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SIMGELER VE KISALTMALAR

Bu caligmada kullanilmis bazi simgeler, agiklamalar1 ile birlikte
sunulmustur.

Simgeler Aciklama

E Elastisite modiilii

G Kayma modiilii

o Gerilme

Uy, Vo, W X, y ve z yoniindeki sekil degisimi
& Sekil degisimi

|4 Poisson orani

4 Kayma sekil degisimi

T Kayma gerilmesi

F Kuvvet

M Moment

N Tabaka bileske kuvveti
I1 Toplam potansiyel enerji
X Boyuna akma dayanimi
Y Enine akma dayanimi1

S Kayma dayanimi

0 Oryantasyon agis1

a Is1l genlesme katsayisi

T Sicaklik

AT Sicaklik degisimi

Xvil

asagida



1. GIRIS

Kompozit malzemelerin miihendislikte kullanim alani her gecen giin artmaktadir.
Bununla birlikte kompozit malzemelerin mekanik 6zelliklerinin tasarim agamasinda,
kullanilacaklar1 yere gére uygun olup olmadig1 hakkindaki sorunlarm giderilmesi bir
zorunluluk haline gelmistir. Bu nedenle karmasik mukavemet ozelliklerine sahip

kompozit malzemelerin, mukavemet 6zellikleri izerinde ¢aligmalar yapilmaktadir.

Bu c¢aligmada ortasinda i¢ci bos dairesel delik bulunan, tek yonlii karbon fiber
takviyeli, karbon epoksi, teyp kompozit plakanin tek yonlii diizlemsel gerilme
altindaki oda sicakliginda ve oda sicakligindan yiiksek sicakliktaki gerilme-sekil
degistirme analizi, ¢ekme deneyi yapilarak ve ANSYS sonlu elemanlar paket
programi yardimi ile incelenmis ve bu iki analiz sonuglari, veriler grafiklere

aktarilarak karsilastirilmistir.

Bu konuda yapilan benzer ¢aligmalardan bazilarini 6zetleyecek olursak;

Odegard G. ,Kumosa M. (2000) tarafindan tek yonlii karbon/PMRI15 kompozit
malzemenin oda sicakhgmmda ve 316° C sicakliga kadar olan oda sicakhigmin
iistiindeki sicakliklarda eksensel ¢ekme kuvveti sonucunda, malzemenin elastik ve
plastik ozelliklerinin sicaklikla nasil degistigini, sicakligm fonksiyonu olarak tespit
edilmesi iizerinde ¢alismislardir. Caligma sonucunda polimer matrisin yumusadigi ve
kompozit malzemenin katilik degerlerinin diistiigii 6zellikle matrise bagli sabitlerin
diistiigli g6zlemlenmistir. Bunun yaninda malzemeyi su jetiyle ve kobalt bant testere
olmak iizere iki farkli yontemle isleyerek deney numunesi hazirlamiglardir. Sonug
olarak kompozit malzemede sicaklik ylikseldik¢e miithendislik sabitleri degerlerinin
azaldiklar1 ve de su jetiyle islenmis malzemelerin daha iyi mukavemet degerlerine

sahip olduklar1 tespit edilmistir [6].

Eason T. G. ve Ochoa O. O. (2001) devamli olmayan gelisigiizel dagilimlicam fiber
kompozitlerde termomekanik yiik altinda hasar baglangicini ve hasar gelisimini

temsili hacim elemanlar1 ydntemiyle incelemislerdir. Uretim swrasmda uygulanan



isinin ¢ekme dayanimma etkileri arastirilmistir. Modellemede ABAQUS sonlu
elemanlar programi kullanilmistir. Sonucgta bu tiir kompozitlerin meydana
getirildikleri sicakliklar ve kullanildiklar1 yerlerdeki sicakliklara gore c¢ekme
dayanimlarinda onemli degisiklikler gosterdigi, bununda re¢ine ve matris oranindaki
degisim ile iligkisi grafiklerle gosterilmistir. Tasarim asamasi sirasinda bu 6zelliklere

dikkat edilmesi gerektigi vurgulanmistir [7].

Pettermann H. E., Plankensteiner A. F., Bohm H. J., Rammerstrofer F. G. (1999)
icine sirali termo-elastik takviye yerlestirilmis matrisin termo-elasto-plastik mekanik
davranisini artan Mori-Tanaka alan yaklasimi metodu ile incelemislerdir. Matris fazi
davranigi, plastisite ve matrisin izotropisinin akma swrasindaki kirilmas: takip
edilerek incelenmistir. Olusturduklar1 metot, kompozit malzemenin sonlu elemanlar
yonteminde modellenip, sicakliga baghh malzeme 6zelliklerinin bu model ile birlikte
degerlendirilmesi yontemine dayanmaktadir. Modellemede ABAQUS programi
kullanilmistir. Enine karbon fiber takviyeli magnezyum alasgim kompozit malzeme
modellenmis ve artan Mori-Tanaka metodu,sonlu elemanlar birim hiicre metodu ve
doniisiim alan metoduyla malzemenin yiik altindaki davraniglar1 incelenmis ve bu ii¢

metodun sonuglar1 karsilastirilmistir [8].

You L. H. (2002) i¢ ice gee¢mis silindir modeline dayanarak, simetrik eksenli
termomekanik yiike maruz kalan enine izotropik, dairesel ortotropik ve radyal
ortotropik etrafi plastik ve elastik matris ile gevrili fiberlerin, ylikleme sonucunda
olusan deformasyon ve gerilmeler analitik olarak incelenmistir. Matrisin,
plastisitenin, hacim oraninin fiziksel ve mekanik 6zelliklerinin, malzemenin

termomekanik yiiklere verdigi tepkiyi nasil degistirdigi aragtirilmistir.

Matris fazi plastisitesinin, eksenel basma nedeniyle biiyiik miktarda diistiigii, bununla
birlikte fiberdeki basma gerilmesini biiyiik miktarda arttirdigr gozlemlenmistir.
Incelenen kompozitlerde hacim oranmin, 1s1l genlesme katsayismin ve young
modiiliiniin azalmas1 sonucu, malzemenin mukavemet degerlerinin ve sertliginin
arttigt bunun sonucunda da fiberin maksimum esdeger geriliminin diistigli ve

matrisin esdeger geriliminin artti§1 gozlemlenmistir [9].



Rui Miranda Guedes, Mario A. Vaz, (2001) R teyp tipi ve dokuma tipi karbon fiber
kompozit malzemelerin biikiilme ve biikiilme altinda sekil degistirme direncleri
incelemis, bu iki tiir malzeme {izerinde yapilan deneylerin sonuglarini
karsilastirmislardir. Incelemelerinde malzemelerin kullanilan yerde uzun dénem sekil
degistirmeden kalmalarini istenmektedir. Bu nedenle kompozit malzemelerin uzun
donem dayanim karakteristikleri de incelenmistir. Sonug olarak teyp tipi kompozit

plakalarin dokuma tipi plakalara gore daha direngli oldugu ortaya ¢ikmistir [10].

Xu Jincheng, Zhao Liang, Deng Xiaoyan, Yu Hui (2006) calismalarinda, deneylerde
kargilagtirma yapilmak {iizere karbon fiber takviyeli nikel bazli kompozit toz
metalurijisi yontemi ile iiretilmis malzemeleri hazirlanmistir. Bu iki malzemenin
yiiksek sicakliktaki mekanik 6zellikleri karsilagtirilmistir. Sonugta yiiksek sicaklikta
%S5 karbon fiber oranimna sahip kompozit malzemenin 20CrNi alagimindan daha iyi

mekanik 6zelliklere sahip oldugu gézlemlenmistir [11].

Rupnowski P., Gentz M., Kumosa M. calismalarinda T650-35 grafit fiberlerden
olusan tek yonli PMR-15 regineli kompozit malzemenin mekanik 6zelliklerinin
analitik ve numerik yontemlerle sicakligin fonksiyonu olarak hesaplanmis ve bu
Ozellikler deneysel wverilerle karsilastirilmistir. Sonugta bu malzemenin oda
sicakhiginda ve 315° C da birbirine yakin akma dayanimi degerleri verdigi

gbzlenmistir [12].

Cicek Ozes, Mine Demirsoy (2005), calismalarmda dokuma cam fiber takviyeli
epoksi matris, tabakali zincir tagiyict pin baglant1 noktasindaki gerilmeyi, uygulanan
cesitli yiikler ile, deneysel ve niimerik olarak ANSYS paket programiyla
incelemiglerdir. Her iki  yontemde elde edilen sonuglar karsilagtirilmistir.
Karsilastrma sonucunda deneysel ve nlimerik ¢oziim arasinda fazla bir farkin
olmadig1 goriilmiis ve tasiyict parcanin tasariminda yardimci olabilecek gerilme

degerleri elde edilmistir [13].

Nurettin Arslan, Mehmet Celik, Nuray Arslan (2002), ortasindaki kare matrisli,

simetrik ve antisimetrik dokuma fiber takviyeli polietilen termoplastik matrisli



kompozit malzemenin elastik-plastik gerilme analizini incelemislerdir. Gerilme
analizi sonlu elemanlar metodu ve birinci dereceden kesme deformasyon teorisi
yontemleriyle incelenmistir. Sonugta kare deligin kenarlarinda gerilmelerin en

yiiksek seviyeye ¢iktig1 gdzlemlenmistir [14].

Ramazan Karakuzu, Ziileyha Aslan, Buket Okutan (2004) yaptiklar1 caligmada orgii
celik fiber takviyeli termoplastik matrisli laminerli kompozit plakalarda diizgiin
dagilmis enine yiik altindaki elasto-plastik gerilme analizini ve artik gerilmeleri
sayisal metod ile incelemiglerdir. Sonlu elemanlar analizinde ANSYS sonlu
elemanlar analiz programi kullanilmis ve sekiz diiglimlii tabakali kabuk elemanlar
coziimlemede kullanilmistir. Simetrik ve antisimetrik tabakali plakalar i¢in basit
desteklenmis smir kosullar1 ile akma dayanimlar1 ve gerilme yigilmalar1 grafiklerle

gosterilmistir [15].

Arriaga A., Lazkano, J.M., Pagaldai, R., Zaldua M.A., Hernandez, R., Atxurra, R.,
Chrysostomou, A., (2007) calismalarinda iki farkli termoplastik malzemenin sehim
incelemesini deneysel ve ANSYS sonlu elemanlar yontemi ile arastirmislar ve bu iki

yontemi karsilastirmiglardir [16].

Prasad, E. N., Loidl, D., Vijayakumar, M., Krommp, K (2004) c¢alismalarinda
devamli fiber takviyeli seramik matrisli kompozit malzemenin oda sicakliginda ve
yiiksek sicakliklarda, malzemenin yliksek frekanstaki titresimlere verdigi tepkileri
inceleyerek malzemenin elastik katsayisin1 bulmuslar ve bulunan o6zellikleri

degerlendirmiglerdir [17].

Song, G., Eang, Y., Zhou, Y. (2002), arastirmalarinda tungsten matrisli %30 hacim
oranli zirkonium parcacik igeren kompozit malzemenin imalatin1 gergeklestirmisler
ve bu malzemenin oda sicaklifinda ve oda sicakligmin {istiindeki sicakliklarda

termofiziksel ve mekanik 6zelliklerinin bulunmasi konusunda ¢alismiglardir [18].

Hasan Callioglu, Onur Sayman, Necati Ataberk (2005) calismalarinda, celik fiber

takviyeli simetrik termoplastik , tabakali levhada termal elasto-plastik gerilmeleri



incelemiglerdir. Malzemenin gerilme sertlesmesine sahip oldugu varsayilmistir.
Degisik oryantasyon acilarinda Tsai-Hill hasar teorisi kriteri ¢oziimlemede
kullanilmistir. Yukaridaki ve asagidaki ylizeylere gore +T, ve —T, , sicaklik dagilim1
olarak se¢ilmistir [19].

Numan B. Bektas, Onur Sayman (2001) ¢aligmalarinda termal yiik altindaki simetrik
capraz-kat ve simetrik acili-kat termoplastik tabakali levhalarda -elasto-plastik
gerilme analizini incelemislerdir. Tabakali kompozit levhalar basit desteklenmis ve
kalinlik boyunca sabit sicaklik degisimine tabii tutulmustur. Termo elasto-plastik
gerilme-sekil degistirme bagintis1 ve sinir kosullar kiigiik plastik deformasyonlar
icin analitik ¢oziimde kullanilmigtir. Akma kriteri i¢in Tsai-Hill hasar teoremi

kullantlmigtir [20].

