erkeakr € d & ma rvée aotdéalkd
el emanl|l ardan olukanr dbuélktesdSei PKkel &mt inA K
adl andughérmakéndérece katkeséenén temel r
kabiliyeti(Gerantvérmakt gr2001)

Ba I Si
";“; '} Lille

_ Agindinc

“Karlslm
Odas

Y iz

)
... Odaklama
Tupd

------ Agindinci+Su

geki7lAkEIhdleglee &l é
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400 MPa 8KKilnrsliieAPPKk ¢ 1 esi aampseéeéndakar e
sér al a@&240.16/0.54;mm), 9/30 (0.23/0.76 mm), 13/43 (0.33/1.10 mm),
18/ 63 (0.45/1.60 mm) (Jankovil ve Radov
malzeme kesilebili(bkz. EK [-Tablo J)

II5SU GCGN KATKI LAR

SPKOde a&kréexkamnumdn bakka benzen, gl i s
kull anél abad enekdijeldu rve .Kal tankbhga, sRQ08BDTr
suyu ol abildiji gi bi, dahamamcEep slui eetlidlee

polimerlery a p € kK t & r étcéérl éalr@roen,| kid®O6d k Sistemin  kesim
karakteristiijini gel i ktirmekte tercih ec
arasenda kuvvetli hidrojen bajl ar é ol u
damabéené °nl emeiGeireinn veygiwthamer20@at kel e
kul l anél déj én deaa zkeelsmakkkegmiea k| | 7 y art bun i ar |
uygul ama il e &ib®&n da raé dabilchekeeda{Hayebstd®99)
(Hashishve ark.,1997)

Yéeksek basén-l e shsekazanméeke ohtdmd sif g

hava ile s¢rtegnmesinden dol ay.éBulseSPK i bir
kalitesini ol umsuz y°nde . Sukuhebvasénséenal
|l ¢l e -ékékéendaki sékegl akéempmpdakiesiar kége

uzat makktoddérerin yané séra akéndéereéecé kat
artteéer (Ngwkenavel ark.,, 2008) Ak éndeéer éce kat kel & si ¢
katéel masé ile ilgil:i geenkaj lyaarkd agemi p ag

etmekte karsélaktejée direncin y¢kBek ol u

nedenl e polimerlerle akéndéreéecel afTéen ayn
Proje, 2010)

2mm

gekigdSéebgta. il e 1, Ba s e3¢ HieMd@Eeax éndan 20
Uz akl ®kt aki ar éve qriiNapaBy e n
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=]
L

Depth of Cut (mm)

15}

'l L I L 1
300 400 500 600 700 800
Pressure (MP3)

— Water: - SI-IFI Water:

gekidKaltlk.e Kaét k\Suyun KesmeDe r i n |Eiki$i (Hashishve ark.,
1997)

IH6Ag!I NDI RI CI L AR
Akéndér écel ar & mdd aup bmronhedektir Riypsadaelgku t | ar

yerine Kngilizce tabiri olBheke%| { ;megh) b
t el kal énl éjé& ve dokuma seéekl éjéyla ¢reti
°]l - ¢s¢ anl ameémranekee kKiediObh ecd i rjJ i nde °J ¢t ¢l m,

bul unan en b¢yeé¢k par (TRad&pkie2080bade 0. 142 |

Tel kalinhg
1 kain

25.4 mm

25.4 mm

gekilOElek | .

13



Akéndérécele sistemlerde °zel ol ar ak
(kuvars) kumu, sidam,y ume lkiak ,pitti t(kmyumry e

~—+

aneci kl er$i lkiuslilnanal cirj er kanserine nede

-eri kil akéndereéecélaren ©°zel IYakzl eec etoq rl cui
e Yal -énkayxyandeonddBakiboynutam kal dér él an
esme derin¥rnnfpejniin a8 telrék akéndér é&céneéen
azla tal ak Kk a(Shpaaywark.20089° zI enmi Kt i r

- x <

geki 1AK dn déAxiateve arla,200)

ASPK uygulanal ar énda en -ok kul | afarheen akée
mi nerali, doj ada y¢é¢zde 98 oraneénda saf

o7 ¢t ¢l er e (Saykal Metalurjie2Di0) Kul | anél acak akeéndeér €

-ékekendaki bdenetlenraAlkfée nyl&@r ¢eme yliy atl ar e, a
I mal at maliyetleriniASSRK®Edea ny €miedrdn kbazrar
kull anél arak akéndéréec@emahi wet [Tami- ,d 21001

a)

)

geki 2 AMdredt&malzameygltar p mesGer - ekl eken AKEéEnma
(Gudimetla ve Yarlagadda 2007)
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Akéndér éce hézmalda&«medant ékal dér &l an
artter (Gadintettadve Yarlagadda, 2007)En f azl a kesme der
akénderecé yykréndaéeénéaxkeéebddreecé akeéek or
tavsiye edilmektedir (Hoogstrate ve ark., 2006) Garnet yerine olivine
kull anél dé&j einydia kdeas me lymelelye led rdebeedi
sarfiyategpdaki kar t & e s (Hioahvedrk.RQ08) mHMidyume d i r
karpt (SiC)veelma akéndér éceéelael has kakartyerectdei
yé¢zey kal it ewsgedalze | fdeez lead i tl arledkk @xkiatd vd @k.,é 1 abi |
2009)

Su péskerteml ¢ k es mami ny utkéalr keid a u yogalhlsa
akendeéereéecéel ar clamd eé&jt @rzdwaagi buuygaht ernatif
- € Bktade (Schwieger ve ark.,, 200dBununl a beraber daha wucu
yapélan arakteérmal arda buz p(doogsteateag € n € n
Van Luttervelt, 199Y.

ILl7BASI NC ELDE ETME YONTEMLERG
SPK6de basén- yg¢ kasretltdéirké-lea,bi K @ g me Bla&széa

d e r innatti & rB& durumda sarf edilmesi gerekerk é ndér écé mi kt ar é

I -1 n - @iyeek deacuziarBasén- artéeké sékée akéek wuz
tipi de bu mesafede etkilid{Hoogstrateve ark.,2006) Bas énc én artter e
yané séra, basén- ¢retme yo°ntenmdr ndeej ikne,s i
baséempap®ndaki d¢zensi zIli k Val 2] ek ve arl

ol ukan dal gal anma ve kabal ] én (\ealb%lpdler i
ve ar kaékl ar é,

SPK6de basén- artéerma b°l ;i mdSistengeaj Vv e
kull anél mak ¢zere geliktirilen silindir/l
ol ar ak yapésal f aG&ll en €kkd aalr W& sé&rer i ralrédré
(Vereshchagin hidrolik kompres®©r, gel ene
Airhydropump Bel fast intensifier, Har wood i nt
raj men i malat maliyetleri, -al éxterma g¢
Sistem boyutl ar é nedeni yl e SPK i -1n
edilmemektedirler Bu sakncal ar é asgariye - ek mek i
de¢ K¢ ng l(Gesrketng rve Tun - 2000)

15



Basén- arttéerécénén -alékma prensibine g
A ¢ift etki-éci nmotigpejdbabba- artérécéel
A Fazl é seaddely plepheéasén- artérécéleée SP
Basén artteréecéyé olukturan su silindi
A Tek katayeer()sisnigliendi ri kR0O0Qbapel € SPK (
A ¢ok kdtaly@r()muwlitlii ndiri k yapel e SPK
SPK6de kull anél an basén- el deaséme y?°

artteregekbne bDkmak®° |l (@areen ncel Bnre-b,i 12001)

11.7.1 Pistonlu Pompalar

PPstonlu pompal ar k¢-¢k haci mli é - vV e
akénmayé minimize edebil mek anraBeryll ar rmak |
-al ekxma prensibi pi stonl u mot orl arda ve
gibidir fakat silindirler i-ine d¢ke¢gk ba
-ékareéel acielr mek ved)iTun-, 2001

IL72Basén- Arttéreéecél ar

Basén- artteréceéelar da -al é«xméatpreeksi
tip ol mak ¢zere 1iKki alt séenéfa ayreéeleéerl al

1.721¢i f t BRtskinl-i Artt ér écéel ar
Bu tip sistemlerin en b¢gyé¢gk dezavant

pistoner y°n dejiktirdi]inde .bBas édng Kk éak ¢a nlin lbe

amaceée il e Il ¢ 1 e °ncesi basénceé dé¢zenl ey
kull ané(Gmalkmader Tun-, 2001)
Kl-ger i hareket eden pistonluem |y& & ndceg n

sabit dejerde kal mas@eaaséene akg¢ mglzatnern
(Geren ve .kahin, 1995)
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g e k.18 ¢ i Etkili Pompa

E26den su basél érken D 1 &d silmdirl&rinpde ¢ ks i
baseén-, Pascjail, pyejnssblii mgekirre al anée il e
art éAledrelrar orané, Aintensification fact
i-in 20 civaGenea kabdlunedi RIOOO0)

I722Fa z¢li & t Et ki I i Baséen- Y¢gkselticiler
ci ft et kil i basén- artteéeréceéelarda kull
kul | anmama-ki fit- ient kfialzil ébas én - arttéreéeceéelar

Akumulator

geklll4 Bas énAni BkK ¢ ¥ndlemek Ama cke L¢ | ¥ncesiBas énc é
do zenlAk y emp | &Kul®lrggmé mé ( Sjummer s, 1995

é Ik @ it ool a § SEXARRRN
RS D I R 7777/ I § P I PG . o [ SRS 5
o P .‘.,u! f=1 1:s PEER 2
e A z S T
AL RSB ety PR =z 2 o Popieeiiss E
% = = %g o
T W i 8 Kt ok o P % g LA g
S _ TR »ﬁ\ze\?;\ I

NS /{/% - mﬁﬁ\ﬂ
\“\? ALY e LI EL - = :\::\\ =
geklilbFazl €6t Et ki |l i Bas én-rendibi(kGeerletn cveni hur

2001)
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Fazlidgt et ki | basén- yé¢kselticiler,

o
5

emek amacé ile tasarl aBmékxidalai gel ial
rensi bi temel de dijeri Il e ayné ol masén
indir ve su silindiHerii&ieheldroékikl &

derilen yajén debi size(ldotlasydrel aonl naérka kb |

TQ »w o

d® S

kontr ol edil er ek, bir su silindirind

trojunun ortaséndaB®oyllneacsee saskj¢lnmen naat Ktra dgg

(7]

tem el emanéna ol an getremisn nangr ek ltia daal
ratmaseée . Jameadmé dtadhra basit gi bi gor ¢éne
trol ¢ ger-eklexkxtiren nG@erndmnlvdenTymapes
axen-tékacekbhnenér malabo?2) -in bkz. EK 11

-~ < 0 »n
w o D ’
-}

SPK sistemlerde basén- 4000 bar civar

bar 6l ék sistemler ¢ r(€owiElrope RO0Y e sat éka sul

18SU PUSKURTUMLU KESME TEKNGKLERG

Yéksek basén-1¢é& su il e i Kl e meugae kesi
akéendéereéecé ekl enBlugumdyeanédaheasred md kha kk e s ¢
Il K yapabil mek i-in, akéndéreécé katkeéesé v
haricinde, farkleé kesim teknikI er. doj mu i

I181A-él & Kesim

Lo

~ ™

Travel direction Travel direction
@

,///‘,//,/’//,/)////J//,/)// | )// }/ //’ U ) U

gekllbA- el & Kesim
A-él é& kesimde maksat Su veya akéndeéereceél

farkl e bir a-€é&€ ile -arpaEmkfaalakt kladd e
orané, yumukak %amailkzc,emiedree!| garn rdikkésime mel er
a-ésé ile ger-eklekmektedir.
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100 Ductile Target Brittle Target

754

Erosion Rate (%)

25+

T T T T T
0 15 30 45 60 75 90

Attack Angle (deg)

geki TKddi.m A- é&s énéar &Manamelerdtkisv(&rygka 2007.

Egik Carpma Agisi Dikey Carpma Acisi

@) > i O

7 77

O . * b)

L
.

b

Dikey ¢arpma sonucu
olugan asirma

gekil8 Addndérécé Tanecijin KKki Fehillerk | & Bi
(Akkurt, 2006)

N82Tekrarl & Kesim

Tekr &@sliégn, k daha késa zamanda daha f az
teknikti. Bu t ekni kte tek kesim i-in harcanaca
tekrar kesimin ger-eklexktiri(Zmegsd008) | e da

¥rnejin, ealagmmkhar s ¢zerinde ilgrlaneél an
y°n¢gnde 1 mmoéli k mesafe 1 sndde ikl endi
ol maktDoodéaryeséeyla ilerl emekmgymrgepPpoyunca
mesaf eyi mektesinBjdeer klkeess2mek ahtééz eanrét t ér ép ke si
de 2 kerede ger - ekl ek tediyoruzr Grk¢ 19d ¢8j1l¢ ngm bdie
s¢r2adeekrar i1l e daha. derine inilmik ol maltk
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I183Sal énéml & Kesim

b
\

Jet traverse \
. A N 1c
motion [ ozzle
\ ' oscillation
\)
A
Nozzle Y
o i iy
Kerf | .
Workpiece

Figure 3.1. Schematic of controlled nozzle oscillation.

geki 9Sdlléené mi(ZaonK20G3) m

Sal é@énkesi m, ASPL hareket eder ken b
ger - ekBuekyont emde SPKoée 2 girdi Saleédn&rken

sayeéesée ve . Aallaxke&émaaeaagsee zere burada kes
yé¢zeyinden birdweenktfeazvlea dkaehrae ©°gnec-ei |t ekr ar
ol du

czerinde yapélan ayné -alékmada 1 mm/ s h

ayné 4dwéika66 sal @néemkiled de3 @BbAP2008wtder i nl

Ju gibi daha fazl a. diemé nhi kmiehaesed

IH9SPK VE ASPK CALI g MALARI
Arakt érmal ara bakél dej énda, yé¢ksek b

tornalama ve frezeleme gibi hemen y°nt emi

11.9.1 Tornalama

SPK il e teominnmdeamabasdn-1¢é& su t®okma kal
sert alakeéemlar, seramikler ve karmakeéek m
do°ner simetrilerin. §$AKettiorimal aknoal naéynl a°knt eémnl
I Kl enmesi zoyamal aembhesdenmill erin (-ub
kadar I Kl enmesine ol anak .t @enl@e deneyler,ay é f
ASPK il e i Kl enmi K mill erde, mal zemenin

ol madeée]j] én e(Akfut,2008)r mi Kt i r
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High pressune waler jet

Abrashie wa

g e k i | Tomdlam&Warisawa ve Akamatsu, 2003)

Bir -aSBPKmade tor nal anhaddfm eink |0e n3e ne nmdi dl
daha 1ivyi y ¢ Z eanamigt@é i Bunurdasberaben K Elnadike r é c8 boyut
el ekten 220 el gjcaedgekam@aghmazial dEpé, sl

yézeyinin ise alén tor nall amydlaisawada ha K&
Akamatsu, 2003) Tor nal amada, il erl eme hezendalk
etkilemekte, ©°zellikl e vy§{Shiefg@@dal gal él éj é
W
v+= 7.2 mm/min l : v4=21.6 mm/min
N = 36 mmiimin
60 RPM 60RPVI
(a) (b) (0)
geki 1ASPHKeRo r n al a n m@ekleri BSain, 2082) ¥
11.9.2 Frezeleme
Frezel eme i kKl em n%le- ¢adnea-hi ri sayewmhk | e
(Akkurt,2006) ASPK il e frezeleme i kKl eminde, il er
azd®ern i J i arttéermak i -1in, kesme hatteée ¢.
mi ktar daha. Héetteregkemérekobhut & kesim il e
ger-eklexkxtirilebil mektedir.
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ASPK ile frezelemede y¢zeyl ergden bahs

Ol ukan dip yéiézey, deji kKken kes me perfo
d¢zensi zIl i kl eri.yDer iknalriakktteekrii zea pendai llairr y ¢
€zl aréenda ve pe¢skertenegn enerjoi yojunl
-ékmaktrgaerwy morfol ojisi,; kesme i kKl emler

mekani zmaséndan Kdbkeamyaofhukbéedgrozey kér
g°m¢l mel er i gi bi probl emler, ASPK vy°nte
(Akkurt, 2009.

ASPK ilefrezelme de 80 el ek akéwé&eéedeasha@Baiar 00
tal ak kalhdakmalkthaa kaba wvwéudaharKdetrdeaebme

hezendaki artecx i se kal déer el an tal ak mi
kabal ejénée iiEer fBatt ar mikkedsa diniak-téasréee i60e el
1k esim a-é&sé ile daha (Bhpivayweark.,2ops)k al i t es i
E E
= *50 Dag =
E— Eah¢‘¢ *
w40 w0
L] ™ w0 L
2 o 2 6
= * & Jl::::4._
= 20 , 2 o o ® o
4] L - =
&) o o r # 90 Deg
1] ] -
= o o 15 Deg
=] 1 1 =
1:| L i L L
@ To 20 4 e0 @ Y0 20 40 60

Mumber of Passes Mumber of Passes

geki RFrdzdleKR|l emi nde Tekrar Sayésé Ve Kkl er
Etkileri (Shipwayve ark.,2005)

ASPK ile freze uygul amasé kompozit ma
¥rnejin grafit epoksi, 0,025 mm (25¢&m)
(Hashish, 2009)

11.9.3 Delme

Del i k a-mada i ki dej i.Eijlery aretdd i c & yagouel,
akéndéerecélé suyun -ap °1-¢l eri i -indey:s
ol maksézén a-ma kapabBa yerpbémar @k 6omhm! i dena

-aplardaki deli kEpernaaébthmakedaleypjrisar a
mat kap delijJinin daha ©°nce anlateél an kek
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delijin ¢retil meMdal zgeeme reikn exdavirmrelleibjiilneg

baséncéneén dej i.wtzierlillimkd sei dzed rmen B wd e@fmi i n
baséncén se-il mesi.Yekysgekk °helmmea alkasrarkd é dy
gerilim (stres) cretil mesi ,. Einalrz dare&nian- €k
del inirse, su akép gidebi Ejer vbadsmrs€nse
dojru saha i -ersinde korunur sa, gel ene

(kloroflorokarbon) malzemeldsile delinebilir(Akkurt, 2006) Yap él an bir ar &
sonucunda; ASPK, -ape 0,6 mmé ye kadar i
i -1 n Kkiirl Bapwkeeabir ik, 035 mm kapkEet égme
(ASPL) yvapetbtmekt @l ar ak 76bram ye rkadar delikietine | e r

a-él abiH Acefrr afGt M¢hendisli k 1 -1n.yapéel
Ayné deney AS$SRPK islee achekm&mpl e | et mot or
kanall arénén a-€el masénda. Ayurl & caan €bl ua bti d kenciek
tercih edilmik)tir (Kovacevic, 1995

Agindinc ve

geriye dinen |

taneciklenn A

Garpma agis

* 1 |Taneciklerin
CAMPImEA Acis

Taoneciklerin
GArpmast

Dar aah
taneciklenin

a) Nisfuziyet Baglangica b Niifuziyet Azamas: o} Niifuziyet Tamamlanmas:
Ik Ilem Delme Bitirme

g e ki 3Delme A& 2 ma(Akikurt,&2006

ASPK ile kesilen numuneler leer I endi ri Il di Ji nde, ma | :
artéeka bajlé ol-airadgiseyl¢zieylder efhalismde o

derinlifji Ve buna bajl e ol ar @dnalatha yéze

frezel eme vV e del me uygul amake&aranday¢maly

dal gal anmal arén derinlif7ji ve buna. bajl é
Fakat kesme performanséné i1yilexktiril mes:
uygun dejikkenl er) il e y¢zey (Akkart 2006).e si nde
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ASPK il e del mede, grafit epoksi gi bi
sorunl ardan Dbiridir ve uygun p.aASBKpnet r el €
karbon fiberde binlercé&ydaehijkl emruaamanl

delikler, s¢ratl e, yéksek dojrul ukt a del i netk

edilebilmektedir(Hashish, 209). Di J erar tmandaefl t¢ annmels i nde s é

y ° nt demblanrSPKlazerveel ekt r o erozyon denenmi Kk a

ol duj u mekalnliikk | eérs éd e bPezb i il e deliklerin

delinmesinde geleneksgl® nt eml er terci h edil miktir (EI
I194Kesme Derinlifji

Tablo 1.3 SPK ve ASPK kesim hezl ar é (
kombinasyonu ileJCT, 2010
Yal 1 n su i
Kau-uk 25.000 - 10.000 2.000 - - - -
Plastik PU 20.000 8.000 3.000 - - - - -
Plastik PTFE , PVC 6.000 2.000 800 - - - - -
Kontraplak 25.000 4.000 500 - - - - -
Kontraplak - - 25.000 - - 5.000 - -
AGindirici
Pasl anmaz - - 230 - 50 5 - -
Titanyum - - 270 - 55 20 - -
Al ¢mi nyum - - 700 - 140 - - 35
Mermer - - 800 - 150 - - 40
Cam - - 600 - 120 - 33 -
Kesim heéezl

Kesme derinlijisfilyage@en-,| eadondarnédél e
il e ters loRammdldedérb¢gyeé¢k nozul -apénda
g° zI| e nJegamjtva Babu, 2006Bununl a beraber nozul - af
ve akéendeéeécé sarfi elimektade Bg°rr e- afl arkkmdeali é k
derinlijine, akendéeréecé akék oranéenéen %3
l ¢l e -apeénén %5 ve ASP | ¢l esi (Jegaggeenén %:
Babu, 2007)

Hashish, kompozitlerin frezelenmesindek é nd ér éc & akékeéenda

A s = - =

tabaka ayréekmaséna neden ol epoksilercrmgs éan é
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kesme yetenej.i ol mayan saf suyun wuygul a
baj | ama(kkkuatd 2006) Bununl a ber abe karma olk katr
mal zemel er , ASP i1le kesilirken akeéndeér éc
-atl akl ar ol.ukUwgurbi Ildreg k tkekcainrd er il e bu
- eki | eb i(Shaneugame drk.,2008)

Poli mer esasl é kvmparénderédeedsabbésgn
artmakt a, nozul -ape, il erl eme hézé ve a
(Wang ve Guo, 2002)

Xu ve Bell, al ¢mina serami k ile ger-e
i -in ki mo dktelirlert @uckhingam Pi éebreme ile tasarlanan
denkl emlerde akéndéréecé sarfiyateé, basén

der i l'ijJinin artteée]é,; akékkan yojunluj u,

n
dayanéemé-l ybee parab@j éinsdea ka z aalrtttéekyasim g°r ¢ | 1
sal énéeml é ger-eklexktirildijin@aveBelha f az
2005) Ayn

denkl emde de aynée etkilendagradenyeklel Wbje
artékénda kesme der i n(Zhoifgi 2008) (Wang e €ortge ] € g

2009)

€ malzeme ¢(zerinde yapeéelan di]jer

1195Kesi k Geni kliji Ve EJ i mi
Y¢ksek hézl arda ki su, | ¢l eden uzakl

Dol ayéseydl g Ira@ais prers-adfseeé kesi k ej] i mi czer

Wi

k ekidKelsli.k2( Hjaik mésatk.2607)
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Al S 304 paslkesimmie@PKé&de | SRLMNASPL or an
hezée arttelk-¢g ¢ceajkiemidrerl@ge¢ sar f ieyazall €] & e b
g°%zI| en(nHlkachr ve FakblieGrnl,e m200Oh5¢)z e ndaki art
artter makt sedagkr,20Q7H &4 4 anli ek basén- il e ter:
dojru orant el e (SBHammugam vegytasoqd)|2608)k t ed i r

Granit kesiming kes &émdadleiz art éex, akéendeéer éceée
kesi k ej i mini artter méx, akéndereéece sar
Basén-ta ki dej i ksiimi narkteasni kb aesjteimazainacb ag tl kéi
artma «kKekl isedegeg?P zIloegmamiak e] i mi . Kesik t €r ma
ejimine en belairr-a@i nuzedkddjigjké@imgkeide i zI| enn
mesafed ki art ék e]i mivedrk,2040)tt éer méexkt ér (Ayde

Kesi k geniklijine ise | ¢lmeodamp&tiaemen
arttek-a da kesmeKageink kgefpi Klairjtimaktlaglee
ci v ar gighmajové Babu, 2007), (Jegaraj ve Babu, 2008)e si k geni kK| |
Il erl eme hézé ve de®hhm00L)k artték-a azal m:

1196Y¢ zey Kalitesi

Y¢zey kalitesi (kabal éj e) i -in genel
ortal amasé ol an R a veya d¢zel ti |l mik y ¢
(ortal amanén kanek Mk egxAkazjindodalan eRa& rve Rqg dc¢
hesapla mas & g° stRer ibl¢ni¢kkt i sapmal aré hesapl ad
yakénder .

ASPKi | e el de edilen kesme y¢gzey kalit
kalitesinin ° 1 - ¢85 ¢ ol up, bir - okesmepar ame

parametr el err¢gizli¢glles Jyée zaerya spéén d aKabBulreailebliliri bir

bir y¢zey kalitesi Il -in uygun kesme para
Ve kesi k geni kIl 1 7] i gdieb i diyk¢kzaetye pa¢l régnzmagsl €,
(Karakurt ve ark., 2010).

Tomal ama, frezel eme ve del me uygul amal
yé¢zeydeki dal gal anmal ar én derinlifJi Ve
art makthalat k es me performanséneé iyil et
parametreleriyle (optimum parameteal ) il e yézey kalitesi

s a] | an nkkutt \ze @drk.r2004)(Akkurt, 2006)
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Elesme agitimast
B

Deformasyot agihas

gekKli2bAk éndeéretHe&dsieY,; SUOlYyL kKSgme - | er i (Akkurt,

Grafit epokside 10emdbdden (Boeinig tara

yézey kalitesi el de edilebil diiji gi bi 7 ¢
mm/ dak il erleme hézé ile 10, 16(Hasmsh,y¢zey
2009)

ASPKO6de derinlik arttéek-a y¢zeyde bir
dd gal anmal ar( Wwad lwe hrgR007a Buedalgalanma, suyun belli bir

noktadan sonra enerjisinin azal maseée il e
akéek g°st e@Orbaaic veduhlan20G8)r

ASPKi | e i kKl emeden &zaslmeasvéerra mbajil € ol at
y°n¢égne zét y°nde -izgisel izl er gzl
i Kl enmesindeki, farkl e ikleme parametrel
izl erin birbirine benzerlijliardikkatge z Ide
dojrul amak i-in s¢nek ve gevrek mal z e me

benzer i zlerin var(Akjgrte2008). ort aya koymukl al

e

v [mm.min" |

a)

Yret

geki bKddi.m@ Y¢gzeyi nde Dadaka20@’p mal ar (Val 2|
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© cutting direction

5 6

Fig. 13. Sequence of jet cutting into the PMMA workpiece. The cutting velocity was 6 mm/s. The time interval between consecutive frames is 0.04 s

g e k i 7 SuyuhParabolikDav r a (Oéban& ve Junkar 2008)

10

Yumukak -elijin salénéemleé ké&siilkmeasiényda
sahip 3 saleéenéeml.éKeka i ngexdijkllamakt asdaélré n é
dojru orant el e . oDal akesaryt iaesikiy gharekegt k a
mekani zmaséna baj |l (Patebve Ghen, 2003y °r ¢ | mekt edir

AA7075T6 (Al ZnMgCul.5) al¢minyum al akeém
%7 1 Il e baséncén, sonr a %1 8 i l.eBus ér aseé
mal zemede Razdy ikal2ietnesyi eBaeére-d, |ledlid mei
akéenderecé sarfiyate ve kesme heéezéendaki

boyutu artt éj éirf¢daay diaske vaez aH.atsmaakltéakd,é r2 0 0 8)

1- Miikemmel Yiizey Bolgesi
(Minimum dalga)

2 - iyi Yiizey Bolgesi
(Az miktarda dalga)

3 - Temiz Kesme Bolgesi
(Orta viizey Kalitesi, en yayagin kullanilan)

4 - Kaba Kesme Balgesi
(Cok miktarda dalga, kaba yiizey kalitesi)

5 - Cok Kaba Kesme Bolgesi
(Cok fazla ve derin dalga, ayirma kesme)

gekl28ASPK KI e Ke sditdsirpikkurt, 3099 ey K
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Al S 304 paslanmaz =-elijJinin kesimint
arttek-a yézey kabal ] é artmakt a, akeéen
azal ma(Hlecavkéank.,2 006 a) , (Fabi ©n ve HIl och, 2
2005), Ha k - eelagkk2007) 0,250,3 SPL, 0,761,2 ASPLile 354 or anl ar é
(ASPL/SPD il e iyl yé¢zey kal(Jegarajsve Babul 20@5) e di |

Ti-6Al-4V al ak é&me tel | el ektroerozyon t
il erl eme héz&8esmbeehrwesliahai jaizndkeabal ek dej
mm/ dak veya daha az ilerleme hezeée ile AS
ul akéel abSPKekt editre !l | i erozyondan ortal am
yézey el de e dBuhupld R Ir mdltr edyi¢rz ey dal gal el €
erozyonda O0,8em civar éndrg zelyupd,al gabPled @ &n
tel | erozyonda derinlik artexke ile fazl
bakl ayép 60 mm der i nl idkétKee syi ark | haékzéek 366 mbny/
-ékareéel érsa bu dej e(Bhihl200) méye yakl akmakt