Yang, Q., Qin, Q. (2003) oObeklesmis fiberlerden olusan tek yonlii kompozit
malzemelerde obek icindeki fiber sayismin enine yiik altinda ve akma durumunda
malzemedeki elasto-plastik gerilmelere etkileri, mikro mekanik analizle sonlu

elemanlar yontemiyle arastirmislardir [21].

Biilent Murat Icten, Ramazan Karakuzu (2002) pin baglantili karbon epoksi
kompozit levhalada rastgele se¢ilmis oryantasyon agilarinda hasar mukavemeti ve

hasar durumunun modellenmesi ve gerilme analizi incelenmistir [22].

F. Sen (2006) acil1 oryantasyona sahip simetrik ve anti simetrik , ¢elik fiberler ile
takviye edilmis, tabakali ve ortasinda dairesel delik bulunan termoplastik kompozit
plaklarda uniform sicaklik etkisiyle meydana gelen gerilmeler ANSYS sonlu

elemanlar yontemi programi yardimiyla incelenmistir [23].



2. KOMPOZIT MALZEMELERIN TANITIMI

2.1. Kompozit Malzemelerin Tanim

Teknolojinin gelisimi ve artan ihtiyaclar dogrultusunda kullanilmakta olan klasik
malzemelerden, daha dayanikli ve daha hafif malzemelerin kullanilmasinin ihtiyag

duyulmast sonucunda, kompozit malzemeler giinlimiizde biiyilk 6nem kazanmustir.

Genel bir tanim yapacak olursak; kompozit malzeme, kimyasal bilesenleri farkl
birbiri igerisinde pratik olarak ¢ozliinmeyen iki veya daha fazla malzemenin kullanim
yerindeki aranan 6zellikleri verebilecek daha uygun malzeme olusumu i¢in makro
seviyede birlestirilmesi sonucu meydana gelen malzemelerdir. Makroskobik
muayene ile yap1 bilesenlerinin ayirt edilmesi miimkiindiir. Yapilarinda birden fazla
sayida fazin yer aldig1 klasik alagimlar ise makro 6l¢iide homojen olmalarina karsilik
mikroskobik muayene ile mikro Olclide heterojen oldugu goriiliir. Kompozit
malzemelerde yap1 bilesenlerinin makro boyutta olduklar1 kabul edildiginden bu

kavram karisiklig1, bazi kural dig1 durumlar olmakla beraber ortadan kalkmaktadir.

Kompozit malzemelerin kullanilmasindaki bir diger 6nemli noktada ekonomikliktir.
Kimya endiistrisinde ¢esitli reaktif veya ¢dzeltilerin depolanmasinda, tasinmasinda
cozeltilere karsi inert davranan, reaksiyon vermeyen malzemelerin secilmesi gerekir.
Bu is i¢in en uygun malzemeler paslanmaz celikler ve plastiklerdir. Tamamen plastik
bir malzeme mukavemetsiz, tamamen paslanmaz celikten yap1 ise ¢ok pahalidir.
Paslanmaz celige gore cok daha ucuz olan diisiik karbonlu celigin kimyasal
maddeyle temas yiizeyinin plastik malzeme ile kaplanmasi hem yiiksek mukavemetli

hem de ucuz bir ¢6ziim olacaktir [27,28].
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bombardiman ucaginda kullanilan kompozit malzemeler. (Ustte soldan-
saga: diizeltilmis firar kenari, govde kanat montaj pargasi, cam, giris
elevon, orta elevon, c¢ikis elevon, yarik as1 boyasy/ Altta soldan-saga:
temel kenar, ana inig takimi, burun inis takimi, miirettebat kabini, orta
kanat montaj parcasi, dig kanat montaj parcasi, kanat ucu [27]

2.2. Kompozit Malzemelerin Simiflandirilmasi

Genelde kompozit malzemelerde c¢ekirdek olarak kullanilan bir fiber malzeme
bulunmakta, bu malzemenin cevresinde hacimsel olarak ¢ogunlugu olusturan bir
matris malzeme bulunmaktadir. Bu iki malzeme grubundan, fiber malzeme kompozit
malzemenin mukavemet ve yiik tasima Ozelligini, matris malzeme ise plastik

deformasyon sirasinda olusabilecek catlak ilerlemelerini 6nleyici rol oynamakta ve



malzemenin kopmasimi geciktirmektedir. Matris olarak kullanilan malzemenin bir
amaci1 da fiber malzemeleri yiik altinda tutabilmek ve yiikii lifler arasinda homojen

olarak dagitmaktir. Boylece malzeme genelinde mukavemet artar.

Kompozit malzemeleri, yapilarn1 olusturan malzemeler ve yap1 bilesenlerinin
sekillerine gore iki sekilde siniflandirmak miimkiindiir. Matris malzemesinin tiiriine
gore plastik kompozitler, metalik kompozitler, seramik kompozitler, vb. bir
gruplandirma yapilabildigi gibi yap1 bilesenlerinin sekillerine gére de partikiil esasl
kompozitler, lamel esasli kompozitler, fiber esasli kompozitler, dolgulu (kafes)

kompozitler, tabakali kompozitler seklinde simiflandirilabilir.

2.2.1. Yapilarin olusturan malzemelere gore kompozit malzemeler

Plastik-plastik kompozitler

Fiber olarak kullanilan plastik, yiik tastyici bir 6zellige sahip iken, matris olarak
kullanilan plastik, esneklik verici darbe emici veya istenilen amaca gore kullanilan
plastigin 6zelligine sahip olmaktadir. Kullanilabilecek plastigin tiirleri de ii¢ ayr1

simifta incelenebilir.

Elostomerler

Uc boyutlu Sebeke yapisi olusturarak yiiksek esneklik gosteren polimerlerden

meydana gelirler.

Termoplastikler

Termoplastikler, oda sicakliginda kati1 malzeme olarak adlandirilir. Bunlarda ¢izgisel
molekiil zincirleri birbirine zayif metaller arasmmda Van der Waals baglar1 ile
baglanir. Rijit bir yapiya sahip degildir. Isitilirsa yumusar, sicaklik arttikca
vizkozitesi diiser. Bu 6zellik bunlardan yapilan {iriinleri daha ekonomik yapar ve

kolaylikla sekillenmesini saglar. Bu tekrar sogutuldugunda yeniden sertlesir. Sivi



halde bulundugu sicakliklarda vizkozite hali yiiksektir. Bu nedenle ara ylizey bagi
termosete gore daha zordur. Ancak sekillendirme kapasitesi iyi oldugundan bunlarin
kullanimi yayginlasmaktadir. Bu polimerler kristalin veya sekilsiz (amorf) olabilir.
Kristal gsekilli olanlarda molekiiller biiyiik uzakliklarda olduk¢a diizenli sekil
olustururlar. Amorf polimerler de ise uzun zincirler bircok noktada birbirine
dolagmustir. Bunlar polimeri daha biiyiik sicakliklarda rijit yapar. Kisa elyafla kiigiik
hacim ortaminda hamur veya levha kaliplama yontemi ile kullanilmaktadir.
Kimyasal etkilere kars1 keza hassastirlar. Ancak poliamid veya PEEK/karbon elyafl1
kompozit 95° C'de suya karsi koyma dayaniminda azalma olmamaktadir. Tutusma

direnci keza daha iyidir.

Termoset Plastikler

Bu tip plastiklerde ise 1sitilip sekillendirildikten sonra sogutulduklarinda artik

mikroyapida olusan degisim nedeniyle eski yapiya doniigiim miimkiin olmamaktadir.

Plastik malzemeler genellikle regineler olarak adlandirilir. Kompozit malzeme
imalinde ise en cok kullanilan regineler ise termosetlerdir. Gelismis mekanik
ozelliklere sahip olmasi istenen pargalar termoset plastikler kullanilarak kolaylikla

yapilabilir.

Giliniimiizde deniz araglar1 yapiminda, otomotiv sanayinde, ingaat sektdriinde, depo,
tank, mobilya yapiminda ekonomik oldugundan ve aranan ozellikleri sagladigindan
biiyiik dl¢iide kullanilmaktadir. Termosetler icerisinde en ¢ok polyesterler, fenolik
recineler, epoksi regineler ve silikonlar kullanilmaktadir. Epoksi regineler yiiksek

mukavemet istenen yerlerde kullanilir.

Plastik-cam elyaf kompositler

Istege gore termoplastikler veya olusan matriks ve cam liflerin  uygun
kompozisyonundan iiretilmektedir. Mekanik ve fiziksel 6zellikleri nedeniyle cam

lifler bircok durumda metal, asbes, sentetik elyaf pamuk ipligi gibi liflere tercih
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edilebilirler. Ancak cam elyaf kompozitler, biiyiilk kuvvetleri iletmelerine ragmen

camin kirilgan olmasi nedeniyle ¢ok diisiik direnglidirler.

Bu tiir malzemelerin fiziksel ve kimyasal 6zellikleri, kullanilan plastik regineler
uygun secilerek arzu edilen sekle sokulabilir. Plastik regineler de termoplastik ve
termoset tiirlinde olmaktadir. Termoset plastikler, fiberlerde diizgiin oryantasyonu ile
yiiksek mukavemete ulasabilirler. Cam elyaf takviyeleri ile en ¢ok kullanilan plastik
recineler, polyesterlerdir. Polyesterlerde bu amaglarla kullanilan birgok tiir

mevcuttur.

Plastik-metal fiber kompozitler

Endiistride ¢cok kullanilan metal fiber takviyeli plastikten olusan kompozitler oldukca
hafif ve mukavemeti yliksek bir iiriin olarak karsimiza ¢ikmaktadir. Bu kompozitler,
metal fiberlerin (bakir, bronz, ¢elik v.s.) poli-etilen ve poli-propilen plastiklerini
takviyelendirmesi amaci1 ile elde edilmekte ve kullanilmaktadir. Ozellikle
deformasyon yoOniinde takviyelerde yaygmn olarak kullanilmakta ve iyi verim

almmaktadir.

Plastik-kopiik kompozitler

Bu tiir kompozitlerde plastik, fiber olarak gorev yapmakta; kopiik ise matris, regine
konumunda olmaktadir. Kopiikler, hiicreli yapiya sahip, diisiik yogunlukta, gozenekli
ve dogal halde bulundugu gibi, biiyiikk kismi sentetik olarak imal edilmis hafif
maddedir. Kopiik malzemeler hiicre yapisina gore sert, kirilgan, yumusak yada

elastik olabilmektedir. Matris olarak kullanilan kopiik tiirleri, kullanilan plastigin

cesitlenebilmesiyle degisik 6zellikte kompozitlerin olusumunu saglar.

Metal matrisli kompozitler

Metallerin ve metal alasgimlarmin bir ¢ogu yiiksek sicakliklarda bazi 6zellikleri

saglamalarma ragmen kirilgan olmaktadirlar. Fakat metalik fiberlerle takviye edilmis
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metal matrisli kompozitler her iki fazin uyumlu ¢alismasi ile yiiksek sicakliklarda da

yiiksek mukavemet ozelliklerini vermektedirler.

Bakir ve aliminyum matrisli, wolfram ve molibden fiberli kompozitler ve Al-Cu
kompoziti bize bu kompozisyonu veren en iyi Orneklerdir. Bu tip kompozitler,
matrisin Ozelliklerini iyilestirdigi gibi bu oOzelliklere daha ekonomik olarak

ulagilmasini saglar.

Fiberlerin malzemeyi kuvvetlendirme derecesi, yiizeysel bosluklarin olmayigma
baglhdir. Boylece teorik duruma yaklasilabilir. Fiberlerin ¢aplarina ve matrisle olan
adezyon niteligine bagli olarak belli bir kritik uzunluktan daha kisa olmalidir. Bu
kompozitlerde metal matris icine gdmiilen ikinci faz, siirekli lifler seklinde olabildigi

gibi gelisi glizel olarak dagitilmis, kii¢lik parcalar halinde de olabilmektedir.

Seramik kompozitler

Metal veya metal olmayan malzemelerin birlesimiyle olusan seramik kompozitler,
yiiksek sicakliklara kars1 ¢ok iyi dayanim gostermekle birlikte rijit ve gevrek bir
yapiya sahiptirler. Ayrica iyi elektrik yalitkandirlar.