S¢nek mal zemelerin ASPK ile ikl enmesi
hedefl endijinde, kesme parametrelerinin
gerekir (Akkurt, 2009) ASPK il e kesil mek suretiyle el
kalite s i Il e 11 gide adked jeér deeekaid €ér omek -elaaré r ;

Daha ivyi kesme performansé sajlayan
kesme akénma b°ligesini genikl et mekted

Kesilen kanal éen al't kéesméendaki yézey
yézey, yézey peéereéezl el ¢] éng tayin et mekt e

Kesme akénma b°l gesinde elde edil en

def ormasyon akénma b°l gedilmedce]jdaha giayiany
Kes me parametrelerinin optimizasyonu
Bur ada el e al énan parametreler ar as
b°l gesinde de ©°neml:i yézey kalitesi art
hezéenésidirse-il me
Burada denenen mal zemelerin hepsinde
benzer y¢zey toporadfekaséevel dakedit !l mi2©0OIl
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IIOYUKSEK BASI NCLI SU GLE KESME PRENSG

Yéksek bas-BnOl eamsuap®&nddae nb)i rgeu--itrainl e(rle
mesafeden malzeme ¢(zerine akeéetéldeéejeéenda.
kuvvet. il e yé¢zeyden mal z eme par - acéekl
ger - ekl etediri rebi | me

Su ile kesmemekanz mals@&r mak ekt ér Ve« | taamolarak k al d¢
anl|l 8k &€ ma k (Maeijdaklve ark.,2007) Uygul amal arén tam
bakar él & ol abil mesi i -1 n p ek -ok arackt e

getiriimesi gerekmektedir K i mdi ye kadar yapél anzel- exi t |

uygul amal ardaki bi r.-¥rknegri bl aeknm@ n d-e 2m &K ttyg
mal zeme ¢zerine gelik a-ésé y¢gzeyden par
yé¢zey kalitesi (Aekurtp20@bu k - a et ki eder

ASPK ile elde edilecek kesme derjnli , mal zemenin dayan
strength K) il e. Yemris loalahéaréd leadcak (tldlKgk
mekani ksel ©°zell i k(AmaveiRamuls,d997)der ece baj |

Pompa 171773
veya
basing
yiikseltici

malzeme
yizeyi

Su p¢é¢skerteml ¢ kesi mi kur ams al i ncel el
Yé¢ksek hkatdakdasuvuanéeke g°sterir ve (
baséen- alteéendaki suyun heéezeé,;

[ZF - - .
v= o ile hesaplanabili(TT Proje, 2010)
N

Uygul amad a3 5h0a sMma &r0al ej enda i se denkl
dej ibkiieen kat sayé (Chtneve Geakn,pl8I2)m(&Haredigae ark.,
2008)

—
ZP

- 900P 0350;0,850CO0, #00 Mpa (4000 bar)
\

bir hesap yaparsak;
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op B
ZP Z:400:10
v = ||— = ||—= 894 m/s
e N 1000

Gor ¢l deg] ¢ gi bi tipik olarak suyun héz
bir heaz balksttenca bajl é& ol arak bu heéez 2.8

ul ak.abou lyigksek hézdaki suyun, sert bir yg

hezenée t¢im¢gyle kaybet mesi sonucu, sSsuyun
Suyun vy ¢itzeenyaes éinldkan bi r k a- milisaniye son
stagnasyon baséncéndan birka- k e.zBudaha &
basén- dalgalaré ik mal zemesinin dayaneéem

(Erden, 1996)

Yéksek ébasdgnunl akék orané;

Lele -éekéké ,i-aknend d@re@cHAd Bk A* M6 i ahi rQ=
Burada C | ¢l e tipine bajleée olarak dej i Ki
akéendEyg EBeélié i(durisedic v@ Gak.u2004) ImpulsMomentum'un
tanéméndan her hangi bir yézeye di k d o]
ol ukturduju kuvvet teorik ol arak;

F=p*V>* A @Adké&-ri n,. 1987)

Keskin k°okel. I ¢ 1 e -ékékénda kuvyvet
F=2*A*P*C% i | e h e @uigevicave ark., 2004) Y ¢ z edyiek dojrul tu
uygul anan 400 MP a baseéen- vV e 0, 4 mm - a

ol ukturduju kuvvet;
F=p *V #A = 1000*8942*t0,22 * 10-6 = 100 N olur.

ASPK il e mal zeme kesmeedemgRahienmas & ax

1. Yerel y¢ksek stati k baséncénén yar e

2. Basén-l €& suyun temas noktaséndan -
yarattéejée kayma geril mel eri

3. Mal z e me i -indeki geril me dal gal a
kesi Kmelue rmaslozreune par - acékl aréenén kopmaseé

4. Mal zeme - at | ak(Erden,d99@n i |l er |l emesi

Erozyon mekanizmasé ol ayé daha detayl
katé mal zemeye =-arpteéejé zaman,sraer pimainme
deji kKken yaksalk éqa- Bnua rbuazs éknacléénr b ¢y ¢ k1 ¢ ¢,

-apenén ve akekkaneéenkKurzaemslailk loe rairnaikn kbeisrmel
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basén- | ¢l e -ékék bG@Gesreamrméenenk@2hikmt eh&9 )

Yukar edaki °rneji mizde yézeye et ki e
-apéméz 0,4 mm ve b&Xe&SmeémeéozktaGE@ntMphi i 8
olarak P - = F/ Am0129=0800 Mpa olur F= p *V*A denkleminde \ yerine

2P/pyaz d é€] € mé z d aBuada? FA2PHA -u=z=. #nucun.a varer ez

P - akéekkaneén mal zeme y¢gzeyine -arpma
noktaséendaki basén-)BuPdemnsll d pd ea k @Kk élka th:
ekl ersek Keskitn2RCkdl}rE I2¢0Iure(m|ésevi9vear2.,PC
2004)

Suyun erozyon il e kesme kapasitesi, s:
(KE) il e dHnetikanerg kE=mVi/ér (J) exi t.lBufada i | e
m k¢t e V Malzeeme héevder SPK yada ASPK k e
i sl enebil mesi i -in, suyun -arpmaséyl a ma

mal zemel erin sahip olduju ortal ama séke
dejerinden y¢kselBazoel masléz egpeerl eelridrmm] us adir t 8

sékéktéerma dayanéemée dejerleri Tablodda v

Tabloll4Bazé Mal zemel erin Ortal ama Sékékteéern

Mal zeme Ade Ortal ama Sékeéexkter
Tuj Il a 28-30

Tahta 3562

Mermer 83

Granit 131

Al ¢ mumny 131-759

Titanyum 345931

SPKéde en y¢ksek gerilim su huzmesi i

ger -ekl exkir ve bu noktadan mal zenea y¢ze)
geril mel er mal zeme dayanéméné yygm&reak ac
k & (Mamiadakive ark.,2007)
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ONS J . ReS (S

Velocity Profiles || Distribution of the Von Misses Stresses Erosion Stages
0.4
-4
2 -
. 7 vmn
Q0 =
0.2 4
L4 =

ge ki 9AK dn Maodedlemmes(Maniadakive ark.,2007)

II1IDENEY TASARI MI GE ANALGZ
Deney t asarém ve dejeedkiemlIdii r nmeelteortil nadre v

y°nt &kmlldranél maktadeéer .

11 1Taml Extir mel i Deney Tasar émé

Her hangi bir dejerdeki etkinin (dejik
dijer deji kkenl erin d¢ezeyl Orijnikk e ierj | k 1€
czerindeki ©°nemini dijer bir mifzade iinl, e d-i
deji kkenlerin d¢g¢zeyl eBu ekkekmkarnt bkegn
vV e d¢zeyl eri i -1n yapeél masé i -.dn t a

Deney tasaréemé tam exklexktirmel:i yapeé
tanémlizreagn schyésée artt ékd ad e jdieknkeeyn sia-yiéns €2
t anéml an'=lé fledey gapmaR gerekirE] e r d¢zeyl er i 30e -
3'=81 deney yapmak gerekir.

N112Kesi r | i EkKl ektirmel. Deney Tasar émi

Baze duruml ar diak k@pzesyayesé defam ekl e
neredeyse | mk8oséz bkeéldaubriulmlrarda kesirl.
kull anél ér .

2 farkleé d¢zeylere sahip 5 dejikken

gerekir | kesirl.i ekl ekt i22ni6dile Bazgendgmae g ms &g
ekl ektirmeli g°z¥emépiradeddazba 0?abeinir e
1/ 8 kewtirdmeeklle 326ye indirilebilir.
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Deneyl erin sanayi sekt°r¢nde yojun ol
tame K | exlItii rmtam fakt°ryel) d &Kesidiydéneytei, n y ¢ Kk

maliyete ngel i ni n akél maseéna(Ydvyzy2000. °1 - sde yar

11.11.3 Taguchi Metodu
Taguchi Met odu, di key dizileri kul | a:
etkileriniag ari ye -ekmeye - al ékan .bBurteknikeneys el

fakt©or seviyelerinin tespit (Gandytlsmanzd ev

Kutay, 2003) Bu met ot , d¢e¢kek maliyetl ve Yyéikse
metottur 1 9 6 Oy6éllél ar dan beri Japonyab6da ve 1¢
Avrupadda, kalitenin tasarém akamaseénda
tekni kl er i K ul |.aBnué | -mealyéak niaal kal raén meakkt l.€éart a n

Geni chi Td3ggaoakihd dikleendan&ald&n Taeguchir Mgtr g
kalitesinin, s°z konusu ¢reéegnegn o gel.i ktiri
'r¢negn arzul anan ©°zell i kleri, créen kal it
akamaseénda ortaya kobemalperver mapnbséeaesiagn
sajl anmédAkageda 30er d¢zeyl i 4 dej i kken
g%°r ¢l mektbdr fi di key diziyi, 9 da sater
sayéséné g°stermektedir “‘Batherfearkd °yapeél m:
gerekirken,d i k ey diziler kull anél ar ak sadece
edi |l meye Dahlaé ké&lyé&rk di zil erde daha fazl a
(Hamza-ebi ve Kutay, 2003)

Tablo 11.5 Taguchi Dikey Dizilemn d e Fakyer VeS®eneme Sayeéel:

DikeyDizilFakt°r ve |[Tam Fakt°rivyel Tig
L4 3 fakto°or 2|8

L8 7 faktor 2/128

L9 4 fakto°or 3|81

L16 15 fakt©Oor 32768

L27 13 fakt©Oor 159423
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I.114Yapay Sinir Ajl are

Yapay Sinir Ajlaré, insan beyninin ©°z;
bil giler el de et mek, yeni bil giler ol uk
her hangi bir yardéem al mamkeakn aontaccn@atiilke og ea

bilgisayar sistemleridiiDe met g¢ | ve Y.aYapayeéoginru,aj2@&0e&)
biyol ojik beyin sinir Ssisteminin -al é«x
programlama (Fakbameame d/éer .PBKk | @ik & aer r210a0r9é n

hezl ar &niérni | mebi yl e birlikte b?z¢:meankde ko
kull anél an bw eymf nmiemma rpiasrian ee | d a yikeyiima kt ad ér
insan beyninindeyik ne benzer i ki y°n¢g mevcuttur.

1 ) Bijr@inmebisr r%® c binget d@aradbfiéndnarul kaanzanél é
2 ) N°ronl arjk an @jéayas eessidaptikjee rth & k | a olargkwe i g h't
biinenb3g!l ar bi l giyi sénéfland®gmar.yapa@adbak de

Bilgilerin kurallar «kekIl i ntmntessneg k|l and
YSA g°sterilen ©°rnekten ©°7] r(&kpoat 20K9) k end i
YSAOGI ar , ajérl ekl andér él mek bivelokl e e b |

el emanl aréndan (n°ronl ar) ol ukan mat ema-

asl|l éhnhdaéelkétransfer fonksiyonu ol arak anéeé

dijer n°ronlardan sinyalleri al ér ; bunl a
ortaya -ékarter. Genelde, iklem el emanl al
biriajnde birbirlerine bajlaneérl ar; bu

(YurtojlBiyO®j5)k sinir ajlarénén sinir

yapay sinir .hYapeaeyl esiniviarkdgcrel eri Ai Kl
adl andeéer.dlemaktd deén el e man & n & Bunlar: Girdilene | el e
Ajérl ékl ar, Toplama FonksiyonkWekiAkbdbdeash

i Kl em el emanénén apeséene ashbeamekt e@i00

Agirhiklar ff Toplam

Fonksiyonu

Aktivasyon

Fonksiyonu Ciktilar

Girdiler

/

geki lYSA . KBl em EIl emanl ar é
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Yapay sinir h¢gcrelerdi bir araSm@r gel er

h¢crelerinin bir arawvaenglel méar akasiggeke

halinde ve her katman i -inde par.aBuel ol e
katmanlar: G r d i Kat maneé, Ara Katmanl ar (Gi zl i
(Terzi ve Karkaekkaihliordlel @Q@4KRat manl ar én birb
g°steri.lIBmeglktdeadibrasén-, akéndéréceée sarfiya
girdileri olarak kulla@ | méxé& ketre dej er i I 6Senivdseve Bebu, der i n
2008)

‘v Output

7S\
<

7 3RS

O‘W' O

Hidden layer1  Hidden layer2

geki3dlASRK K-in Model | e Hamamlar(SiGvasuMoBakil i ni n
2008)

Geni k ol ar ak kulMLB (Velti-bagered Rekceptkon)ttipna n | €
yapay 8arair-anplkatmanl ar arasénda en -ok
TangentSigmoid,Logaritmik-Sigmoidve P u r e | (Altmrovd ark)

d d
El+1 ———-‘;:—l_;.a-—- e _ 4t -
o) >N 0 >N 0 2N
b & " —

gekid®R Sé&id as éy l-SagmoldaLoggreénmkiSigmoid ve Pureling i + i€ k € K

ejrileri
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TanSigmoid Transfefonksiyonygr af i J iamdex gddédc ajy® muk ak

bir ,paelnise keskin bir. ge-ik sajlamaktadeé

Yapay sinir ajlarée y°ntemindp,lMen 1 vyi
(LevenbergMarquadtr)'dir( Er g ¢r , LM 0®I9gor i t ma £é ntérpai knd Im
-ok fazla haféza kullanmakla birlikte d
sonuca ul(axanzal két avdeé r T.aAnSrP&Kk ui I-u ,n 2YQHOAZ)jmio d ie n i
al goritmaseél dd eeceijligan | dejerl er il a ger -
m¢kemsnenu-1 ar el de edilebil mektedir (Ergg¢