Matrix

Fiber

Lamina { ply]

Sekil 2.1. Tabakali fiber kompozit malzemelerin tasarimi [27]



12

2.2.2. Bilesenlerinin sekillerine gore kompozit malzemeler

Partikiil esasli kompozitler

Rijitlik ve mukavemete artis saglayan kiigiik graniil dolgu maddesi ilavesiyle
sekillendirilerek iiretilir. Bir veya iki boyutlu makroskobik partikiillerin veya sifir
boyutlu olarak kabul edilen ¢ok kiiciik mikroskobik partikiillerin matris fazi ile
olusturduklart malzemelerdir. Makroskobik veya mikroskobik boyutlu partikiiller

kompozit malzeme 6zelliklerini farkli sekilde etkilerler.

Lamel esasli kompozitler

Yiiksek yiik tasima kabiliyeti olan biiylik uzunluk/¢ap oraninda dolgu maddesi ilave
edilerek iiretilir. Matris i¢inde yer alan pullarin konsantrasyonu diisiik olabilecegi
gibi birbiri ile temas etmelerini saglayacak derecede yiiksek degerlerde olabilir.
Diizlemsel yapiya sahip pullarla sik1 bir paketleme elde edilebilir. Pul esash sistemin

maliyeti biraz daha fazla, ancak mukavemet 6zellikleri iyidir.

Fiber esasli kompozitler

Miihendislikte kullanilan malzemelerin pek g¢ogu fiber seklinde iiretildiklerinde
mukavemet ve rijitlikleri kiitle hallerindeki degerlerinden ¢ok {istlinde
olabilmektedir. Bircok ozelliklerde artis1 saglayan, yliksek etkinligi olan liflerin
ilavesiyle elde edilir. Karbon fiberlerin ¢ekme mukavemeti kiitle halindeki grafitten

50 kat, rijitligi 3 kat daha ytiksektir.
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Unidirectional lanumna § ply) Waoven fabric Wowen fabric
(banxial weave) (triaxial weave]

Sekil 2.2. Yapilarina gére kompozit tiirleri (Ust; uzun-fiber komposit, kisa-fiber
komposit, partikiillii komposit/ Alt; tekyonlii tabaka, oriilmiis iki eksenli,
Oriilmiis ti¢ eksenli [27]

Dolgu kompozitleri

Ug boyutlu siirekli bir matris malzemesinin yine 3 boyutlu dolgu maddesi ile
doldurulmasi veya emprenye edilmesi ile olugan malzemelerdir. Diizgiin petekler,
hiicreler veya siingere benzeyen gdzenekli yapilar arasinda metalik, organik veya
seramik esasli dolgu maddeleri yer alabilir. Optimum 06zelliklere sahip olabilmesi
icin birbiri i¢inde ¢éziinmeyen, kimyasal reaksiyon vermeyen bilesenlerin se¢ilmesi

gerekir. Bu tiir kompozitler sandvig kompozitleri olarak da bilinir.

Tabaka vapili kompozitler

Cok degisik kombinasyonlarla tabakalanmis kompozitlerin iiretimi miimkiindiir.
Farkli 6zelliklere sahip en az iki tabakanin kombinasyonundan olusur. Korozyon
direnci zayif metaller {lizerine, daha yiiksek direncli metallerin veya plastiklerin
kaplanmasiyla korozyon o6zelliginin, yumusak metallerin sert malzemelerle
birlestirilmesiyle sertlik ve aginma direncinin, farkli fiber yonlenmesine sahip tek
tabakalarm birlestirilmesiyle ¢ok yonlii yiik tagima 6zelliginin gelistirilmesi miimkiin

olmaktadir [27,28].
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2.3. Karbon Fiber Kompozitler

2.3.1. Karbon fiber

Karbon fiber (lif) ile takviye edilmis kompozit malzemeler, mukavemetlerinin ve
rijitliklerinin cam lifleri ile imal edilen kompozitlere oranla ¢ok fazla olmasi,
yogunlugunun az olmasi ve yorulma mukavemetinin fazla olmasi nedeniyle
giinlimiizdeki kullanimlar1 gittikce artmaktadir. Ucak yapiminda, roket liilelerinin
imalinde, tlirbin kanatlariin yapiminda kullanilmaktadir. Ayrica disk, fren, yliksek
basing altinda ¢alisan  kaplar ve yatak malzemelerinin  yapiminda

kullanilabilmektedir.

2.3.2. Karbon fiber iiretimi

PAN process Ezzmzm
PAN Thermoset Carbonize Graphitize
Pitch process
0 i]—c
Vorrrzzzzz) | " ' ] | ]
Tk t
Petroleum pitch ~ Melt 1ermose Carbonize Graphitize
spin
0\0‘/0 i
Spool Epoxy sizing Surface treatment

Sekil 2.3. Karbon fiber iiretim agamalar1 [27]

Karbon fiberler, germe ve termoset islemleriyle iiretilmektedir. Uretimde iki farkli
karbon hammadde olarak kullanilmaktadir; bunlar Polyacrylonitrile (PAN) ve ziftdir.
PAN o6nceden tiretilmis makaralara sarilmis durumdadir. Zift ise bir petrol tiirevi

olup bir dizi iglemden gegirilerek fiber haline getirilir. Yapim asamalar1 sunlardir:
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- Is1l islem asamasinda fiberlere gerilim uygulanip 400° C yi asmayacak sekilde
wsitilir. Bu iglem karbon zincirlerinin birbirleriyle kesismesini saglayarak daha sonra
1s1l iglemlerde erimesini Onler.

- Karbonizasyon asamasinda fiberler ortamda 800° C a kadar isitilr. Bu iglem
karbon olmayan empiiriteleri ortadan kaldirir.

- Garfitizasyon asamasinda fiberler %50 ila %100 uzayacak sekilde gerilmeye maruz
birakilirlar ve 1100° C ila 3000° C arasinda isitilir. Gerilme, istenilen kristal
oryantasyonu saglayarak istenilen young modiilii degerinin (300-600 Gpa) elde

edilmesini saglar.

Sekil 2.4. Karbon fiber kesiti [27]

Resim 2.2. Grafit epoksi karbonfiber teyp [27]

[}
&
=

& &
a =)
. v E
& RN
# 200 57 0w
k=] o _*_+45 —_— z
@ 150 10055 g I
2 80 54 Percent 0° plies 2 §
S 100 60 55 -
g 40
3 — 30 10 3
— =
E = 2 10 3
s = | q 2
g o 0 40 60 80 100 =
-t}
- 5
}_

Percent + 45° plies

Sekil 2.5. Karbon epoksi tabakalarin oda sicakligindaki ¢ekme modiilii [27]
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3. KOMPOZIT MALZEMELERDE ELASTIiK GERILME ANALIZI

3.1. Kompozit Malzemelerin Tasarim

Kompozit malzemelerden yapilan tanklar, siitunlar, basingl kaplar ve tiip gibi yap1
elemanlar1 ve bunlarin tasarimi; 6ncelikle kompozit i¢in uygun liretim metodu, elyaf
dogrultusu ve en uygun malzemelerin se¢imini gerektirir. Bunlardan her birinin,
malzemenin mekanik 6zellikleri ve son iirliniin dayanimi ve elastikligi iizerine belirli
etkisi vardir. Belirli uygulamalar i¢in metal ve plastik esasli kompozitlerin tasarimi
arasindaki fark kompozit parcayr meydana getiren bilesenlerin fabrikasyon
zamaninda olmasidir. Bu nedenle, tasarim asamasi iiretim tekniginin segimiyle
birlikte diisiiniilmelidir. Ik énce kompozitin tasarim iglemleri igin elyaf ve matriks
malzemeleri se¢imi yapilir. Ancak bu se¢imler dogru olmayabilir ve yeni kompozit
teorisi kullanilabilir. Bu noktada polimer malzemeler ve slinek malzemeler arasinda
fark: belirtmekte fayda vardir. Siinek bir malzemede tipik bir gerilme/uzama egrisi
Sekil 3.1.a da gosterilmistir. Bu sekilde goriildiigii gibi % 0,2'den daha kiigiik
uzamalarda elastik davranig adi verilir ve bunu akma ve plastik akma takip eder.
Metallerin tasarimi malzeme elastik bolgede oldugundan gerilme-sekil degistirme
dogrusal kabul edilip (elastik olarak kabul edilip) kiigiik elastik uzamalar parcanin
icinde gerilme ve uzama dagilimlar1 hesaplandiginda izotropik Ozellik gosterir.
Egilme, rijitlik ve yer degistirme parametreleri malzemenin elastik sabitlerine,
ornegin, elastik modiilii, kayma modiilii ve poison's orani'na baglidir. Bu malzemeler
genellikle izotropik 6zellik sergiler. Fakat zamana, sicakliga ve yiikleme miktarina
bagli degildir. Kirilma mekanizmasi muhtemelen akma ile meydana gelir. Standartlar
metalik malzemelerin yapisinin homojen ve siinekligi nedeniyle mekanik 6zellikleri
arasinda farklarm az oldugunu gostermistir. Bu da gerilme yigilmalarinin etkisini
azaltir. Genellikle metallerin elastik modiilleri yiiksek bunun sonucunda uzamalar,
deformasyonlar kiigiik ve tasarimlar da akma gerilmesi sinirmna baghdir. Buna
ilaveten, bir metal parcanm smirlanmis bolgesi i¢cinde gerilme yigmlart (artik

gerilmeler) malzemelerde olusan bolgesel akma ile giderilebilir .
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Polimer malzemelerin 6zellikleri ¢ok farklidir. Ciinkii bunlarin mekanik davranislar1
visko-elastiktir. Bunun sonucu olarak da rijitlik ve dayanim 6zellikleri, frekans ve
yiikkleme miktar1 bunlarin hepsi zamana bagimhidir. Kompozit malzeme igindeki
elyaf bileseninin mekanik ozellikler iizerine etkisi mevcut ancak yine zamana
bagimlidir. Fakat bu bagimlilik; elyaf hacim oran1 ve elyaf dogrultusuna gore degisir.
Ug Tip polimerin tipik gerilme/uzama egrisi Sekil 3.1 b) de gosterilmistir. Bu
grafikten de, kirilma gerilmelerinin metallerden ¢ok degisik oldugu gozlenmektedir.
Bununla beraber, polimerlerin davraniglar1 anisotropiktir. Bu anisotropiklik
malzemenin iiretimi sirasinda polimer molekiilleri yonlendigi zaman ortaya
cikmaktadir. Kompozit malzemede elyaf diizenlenmesi rasgele degilse elyaflar

diizenli yonlenmigse malzeme anisotropik 6zellikler verecektir [28].

300

=

Gerlme, MN/mM’
Gerilme, MMM

] 0.5 1.0

Urzama wokdan, Yo

Uzame mikian, % () (b)

Sekil 3.1. Metalik malzemelerde ve polimerlerde gerilme-%uzama grafigi
a) Metalik malzemede gerilme-% uzama grafigi, b) polimerilerde gerilme-
% uzama grafigi [28].

3.2. Anizotropik Malzemelerde Gerilme-Gerinim Bagintilan

Malzemenin mekanik Ozellikleri genel olarak biitiin dogrultularda birbirinden
farklidir. Bu tiir malzemeler anizotropik malzemeler olarak adlandirilir. Anizotropik
malzemelerde, kiitle kuvvetleri ihmal edildiginde ve gerilme-sekil degistirme
tensorlerinin  simetrik oldugu g6z Oniine alindiginda 36 bagimsiz elemana

indirgenmis, genellestirilmis Hooke Kanunu gerilme-sekil degistirme iliskisi,

61=Cij g i,j= I ... 6 (3.1)
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0, G, C, C; C, C5 Cygl¢g
0, G, Cp Cy Gy C Oy s
O3 | _ Gy Gy Gy G G Gy & 3.2)
T Cy Cp Cy Cy Ci Cu|l 7
T3 G C, Gy G5 Ci5 Cy |l 7y
7] [Ca Co Cu Cou Co Co | 70

seklinde yazilir. C; elastiklik katsayilaridir.