I1.L11.5Bu c k hi nPgTeondmé n

Boyut analizinde temel bi.rM,mlTe @,i s emb
k¢t e, uzunl uk, Baam&mn vYwér seéedbakluék baj éms
t aneéeéml Makani k sisteml er i -1n b u doert b
b¢yeéekl ¢kl eri tanéBlbakiakghamnPiyet eot € ohi ne
parametre araséndaki g ili-mkbBayétakcubahp
boyut suz oruplamabikire k1 i nde ¢

G(BYB2, &) -9

m sayéseée genellikle (ancak her zaman
belirl emek i -in kull anélan. mMdbhdnuen Vvai i
fiziksel problem i -1in bajéems@dz ddjoiykk sz

sayéseéndan az . olflachejmu oil sapaatkl aB@ é dej i Kk en
birl exdumiadli déké boyut s.uEz] egr upprloabrlae nr assatdl ec
ve T (3 bajémséz. Epput )séica&t ekaordkaad v 3 a

metodu il e Buckingham,; bu boyuAkerkgnbpt ¢
mekanijinde g°z°n¢ne al énan kuvvetler, a
geril mesi, ve seéekékt é Hehaagbiki kuvvetin bidbitine i | gi

orané boyu(Esuzr&kl, acdlot3gr

N116KI gi | eki m

Korelasyon tabiri il e mexkhur 11 gilexki
yoneényg belirl emel incclerey® ni ¢ mKlidkgurll.leaknén,a r
tanémldnér awWegré &d & i deji kken afagS8émrayeil
i k0, 6 0r8@d, 71 g&gkli ¢ i Irnrkaktis aaynd saémémeas aghed i
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o n(EXY) — (IX)(TY)
V[n(Zx?) - (ZX2]mEY?) - (ZV)7]

11.11.7 Regresyon
En kK¢ - ¢k kareler | g% hewmmn e,xd avyba.n ame K il

matematiksel ddes i d i r . Buradadedeakl e mi igleye - el hny
dejerl eri araséenda ki uzakl ekl arén kar el
Regresyon analizi, bir dejikkenin bir ve

matematik bir foksiyonla ifade edilmesidirMat emat i k f onksi yonun
dojrusal ve dojrusal ol mayan r @©@rfeauyaln m
model | er y adnas €&zl ,é mh @ r, mari tna mminmm vvae ryiarnksd rg,
olmayan regresyon modelleri mee | d e bunu bagaetasa e pkekbg¢
ol dujunda yapabul meletkadit mak, dojrusal m C
Ayréca nor mal dajeéelem teorisi, dojrusal
uygul anamaBnarkuna dgeer i ne as-ianqpltéot? kn ekel ebr¢ yi
dayanan y°ntemleKe klwil ntaprek ma&k tlaaleirn, 200 ¢

> (Y -Y') = minimum
Taluin edilen
deger s,

T Gergek
R deger

X
geki lEN IKgB-3¢k Kareler Y°ntemi

Genel olarak bir regresyanodel Y=a+bxk e k| i nde &kansmlya&hanmr
Ku Kekil de hesapl anér.
Y X
T T

, _ n(EX0) - (2O
n(ZX?) — (ZX)°
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Dej er | ematalae me kar el er i nfSShterimk pll 4 m& é bh a a

uydur ul an ederjienrilne nkdailriitleesbii I i r .

SSE = Z el = Z[a + bx, — y)*
i=1 i=1

SSEnk adar  |hagalagdhos ek adar k¢ -Dgéf tamaftambmua kKt er
terimin boyuttanba ] é ms @€z ol mamasé dol ayésge¢il dert er
Bunedenleg] g°sdehgegaygen OFamm&kz ku20@del ér

- S55E
rP=1—-———
55T
Di kkat edilirse r] nin boyutsuz ol duj
dej iRarkedi | ece]J i gi bi r| nin dejerinin 1 ¢
yani hatall maean aYeggr@mrek)t imi.n dejerinin 1
hat al arén kalrckedjeu i me kygydbrul an ejri il e

uyumda wl d¢y@jsu re r Buedenkldmdeki SST, ;ydej er inini | e y
ot al amés&wdn) far kK1 ar én kar el eri n «eokpilladmee d ¢

hesaplS®mérez, 2008) .

S5T = Zef =Z(a+ bx; —¥)*
i=1 i=1

rdef ebigi@akmasé her zamam® smem®lyicrk i yi
rsi olan moellerin her zaman tahmin yapmada en iyi modkhayabilir. Ancak
model e giren dejikkenler yen¢egndenr bir p
(kahinl.eRegr20Oohb)n modeline il ave edil en
a-éklayécel éjeée rradle§eemrineywa bglymmesnBue nede
ol umsuzl uju ortarddeijikael dekmak sayEséna g
d¢zenl oemitray arededjkearni ne rigaj édin M@k mayéeséyl a

-al ékmal ar dde® beami kerdemneledir.

IL12SUPER ALAgI MLAR

Al ak ém; ki myasal yoll arl a ayreéel amayac
fazla el ement i -eren ve makroskopi k dg¢zce
anl aména @éHUNOM)Y edi r
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Al akéml ar én t arbinyeil | mirlaa tktaadm A° m®e nmdna k t
émdaki metall erin ©zel I.i En W@linennden
ml ar ak altauyn)-, (phiarkié&o) , ( blaekhaginmu n()k av ey c

ml aré ol an amaAlgaknd ra,r @ygielka nvaelrairl éenb

(]l
A

k ar

(]l

al ak
al ak

fizi s el °zelli klere sahip mal z&mpé&bek ¢

X X M

séc l ekl ar , akénma, ki mgadbal hetrkitlged ¢ m

me t l' 1 erin yetersiz l|lkaad d®3 &l Idiukluenliar daj, |
alakeml ar ¥kmnéjliamédemi rin sertlijinin yet

a
a
K

daha sert yapeéedanki- edleinkilre ra |l kaukl.élnma naérlée ro | (aWi
Ener ji ve Tabii Kaynak| aye BBrnasklaven | €] €& n
n

Tek

Mal zeme Enstitg¢gseg taraféendan geliktirile

ol oji k Araktérma Kurumu Mar mar a Ar a

taraféndan 21 model de toplam 15009 S¢épe
edi | miTeemiki samt r al | er de, sécakl ek korozyon
a-tejée b°lge. Bygrhhigcmbbtl gesi kiesintisiz v
cretebil mesi i -in s¢pelzabakbdmvacéeéd@ ki ma
sanayinde der kuall laxm®eén amal s egme | er |, santr a
kalemlerindendir T¢r ki ye'nin 2010 yéleénda te¢rbin
yakl akéek 300 milyon dol @n B&ETA&KaMA Mt alR2m@i0r

Son yeéllarda farkbabBi patekxmbal séeahbkkemlml,.
(Erdemve Akmandoy2004) Di j er al akémlardan farkl é& ol
yé¢ksek mekani k geril melere ve y¢zey yapeée
yeksekni Bemirni kel lyakeml «ombayitkedlass &c al
1650 C) uzun sg¢reli ve bakarél é& uygul amal a
ifade edilirler(Y a z € cve ark.,2 @0 5) vd afkl,2008)n

S¢per alakemtleami geneil kel aviaekkBdmad t e s
bakl ek al t étbld.&KlleTakdo 3a(Eker,2@0B)i | i r

L1121 Demir Esasl & Al akéml ar
Demir esas!| & s A4p NHiy%ls6l0a kFeem| ay ¢ k s¥%&2k5 s é c
oksidayon direnci2m8i GCsra] |kaaraék 4Hi 137 enlst@4l|5mumla

i -1 n6 Melilave edilr. Kar bon, bor on, zirkonyum,
elementler de ilave edilebilir Ti t any u m, al ¢minyum ve ni
artteéerece -%kel ti ol ukturAmaleca - ian ¢ mi kgl
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titanyulmerii- emencdeni il e -°9kelme sertl ek m
K¢bi k y¢gzey merkezli kafes yapéséna sahi |
-%kel en fazl ar, mal zemenin mekani k °cze
oynarlar De mi r sesspaest! éal akéemlCamay klaldakéelko| &R0 s &
kull aném bubDenmakt adéabheé s¢per al akeml ar é
al akemlara g°%rBaa dcthelde nd gk dket, ¢ rdaha uvuzun °
yé¢ksek mekani k ve niekeni kv ok d manlatl aesdas| é
Pek - ok gaz t ¢rbin mot orl ar énda, kanat
terbinlerindeki bazée par-al ar. Ddigneirr sesspaesr

esasl e al akéml ar a(EKere29@8)s| a daha wucuzdurl al

IL122Ni k e | Esasl & Al akeéeml ar

Ni kel esasl é skperamémkemane, i PbEOQuUuzay
terbini kompart émanl|l ar énén cretiminde
kull anél anédeér . Knconel et Nitmemire, oRamak
ni kel esasl e sKkmcecaned!l akle8nl anidliee |l al akéem
kull an@&l &kedeéeresadagelmé as gperbir-ok karakteri:s
sécakl ekl arda onl ar é& istehntelerk - cala doualayr-aNiked k | & Kk
esas!| é ke pphau é% 2 al | i Kdnebitirik magliyekesielke i xonu-1 an
d¢ K¢k i Kl eme pgkanmnla&keana® mye | dg Kvowrcus e b e p

2010) Bu nedenl e kesme parametrdalieri(nkénvaiky

2007) K1 k ni kel esasl e alakem ol an Ni moni
geli kt.iBul enil akémlar g¢negmgzde de "I ncone
birlikte gaz terbinl i mot or isretiminde
(Tanga mék,. 1997)

Ni kel ; ergime sécakléjée 1453. Mkél ve vyo
esasl & s¢per al ak7eOm| Mir ébulywmmpaeiNichédlag e 2db DIt
s¢per alakemlara -°2kel meldSdidtiyek ddaaslia Kilg
gel i ktirilen NI MONI C 80 al akéme, Ik k e
al ak.eAMdaékrém i -inde Ni 3 (AI'Ti ) =-°keltileri
Al Ve %19. 5 Cr Nbklednmakdald&r s¢per al a
verimliliklerin at t €ér €1 mas é i - i n Mo , Co, Nb, Zr ,
edi |l msgpenr al akeéemrmlzaerl lii-ki ndea kKyka pé en 1yl
Kl er i teknol oj i hava takét motorl arénén
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815Cci 900Ccé6da kull aném alané bulan nikel es

té¢erbinlerinde, uzay ara-1|arénda, roket
santrall erde, p d tarr akai mvyea sdailj edro nyaghkésme k s é c
kul | .aNikkélesast s ¢ ¢per al akéemlar; tek Kkristal
y°nt emi i | dEkegr,2@08)i | ebi |l irl er

Il1123Kobalt Esasl & Al akéml ar
Kobalt esasl e alakeémlar genellikle iyl

€ésé dayanémé gédrlekntéilréern (ySeormuenrkdaééraaktusvy e ¢

i -eri kil kobal't esasl|l e ai28CkdVahl.dr dG nbiillekk
il e bilinen alakémder ve 1900'l erden ©be

Kobalt; ergime sgodkinéjué¢ u( 14893900 gCcm3
fiziksel °©zelli].i Koabealsteénrd ak rndanrk,el rei kbeeln,z etr
dijer alakem el ementl er.i il e alakemlanar
al akeml ar &, i | k ol arlalkagéalzmatysar bh anki | ammodt €ojr ¢

bu yana b¢y¢ k g dldrmakolarak kgifdlesase r sng g€ r al ak ém
i Kl eme talinctakt klamamak yapmak ve ya iKkle
bozulabilir Kobal t esasl & s ¢ peere kal ggexreinl naerl; e rndies |
séeécakl ékl arda uzun °  m¢r |l ¢ ol mase i sten
bul mu KBker,r2008)r

Kobal't esasl e s¢per alakemlarén son
Kunl ardér .

A Ergime sécaklegjinemdemiwydles gk kslethas éc a
ni kel esasl e s¢per al akéemlara kéeyasl a dal

A Bilekimlerindeki yé¢ksek krom neden
direncine sabhiptirler B u nedenl e de gaz t ¢r bdaknl er i n
par-alar i -in uygun mal zemel erdir.

A Ni kel esasl e s¢per alakemlara g°°re
direncine sahiptirler.

A Kaynak kei,20e8pi | irl er
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II13SUPER ALAglI MLAR’I N SPK GLE GgLENMES
Gel eneksel i kU yegnel ayn°drétj eéémlidear isor unl ar a
alakemlaré ve benzer ©°zelliklerdeki met a
daha kolay bir kKke8PKdel ekxtenebhi amakt edbk

kesil mesi zor me tlaelrlienr d g€ me tdi°mierfAkkuski omeat yrl i :
2006) SPK, s¢per alakémlar ve gelikmik ser
elektrcer ozyon y°nt emi dahi |l hemen tGemn kil asi
ve kahin, 1995)

ASPK il e al¢i¢mnadgnmsat amieknl aré€ kadar h
yapél makta ise de s¢per al akéemlarén ikl e
S¢per al akéeimaonel-egsdmemdal akéml ar &, SPK

yavak ol an(bkn&KliZTablmé)d i r .

Tablo 116 690 MPa Basén-1é& SwezKheé Agamb HKimerl
(Hashishve ark.,1997)

Material Traverse rate (mm/s)
Sheet metals

1018 steel 233
4130 steel 1.06
15-7 pH stainless steel 0.85
321 stainless steel 0.74
Titanium 6A1/4V 042
Hastelloy 0.36
301 stainless steel 0.32
Inconel 0.21
Composites

Printed circuit board T4*
Graphite epoxy (6.3 mm thick) T4*
Copper-clad fiberglass T4+
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BOLUM 111

CALI g MAL AR

S¢per al aOkiBOMImantedbaand 85nda Knconel 718 ma
kesilerek el de edlidegelnmkretsdrk. gebhe ke y ke ek u |

basén- (P), ilerleme heze (V), akKkéndeér éc:
Tablolll.l1Deneyde Kull anél an Dejikkenler Ve S
B as ém(Mpa) 300, 340, 38(
Kl er | evwi@emhld z §60, 100,150

AK éndér é-ame(gr/dkg 100, 175, 25
Kesim y¢ k(mmma)kl|23,4

Akéndéréce (€120
SPL (mm) / ASPL (mm) 0,1/1,1

Deney tasarémé i-in Minitab 15 yazeél
di zi |l i mi kul | anél AWenkeyé dengi olaBRW hd i eti R ii Imediei n
di zi si kull anél mékt er [Beneydebu ndu nkagsikdlle9ed u d a
ol duju i-in L27 i-in yapeélan incelemel er |
EkIll-Tabl ot dibmiek °zel DB3KWROr imoded i Iteerz g h
i-in; 120 el ek garnet, kKebeke suyu ve 0,

11 1.1 OLCME YONTEMG
SPK ile elde edilen kesijJin ejimli (

Mal zemenin al't kesi k geni kilrisfjei ,dedégst- alp

kumpas ile °1-¢I1 mesi b¢yeéek hatalar il e m
kesijJin ejimli ol masé nedeni il e ¢st K e :
tutul masé gerekir K i bu net o | edbir solun m¢ mk ¢
yoktur ve °1-¢lebilir.
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En

NN
D

geki IKunmplasl Kl e ¢Kesi k ¥I| -¢m

Bu tip -1l-¢mler i-in genellikle el ekt

i se mekani k bir y°ntem Kkuwslilkamgélnarkd k J°% In-i ¢

2 farklée tmerkafAnkriylPebi | i r . Ya a-éseé bil

mesafeden ya da bilyenin g°m¢gldegjeé¢ mesaf

-al ékmada rul manl arda kull anélan -elik bi
v

geki IKelslilj.i2n Bgnme¢gye Kl e ¥I| -

Bilyenin g°m¢gldegjeé¢e mesafe ol an hjy H ve t
h=2r+tH

geki IKelslilk. 3Mesaf esinin ¥I| -¢mg
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Kesi k geni kKl i7]i ol an | mesafesi de ack:
| = (8rhi 4h?)"?

Y°ntemde ©°1 -¢,m talneet imaijnl éhaclsarsakebi |

et mektedir. 1/ 100 hassasiyetl:i mi kr omet
hassasiyet]l mi krometre ile Kkullanél abi |
¥rnejin | mesafesinin orfaghadamaki] 2anmmao
-ape, bu dejere ne kadar yakén olursa o |
r=1,5 iken;
l =1, 25 mm i-in °|-¢lecek h mesafesi 0, 33
i se 00,3431 mm ol acakteéer. inAMQCD dhassasiyetlf ar k |
mekani k °1 -¢m al et il e °1-¢1 mesi m¢ mk ¢ n
mesaf e, tahmini ol arak 36e b°l ¢nerek 0,0
°rnek i-in dijital °1 - ¢m al ekmektedirukli | an é |
mekani k °Il -¢m aletinin de bu hassasiyett
Bu -alékxmada 1/100 hassasiyetl:] mi kr ome
mmoédi r .

Kesi k boyunca olukan d¢gzgenseéezl ¢kl oer

- er kere tekrarl anar ak, aritmetik ortal
araseéendaki farkl ar, kesimin ejimli ol duj
belirlenir.

Y

geki IKelslilk.t4e Ol ukan EJim

1i—a
8=t ‘1( )
LT Eh
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Bilyenin g°m¢l degj ¢ hajmésadleasn akvehelst
ortal amal ar & &kl@-mable2o dyee rmelsmifke | celru pEk deney
M-Tabl s undutlemukt ur .

II2VARYANS ANALGZG
K & s ANO&A olarak isimlendirilen varyans analizi (Analysis of Variance),

ki yadka kKameaye oait ortalama puanl aré ka
parametriKk i statisti ktir. ANOVA model | €
°rneklemlerin, bajéemlé dejikken a-éséndal

Ver i sayeéesée 30 rmner malt ¢d ajl é&alné nkl¢sémekl aelru |
El i mi zdeki veri sayeésée 30'"dan az ol duju

i KI eme bakl|l ama dehomofeniikt e shor malpmak éy é z .

Tablo 111.2 OneSample Kolmogorostmirnov Test

Normal Parameters(a,b) Kolmogorovi Asymp. Sig.
N |Mean Std. Deviation Smirnov Z (2-tailed)
P 26 341,54 32,95 1,15 0,15
\% 26 103,46 38,26 1,19 0,12
m 26 (172,12 61,78 1,15 0,15
h 26 |2,96 0,82 1,15 0,15
I st |26 (1,27 0,04 0,55 0,92
Alt 26 (0,98 0,08 0,55 0,92
Ej i 126 |4,13 0,90 0,70 0,71

a Test distribution is Normal. b Calculated from data.

Verilerimizin nor mal daj el eml e kabul
kesméndaki dej e (p>0,05 @I5rbd leadnd €br¢g, y ¢ Xl - ¢ ml er i m
sajlandéjée g°r¢l mektbgéi eml &Deegii kekemd ladt @ rmi
-ektel ar iszerinde ki et kil eri her bir d
karkeéel akt é&r él mex, bu dejerlendirmelerin
11.1)
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Tablol11.3Dej i K KANOYA ¥KI- gd°ernetkileri E

P
qu 0,01%
l'st * P 0,007%
l'st * V 28,095%
P st * m 3,427%
''st * h 56,991%
Alt* P 0,476%
Alt *V 42,764%
Alt*m 48,012%
Alt * h 1,936%
Alt Kesik Genisligi
Efjim * P 0,718% Artik P
Ejim * V 23,671%
Efjim * m 59,242%
Ejim * h 13,533%
Tablo I | e 4 otk faktorl

deji kkenl er arasénda

veril en

p

dejerinin,
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Tablolll4¢ ok Falkt Yaryans Anal i zi
Dependent Vari abl e: | st

Source Type Il Sum of Square df Mean Squar( F Sig.
Corrected Mode 0,0415 8 0,0052 20,9828 |0,000
Intercept 41,3847 1 41,3847 167521,02 0,000
P 0,0002 2 0,0001 0,4655 0,635
Vv 0,0127 2 0,0063 25,6261 |0,000
m 0,0027 2 0,0013 54371 0,014
h 0,0271 2 0,0136 54,9366 |0,000
Error 0,0042 17 0,0002

Total 41,9563 26

Corrected Total| 0,0457 25

a R Squared =,908 (Adjusted R Squared = ,865)

Dependent Variable: Alt

Source Type Il Sum of Square df Mean Squar{ F Sig.
Corrected Mode 0,1544 8 0,0193 27,1245 0,000
Intercept 24,7622 1 24,7622 34792,26 | 0,000
P 0,0000 2 0,0000 0,0209 0,979
\Y 0,0696 2 0,0348 48,9252 (0,000
m 0,0793 2 0,0396 55,7087 |0,000
h 0,0046 2 0,0023 3,2057 0,065
Error 0,0121 17 0,0007

Total 25,1867 26

Corrected Total|0,1665 25

a R Squared =,927 (Adjusted R Squared = ,893)

Dependent Variable: EjJim

Source Type Il Sum of Square df Mean Squar( F Sig.
Corrected Mode 18,832 8,000 | 2,354 27,480 0,000
Intercept 433,88 1,000 |433,808 5064,318 | 0,000
P 0,084 2,000 | 0,042 0,492 0,620
Y, 4,726 2,000 (2,363 27,588 0,000
m 10,818 2,000 (5,409 63,146 0,000
h 2,146 2,000 | 1,073 12,524 0,000
Error 1,456 17,000 0,086

Total 463,001 26,000

Corrected Total | 20,288 25,000

a R Squared =,928 (Adjusted R Squared = ,894)
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113G GGLEgGM

Dg i kkenl eri migi lagkais,ndh&mojien ver. S ¢
Pearson il gil exki mi ve homojen ol mayan se
ol mak ¢zerda lidkei ifnaredleen mi &<k ol up, Kiddet v
farkl él ekl ar g°r ¢l memi ktir.

Tablo IHI.5K1 gi lablesu m T

I St Alt EJ in I St Alt Ej i n

P Pea. ,008 ,061 -,074| Spr. -,025 ,061 -,022
Sig. ,968 , 167 721 ,903 ,769 ,915

V Pea.| -,521(*%) | -,637(**) A470(*)| Spr.| -,478(*) | -,622(**) | ,512(**)
Sig ,006 ,000 ,016 ,014 ,001 ,008

m Pea. ,184| ,693(**) | -, 770(**) | Spr ,158| ,688(**) | -,758(**)
Sig ,368 ,000 ,000 441 ,000 ,000

h Pea.| ,754(*) ,122 ,353] Spr| ,791(*%) ,112 ,332
Sig ,000 ,554 ,077 ,000 ,585 ,097

N 26 26 26 26 26 26

i st

al t

Klegiml t abl ol aréndai ked)p d(esiegr.i 2anl aml
atisti ksel hesapl amal arda séneéer dejer
a hassas olarak O,O0Ombéenbky<x&k oblaahai
ul e di | iCortelation Coefficieditase 4 r ii | ¢ 1 arasénda
er ol up, ili kkinin y°n ve «kKiddet:i h a k
umu, dejikkenl er ar agéebktdldablbs&vesablor ant é
a tamameé verilen sonu-larda deney se

i nin birbiri i |l e i stati ksel ol ar ak F

T émsézdeéerl ar

Kl gilekim tabbhpemséa) degpame&nda ki i
a, baj eml é deji kkenl eri miz arasenda
¢ meKjtied i d enfad rziemme, kal énl é] éna, &St ve
|l € ol arak IDiod ayésa@plidmgaatjiéikmhi kIl er ke s
i | exki m¢ g ta b keosiiefhkel mtatiksel olarake nl ams éz g°r ¢l ¢
iejj i Mme egt¢k-ilsgi nvienotdl el uyd mee&kt edi r . Bunu
kesi k, ., St kesi k aramke agartmamékadeér:
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'l .4 DOGRUSAL REGRESYON
Deji kkenl er il e kurulan dojrusal
ANOVA tabl dadbt® EKKdel sunul muxk.

[R? = 90,2%- R? (ad) =

| s =1,21- 0,000073*P- 0,000588*V + 0,000164*m + 0,0402*h

88,3%

Ust Kesik Regresyonu

1.1 1,15 1,2 1,25 1,3 1,35 1,4
Tahmin

gekid] sltl IKesi k Regresyonu

Alti;; = 0,909 + 0,000012*P- 0,00137*V + 0,000932*m + 0,0166*h
[R? = 91,7%- R? (adj) = 90,2%

Deney

EI iszn = 4,28 -

Alt Kesik Regresyonu

113 F
1,08 -

1,03 -

0,83 0,88 0,93 0,98 1,03 1,08 1,13
Tahmin

g e k i 6 Alt Kdsik Regresyonu
0,00121*P + 0,0111*V - 0,0109*m + 0,336*h

[R? = 91,0%- R? (adj) = 89,3%

Deney

Egim Regresyonu

24 L

24 34 4.4 54 6.4
Tahmin

geki TEJjlilm .Regresyonu
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NIl .5 TAM EgLEgTGRMELG REGRESYON

Tam ekl exktirmel. regresyon modeli ve

Y=p8,+ iﬁexe +iﬁiixf +ZZJB=’J'X='XJ' ts

i

Y =bo+ P + BV + bsm + kuh + 1P + 0Vo + bzamy + baghy + b PV + bisPh +
bisPM + BVm + bpsVh + bgymh  (d¢aaky ve Hak- al ék, 2008)

! s = 1,78- 0,00224*P- 0,00062*V - 0,00150*m- 0,0157*h + 0,000002*P+
0,000001*V + 0,000001*M + 0,00895*K - 0,000000*PV + 0,000004*Pm +
0,000054*Ph + 0,000001*Vm0,000100*Vh  [R?= 94,1%- R? (adj) = 87,6%

Alt 57 = 1,29 - 0,00045*P- 0,00506*V - 0,00274*m + 0,141*h- 0,000000*P +
0,000008* + 0,000002*M + 0,0037*K + 0,000005*PV + 0,000007*Pm
0,000384*Ph + 0,000004*Vm0,000053*\h  [R?= 95,9%- R*(adj) = 91,4%

Ej im= 7,11- 0,0254*P + 0,0633*V + 0,0176*m 2,22*h + 0,000031*P -
0,000093*# - 0,000021*n§ + 0,075*f - 0,000072*PV - 0,000047*Pm +
0,00621*Ph 0,000035*Vm- 0,00067*Vh [R? = 96,0%- R*(adj) = 91,6%)]

Denkl eml erin ANOVA t ayoulkoalraérdea ekkit ed evnekr
i é+ dPVm + boPVh + bizPmh + bV mho | fadesi ni de ekl
Kekilde Dbirbirlerine bajlé ol salar da be
etkilekim ve dejikkenlefPdejlemidi &t ée@a esomi
Ancak,bi rbirine bagghkenda e Rdkek]eerrth @iencl,; s t
model | eri nde ugyarrsllaénchesijrie + Bfi bn | uckrl ¢aBu d ¢ K
nedenle de °nceki model e tercih edil mez.
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II'l.6 YAPAY SGNGR AGLARI

Deney verilerimiz L27 Tagu®HWiizsnidi zi si
baréndér maktader . Buradaki amacéméz L9
geriye kalan dijer 17 veriye, ajén cevab
basén- (P), il erl eme hézé (V), iark.end@ealeek
dejerl eri ol arak dojrusal ajda ¢st ve &
besl emeli geri yayéléemleée aj i-in sadece ¢

¢al ekxkmal ar éme z ; MATLAB 7.0.4 (R2007a)
aj tipi ol atak gereéeriyageéesleemmé aj (newf f)
LevenbergMar quar t (trainl m), -ékex kat manén
(purelin) kul |l anél mé k-Bigmoid Tréhsfer iFonkgsiyonuk at ma
(tansig) ile LogaritmikSigmoid Transfer Fonksiyou (| ogsi g) , far kl é
il e kullanél arak karkeéel aktérél mékl ardeéer .