Burada o; ili¢ boyutlu kiipteki gerilme bilesenlerini géstermektedir. Birim uzama i¢in
sekil degistirme &, birim kayma sekil degisimi igin ise y harfi kullamlir. Ug boyutlu

zorlanma sekil degistirme ifadeleri birim hacim i¢in,

ou ov ow
&= — &= — &= —
ox Oy 0z
(3.3)
0 0 0 0 0 0
712——u+—v 723——v+—w 731——W+—u
oy Ox 0z Oy ox 0z

Burada u,v,w sirasiyla x,y,z veya 1,2,3 yonlerindeki uzamalar1 gostermektedir.

T3

Sekil 3.2. Ug boyutlu gerilme hali

Gerilme zorlanma notasyonunun kisaltilmis hali ¢izelge 3.1 de gosterilmistir.
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Cizelge 3.1. Gerilme sekil degistirme notasyonlarinin kisaltilmasi.

Gerilme Sekil Degistirme
Tensor Kisaltilmig Tensor Kisaltilmig
Notasyonu Notasyon Notasyonu Notasyon
o1 (o)) O €u €1
02 (02) 9] Exn &
O33 (03) O3 €33 &3
Ty3= O3= O3 O4 Y3 = V2 = 2 & &4
T3;= 031 = O3 Os Yi3 = V1= 2¢ep, Es
T1= 012 = Oy O¢ Y2 = Y21 = 2¢gpn &

Bir elastik malzemeye etkiyen o, gibi bir gerilmenin, bu malzemede de, kadar sekil
degisimi meydana getirdigi kabul edilirse, bu sekil degisimi elastik malzemenin
birim hacimde dW kadar zorlanma enerjisi meydana getirir. dW ile tanimlanan
enerji,

dW = o, de, (3.4)

seklinde ifade edilir. Esitlik 3.1°de belirtilen gerilme denklemi, esitlik 3.4°de yerine

konuldugunda birim hacim elemani i¢im genel sekil degistirme ifadesi,
1
W = 5 Cece (3.5)

seklinde elde edilir. Zorlanma enerjisinin ¢; ve ¢;’ ye gore kismi tirevleri alinirsa,

(3.6)

esitligi saglanir. W biiyiikliigii diferansiyel matematiksel bir ifade oldugundan kismi

tiirev almada siranin 6nemi yoktur. Boylece

C.=C, ij=1,...6 (3.7)
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Boylelikle Hooke Kanunu gerilme-sekil degistirme iliskisi,

0, G, C, C53 Cy4 C5 G| &
0, C, Cp Gy Gy G Gy &
O | _ Ci Cy Gy Gy G Gy & (3.8)
Ty Ch, Cy Cy Cy Ci Cy|rn
T3 Cs Cy G Cp G5 Cy |7y
7] G G G Ci Cso Co | 70

seklini alir.

Eger malzeme tek bir simetri diizlemine sahipse gerilme-sekil degistirme iligkisi,

0, ¢, C, C; 0 0 Cy| &
0, C, Cp Cy O 0 Cy| &
05 | _ Cy Cy G O 0 Cy | & (3.9)
T 0 0 0 Cu Cis 0 |7y
T3 0 0 Ci Css 0 |7y
7] [Cis C Cy O 0 Ci 7]

Belirtilen iligki anizotropik malzemeler i¢in gecerlidir ve Hooke kanununun en genel

halidir. Tek yonlii elyaf takviyeli kompozit tabakalarda tiim elyaflerin birbirine

paralel oldugu kabul edilirse, bu tiir malzemelerin ortotropik malzeme oldugu

sOylenebilir. Ortotropik malzemelerde birbirlerine dik dogrultuda {i¢ eksende

simetrik malzeme 0zelligi mevcuttur. Bu malzemeler i¢in gerilme-sekil degistirme

iliskisi su sekilde ifade edilmektedir.

G, C, Gy

C, Cy Gy

Csy Cy Gy
0 0 0
0 0 0
0 0 0

S O O O O

C66__

(3.10)
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Yukaridaki iligkide [C] katilik matrisini ifade etmektedir. Gerilme-Sekil degistirme
iligkisi bir baska sekilde sekil degistirme-gerilme biciminde, asagidaki gibi de ifade
edilebilir,

_51 1 Sy S S5 0 0 0o ]
& S, S» Sy 0 0 0 | o,
& | _ S; Sy S 0 0 0 |o (3.12)
V2 0 0 0 S, 0 0 |7y
Va1 0O 0 0 0 S5 0 |7y
172] L0 0 0 0 0 Sg|7,]
seklinde yazilir [26,25].
3.3. Ortotropik Malzemelerde Miihendislik Sabitleri
Ortotropik malzeme i¢in uygunluk matrisi mithendislik sabitleri cinsinden,
| s Var V3 0 0 0 |
El EZ E3
Y L e 0 0 0
El EZ E3
Vs Va3 L 0 0 0
[Sij = BBk 1 (3.13)
0 0 o — 0 0
G23
0 0 0 0 1 0
G31
0 0 0 0 0 L
L G, |

sekliyle ifade edilir. Burada,
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E; : i ekseninde elastisite modiilii
G;: 1j diizlemindeki kayma modiilii

v Poisson orani, j dogrultusundaki zorlanmanin i dogrultusundaki zorlanmaya

S
oranudir (——).
E.

1

Buna gore katilik matrisi Cj; su sekilde tanimlanir,

e = 1-v,vy e = Vo TV Vs Vip TV3Vs
n= = =
AE,E, AE,E, AE,E,
_ VstV Vi Vi3tV Vo o = 1-v,v,
3= = » =
AE,E, AE,E, AE,E,
_Vn VRV Vo F VY . = 1-v,v,
3= = 33 =
AEE, AE,E, AE,E,
Ciu =Gy Css =Gy Ces =G (3.14)

_ L=vVy = ViV =2V, vV,
E\E,E,

A

[26,25]

3.4. Ortotropik Malzemelerde Diizlemsel Gerilme Durumu

Sekil 3.3. Tek yonlii fiber takviyeli tabaka (1,2 ve 3 eksenlerinin gosteriligi)
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Diizlemsel gerilme durumunda 3 eksenindeki gerilmelerin 0 oldugu kabul edilir
(Sekil 3.3).

0,=0 7,,=0 7,,=0 (3.15)
0,20 o0,#0 7,#0 '

Ortotropik malzemede, diizlemsel gerilme durumu i¢in uygun matris elemanlari,

£3=830,+85;0, 753 =0 y; =0

| 4 |4 |4 |4
s = Yu_ Va ¢ _ Vu_ Vo 3.16
B El E3 z EZ E3 ( )

seklinde yazilir. Boylece ortotropik malzemelerde, diizlemsel gerilme hali i¢in sekil

degistirme-gerilme bagintist,

& =S, Sn 0o, (3.17)

1
S _E
1
| %4 | %
S =_-2__"12 3.18
12 E, E, ( )
1
S =
2 E,
1
See =——
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seklindedir. Esitlik 3.17° de belirtilen sekil degistirme-gerilme bagntisi, gerilme-
sekil degistirme bagntisi olarak yazildiginda,

o, O, O, 0 |¢g
o, =10, 0O0n 0 g (3.19)
3V 0 0 O |70

elde edilir. Esitlik (3.19)" daki Q; matrisi indirgenmis elastisite matrisi olarak

tanimlanir ve bu matrisin elemanlari,

0, = E, v E,
nTy
—VuVi

0, =

l=vyvy,

O =G, (3.20)

seklinde ifade edilir [26,25].
3.5. Keyfi Diizenlenmis Bir Tabakanin Gerilme-Sekil Degistirme Tliskisi

Laminatlar genellikle farkli agili tabakalardan meydana gelir. Bunun sebebi farkli
yonlerde de yiiksek mekanik oOzellikler elde etmektir. Tabakalarda kullanilan
koordinat sistemi 1-2 olarak isimlendirilir. 1 nolu yon takviye elemanmin (elyaf)
yoniinii belirtir. 2 nolu yon ise takviye elemanina dik olan yonii gosterir. x-y
koordinat sistemi ile 1-2 koordinat sistemi ag¢ili laminalarda ¢akigsmaz. Bu durumda
x-y koordinat sistemi ile 1-2 koordinat sistemi arasindaki bagint1 doniisiim matrisi ile

asagida belirtildigi gibi saglanir.



seklinde yazilir. T matrisi doniisiim matrisi olarak adlandirilir,

cos’ @
[r]=] sin’@

—siné@cosd

ile ifade edilir. [T] matrisinin tersi [T]" olarak tammlanirsa,

Ux Ul
o, = [T]il 0,
Txy ‘[12

Elde edilir. Benzer olarak sekil degistirme ifadesi;

Ul Ux

o, |= [T] o,

_‘[12 Txy

I 6‘1 gx
g, |= [T ] g,

4 1/ J’X/

L 2

2sinfcos@
—2sinf@cosl

. 2 <2
sinfcos@ cos @ —sin” @

25

(3.21)

(3.22)

(3.23)

(3.24)
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e, |=[]" & (3.25)

cos’ & sin” @ —2sinfcosd
[r]'=| sin’@ cos’ @ 2sin@cos@ (3.26)

. . 2 . 2
sinfcos@ —sinfcos@ cos f—sin"H

0 0
1 0 (3.27)
0 2

Burada [R] router matrisidir ve bu matris isleme sokuldugunda sekil degisimi

bilegenleri vektorii daha basit bir hale doniigiir. Bu durumda y  biyiikligiinde /2

carpani ortadan kalkar.

gl 81
g, |=[R] &, (3.28)
Y12 71%

1,2 ve x,y eksenlerinin birbiri ile ¢akigik olmas1 durumunda, gerilme-sekil degistirme

bagintisi

Ux Ul gl

o, |=| o, [=[0] &, (3.29)
Txy ‘[12 }/12

yazilir. 1,2 ve x,y eksenlerinin birbirleri ile ¢akismama durumunda ise genel ifade

asagidaki islem basamaklar1 ile bulunur.



o, —[r]{é}—[r]l[g]}l}

L le 712

o, =[] [Q][R]{ e |-ToIRI] «
| Ty | Y2/ 2] Vo !2
o, |- [T [oIRITTRT ,

| Ty | RES

Bu islemlerde [R][T][R]f1 ifadesi T matrisinin transpozesidir

[r]" =[RITIR]"

UX X
o, |=[r]"lelr]] ,
Ty Y xy

lo]=[rI"lelr!
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(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)

6 agis1 x ekseni ile 1 ekseni arasindaki ag1 olarak ele alinirsa xy koordinatlarina gore

gerilme-sekil degistirme ifadesi,
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Gx gx Ql QZ é16 gx
o, |=le] s |=|2: 0n O] (3.37)
Txy yxy Q16 Q26 Q66 yxy

Burada Q.j; indirgenmis rijitlik matrisini gostermektedir esitlik (2.36) ¢oziiliirse,

0, =0, cos* 6+2(Q,, +20,)sin> Ocos’ @+ Q,, sin* @

0, =(0,, +0,, —4Q,, )sin* Ocos> 6+ Q,, (sin4 6 +cos’ 9)

Q,, =0, sin* 0+2(Q,, +20,,)sin’ fcos” 6+ Q,, cos* @

0, =(0,, -0, —20,, )sinfcos’ 6 +(Q,, — Q,, —20,, )sin® Hcos b (3.38)
0, =(0,, - 0,, —20, )sin® Ocos 6 +(Q,, — Q,, — 20, )sinHcos’ O

O = (0, +0Q,, —20,, =20, )sin* fcos’ 0+ Q,, (sin4 6+ cos’ 0)
ifadeleri bulunur.

Sekil degistirme-gerilme bagmtisinin  olusturulabilmesi i¢in benzer sekilde

indirgenmis uygunluk matrisinin (El.j) tanimlanmasi gerekir.