¢tal @ékmada gi r {l&15208046-5017 &r & ei -1i0M Sej er |l

ayré incelenerek bakaréemlaré g°zlenmixkti |

[1.6.1Doj rus al Sinir Ajé

geki8Doadjlrlusaj] € SYapeé&s &

Dojrusal sinir ajé ile yaptejéeméez - al
-al exéel méxkt ér . Efjitim sonunda belirl ene
denkl emler k°yledir:
| st 1,25420,00018976*F0,00067648*\/+0,00018462*m+0,0422Mh
Altg =0,927830,000061125*F0,001281*V+0,00088353*m+0,019969*h
EJ] iy ¥4,66920,0018485*P+0,0086173*\/9,0099583*m+0,31669*h

. SsiA 1,1811+0,000008972%P,00054172*V+0,00014172*m+0,0382T6
Alt17= 0,897430000+0,00005938~-0,0014®*V+0,00095061*m+0,04475h
EJ] 11774,05690,0007214P+0,01235%V+-0,011523*m+0,3390%
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Akaj] édaki tabloda ejitimlerin baxkarél
edilen fdejerl eri Il e karkeél akt éer él méekter .
regresyon dehkéembéup daebyada sonu-1ar é

! st9=1,25-0,000190 R 0,000676 V + 0,000185 m + 0,0422 h

Alt 9 =0,928- 0,000061 R 0,00128 V + 0,000884 m + 0,0200 h

Egim = 4,67- 0,00185 P + 0,00862 V0,00996 m + 0,317 h

! s1t=1,18 + 0,00009 P- 0,000542 V + 0,000142 m + 0,0383 h

Alt;17= 0,897 + 0,000059 P0,00141 V + 0,000951 m + 0,0145 h

E jm17 = 4,06- 0,00072 P + 0,0124 v0,0115 m + 0,339 h
Tablolll.6Doj rusal A] Ve Regresyon Test Sonu- |

YSA9 YSAL17
Deney Seti || st Altg E Jmig | s Alt7 EJ iiym
9 0,9556 10,8949 10,8848 |0,9311 |0,8877 |0,8739
17 0,8780 10,9276 |0,9214 |0,9730 |0,9927 |0,9879
Red.9 Regl7
Deney Seti |! syt Altg Ej bm || sid Alty7 Ej iizm
9 0,9556 /0,8949 10,8848 |0,9311 |0,8877 |0,8735
17 0,8779 |0,9275 10,9214 |0,9024 |0,934 0,9327

Dejerl ere vV e denkl eml er e bakel dej énd
denkl|l eml er i ile aynée denk®leenier bi wlkeir mled:r
yakén ol haka atlaceki dojrusal regresyon s
edlenegresyon sonu-|larénén birbirine -o0ok vy

111.6.2 Tan-Sigmoid Ve LogaritmikSi gmoi d Transfer Fonksi

Her i ki giri-k00 okadayodegackén n°ron
ejitilmik ve efdefingr IMBEddé¢juedia 5@nl andér
5 ve 10 n°ronlu ajlar il seferde ejitin
ezberl|l ememesi i -1in b u denemel er ayne a

tekrarl anméxkteéer .
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I I Tan-sigmoid yapih gizli katmaninda

b{1} 5 néron bulunan ag yapisi
4 giris 1 ¢ikish ag yapilarn

11,1 Lz, 1
- I - I Log-sigmoid yapih gizli katmaninda

b{1} 75 ndron bulunan ag yapisi

B 1

gekid9¢cokl IKat mal éAjYaapraey Si ni r

Akaj] édaki tabloda ejitilen ajl ar net.i

yanét dojrultddejnaral edideg %egti ¢ reinl mekt edir .

TablolI.L7N°r on Sayélaréna G°re Test Sonu-1ar ¢
Tansig-9 ver. Il e ejitile
N°r o5 10 15 20 30 40 50 75 100
D° n g8l 18 16 7 6 6 6 6 4
9 1,0000| 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
17 (test)| 0,4302|0,6207 |0,60100,2480| 0,0266| 0,1499| 0,0322|0,0301|0,0016
Logsig-9 veri il e ejitile
N°r o5 10 15 20 30 40 50 75 100
D° n g 12 20 36 15 19 29 7 3 4
9 1,0000| 1,0000/ 1,0000( 1,0000( 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
17 (test)| 0,2392|0,4516|0,5434/0,7404/0,8112 | 0,6743| 0,4096| 0,0510|0,2412
Tansig-17 ver.i ile ejitil
N°r o5 10 15 20 30 40 50 75 100
D° n g283 |22 251 102 |12 7 6 5 5
9 (test) 10,6277 |0,6027|0,5148/0,6167|0,0732/0,2778|0,2365| 0,3861| 0,0139
17 1,0000| 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000] 1,0000/| 1,0000
Logsig-17 ver.i il e ejitil
N°r o5 10 15 20 30 40 50 75 100
D° n g62 229 15 76 10 5 8 7 4
9 (test) |0,5745|0,4186|0,7723/0,8320 | 0,6054/0,7143|0,7816|0,2733|0,3212
17 1,0000| 1,0000/ 1,0000( 1,0000( 1,0000| 1,0000j| 1,0000j 1,0000| 1,0000
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90% ‘
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60% —— \‘
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0] 10 20 30 40 50 60 70 80 90 100 110

r kare

log(9) —|0g(17)
== tan(17) —4—tan(9)

Giris Noron Sayisi

geki1ONPFbn Sayélaréna G°re Test Sonu-1I|ar

"e63verilerin Normall exktiril mesi
Veri kalitesndeki aké r &8 n £ anproblemlerin YSA modelleriniolumsuz
° naelteki | eyebil ir. B u °joehmerfosksiyohunwkda keak @Elsléan é |

€ | a¥ri Jlirg bir transfer fonksiyonuna uygulanan gierile gér | é k|l ar én - ¢

x <

~+

opl ameén £00 oldjOnu fare ed | i m. Bu toplamé bir t
fonksiyonumiden ge-irdi

y= tanh(10)=(&-e'°) / (e"*+¢*%=1.000000

y= tanh(100)=F"e%) / (&"°+e*%=1.000000

sonu-|l areée GéIrdge¢ dgdbl | r 10 yederine Gade | sekka | gaerl ed
fonksiymsonu -1l aré araBendar dmd& Jakthircbirin
skalar dgerlers i st emde $alerrkkigi @dynél ke al énacak ve
hem jdeemed | gori t masé a-éséndan ol Bunghuz son
i -in, Xsiffler41llk ¢¢ymee jéa al O | X]lekd ®aeldd r ikl me ls i a i
[0 1] arasénda bir ©°1 -ekl endazameynsgarit abi

arj@&l duvemdg@daki form¢gle glPre(8dr-aek| eqad)r.m

be _ X_Xﬂsgfzri
yeni _X ¥ _
aZaFt asgart
Verilerimize no mal | ekt i r me I KI emi ni uygul ad

karkéel aktérma dejerlerimiz tabloda g°stel
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TablolI.8Nor mal l ekt iril mik Girdilerin N°ron ¢
Tansig 9 veri ile ejit
N°r ob5 10 15 20 30 40 50 75 100
D° ng4 3 3 2 2 2 2 2 2
9 1,0000| 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
17 (test)| 0,5632]0,1561|0,4826| 0,2086| 0,6286 | 0,0624|0,1324|0,0952| 0,0839
Logsig 9 veri il e efji
N°r o5 10 15 20 30 40 50 75 100
D° n g 15 3 3 2 2 2 2 2 2
9 1,0000({ 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
17 (test)| 0,7682 | 0,6163|0,7527/0,5049| 0,1363| 0,2263| 0,3757|0,2255|0,2274
Tansig 17 ver. il e eji
N°r o5 10 15 20 30 40 50 75 100
D° n g 10 4 2 2 3 2 3 2 2
9 (test) |0,6334|0,7557 |0,7090|0,4338|0,0623/0,0152| 0,1654| 0,0041| 0,5493
17 1,0000| 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
Logsig 17 veri il e efji
N°r o5 10 15 20 30 40 50 75 100
D° n g43 5 2 2 2 2 2 2 2
9 (test) |0,7811|0,6971|0,7605|0,4588|0,6907|0,9218 | 0,1224|0,1980| 0,2618
17 1,0000| 1,0000] 1,0000| 1,0000| 1,0000| 1,0000j 1,0000j 1,0000/| 1,0000
\
\
\\ /r
\ /
\ f__ﬂ\__.-—-#"’é
4 4
0% \(
0O 10 20 30 40 50 60 70 80 90 100 110
log(9) —|0g(17)
—B—tan(17) ——tan(9) Giris Noron Sayisi
geki L1 Nlolrimal I ekt iril mi kN°Giondi $&y é |IKadreé nE&j i
Sonu-1ar e
Bir dijer nycrnmeelmMiekde rmer i | eriat ort al

sapmals émléac ak

el de edil en

Kekil de (yKeinziidre,n 2d0;1z0e) B | e nBewk ¢

deyerltremi Kabl o |
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TablollIO9Nor mal |l ekt iri Il mi k Girdilerin N°ron

tansig 9 veri ile eji
N°r o5 10 15 20 30 40 50 75 100
D° n g8l 18 16 7 6 6 6 6 4
9 1,0000| 1,0000/ 1,0000] 1,0000{ 1,0000| 1,0000| 1,0000| 1,0000/ 1,0000
17 (test)| 0,8187 |0,2493|0,6353| 0,3215| 0,7207| 0,0005|0,1927|0,0364| 0,1053
|l ogsi g 9 ver.i il e efji
N°r o5 10 15 20 30 40 50 75 100
D° ng122 |20 36 15 19 29 7 3 4
9 1,0000| 1,0000/ 1,0000] 1,0000 1,0000| 1,0000| 1,0000/ 1,0000/ 1,0000
17 (test)| 0,3865|0,7178 | 0,7165| 0,6532| 0,3484|0,3951|0,5067|0,4390/ 0,3720
tansig 17 ver. il e e]
N°r o5 10 15 20 30 40 50 75 100
D° ng283 |22 251 102 |12 7 6 5 5
9 (test) |0,6623|0,7534 | 0,6843/0,5720|0,3520/0,0313|0,2178| 0,0544|0,5706
17 1,0000| 1,0000] 1,0000] 1,0000| 1,0000| 1,0000| 1,0000| 1,0000/ 1,0000
l ogsig 17 ver.i il e e]
N°r o5 10 15 20 30 40 50 75 100
D° n g 62 229 |15 76 10 5 8 7 4
9 (test) |0,5323]0,6734|0,7400|0,6773|0,7050|0,9013 | 0,4633| 0,3725| 0,3964
17 1,0000| 1,0000] 1,0000] 1,0000| 1,0000| 1,0000| 1,0000| 1,0000/ 1,0000

100%
90%

80%
70%

60%
v )
C 50% /
T 40% ~ ’
30% /
/
0%

0] 10 20 30 40 50 60 70 80 90 100 110

log(9) —=log(17) Girig Noron Sayisi
=l=tan(l7) =—#=—tan(9)
geki 2 Nlolrimal I extiri |l mi kN°Giondi $&y é|Kdreé nBj i
Sonu-1 ar e
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BOLUM 1V

SONUCAR VE TARTI g MA

I st kesi k geni kKl iJine en °neml i et
°r ¢l mektedir. Bunun sebebi yé¢ksek base
rtrtéerma ejiliminde ol maseéeder. Dol ay é s«
eni Klairjtit@ir makt adeéer . Kesim hezéndaki a
z al t mohit, 200)e (Ay ve ark., 2010). | st kesije baséncén

rfiyateéneén i stati ksel olarak anl aml e

x 0 29 Q 9 «Q

a
esimin ger-ekkekremediemelirertigenl er ol sal e
stati ksel et kil eri nedeni y-l &l éGaxrmadres é(zJ &
e Babu, 2 Ceén)biria e ¢ n & gsk-@adeer etkisie%B olarak

o1l - ¢l mgkt ¢r . etDlod rmlyers eiyd taa tdii § e | ol ar ak &

beraber regresyon sonu-|laréna g°re baseén

geni klijJini artteéermakta, heéezda ki artecxk |

Deijiskenlerin Ust Kesige Etkisi

e 1m 130 1m 175 250 2 3 1
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v  m— T /.l"" —m— 100
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" v
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o
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m
. 125 250
-

gekiVilDeji kkenlerin | st Kesije Etkiler:i
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Degiskenlerin Ust Kesige Ortalama Ftkileri
1,32 P v
1,30
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126 o
w 1,24
'—E; 300 340 280 60 100 150
5 13 - n
1,30 1
1,28
lrzs____.:__/___)__/—_/‘:'f__.__
1,24 4
100 175 250 2 3 4
gekiv2Deji kkenlerin st Kesije Ortal ama Et
Al t kesi k geni kKl iJine en °neml et k.

Akéndérece sarfiyateée arttek-a alt kesik
kesi k geni k!l i] i ni(8hiha2004, (A &g ak., g01Q).| Kesimi Kt i r
yéeksekl i g vV e baséncén al t kesi k geni k|
bul unmasa da, regresyon sonu-1laréna g°r e

kesi k geni kKl emektedir

Degiskenlerin Alt Kesige Etkisi
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L Loa
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ge kiVi3Deji kkeml Kesin] &1 Et ki |l er i
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Degiskenlerin Alt Kesige Ortalama Etkileri
P V

300 340 380 &0 100 150

Ortalama

100 175 250 2 3 4

gekiV4Dej i kkenl erin Alt Kesije Ortal ama Et

Ejime en ©°neml:i etkenl er akéendeéer éceée
sarfiyate arttéj ghdhenejiikmiiirr d ZJelghéajag \
(Shanmugamve Masood, 2008) Kesi m héezéenda Ilirttaet m&Kktid
(Hak- al ék ,(Shanmugdm ve Ma3ddod) 208 Ay dén ve,(Agr k., 2
ve ark.,2 010) . Kesim y¢kseklI i7Ji ve basén- i
beraber regresyon stoenku-al aerjéin@hangzigahemebkat saé n
Masood,2008) kesim y¢gksekl i ] i (SkanmugaejveMasoad, i s e
2008)( Aydéen ve. ark., 2010)

Degiskenlerin E§ime Etkisi
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gekiV3dDeji kkenl erin Ejime Etkiler:i
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Ortalama

Degiskenlerin Egime Ortalama Etkileri

5,0

4,5

3,51

3,04

___'?:E—_ﬂg.__ _____________
4,01 /

300

380 60 100 150

250 2 3 4

160 1&5

gekivdDej i kkenl erin Ejime Ortalama Etkiler

Yapay srieniirl eajylaapél an - al ékmada, far kil
MSE defj®édie ®2Qitildiklerinden?dedijeirtlielrdi kil
-ok yaken -ekmaktadér ve regresyona g°re
ej i ti me sdoikjuelrmadnézi Il e test edi |l di kI er i
sergileyememi-kK;l eralnasénd/ervd eadrtal amal ar ¢
lolacakk eki |l de normall exktirildikIlerinde; °©z
ej i ti mi -pykgeamhak lkeokmi kKt ir. Her ¢- ~-al e
bul undujunda ejitim kesil mik Ve tekrar.l
yapélacak ejitimler daha iyl veya daha Kk
bul unan édejyekBekerni il e ejitil-gigmoid ver.i
giri kKl ajlarda g°sigmgkd genekl iol ayhar
ol dukl arée g°zlenmiktir.
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BOL UM

SONDEGERLENDGRMELER VE ONERGLER

Gel eneksel y°nt eml epr¢es kgelrrtesg mlock kyeesnme o
kesi k ejiminin d¢k¢gk ol masé i stenir. B
mi kt ar €nénk easrntet éhrézl émaesré ,azal t €l masé ve Kk
dejerde tutul masé gerekirdujuZamamumi ak d®a

artteréeldéjénda akéndéréece sarfiyate da

ejime olumsuz etkileri azalteéel mek ol ur.
°ne¢gne al énar ak, aranél an -al ékrkee s met alkil
ger-eklextirilmelidir.

Yapay sinir ajlare, hemen her alanda |
ejitim i-in tercih edilecek °Jrenme al go
sayésée -ok °nemlidir. I N° k@ah i saegeBendoal
ejiti b diji di zi yi ezberl eyerek test veri
Deney girdilerini nor mal |l ektirerek -al éx

sonu-1| ar vGarzne k tkeadtisigmoicefomkas i yogpu kul | anél
tansi gmoi d fonksiyonu il e ejitilen aj dan
g°zl enmekl e beraber, daha fazla girdi i

g%zl enmi ktir.
30er d¢gzey 4 dej i KkOdmisininr dgnegybdbasangm

il e L27 di zisinin regresyon sonu-1| ar é

g°r ¢l memektedir.
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%200 s adarg mi %lysudm dam i t B@h @ uten v-ee | Pok 6 i di J e

malzemelerden | u Kk m a(lashésil, 2009)
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Composte
Carbon sondwich b Arengioss
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EK II-Tablo 1

SPK ve ASPK ile kesilebileh a z € ma( Gemeh eve Tun-
SP Kl e ASP Kle Kesilebilecel
Kesilebilecekler
Yumukak | astiSertl et i rlPlastk
Sé¢nger el i g Nylon
Folyo gi bi - ¢ Titanyum Grafit
malzemeler Al ¢mi nyum | Seramiklenm hemen
Pl asti k t ab anSertlastik hepsi
Kajéet, mukavyPirin- Karbon fiberi
benzerleri Knconel Kompozitler
Yumukak s é&zdéHastalloy Granit
contal ar e Bakeéer Mermer
Mum Egzotik malzemeler | T a K
¢ o c u bezlaril t Yumukak -¢gSert ve kal
Yumukak veya|Pasl anmaz [Cam vV e
Téem yumukak ge-irmez caé
ve benzeri malzemeler
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EK Il-Tablo 2
Pistonlu Pompaleée (PPY¥iftiEtkiEtKki Basé¢n
Tekni kl erinin Kawe éTluark-t,ér200mMa)sée ( Ger en
fak Pistonlu¢ ¢ift etkFazlid:t

(30hp) (50 hp)
Ul akél abi | |3000 bar 30007000 bar 30007000 bar
Basén- aya)Zor Kolay Kolay
Basén- dal |Yok 150-350 bar Yok
Ak ¢mel at or | Yok Var Yok
gerekeénmesi
3000 bar 120 mm/dak. 108 mm/dak 108 mm/dak
kesme hezeée
Maksimum kesme¢ 120 mm/dak. Art an FArtan I
heze*r arteyor jarteéeyor
Verim Yéeksek ((Degkegk (UDe¢gkek (%
G¢- sarfiy|D¢gkeék Y¢ ksek Y¢ ksek
Y ¢ z ey Kalgesim Normal Art an Fei ft etk
arteéeyor
Su debisi Y¢ ksek D¢ K¢k D¢ K¢k
Akénan par |Y¢gksek Basén- Basén-
azal eyoriazal éyor
Sézdéer mazl | Normal Basén- Basén-
° mr ¢ azal eyoriazal éyor
Bak em ger ek D¢ K¢k Basén- Basén-
arteéeyor arteéeyor
Ger el t g D¢ K¢k Y¢ ksek Y¢ ksek
Yat ér ém ma| Normal PP. d e n PP. den dah
y¢é ksek
*450 gr/litre akénderece, 0.35 mm | ik | ¢

altéenda.
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EK I11-Tablo 3

S¢per  al

akeéeml ar én( Kgeel2@@R , séeneéf

SUPER ALISIMLAR

NIKEL ESASLI

Inconel (578, 597. 600,
— 601, 617. 625, 706,
718, x750)

Nimonic (75, 80A

— 105, 115, 263, 942,
PE.11, PE.16, PK.33

— Rene (45, 95)

____ Udimet (400, 500, 520,
630, 700, 710, 720)

—— Pyromet 86
— Astrolo
—— M-252

| Hastelloy (C-22. G-30,
S.X)

—— Waspaloy
—— Unitemp AF2-IDAG6

—— Cobat 214

— Hasney 230

DEMIR ESASLI

Incoley ( 800, 801,
[ 802, 807, 825, 903,
907, 909)

—A-286
— Alloy 901
—Discoley
| Haynes

—H-155

NV-57

KOBALT ESASLI

— Haynes 188

——L-605

—— MAR-M918
— MP35N

—MP159

| Stellite 6B

L Elligo
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EK II-Tablo 4

3800 bar, 2 mm | ¢l e wuvzakl ejeée, 0,38
I | er | e m@@rodice inférratiod of Berkeley Chemical Research Inc., USA,
2000 K¢l ek-1, 2002)

Material Thickness
LAY W\
Separation cut
(mm) Feed rate (mmmin)
Copper 127 473 193 122
381 132 4 25
762 58 18 10
304 85 127 330 132 84
8.1 01 30 18
76.2 41 13 8
Aluminium 127 1021 414 250
8.1 284 07 58
76.2 127 8 23
Mild steel 127 366 147 04
381 102 3 20
762 46 13 8
Titantum 127 51 208 130
381 142 48 28
6.2 64 20 13
Granite 127 012 208 130
381 254 48 2
762 114 20 13
Incenel 718 127 202 119 4
381 81 28 15
76.2 36 10 8
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EkKIII-TablolHJ 3020 SPK Tezgahé Teknik

Tekni k ¥zel l i kIl er|HydroJet3020

¢al ékma Al ané mm |3000x2000

S¢re¢egcel er Di k1 i takém

Lineer keéezak Evet

Pozisyonlama doj r|NO. 05

Tekrar edilebilirlik mm NO. 05

Maks. Begeeme m/dk 20

Z ekseni dikey hareketi mm 160

Akéndér mal/ saf su |Evet

Kesme deposu kél gEvet

edi | mik

Genel boyutlar (UXGxY) mm 4360x3250x1850

CNC [ nitesi GPLUS 450CUT

G¢- 1 nitesi ECOTRON 404 WWC Y
Pompa

Aj ér |l ék)kd su har i -]{2950

Azami - al @ékma bas|400

Az ami s¢rekl i - al|380

Azami akdek hézeée L|38

Tahrik kapasitesi kW 37

G¢- kaynaj] é V/ Hz |3x400/50
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EkKIIl-—Tablo2¥ | - ¢ en

dejerl er

Alt Kesik Baj éll}] st Kesik Baj el
Nr h I | alt % h [ [ 9%

1 0,195 |1,0031 0,35 |[1,26056

1 0,18 |0,969330,988 [0,0133 |0,34751,25743/1,266 |0,0047
1 0,19 |0,99207 0,365 [1,27875

2 0,23 1,07452 0,4 1,31757

2 0,24 ]1,093251,09 |0,0082 |0,385 |1,30154 1,303 |0,0064
2 0,245 |1,10236 0,375 [1,29035

3 0,2475|1,10685 0,415 (1,33274

3 0,2475|1,10685 1,104 |0,0011 0,405 |1,32272/1,333 |0,0032
3 0,2425|1,09783 0,425 |1,34239

4 0,145 |0,88159 0,325 [1,22801

4 0,15 0,894990,895 |0,0087 0,315 |1,21417}1,223 |0,0023
4 0,155 |0,90807 0,325 |1,22801

5 0,175 |0,9576 0,375 [1,29035

5 0,175 |0,9576 (0,945 |0,0211 {0,365 |1,27875/1,274 |0,0118
5 0,16 |0,92087 0,345 [1,25427

6 Fire

7 0,12 |0,80944 0,32 |[1,22115

7 0,135 |0,853810,834 |0,0273 |0,315 |1,21417}1,214 |0,0018
7 0,13 ]0,8394 0,31 [1,20706

8 0,135 |0,85381 0,32 |[1,22115

8 0,1525|0,9015710,883 |0,0337 [0,32251,22459/1,225 |0,0004
8 0,15 ]0,89499 0,325 |1,22801

9 0,215 |1,04508 0,4 1,31757

9 0,21 1,0349/1,042 |0,0015 |04 1,31757/1,316 |0,0003
9 0,215 |1,04508 0,395 [1,31233

10 0,205 |1,0245 0,34 |[1,24788

10 0,18 |0,969330,988 |0,0457 |0,36 |1,27279/1,27 |0,0159
10 0,18 |0,96933 0,375 [1,29035
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Ek Il —Tablo 2 Devane

Alt Kesik Baj ad|, st Kesi k Baj el
Nr h I | alt % h I [ 9%

11 0,235 |1,08397 0,445|1,36059

11 0,235 |1,08397 1,084 |0,0000 |0,465(1,37739 1,366 |0,0031
11 0,235 |1,08397 0,445|1,36059

12 0,2225|1,06001 0,365|1,27875

12 0,2225|1,06001 1,071 |0,0153 |0,33 |1,23475 (1,256 |0,0172
12 0,24 |1,09325 0,345|1,25427

13 0,15 |0,89499 0,36 |1,27279

13 0,165 |0,933380,916 |0,0186 |0,345|1,25427 |1,256 |0,0088
13 0,16 |0,92087 0,335|1,24137

14 0,205 |1,0245 0,4 |1,31757

14 0,21 |1,034891,017 |0,0218 |0,39 [1,30698 1,312 |0,0009
14 0,19 |0,99207 0,395|1,31233

15 0,205 |1,0245 0,335|1,24137

15 0,205 |1,0245 (1,016 |0,0105 |0,345|1,25427 |1,248 |0,0015
15 0,1925|0,99761 0,34 |1,24788

16 0,135 |0,85381 0,315|1,21417

16 0,135 |0,853810,868 |0,0289 |0,325(1,22801 |1,228 |0,0067
16 0,15 ]0,89499 0,335|1,24137

17 0,175 |0,9576 0,355|1,26673

17 0,15 |0,894990,914 |0,0711 |0,37 |1,2846 |[1,271 |0,0055
17 0,1475|0,88833 0,35 |1,26056

18 0,165 |0,93338 0,33 |1,23475

18 0,1975|1,00853 0,985 |0,0914 |0,315|1,21417 |1,219 |0,0075
18 0,2 1,0139 0,31 |1,20706

19 0,17 |0,94562 0,405|1,32272

19 0,195 |1,0031 |0,98 |0,0422 0,42 [1,33761 1,333 |0,0025
19 0,19 ]0,99207 0,42 |1,33761

20 0,205 |1,0245 0,335|1,24137

20 0,2 1,0139 {1,017 |0,0016 |0,34 [1,24788 (1,248 |0,0015
20 0,2 1,0139 0,345|1,25427
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Ek Il —Tablo 2 Devane

Alt Kesik Baj éll] st Kesik Baj el
Nr h | | alt % h I [ 9%

21 0,265 |1,13719 0,385|1,30154

21 0,255 |1,120091,117 |0,0195 |0,385|1,30154 |1,307 |0,0029
21 0,24 |1,09325 0,4 |1,31757

22 0,155 [0,90807 0,37 |1,2846

22 0,16 |0,920870,921 |0,0077 |0,385(1,30154 |1,294 |0,0026
22 0,165 |0,93338 0,38 |1,29599

23 0,1775]0,9635 0,315|1,21417

23 0,175 |0,9576 |0,962 |0,0005 |0,305(1,19983 1,212 |0,0043
23 0,1775|0,9635 0,32 |1,22115

24 0,23 |1,07452 0,395|1,31233

24 0,23 |1,074521,071 |0,0013 |0,39 |1,30698 1,305 |0,0024
24 0,225 |1,06489 0,38 |1,29599

25 0,135 [0,85381 0,35 |1,26056

25 0,125 |0,824620,853 |0,0423 0,36 [1,27279 1,265 |0,0018
25 0,145 |0,88159 0,35 |1,26056

26 0,165 |0,93338 0,315|1,21417

26 0,16 |0,920870,923 |0,0044 |0,315(1,21417 |1,209 |0,0025
26 0,1575|0,9145] 0,305/1,19983

27 0,205 |1,0245 0,355|1,26673

27 0,2 1,0139 (1,021 [0,0016 |0,35 |1,26056 |1,258 |0,0033
27 0,205 |1,0245 0,34 |1,24788
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EkIlIl-Tablo3Deney Seti Ve Sonu-1ar
(Geni klik*Uzunl uk* Kakreand rekl) 718
Nr |Girik | er L27 cektelar

P Vv m h |P |V 'm |h | st |Alt E i m
1 300 |60 100 |2 (1 |1 |1 |1 |1,266 |0,988 |3,967
2 300 |60 175 |3 (1 |1 |2 |2 |1,303 |1,090 |3,050
3 300 |60 250 |4 |1 |1 |3 |3 |1,333 |1,104 |3,273
4 300 (100 (100 (2 |1 |2 |1 |1 |1,223 |0,895 |4,695
5 300 (100 (175 |3 |1 (2 |2 |2 |1,274 |0,945 [4,703
6 300 |100 |250 |4 (1 |2 |3 |[3 | Fire Fire Fire
7 300 (150 (100 (2 |1 (3 |1 |1 |1,214 |0,834 |5,425
8 300 (150 (175 |3 |1 |3 |2 |2 |1,225 (0,883 |4,874
9 300 (150 (250 (4 |1 |3 |3 |3 |1,316 (1,042 |3,921
10 (340 |60 100 |3 (2 |1 |1 |2 |1,270 |0,988 4,042
11 (340 |60 175 |4 (2 |1 |2 |3 |1,366 |1,084 |4,036
12 (340 |60 250 |2 |2 |1 |3 |1 (1,256 |[1,071 (2,646
13 (340 |100 (100 |3 |2 |2 |1 |2 |1,256 (0,916 |4,855
14 (340 |100 (175 |4 |2 |2 |2 |3 |1,312 |1,017 |4,220
15 (340 (100 (250 |2 |2 |2 |3 |1 |1,248 [1,016 |3,324
16 (340 |150 (100 |3 |2 |3 |1 |2 |1,228 (0,868 |5,147
17 (340 |150 (175 |4 |2 |3 |2 |3 |1,271 (0,914 |5,100
18 (340 |[150 (250 |2 |2 |3 |3 |1 |1,219 (0,985 3,339
19 (380 |60 100 |4 (3 |1 |1 |3 |1,333 |0,980 |5,035
20 [380 |60 175 |2 (3 |1 |2 |1 (1,248 |[1,017 3,297
21 [380 |60 250 |3 |3 |1 |3 |2 |1,307 |1,117 |2,720
22 380 |100 [100 (4 |3 |2 |1 |3 (1,294 |0,921 |5,331
23 |380 |100 |175 (2 |3 |2 |2 |1 (1,212 |0,962 |3,579
24 380 |100 (250 (3 |3 |2 |3 |2 (1,305 |1,071 |3,345
25 |380 |150 |100 (4 |3 |3 |1 |3 (1,265 |0,853 |5,871
26 |380 |150 (175 (2 |3 |3 |2 |1 (1,209 |0,923 |4,096
27 380 |150 (250 (3 |3 |3 |3 |2 (1,258 |1,021 |3,397
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EkIlIl-Tablo4 Tek Fakt°rl ¢ Varyan Anal i zi
ANOVA (P) Sum of Squares | df | Mean Square | F Sig.
I st Between Groups |,000 2 |,000 ,001 | ,999
Within Groups ,046 23 |,002
Total ,046 25
Alt Between Groups |,001 2 |,000 ,055 | ,947
Within Groups ,166 23 | ,007
Total , 167 25
Ej i Between Groups |[,146 2 1,073 ,083 |,920
Within Groups 20,142 23 | ,876
Total 20,288 25
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
i st 122 2 23 ,886
Alt ,809 2 23 ,458
ERI 1 643 2 23 535
ANOVA (V) Sum of Squares | df | Mean Square | F Sig.
I st Between Groups |,013 2 | ,006 4,493 | ,023
Within Groups ,033 23 |,001
Total ,046 25
Alt Between Groups |,071 2 |,036 8,592 | ,002
Within Groups ,095 23,004
Total , 167 25
EJj i Between Groups | 4,802 2 240 3,566 | ,045
Within Groups 15,485 23 | ,673
Total 20,288 25
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
i st ,169 2 23 ,846
Alt 419 2 23 663
ERI 1 525 2 23 ,599
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EkIll -Tablo4 Dev a mé