& =Sy S» 0 o, (3.39)

o, |=[r]'[o]r] «, (3.40)
Xy yxy

&y 'gn 'Elz ’;6 o,

&y |= '5;12 '5;22 '5;26 o, (3.41)

o
~
©
(=)}
2
(S
(=)}
%
[
(=)}
(ﬂ



] =[RIT]"[R]" (3.42)

[S]=[r] IsTr] (3.43)

yukaridaki denklemler ¢oziildiiglinde,

|95}

=8, cos* @+ (2S,, + S, )sin” cos> @+ S, sin* & (3.44)

1

|95}

b =S, +S, =S, )sin” Ocos’ @+ S, (sin* & +cos* )

|95}

5, =8, sin*@+(2S, +S,,)sin* Gcos* @+ S,, cos* O

|95}

6 =(28,,—2S,, =S )sinfcos’ @ — (-2S,, +2S,, - S, )sin’ Hcos
S, =(28,, —2S,, — S, )sin® @cos @ —(-2S,, +25,, — S, )sinHcos’ @

S =228, +2S,, —4S, — S, )sin? Bcos’ @+ S, (sin* & + cos* O)

ifadeleri elde edilir [26,25].
3.6. Tabakah Kompozit Malzemelerde Gerilme Analizi

Izotropik malzemeden imal edilmis prizmatik bir kirisi ele alalim. Cekme kuvvetine
maruz kalan kirig i¢in herhangi bir kesitteki normal gerilme-sekil degisimi asagidaki

gibi belirlenir.
£ =—— (3.45)

Burada E; elastik modiilii, P; uygulanan kuvveti, A; kesit alanim1 ifade etmektedir.
Eger kirig sadece egilme momentine maruz kalirsa bu durumda, yukaridaki denklem

asagidaki sekli alir, bu da tabakali malzemeler i¢in gegerlidir.

£ = (3.46)

X

£
P
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Burada sekil 3.5 de goriildiigii lizere z; merkezden (B noktasindan) olan uzaklik, p;
kirisin egilme yarigcapidir.

Kiristeki gerilmeler,

Ez
o, =—
Y2
M
o, = TZ (3.47)

Burada M; moment ve [ = .[ z°dA olup alan eylemsizlik momentidir.
A

/x.u
’\ Ug
B, A
! Lo
W Ze c A v,
R D Q
v Z L
UNDEFORMED DEFORMED
CROSS SECTION CROSS SECTION

Sekil 3.5. Tabakalarin deformasyonu, B noktasi orta nokta (merkez) , # egilme agist.

Yukaridaki sekle gore tabakanin x yoniindeki yer degistirmesi ; ug, y yoniindeki yer

degistirmesi; vy ve z yoOniindeki yer degistirmesi ise wy olup yalniz x ve y’ nin

fonksiyonudurlar.

Uy, =1u, (x’ y)

Vo =V (x’ y)

w, = f(x, y) (348)

x ve y eksenlerindeki donme;

_ow

ﬂx _a



_ow
oy

B,
Sekil 3.5’de gosterilen B noktasinin yer degisimi;
u, =uy = .2,

Vp =Vo — ﬂyZb

Es. 3.49 Es. 3.50° de yerine konursa;

——
0 ox

ow

V=V, —-2—
oy

elde edilir. Tabakanin yer degigimi;

ou oOu, 0w
gx = —=—-2
ox Ox ox*

_Ov_ 0y, o*w

g, = =
y ay ay Z ayZ

_6_u+@ _ Ou, ov, 0w
& dy Ox Oy ox Ox0y

gz:}/xzzyyz:o

ifadesi ile, referans diizlemindeki sekil degistirme;
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(3.49)

(3.50)

(3.51)

(3.52)



32

P
ox
" = Py (3.53)

Tabakalardaki sekil degistirme, matris seklinde K ile tanimlanabilir, K matrisi

elemanlarr;

_azw
! ox*
2
K, =2

(3.54)

20 w
o Ox0y

ile tanimlanir. Tabakanin herhangi bir noktasindaki sekil degisimi, orta yiizeyin sekil

degisimi ve carpilmasi ile iligkilendirilir.

£, |= e |+z K, (3.55)

Gerilme-sekil degistirme arasindaki baginti ise su sekilde tanimlanabilir,

o, gn glz gm &y
o, =192 9»n Q%||é, (3.56)
Txy k Q16 Q26 Q66 k yxy k

Burada k tabakanin kaginci tabaka oldugunu gostermektedir. 3.55 denklemi yerine
konuldugunda;
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— 0 — — —

o, 0, glz %6 &y gn 0, Q| K,
o, | =1Qn On Ox||¢ yo +20 0, Oy 0Oy y (3.57)
Tw |, O O D J7 xyo . O Oy Qe Xy

~ =

ifadesi elde edilir.

Es. 3.56 ve 3.58° de goriildiigii gibi sekil degisiminin kalinlik boyunca lineer

degistigi, gerilmenin ise lineer olarak degismedigi anlasilir. Tabakanin her katinda

Q.j farkl1 olacagindan sekil degisimi, tabaka kalinligi boyunca lineer olmasina

ragmen gerilme degisimi lineer olmaz. Bu degisim Sekil 3.6’da x yOniindeki tek
yonlii gerilme altinda 4 plakadan olusan tabakada gosterilmistir. Her plakadaki

ortalama gerilme; referans diizlemin zorlanmasi (50), tabakanin kivrikligr Ky,

plakanin orta diizleme olan uzaklig1 (z) ve doniistiiriilmiis rijitlik matrisi Q.j yardimi

ile hesaplanir [26,25].

— =
= 4 =

LAMINATE Sekil degistirme Elastisite modiilii Gerilim
degisimi

Sekil 3.6. x yoniinde tek yonlii gerilme altinda 4 plakadan olusan tabakadaki sekil
degistirme, elastisite modiilii, gerilim degisimi

3.7. Tabaka Bileske Kuvvetleri ve Momentleri

N tabakadan olusan bir kompozit sekil 3.9 daki gibi levha ele alinsm. Her bir tabaka
kalinlig1 tx olsun. Levhanin toplam kalinlig1 h ile ifade edilsin. Bu durumda levha

kalinlig1 su sekilde de ifade edilebilir:
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h=>1, (3.58)

birinci tabakanin z-eksenindeki konumu;

h, = —g (ust ytizey)
h, = —% +1, (alt yiizey) (3.59)

tabaka k (k=2,3,....... ,n-2.n-1) i¢in:

h k-1
b, = > D1, (iist yiizey)

n=1

h k
h, = - D't (alt yiizey) (3.60)

n=1

tabaka n i¢in:

h _ = g— t, (Ust yiizey)

h :% (alt yiizey) (3.61)

Her bir tabaka icin global gerilmelerin integrali alindiginda, x-y diizleminde, birim

uzunlukta bileske kuvvet su sekilde ifade edilebilir:
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Sekil 3.7. Tabakaya etkiyen bileske kuvvetler, ve koordinat diizlemi

t/2

N, = Iaxdz
—t/2
t/2
N, = [od (3.62)
‘ —t/2 ‘
t/2
N, = .[ 7,dz

—t/2

Benzer sekilde, her bir tabaka i¢in global gerilmelerin integrali alindiginda, x-y

diizleminde, birim uzunlukta bileske moment su sekilde ifade edilebilir:

Sekil 3.8. diiz tabakada momentlerin gosterilisi

t/2
M, = .[axzdz

—t/2

t/2

, = [0,z (3.63)

—t/2

<
I

t/2
Mxy = .[‘[xyZdZ
—t/2
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Sekil 3.9. N katmanli plaka

Bileske kuvvetler ve momentler matris cinsinden yazilirsa:

Nx t/2 o, N % O,

N, |= [|o,ldz=> |0,z (3.64)
_ny o Ty e Ty

Mx t/2 O, N % O,

M, |= j o, de=ZJ o, |zdz

_Mxy e Ty o Ty

Es 3.65°deki plaka gerilmeleri Es. 3.58” de yerine konuldugunda;

Nx N Q]l Q]Z Q]6 2 gxo 2 X
A - ~ 0

Ny = Z O, 0O, 0O J. e, dz + J. Ky zdz (3.65)
k=] ~ 0O 0O k-1 0 21

ny Q16 Q26 Q66 k 7/xy ny

Mx N Qll QZ Ql() 2 gxo 2 Kx

M, =10, 0, 0 _[ g, |zdz+ _[ K, |2’dz (3.66)
k=l| —~ N N 2k 2k

Mxy 1 Q16 Q26 Q66 k yxyo ny

[go] ve [K ] matrislerinin z den bagimsiz oldugu varsayilip, integral digina

alinirlarsa, bileske kuvvet sekil degistirme iliskisi:
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0
N, Ay A, Ag | & B, B, Bg| K,
0
Ny = Ay Ay Ay e, |t B, B, By Ky (3.67)
ny Al() AZ() A()() yxyo Bl() B26 B66 ny

0
M, B, B, Bj]| ¢, D, D, Dj| K,
0
My =| B, B, By e, |t D, D,, Dy Ky (3.68)
Mxy Bl() B26 B66 yxyo D16 D26 D66 ny
ile ifade edilir. Burada ;
N
A Z(Ql]) ( — 1)
k=1
1 (=
EZ(Qz])k (¢2 - 2%) (3.69)

k=

—_

@)z 1)

U
wl»—‘
Mz

—_

k=

esitliklerini saglamaktadir.

Klasik tabaka (laminate) teorisi, kompozit tabakalarin i¢ gerilme halini, rijitliklerini
ve boyut oraninin hesaplanmasimda kullanilmaktadir. Tabaka tistiindeki farkl: tip yiik
ve momentlerin etkisi Es. 3.67 ve Es. 3.68 kullanilarak, ABD matrisinin

olusturulmasiyla hesaplanabilir.

N, A, A, A, B, B, B]¢&'
N, A, A, Ay B, B, By|s'
N, _ Ag Ay Ay By By B |&'s (3.70)
M, B, B, By, D, D, Dg| K,
M, B, By, By D, D, Dy| K,
(M| [Bs By By D Dy Dy 11K, |
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Bu matris kisaca;

N|] [A B]¢&°

— (3.71)
M B D| K
seklinde ifade edilebilir.
Bir tabakada, plakadan plakaya gerilme degisimi siireksiz oldugundan
hesaplamalarda gerilme yerine kalinlik boyunca siirekliligini koruyan sekil degisimi

kullanilmas: tercih edilir. Bu nedenle kuvvet-sekil degisimi matrisinin tersi almip

sekil degisimi-kuvvet bagintist bulunur.

bj:E:gIZ} (3.72)

ifadesi verilir. Burada A’, B’, ve D’, C’ ifadelerti;

[47=[a]" ~{5" [0 Jlc’]
[B]=[B"|p™| (3.73)
[c]=-p"" [~

ifadelerine esittir, burada da;

[8]=~[a]"[8]

[c*]=[B]A]" (3.74)

[p°]=[p]-{A]"[8]{5]

ifadelerine esit olur.



39

3.8 Tabaka Rijitlik Matrislerinin Ozel Durumlar

ISOTROPIC

4 ELAETIC
CONSTANTS

Sekil 3.10. Kompozit malzemelerde 4 ayri1 6zel durum[26,25]

3.8.1. izotropik tek tabaka

Malzeme 6zellikleri E, v kalinlig1 t olan izotropik plakanin rijitligi denklem (3.69)

coziilerek asagidaki hali alir.

N, A VA 0 g,
0

Ny =vA A | ?/ eyo (3.75)
_ny 0 0 —/—A|7r,
‘M. | |D w 0 |[K,

M, |=|vD D 1_(])/ K, (3.76)
M, 0 O TD K,
Burada;

Et




Ef’

120—v?)

esitlikleri vardir. Kuvvet, yalniz tabaka orta ylizeyinin

yalniz orta yiizeyin zorlanmasma baglidir.
3.8.2. Ozel ortotropik tek tabaka

t kalimligimdaki 6zel ortotropik plakanin katilik matrisi,

Nx All AIZ O gxo
N, |=|4, A, 0 |¢&’
ny O O A()() yxyo
Mx Dll D12 O Kx
My = D12 D22 0 Ky
Mxy 0 0 D ny
Burada;
0,
A, =0t 11 :%
0,1’
A, =0t D, :%
Q,,1°
Ay =0t D,, :%
Ags = Oyt _Qut”
66 66 66 12

seklinde ifade edilir.
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(3.77)

zorlanmasina, moment ise

(3.78)

(3.79)

(3.80)



3.8.3. Genellikle ortotropik tek tabaka

41

Genellikle ortotropik tek tabakada, t kalinliginda egme ve ¢ekme arasinda bir ¢ift

olmadigindan kuvvet ve momentler;

N, Ay Ay Ag 5x0
Ny =1 A, Ay Ay 5y0
N Xy Ag Ay Ag |7 xyo
M, D, D, Dy| K,
My =| Dy, D,, Dy Ky
M, D D, Dg|K,

ile ifade edilir. Bu bagintidaki elemanlar ise,

A; =0t
" 43
D. = Q!
Y 12
seklinde ifade edilir.