ANOVA (m) Sum ofSquares | df | Mean Square | F Sig.
! st Between Groups |,002 2 |,001 ,408 ,670
Within Groups ,044 23 |,002
Total ,046 25
Alt Between Groups | ,080 2 |,040 10,621 | ,001
Within Groups ,087 23 | ,004
Total , 167 25
Ej i Between Groups | 12,019 2 16,009 16,715 | ,000
Within Groups 8,269 23 | ,360
Total 20,288 25
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
st 712 2 23 ,501
Alt 1,594 2 23 225
ERI 1 1,310 2 23 ,289
ANOVA (h) Sum of Squares | df | Mean Sgare | F Sig.
| st Between Groups |,026 2 |,013 15,238 | ,000
Within Groups ,020 23 | ,001
Total ,046 25
Alt Between Groups | ,003 2 |,002 227 , 799
Within Groups ,163 23 | ,007
Total , 167 25
EJ i Between Groups | 2,746 2 1,373 1,800 |,188
Within Groups 17,542 23 | ,763
Total 20,288 25
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
1 st ,496 2 23 616
Alt 618 2 23 548
ERi 276 2 23 762
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EkIIl-Tablo5 KI gi | eki m Tabl osu

Correlations

(Pear son)

P V m h | st Alt EJin
P (P:earson. 1 -,004 061 061 008 061 .,074
orrelation
Sig. (2tailed) ,983 ,766 ,766 ,968 767 721
N 26 26 26 26 26 26 26
\ Pearson ) ) oy | ok *
Correlation ,004 1 ,004 ,004| -521(*) | -,637(*) A70(%)
Sig. (2tailed) ,983 ,983 ,983 ,006 ,000 ,016
N 26 26 26 26 26 26 26
m Pearson ) o | -
Correlation ,061 ,004 1 ,061 184 ,693(*) | -,770(*)
Sig. (2tailed) ,766 ,983 ,766 ,368 ,000 ,000
N 26 26 26 26 26 26 26
h Pearson -
Correlation ,061 ,004 -,061 1| ,754(*) 122 353
Sig. (2tailed) ,766 ,983 ,766 ,000 ,554 077
N 26 26 26 26 26 26 26
st Pearson
1 _ *k *%' *% _
Correlation ,008/ -,521(*) 184 | 754(*%) 1| ,643(*) ,155
Sig. (2tailed) ,968 ,006 ,368 ,000 ,000 451
N 26 26 26 26 26 26 26
Alt Pearson i - - - i -
Correlation 061 -637(*) | ,693(*) 122 ,643(*) 1| -,856(*)
Sig. (2tailed) 767 ,000 ,000 ,554 ,000 ,000
N 26 26 26 26 26 26 26
EJ i Pearson ) ® | o - - o
Correlation 074 470(%) | -,770(*) ,353 ,155| -,856(**) 1
Sig. (2tailed) 721 ,016 ,000 ,077 451 ,000
N 26 26 26 26 26 26 26

** Correlation is significant at the 0.01 level(@iled).

* Correlation is significant at the 0.05 leveltgled).
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Correlations

P \ m h i st Alt EJ i
Spearmas’ P Correlation |, o501 559 0g0| 060 -025| 061 -022
rho Coefficient
Sig. (2tailed) . 1,000 771 771 ,903 ,769 ,915
N 26 26 26 26 26 26 26
\Y Correlation " - -
Coefficient ,000 1,000 ,000 ,000| -,478(*) 622 512(*%)
Sig. (2tailed) | 1,000 } 1,000/ 1,000 ,014 ,001 ,008
N 26 26 26 26 26 26 26
m Correlation - -
Coefficient ,060 ,000 1,000 -,060 ,158 | ,688(**) 758(+)
Sig. (2tailed) | 771 1,000 ) 771 441 ,000 ,000
N 26 26 26 26 26 26 26
h Correlation -
Coefficient ,060 ,000 -,060| 1,000| ,791(*) 112 ,332
Sig. (2tailed) | 771 1,000 771 . ,000 ,585 ,097
N 26 26 26 26 26 26 26
i st Correlation ) i . - - i
Coefficient 025] -,478(%) 1158 | ,791(") 1,000| ,582(**) ,127
Sig. (2tailed) | 903 ,014 441 ,000 . ,002 ,538
N 26 26 26 26 26 26 26
Alt Correlation - - - -
Coefficient ,061 622(%) ,688(**) 12| ,582(*) 1,000 860(*)
Sig. (2tailed) | 769 ,001 ,000 ,585 ,002 . ,000
N 26 26 26 26 26 26 26
Ej i Correlation ) - - ) -
Coefficient ,022 | ,512(**) 758(+) ,332 127 8600 1,000
Sig. (2tailed) | 915 ,008 ,000 ,097 ,538 ,000 )
N 26 26 26 26 26 26 26

* Correlation is significant at the 0.05 levelt@led).
** Correlation is significant at the 0.01 level(@iled).
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Ek Il -Tablo7 Do ] r RegraesionAnalizi

| S =1,21- 0,000073*P- 0,000588*V + 0,000164*m + 0,0402*h

ANOVA(Db)
Sum of
Model Squares df Mean Square F Sig.
1 Regression ,041 4 ,010 48,319| ,000(a)
Residual ,004 21 ,000
Total ,046 25
a Predictors: (Constant), V, m, P b Dependent Variabl e:
Predictor Coef SE Coef T P
Constant 1,20791 0,03331 36,26 | 0,000
P -0,00007264 | 0,00008898 -0,82 | 0,423
V -0,00058765 | 0,00007632 -7,70 | 0,000
m 0,00016422 | 0,00004745 3,46 | 0,002
h 0,040202 0,003559 11,30 | 0,000
S=0,0145990 R-S0=90,2% | R-Sq(adj)=88,3%
Residual Plots for Ust
Normal Probability Plot Versus Fits
EE [ ]
- 02 Y :
H _g 0.1 . .
D w —
o [+ L] - -
10 -0,1 - »
]
1 -0,2
-0,2 -0,1 0,0 0,1 0,2 1,0 1,1 1,2 1.3 1.4
Residual Fitted Value
Histogram Versus Order
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EkIlIl-Tablo7 Dev a mé
Alt 1,7 =0,909 + 0,000012*P0,00137*V + 0,000932*m + 0,0166*h

ANOVA(Db)
Sum of Mean
Model Squares df Square F Sig.
1 Regression ,153 4 ,038| 58,258 ,000(a)
Residual ,014 21 ,001
Total , 167 25
a Predictors: (Constant), h, V, m, P b Dependent Variable: Alt
Predictor Coef SE Coef T P
Constant 0,90870 0,05843 15,55 | 0,000
P 0,0000121 0,0001561 0,08 0,939
V -0,0013668 0,0001339 -10,21 | 0,000
m 0,00093205 0,00@m8323 11,20 | 0,000
h 0,016592 0,006242 2,66 0,015
S=0,0256043 R-Sq=91,7% R-Sq(adj)=90,2%
Residual Plots for Alt
Normal Probability Plot Versus Fits
e 0.2 .
0 . * *
g i . .
10 " e, —
-0,1 . .
1--3.1 -0,1 0,0 0,1 0,2 0,8 1,0 1,2
Residual Fitted Value
Histogram Versus Order
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EkIlIl-Tablo7 Dev a mé
EJ im=4,28-0,00121*P + 0,0111*V 0,0109*m + 0,336*h

Vari abl e:

ANOVA(b)
Sum of Mean
Model Squares df Square F Sig.
1 Regressin 18,470 4 4,618, 53,356 ,000(a)
Residual 1,817 21 ,087
Total 20,288 25
a Predictors: (Constant), h, V, m, P b Dependent
Predictor Coef SECoef T P
Constant 4,2798 0,6713 6,38 0,000
P -0,001215 0,001793 -0,68 0,505
\ 0,011099 0,001538 7,22 0,000
m -0,0109388 0,0009562 -11,44 0,000
h 0,33630 0,07172 4,69 0,000
S=0,294183 R-Sq=91,0% R-Sq(adj)=89,3%
Residual Plots for Egim
Normal Probability Plot Versus Fits
# 1.0 -
20 . *
a— = 0,5 - LY - ]
E . T% o8 ™ .'l : o
o ] . - - a® .
10 -0,5 -
1 -1,0 o
-1.0 -0,5 0.0 0.5 1.0 2 3 4 5 [
Residual Fitted Value
Histogram Versus Order
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Parcent

-0,02

-0,01

0,00

0,01

0,02

Residual

EkIlIl-Tablo8 Tam Ekl exktirmel (| & gresyon Anal i z
Predictor Coef SE Coef T P
Constant 1,7850 0,4833 3,69 0,003
P -0,002237 0,002687 -0,83 |0,421
V -0,000619 0,001132 -0,55 | 0,595
m -0,001500 0,001056 -1,42 0,181
h -0,01571 0,06725 -0,23 0,819
P12 0,00000200 0,00000390 0,51 0,617
V2 0,00000107 0,00000326 0,33 0,749
m”"2 0,00000054 0,00000132 0,41 0,687
h"2 0,008951 0,007171 1,25 0,236
PV -0,00000040 0,00000241 -0,16 | 0,872
Pm 0,00000395 0,00000236 1,67 0,120
Ph 0,0000536 0,0001854 0,29 0,778
Vm 0,00000137 0,00000128 1,07 0,306
Vh -0,00009986 0,00009630 -1,04 | 0,320
S=0,0150372 R-Sq=94,1% R-Sq(adj)=87,6%
Anal ysis of Variance for | st
Source DF | SegSS AdjSS AdjMS F P
Regression 13 | 0,042955 | 0,042955 | 0,003304 | 14,61 | 0,000

Linear 4 0,041193 | 0,000760 | 0,000190 | 0,84 | 0,525

Square 4 0,000276 | 0,000456 | 0,000114 | 0,50 | 0,734

Interaction 5 0,001486 | 0,001486 | 0,000297 | 1,31 | 0,322

Residual Error | 12 | 0,002713 | 0,002713 | 0,000226

Total 25 | 0,045669

Residual Plots for Ust
Normal Probability Plot Versus Fits
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E_ 1.0 = 0,00 Fy "HI X
a )
£ 1 & _po1
0,0 -0,02
S .m0 & H.D S A 24 & B 10 12 14 16 1B 20 22 24 26
s e Ak
o oF p@ t:ﬁg? FF S Observation Order

Residual

92



EKIll-Tablo8 Dev amegy) ( Al t

Predictor Coef SECoef T P
Constant 1,2856 0,7710 1,67 0,121
P -0,000445 0,004287 -0,10 | 0,919
\% -0,005057 0,0018® -2,80 | 0,016
m -0,002741 0,001685 -1,63 0,130
h 0,1407 0,1073 1,31 0,214
pPA2 -0,00000018 0,00000622 -0,03 0,977
VA2 0,00000755 0,00000520 1,45 0,172
m”n2 0,00000199 0,00000210 0,95 0,363
hn2 0,00371 0,01144 0,32 0,751
PV 0,00000464 0,00000384 1,21 0,250
Pm 0,00000726 0,00000377 1,93 0,078
Ph -0,0003840 0,0002957 -1,30 | 0,218
vm 0,00000386 0,00000205 1,88 0,084
Vh -0,0000534 0,0001536 -0,35 0,734
5=0,0239878 R-S50=95,9% R-Sq(adj)=91,4%
Analysis of Variance for Alt
Source DF |SeqgSS | AdjSS AdiMS F P
Regression 13 0,159634| 0,159634| 0,012280| 21,34 | 0,000
Linear 4 0,152772| 0,006623| 0,001656| 2,88 0,070
Square 4 0,001668| 0,001930| 0,000482| 0,84 0,527
Interaction 5 0,005194| 0,005194| 0,001039| 1,81 0,186
Residual Error | 12 0,006905| 0,006905| 0,000575
Total 25 0,166539
Residual Plots for Alt
Normal Probability Plot Varsus Fits
* y . 004 .
o0 -
- 3 0,02 .
E 50 T 0m * _1:' L M
& & . =
10 -0,02 . .
1 -0,04 ’ ’
-0,050 -0,025 0,000 0,025 0,050 0.8 0.3 1,0 1,1
Residual Fitted Value
Histogram Versus Order
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Ek1ll-Tablo8 Devameé ) Ej i m

Predictor Coef SECoef T P
Constant 7,107 8,383 0,85 0,413
P -0,02541 0,04661 -0,55 | 0,596
V 0,06326 0,01964 3,22 0,007
m 0,01758 0,01832 0,96 0,356
h -2,221 1,166 -1,90 |0,081
P12 0,0000309 0,00006759 0,46 0,655
V2 -0,00009270 0,00005658 -1,64 |0,127
m”2 -0,00002059 0,00002286 -0,90 0,385
h"2 0,0750 0,1244 0,60 0,558
PV -0,00007177 0,00004176 -1,72 0,111
Pm -0,00004694 0,00004099 -1,15 | 0,274
Ph 0,006209 0,003215 1,93 0,077
Vm -0,000B511 0,00002227 -1,58 0,141
Vh -0,000670 0,001670 -0,40 | 0,696
S=0,260837 R-Sq=96,0% R-Sq(adj)=91,6%
Anal ysis of Variance for EJim
Source DF SeqSS | AdjSS AdjMS F P
Regression 13 19,4714 | 19,47135| 1,497796 | 22,01 | 0,000
Linear 4 18,4704 | 1,04139 | 0,260348| 3,83 0,031
Square 4 0,3612 | 0,30407 | 0,076017| 1,12 0,393
Interaction 5 0,6398 | 0,63978 | 0,127956 | 1,88 0,172
ResidualErron 12 0,8164 | 0,81643 | 0,068036
Total 25 20,2878
Residual Plots for Egim
Normal Probability Plot Versus Fits
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