3.8.4. Anizotropik tek tabaka

(3.81)

(3.82)

(3.83)

Genellikle tek ortotropik tabaka ile anizotropik tabaka arasindaki fark rijitlik

matrisleridir.

Kuvvet ve Momentler;
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=

Il
S
>
>

M

0
ny 16 A26 A66 yxy (384)
M, D, D, Dy| K,

My =| Dy, D,, Dy Ky
Mxy D16 D26 D66 ny (385)

Buradaki rijitlik matrisinin elemanlari;
ij = Qijt

p, =t
b2 (3.86)

ile ifade edilir.

3.9. Simetrik Tabakalar

Orta yiizeyin her iki tarafinda bulunan plakalar; referans diizleme esit uzaklikta, esit
kalinlikta, esit oryantasyon agisma ve ayni Ozelliklerine sahip ise bu plakalarin
olusturduklar1 tabakalara simetrik tabaka denir. Tabaka, geometrik ve malzeme

ozelligi bakimindan simetriktir.

Diizlemsel yiikleme ve diizlem dis1 sekil degistirme arasinda ve egme, burulma
momentleri ile diizlemsel sekil degistirme arasinda iliski yoktur. Egilme ve uzama
arasindaki ¢ift eliminasyonun iki 6nemi vardwr. Birincisi; tabaka analizlerinin daha
kolay olmasi ikincisi ise simetrik tabakalarin, pisirme prosesini takip eden soguma
islemi swrasinda meydana gelen termal kisalmalardan kaynaklanan burulma
egiliminin olmamasidir. Sonug¢ olarak; 6zel durumlar disinda, genellikle simetrik

tabakalar kullanilir. Simetrik tabakanin kuvvet ve moment denklemleri,
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N, A, A, Ag 5x0

0
Ny =|A, Ay Ay &,

0
ny Al() AZ() A()() yxy

(3.87)
M, D, D, Dg| K,
My =| Dy, D,, Dy Ky
Mxy D16 D26 D66 ny
ile ifade edilir.

3.9.1. Coklu izotropik yiizeye sahip simetrik tabakalar

Sekil 3.11. 3’lii isotropik yiizeye sahip simetrik tabakanin ayrilmis goriintiisii

Yiizeyler ayn1 malzemeye sahip olmasi gerekmeksizin izotropik olarak ve simetrik

olarak k sira numarasi olmak tizere Q, ; indirgenmis rijitlik matrisinin elemanlari;

ij o

I-v;
(_16 )k = (_26 )k 0
@), =LE’; (3.88)
1-v,
— E
( 16)/< = :
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ifadeleri ile tanimlanwr. Degigik kalinliktaki tabakalar, referans diizlem etrafinda
geometrik ve malzeme Ozelligi bakimindan simetrik olarak diizenlenmisse elde
edilen tabakada egilme ve uzama arasinda ¢ift olusmaz. Kuvvet moment iliskisi de

asagidaki gibi elde edilir.

N A, A, 07¢&°

X

N, |=|4, A, 0 |¢

y

N, L0 0 Aglr,
(3.89)
Mx Dll DIZ O Kx
M, |=|D, D, 0 |K,
M, [0 0 DK

3.9.2. Coklu ozel ortotropik yiizeye sahip simetrik tabakalar

Coklu 6zel ortotropik yilizeye sahip simetrik tabakalarda; plaklarin ana malzeme
yonleri ile tabaka eksenleri iist {iste gelir (6rnek; 0/90/90/90/0). Simetriden dolay1
diizlemde yilikleme ve diizlem dis1 sekil degistirme arasinda c¢ift olusmadigindan
uzama-egme rijitligi sifirdir. Tabakadaki k sirali plakaya gore bagntilardaki matris

elemanlari su sekilde belirlenir.

Sekil 3.12. 3’lii 6zel ortotropik ylizeye sahip simetrik tabakalar

E*

ko k
v E|

ok

l=v,vy

Xk
1=v,vy

(Ql )k = (§12 )k =
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Q) =0 (3.90)

(ézs )k =0 (§66 )k = G1kz

Buradan da kuvvet ve moment iligkisi;

N A, A, 07¢&°

X
0

N, |=lA, A, 0 |e¢
ny O O A()() }/xyo
(3.91)
Mx Dll D12 O Kx
M,|=|D, D, 0 |K,
M, 0 0 Dyl K,

seklinde bulunur.

3.9.2. A¢1 kath simetrik genel ortotropik tabakalar

Sekil 3.13. 3°lii ac1 kath simetrik genel ortotropik tabaka
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+a ve —a acilariyla oryantasyonu saglanir. But tiir yapili malzemelerde kesme
dayanimi digerlerine gore daha fazla olur. Onun disinda esitlikler Coklu 6zel

ortotropik yiizeye sahip simetrik tabakalarda ki ile aynidir.

3.10. Simetrik Olmayan Tabakalar

3.10.1. Antisimetrik tabakalar

Merkeze gére simetriklik bulunmaz (Ornek; +a /-a/+a/ -a), bu tiir tabakalarda

kuvvet ve moment esitlikleri;

N, A, A, 0 |¢ B, B

= A12 Azz 0 & + BIZ Bzz Bze K

=

ny 0 0 A66 7/xy0 Blé Bze B66 ny
(3.92)
Mx Bll B12 B16 gxo Dll D12 O Kx
M,|=|B, By, By|e&'|+|D, D, 0 |K,
Mxy B16 Bze B66 7/xy0 0 0 D66 ny

seklinde ifade edilir. Bu esitlikler ana matris de yerine yazilirsa kuvvet-moment sekil

degistirme ifadesi

N, A, A, 0 B, B, Bg|é&"
N, A, A, 0 B, B, By|s&'
N, _ 0 0 Ay By By o (3.93)
M, B, B, By D, D, K,
M, B, By, By D, D, K,
(M| [Bs By By O 0 Dy | K, |

seklinde elde edilir [19,21,22].
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3.10.2. Antisimetrik ¢capraz tabakalar

Sekil 3.14. 2°1i antisimetrik ¢capraz tabaka

Antisimetrik capraz kat tabakada ; ana malzeme yonlerine 0° ve 90° ag1 yapan
plakalardan olusur. Ayni malzeme 6zelliklerinde ve esit kalnliktaki plakalardan 0°
ag1 yapan plaka orta yiizeye z uzaklikta, 90° ag1 yapan plaka ise orta yiizeye —z
uzaklikta bulunmaktadir. Bu tanimlamada bulunan tabakalar c¢ift sayili plakaya

sahiptirler. Antisimetrik ¢capraz kat tabakalar i¢cin kuvvet ve moment sekil degistirme

ifadesi;

N | [4, A, 07]&’| [B, 0 O0]K,
N,|=|A, A, 0 |&’|+|0 -B, 0|K,
N, 0 0 Aglr, | [0 0 0K,

(3.94)
M_| [B, 0 0]&’|[D, D, 07K,
M,|=|0 -B, O|g'|+|D, D, 0 |K,
0
M, 0 0 0]y, 0 0 Dg|Kk,

seklinde ifade edilir [19,21,22].
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3.10.3. Antisimetrik a¢1 kath tabakalar

Sekil 3.15. 2°1i antisimetrik ac1 kath tabaka

Bir antisimetrik a¢1 kath tabakada, orta yilizeyin bir tarafinda koordinat eksenine +«
ac1 ile yerlestirilmis diger tarafinda ise esit kalinlikta -« ac1 ile yerlestirilmis ayni
ozelliklere sahip plakalardan olusur. Antisimetrik aci kath tabakalarda kuvvet ve

moment sekil degistirme ifadeleri;

Nx All A12 O gxo O O Bl() Kx
N,|=|A, A, 0 ]&’|+| 0 0 By|K,
_ny O O A66 yxyo Bl() B26 O ny
(3.95)
_Mx O Bl() gxo Dll D12 O Kx
M,|=| 0 0 Byl|e&'|+|D, D, 0 |K,
L xy Bl() B26 O yxyo O O D66 ny

seklinde ifade edilirler.
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4. TABAKALI PLAKALARDA ELASTIK TERMAL GERILME ANALIZi
4.1. Termal Sekil Degistirme

Eger AT sicaklik degisimi tabakali plakalarda meydana gelirse sekil degisimi;

M T 0
g =&, +e =& +zK,
M T 0
e, =&, +e, =¢, +7K, (4.1)

M T 0
7 Xy = 7 Xy + }/ xy = 7 xy + ZK xy

esitlikleriyle gosterilir. Burada & ve &' srasiyla mekanik ve termal sekil

degisimini gostermektedir.

Burdan kuvvet ve momentleri termal etkiler ile birlikte yazarsak;

N, £, K,

NT |=[a] &0 |+[B] k, |-[r"]aT (4.2)
Ny Vo K,

Ve

M7 &, K,

M’ |=[B] & |+[D] k, |~[r" |aT (4.3)
M3 Y K,

seklinde ifade edilirler, burada T sicaklik AT sicaklik degisimini gostermektedir,



@) (a,) Jer = 2%0)
(§26 )k (axy )k 2' - sz")
@) le,), S - 220)

50

(4.4)

(4.5)

sekilde ifade edilir. Burada « 1sil genlesme katsayisidir. Dengeli simetrik

tabakalarda [T**] matrisi 0 olur.

1 yoniindeki Isil genlesme katsayis1 « ;

o = Efafo +Emame B (Ea)l
= =

E\V,+E)V, E,

burada;

E, En : Fiber ve matris elastisite modiilii

a;,a,,: Fiber ve matris 1s1l genlesme katsayilari

V,,V, :Fiber ve matris hacim oranlari

E; : Boyuna komposit elastisite modiiliinii temsil etmektedir.

Enine 1511 genlesme katsayis1 enerji kanununa gore su sekilde hesaplanir;

(4.6)
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a, =afo(1+vf)+a V.d+v,)-v,a, 4.7)

m- - m

burada ,

VsV : Fiber ve matrisin poisson oranlari

vip=v/ V., +v,V, : Kompozit tabakasmin biiylik poisson orani

m°- m

a, : Tabakanin boyuna 1s1l genlesme katsayisidir.
x ve y ye gore 1s1l genlesme katsayilar1 degisim bagmtilariyla hesaplanir.

a,=a,cos’@+a,sin’ O
c 2 2
a,=a,sin"0+a,cos” 0

a,, =2cosfsin 9(0{1 -a, ) (4.8)

4.2. Termal Gerilme Sekil Degistirme Bagintilar

Diizlem gerilmede ortotropik tabakalar icin termal Gerilme-Sekil degistirme

bagntilari;

O, 0, 0, O & —q AT
o, =10, 0n O &, —a,AT (4.9)
T 0 0 QO | 712 —apAT

seklinde ifade edilir. Buradan da x,y koordinatlarinda k sirasindaki tabakadaki termal

gerilme-sekil degistirme bagintisi;



52

o, 0, 0, O &, —a,AT
o,| = 0, 0, 0 £, —a,AT (4.10)
Txy & O O Q66 k 7/xy _aIZAT k

seklinde ifade edilir [19,21,22].

4.3 Termal Kuvvet,Moment Sekil Degistirme Bagintilar

Termal kuvvet ve moment, sekil degistirme bagintilar1 Es. 4.9 dan yola ¢ikilarak;

N, A, Ay Ag 5x0 B, B, By| K, NxT
0 T
Ny =1 A, Ay Ay e, |t B, B,, By Ky - Ny (4.12)
0 T
ny Al() A26 A66 yxy Bl() B26 B66 ny ny
seklinde hesaplanir. Buradaki termal kuvvetler,
NxT Qll QZ Ql() ax
NS 1=[10: 0n Oyl |a, |ATdz (4.13)
- - e
ny Q16 Q26 Q66 k axy k
bagntisiyla hesaplanir. Momentler ise;
0 T
M, B, B, Bg]|e¢, D, D, Dg| K, M,
0 T
My =|B, By By g, |t Dy, D,, Dy Ky - My (4.14)
Mxy Bl() B26 B66 yxyo D16 D26 D66 ny MxyT

seklinde hesaplanir, buradaki 1s1l gerilmelerden olusan momentler ise,
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MxT Qll Q12 Q16 ax
T —

M, |= _[ On On 0Ox||a,|Alzdz (4.15)
T —

Mxy Q16 Q26 Q66 k axy

seklinde hesaplanir.
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5. TABAKALARDAKiI HASAR TEORILERi VE ELASTOPLASTIK
GERILMELER

5.1. Tabakalardaki Hasar Teorileri

Tabakalarin hasar gerilmeleri i¢in bircok akma teorisi ortaya konmustur. Bu
teorilerin hemen hepsi tabakalarin homojen ve gerilme-sekil degistirmenin lineer
oldugu varsayimi {izerine kurulmustur. Biitliin teoriler ana malzeme yOniindeki
mukavemet parametreleri ile agiklanabilir. Asagida yaygin olarak kullanilan alt1 teori

aciklanmustir.

. Maksimum Gerilme Teorisi

II. Maksimum Sekil Degistirme Teorisi
III. Tsai-Hill Hasar Teorisi

IV. Hoffman Hasar Teorisi

V. Tsai-Wu Hasar Teorisi

VI. Hashin Hasar Teorisi

Tabaka seklindeki kompozit malzemelerin mukavemet Ozellikleri Sekil 3.3 de
gosterildigi gibi 1-2-3 eksenleri dogrultusunda verilir. Bir baska deyisle, tabaka
seklindeki kompozit malzemelerin takviye elemani dogrultusundaki mukavemeti ve
takviye elemanina dik dogrultudaki mukavemeti ¢ekme/basma testleri ile belirlenir.
Kompozit malzemede 1-2-3 ekseninde maksimum kopma ve sekil degistirme su

sekilde isimlendirilmektedir:

X¢: 1 yoniindeki maksimum basma dayanimi
X*: 1 yoniindeki maksimum ¢ekme dayanimi
Y¢: 2 yoniindeki maksimum basma dayanimi
Y™: 2 yoniindeki maksimum ¢ekme dayanimi
Z¢: 3 yoniindeki maksimum basma dayanimi
Z': 3 yoniindeki maksimum ¢ekme dayanimi

S12: 1-2 diizlemindeki maksimum kayma dayanimi



S23: 2-3 diizlemindeki maksimum kayma dayanimi

S13: 1-3 diizlemindeki maksimum kayma dayanimi

&/ 1 1 yoniindeki maksimum basma birim uzamasi

=N

: 1 yoniindeki maksimum ¢ekme birim uzamasi
&, 1 2 yoniindeki maksimum basma birim uzamasi
&] : 2 yoniindeki maksimum ¢ekme birim uzamasi
&, 1 3 yoniindeki maksimum basma birim uzamasi
&1 : 3 yoniindeki maksimum gekme birim uzamasi
75+ 1-2 diizlemindeki maksimum kayma agist

74, : 2-3 diizlemindeki maksimum kayma agisi

75+ 1-3 diizlemindeki maksimum kayma agisi

5.2. Maksimum Gerilme Teorisi

55

Kompozit tabakada 1-2-3 eksenlerinde normal ve kayma gerilmeleri, asagida verilen

durumlar1 sagladigi takdirde kompozit malzemede hasar meydana gelmez.

T
XC<o6,<X

T
Yi<o,<Y

T
Z8<o63<Z

-Si2<112<S12

-S23 <123 < Sp3

-Si3 <113 <Si13

(5.1)
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5.3. Maksimum Sekil Degistirme Teorisi

Kompozit tabakada 1-2-3 eksenlerinde normal ve kayma sekil degistirmeleri, asagida

verilen durumlar1 sagladigi takdirde kompozit malzemede hasar olugmaz.
c T

—& <& <§&
c T

—&,<&,<6&,

c T
—&, <&, <&

(5.2)

~ Vi <7 <7V
=3 <¥n <V
=7 <7 <Vis
5.4. Tsai-Hill Hasar Teorisi

Tsai-Hill Hasar teorisi, izotropik malzemeler i¢in gelistirilmis Von-Mises teorisinin
anizotropik malzemelere uyarlanmis seklidir. Bu teoriye gére kompozit tabakadaki

gerilme dagilimi asagidaki esitlikleri sagliyorsa malzemede hasar meydana gelmez.

l:(Gz +G3)O'12 4—(G1 +G3)O'22 4—(G1 +G, )0'22 —2G,0,0, —2G,0,0,—2G;0, 0, +2’G4T232 <1 (5.3)

2 2
+2G;7,; +2G1,,

ey er
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o

oy

5.5. Hoffman hasar Kriteri

Bu teoriye gore kompozit tabakadaki gerilme dagilimi asagidaki durumu sagliyorsa

malzemede hasar meydana gelmez.

lCl(O'1 —0'3)2 +C2(0'3 —0'1)2 +C3(0'1 —0'2)2 +C,0,+C,0, +C,0, +C,7°3 +C,r'13 +C91212J

7 <1
(5.5)
1( 1 1 1
C == + -
: 2(ZTZC Y'y© XTXCJ
1 1 1 1
C,=— + -
? 2(XTXC VAN AL YTYCJ
YO U S
Po2\xTx¢ y'vy¢ z7z°
R 11 11
CxTTxe OTyye ST
1 1 1
C,=—  Cy=—o C,=— 5.6
s STs 97w (>0
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5.6. Tsai-Wu Hasar Teorisi

Tsai-Wu hasar teorisi kompozit malzemelerin gerilme analizlerinde en ¢ok kullanilan
teorilerden biridir. Bu teoriye gore asagidaki esitlik saglandiginda yapida hasar

meydana gelmez.

Fo,+F,00;<1 1,j=1,2,3...,6

i

11 11 11 o} ol o;
X7 x0Ty Ty )\ T2 ) xrx e Tyt T e

o, <1 (5.7)
T T T
+S#22 +S—223+S—123+2Flzala2 +2F, 0,0, +2F,0,0,
12 23 13
2 1 1
Fo =y e yrye
2 1 1
F23 = YTYC ZTZC (5'8)
2 1 1
F12 = XTXC ZTZC

5.7. Hashin Hasar Teorisi

Hashin hasar teorisi hasarin seklini ayirt edebilmektedir. Bu teoriye gore matris

yapida veya elyafta bir hasarin olup olmadig1 tespit edilebilmektedir.
Matris ¢cekme hasar1 asagidaki durum saglandigi takdirde meydana gelir.

o, > 0igin;

2 2 2
Uzj (lej (723j
— | = +| = >1 (5.9)
[YT Si AP
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Matris basma hasar1 asagidaki durum saglandigi takdirde meydana gelir.

o, <0 i¢in;

2 2 2
[“ﬁj {’ij {’AJ >1 (5.10)
Y S12 S23

Elyaf-matris arasindaki kayma hasar1 agagidaki durum saglandig: takdirde meydana

gelir.

0,<0 i¢in;

2 2 2
[Glcj {izj {ij >1 (5.11)
X S12 S13

Elyaf ¢ekme hasar1 asagidaki durum saglandig takdirde meydana gelir.

o0,> 0 i¢in;

2 2 2
O, T T3
+| == +|—=| >1 5.12
[XTJ (Slzj (Snj o

[;‘Cj>l (5.13)
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5.8. Elasto-Plastik Gerilmeler

Malzemedeki gerilme elastik bdlgede ise gerilmeler kaldirildiginda malzeme eski
sekline geri doner, bu olay gerilme-sekil degistirme diyagraminda dogrusal bir
denklemle ifade edilebilir. Fakat kompozit malzemelerde durum farklidir, kompozit
malzemelerde gerilme-sekil degistirme dogrusal degildir ve heterojen yapidan dolay1
farklilik gosterir. Tabakali kompozit malzemelerde genelde akma olay1 gerceklesmez
ve malzeme belli degerden sonra kopar . Bu tiir malzemelerde daha ayrmtili gerilme-
sekil degistirme analizi yapmak i¢in elasto-plastik gerilme analizi kullanilir. Elasto
plastik gerilme analizi iki adimda incelenir. Birincisi elastik gerilme analizi, ikincisi
ise plastik deformasyonun hesaba katilmasi ile her yiik artiginda gerilme-zorlanma

iligkilerinin belirlenmesidir.

Plastik bolgede gerilme-zorlanma iligkisi Ludwik tarafindan verilen denklem ile

ifade edilmistir.
oc=0,+Kg, (5.14)

Es. 5.14, toplam sekil degistirmeye uyarlandiginda;

c
g=5p+gn”=E+gp (5.15)

seklinde ifade edilir. Es. 5.14 ve Es 5.15 denklemleri kullanilarak asagidaki gerilme

ve toplam sekil degistirme arasindaki bagint1 bulunur.

g=3+[3j" (5.16)
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Burada K; sekil degisimi sertlesmesi parametresi, n ise sekil degisimi sertlesmesi

issiinii belirlemektedir. K ve n tek eksenli cekme deneyi sonucunda elde edilen

gerilme-sekil degistirme egrisinden alinan degerler yardimiyla hesaplanir.

Iki boyutlu diizlemsel gerilme halinde Tsai-Hill kuralina gére ortotropik malzeme

icin elde edilen akma gerilmesi afq esdeger gerilme olarak kullanilir.

X 2 2
O'fq -6’ =0,-0,0, +(0'2 7} +(112 —J (5.17)

Baslangi¢ gerilme metoduna gore elasto-plastik gerilme analizinde, o, gerilme

fonksiyonu
o,=0,+Ke¢, (5.18)

seklinde yazilir [19,21,22,25].
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6. TABAKALI MALZEMELERDE TERMAL ELASTO-PLASTIK GERILME
ANALIZI

6.1. Plastik Gerilme analizi

Elasto-plastik  ¢oziimlemede malzeme iizerinde olusan kiiglik  plastik
deformasyonlarin artis miktarindan yararlanilir. Tsai-Hill akma kriteri kompozit
tabakalarin elasto-plastik gerilme sekil degistirme analizinde kullanilmistir. Sekil
3.3’ te goriildiigii iizere 1 dogrultusu fibere paralel 2 dogrultusu da tabaka diizlemine
paraleldir ve 3 dogrultusu tabakaya dik dogrultudadir. Burada X ve Y sirasiyla 1 ve 2
dogrultularindaki akma noktalarmi1 ve S° de 1-2 diizlemindeki maksimum kayma
gerilmesini belirtmektedir. Tsai-Hill” e gore ortotropik malzemelerde diizlem gerilme

hali i¢in, ilk baslica malzeme yoniindeki esdeger gerilme;

2 2
_ X X
ofq =gl = 012 — 0,0, +(0'2 7} +(112 —J 6.1)

seklinde yazilir. Bu esdeger gerilme X’ e ulastiginda, plastik deformasyon baslar.

Gerilme artiglar1 potansiyel enerji fonksiyonundan asagidaki sekilde elde edilir.

Ky
del 88?
deP b =19 an 6.2)
del 00,
R 7
Jo,

Burada f=0 -0, (gp) ve dA esdeger plastik sekil degistirme artigmni temsil

etmektedir. Ludwik esitliginden gerilme-sekil degistirme bagntisi,

o, =0, +Ke¢, (6.3)
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Burada o, X e esit, K plastisite sabiti ve n de sekil degistirme sertlesmesi

parametresini temsil eder.

Baglica malzeme eksenlerine gore toplam sekil degistirme artiglar1 &, =d4 kabul
edilirse agsagidaki sekilde yazilir,
20,

—:szg +a,dT
20 g

de, =a,do,+a,do, +

de, =a,do, +ay,do, + de, +a,dT (6.4)

20

X7
2
de, =25 dr, + 27, —L5"de

p

1 1% 1 1 . . e
burada, a,=— , a,=——"2% , a,=—ve a, =—— degerlerine esittir.
El Ell EZZ GlZ

Yukaridaki esitlikler degisim matrisiyle x-y koordinatlaria doniistiiriiliirse;

de, m’  n’ —2mn || dg,
de, | = n>  m’ 2mn de, (6.4)
de, mn —-mn (m’-n’)|de,

seklinde ifade edilir, burada m = cos@ ve n=sin@, de = %d;/xy ve deg, = %d;/lz.

Miikemmel smirlanmig sinir gartlari i¢in ¢, ¢,, ¢, plakanm biitiin kenarlarinda

y?

sifir kabul edilir. Bunun sonucunda, de¢ , de, de,, sifira esit olur buradan da;
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_ 2 2 2 2
de. —(anm +a,n )dal +(a11m +a,,n )daz —agmndr,,

_ X’ 4r. |X7?
2 _ 01+202( /2) le( /2)
+ 9179 m* + Y n’— Y mn |de

20 20 20 !

+ (ozlm2 + aznz)dT =0

2 2 2 2
de, :(ann +a,m )dO'1 +(a11n +a,,m )daz +agmndrt,

_ X’ 4r. X7
2 _ (o2 +2O'2( /2) le( /2)
+ 979 n’ + : Y m? ——Smn de

20 20 20 !

(6.5)

+ (ozln2 + azmz)dT =0

a 2_ 2
de,, = (an —dap )mno-l + (alz —day )mnaz +766(m —n")dr,

) (X2 ) 47 X7
2 — - O 0-2 /2 ‘[12 /2
+ 9179 mn — : Y mn + S (mz—nz) de

20 20 20

p

+ (al -a, )mndT =0

Akma kriteri diferansiyel formda gelistirilirse;
X’ X?
(20, -0, )do, + (— o, +20, F}zaz +27,, ?dqz —2Kone!'de, =0 (6.6)

seklinde ifade edilir. Bu denklemlerin ¢dziimleri, belirsiz olabilir. Bu nedenle ¢6ziim
niimerik metot kullanilarak devam ettirilir. Denklemler diferansiyel ve sembolik

formda gosterildiklerinde;

Ae =aAoc, +bAc, +c, AT, +d Ag, +e,AT =0
Ag, = a,Ao, +b,Ac, +c,At), +d,Ag, +e,AT =0 (6.7)

Ag,, = a; Ao, +bAc, + AT, +dAgp + e, AT =0



65

a,Aoc, +b,Ac, +c,At, +d ,Ac, =0

seklinde yazilir. Bunlar matris formuna doniistiiriiliirse;

a b ¢ d, || Ao, —e,
@ b6 A0y =6 (6.8)
a, b, c, d,|Ar, —e,
a, b, ¢, d,|A¢, 0

elde edilir. Sembolik olarak [AJAc]=[C] seklinde gosterilebilir. Ac,, Ac,,

At , ve Ag, matrisin tersi [Aa] = [A]f1 [C ] alinarak hesaplanabilir.

Sekil degistirme bilesenleri ve esdeger plastik sekil degisimi, adimlarla arttirilan

yiikler ile bulunur.

al(i) = O'I(H) + Aal(i)
o) =i+ Ac) (6.9)
) = ol acl

g[(f) = g[(ffl) + Arff)
Burada i adim sayisini ifade etmektedir.

6.2. Artik Gerilmeler

Artik gerilmeleri bulmak i¢in +T sicakligina gore elde edilen gerilme verilerinin, -T
deki tamamen elastik gerilme verileri ile birlestirilmesi ile bulunur. Tamamen elastik
¢oziimii bulmak i¢in, plastik ¢oziimde elde edilen yiik ters yonde uygulanir. Artik
gerilmeler sifir dis yiiklere gore statik dengede durmak zorundadir. Birim uzunluk

icin plastik ¢6ziimdeki bileske momentler;



66

M’ o’

M!|=]|of| 2z (6.10)
P P

MX} Oy &

Plastik akmanin basladig1 noktadaki bileske momentler;

M; o)
M |=[| oy | 2z (6.11)
Myl o],

seklinde yazilir. Buradaki yontem malzemedeki yiiklerde de ayn1 sekilde uygulanir.

Sicaklik tstteki ve asagilardaki yiizeylerde sifira ulastiginda, elastik gerilme

bilesenleri su sekilde hesaplanir;

eagP
ALK
MX
)M
y
= (O-Xy )g M/g
Xy M/g
burada;

(O_X )e Qll Q12 Q16 KX
(O_y )g =10, 0On 0Oy y
(Txy )g ' O Qs s .

>
N

(6.13)

>
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Plastik gerilmelerin ve elastik gerilmelerin arasindaki fark artik gerilmeleri verir.

v —Oy (6.14)

Burada gerilmeler tabakali plakalarda statik dengeyi saglamaktadir.
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7. CEKME DENEYI

7.1. incelenen Malzemenin Tanitim

Calismada teyp tipi Hexply carbon fiber takviyeli epoksi AS4-8552 kompozit
malzeme incelenmistir. Deney numuneleri su jetiyle hazirlanmistir, bunun sonucunda
numuneler tlizerinde ve delik etrafinda kiigilk kabarmalar olusmustur bu da
malzemenin mukavemetine azaltici etki etmistir. Kompozit malzeme TUSAS
Havacilik AS den temin edilmis ve malzeme ile ilgili bilgiler HEXCEL firmasinin
kataloglarindan temin edilmistir. Malzeme smirli miktarda oldugu i¢cin 10 adet
numune olusturulabilmistir. Deney numuneleri ve boyutlar1 ile malzeme 6zellikleri

asagidaki tabloda verilmistir.

Cizelge 7.1. Malzeme Ozellikleri [31]

Malzeme Ozellikleri
Elastisite Modiilii | Kayma Modiilii | Poisson Orani Termal Genlegme Katsayist
E;1=128 Gpa G12=5.2 Gpa 01,=0.3 a, =0,14.107° 1/°C
E»=10 Gpa G13=5.2 Gpa 013=0.3 a, =8,44.107°1/°C
E33=10 Gpa G23=3.9 Gpa 023=0.48 a, =0,14.10°1/°C

Malzeme Ozelliklerinden termal genlesme katsayisi, yaklasik olarak segilmis olup
malzemenin ¢ekme dayanimi 625 MPa dir. Yogunlugu 1,79 g/em’ , malzemenin

kalinlig1 2,9 mm dir.

Kullanilan kompozit simetrik ortotropik olarak kabul edilmistir, tabakalarin
oryantasyon agilar1 sirasiyla, 0°/0°/45°0°/0°/-45°/90°/90°/90°/90%/-45°/0°/0°/45°/0°/0°
seklindedir.
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Resim 7.1. Simetrik tabakalarin gériiniimii

S8 G

120

£,

25

(b)

Resim 7.2 . Numunelerin siralanigi ve numune boyutlari
a) numunelerin siralanigi, b) mm cinsinden numune boyutlart; boy 120
mm, eni 25 mm, ortasinda 10mm ¢apinda delik bulunmaktadir.

Resim 7.2 gosterilen numune boyutu ASTM standartlarmma gore belirlenmis olup

deney i¢in 10 adet hazirlanip 1 den 10’a kadar numaralandirilmastir.

7.2. Deneyin Yapihsi

Deneyler Barig Elektrik Endistiirisi AS de 10 tonluk Instron firinli ¢gekme cihazinda
gergeklestirilmistir. Deneylerde malzeme {izerlerine Sekil 7.1°de belirtilen sekillerde
strain gage yapistirilmig ve o noktalardaki, strain gage yoniindeki sekil degisimi

olgiilmistiir. Deneyler ASTM standardina gore oda sicakliginda (25°C) 4 adet, oda
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sicakligindan yiiksek sicakliklarda, 3 adet 50°C ve 3 adet 100°C sicakliklarinda firin
icinde malzemede kopma meydana gelene kadar c¢ekilmistir. Ortamin neminin
malzeme Ozelliklerine etki etmedigi kabul edilmistir. Deneyde alttaki ¢ene sabit ve

iistteki gene hareket etmektedir.

Resim 7.3. Sol; Instron ¢ekme cihazmnin firini , sag; strain gage ve gerilme sekil
degistirme datalarinin toplandig: bilgisayarlar.

Resim 7.4 . Cenelere tutturulmus numune, strain gage ve ona bagli kablolar.

Cekme islemi Smm/dak hizla yapilmistir. Malzemelere yapistirilan strain gagelerin
yerleri agagidaki sekilde gosterilmistir;
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| A0

Sekil 7.1. Strain gagelerin yapistirilma bigimleri numune yatay konumda iken

Burada Sekil 7.1” de, deligin sol kisminda x’e gore 0°, 45° ve 90° lik agilarda, deligin
iistiinde ise 0° agisinda strain gage yerlestirilmistir. Malzeme yiizeyindeki fiberlerin
cekme deneyi sirasinda kopmasi nedeniyle her numuneden farkli agilarda veriler elde

edilmistir.

"
-
e ———————

o

Resim 7.6. Strain gage’in yapistirilmasi

Numunelerin hangi sicakliklarda g¢ekildikleri ve strain gagelerin hangi numuneye

nasil yerlestirildikleri Cizelge 7.2.°de gosterilmistir. Strain gagelerin verilerinin
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toplandig1 li¢ adet devrenin numaralar1 1, 5 ve 8 dir. Bu numaralar bilgisayardan

gelen verilerin hangi strain gage den geldigini gosterir.

Strain gageler icinden elektrik akimi gegen direnglerdir. Sekil degisimi ile birlikte
direnglerde degisim olur bu potansiyel degisiminin bilgisayarda degerlendirilmesi
sonucunda malzemenin strain gage yapistirilan noktasindaki birim sekil degisimi

hesaplanir.

_——

Resim 7.8. Tek yonlii strain gage

Cizelge 7.2. Numune ¢ekme sicakligi, ¢ceneler arasi uzunluk, strain gage konumlari,

parantez i¢indeki numaralar straingagelerin  baglandigi devre
numarasini géstermektedir.
Numune | Cekme Ceneler | 0°delik 0° delik 45° delik | 90° delik
No: deneyinin | arasi iisti, yani, yani, yant,
yapildigi uzunluk | devre devre devre devre
sicaklik (mm) numarasi | numarasi | humarasi | numarasi
1 100°C 84,02 Var, (1) | Yok Yok Var, (5)
2 50°C 77,16 Yok Var, (1) | Yok Var, (5)
3 25°C 94,18 Yok Var, (1) | Var,(5) | Var,(8)
4 100°C 72,22 Yok Var, (1) | Var,(5) | Var,(8)
5 50°C 87,09 Yok Yok Var, (5) | Var, (8)
6 100°C 88,07 Var, (1) | Yok Yok Yok
7 50°C 81,06 Var, (1) | Yok Yok Yok
8 25°C 82,97 Yok Yok Yok Yok
9 25°C 81,60 Yok Yok Yok Yok
10 25°C 76,18 Yok Yok Yok Yok
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7.3. Deney Sonuclar

Deney sirasinda uzama miktar1 ve gerilim hesaplanarak veriler saniyede bir kez
kaydedilerek, her numune i¢in gerilme, sekil degistirme diyagrami olusturulmustur.
Strain gage verileri ise saniyede 3 defa veri alinmis ve bu veriler eklerde verilmistir.
Numuneler i¢in maksimum akma dayanimi degerleri tablo 7.3’de verilmistir. Ayrica
gerilme sekil degistirme verilerinde gerilme kg/cm” kuvvet birimi ve uzama da ing
cinsinden elde edilmis sonradan bu degerler MPa ve mm’ye cevrilmistir. Deney
verileri eklerde verilmistir. 1 nolu numunenin ¢ekme-sekil degigimi verileri sisteme

cekme cihazi tarafindan girilmediginden bu veriler elde edilememistir.

I\ UDCT44 - Notepad (=13
File Edit Format ‘iew Help

Q.00 ~
1 348.8367 0.0000 -5.127E-00Q0&

5 353.1682 0.0000 -5.104E-0006

8 351.3382 0.0000 -5.090E-0006

.33

1 348.8290 0.0000 -1.534E-0005

5 353.1682 0.0000 -5.104E-0006

8 351.3344 0.0000 -1.018E-0005

Q.67

1 348.8214 0.0000 -2.555E-0005

5 353.1644 00000 -1.021E-0005

8 351.32467 0.0000 -2.036E-0005

1.00

1 348.8214 0.0000 -2.555E-0005

5 353.1644 0.0000 -1.021E-0005

8 351.3228 0.0000 -2.54%E-0005

1.33

1 348.8214 0.0000 -2.555E-0005

5 353.1644 0.0000 -1.021E-0005

8 351.3228 0.0000 -2.54%E-0005 3

Sekil 7.2. Bilgisayardan alinan strain gage verilerinin goriiniisii. Burada en tstteki
veri saniyeyi, ilk siitundaki veriler devrelere atanan numaralar, ikinci
siitun direng (ohm) degeri, li¢lincii slitun bos veriyi, dordiincii siitun birim
sekil degistirmeyi gostermektedir.

- [Ex)|
|
[ ~
11, 0, 000000, -0, 90309 7
[2: 0, 003280, 38,162
13, 0,006570, 45,28l
34, 0, 009850, 49,692
15, 0, 013130, 65,676
%6, 0,01le410, 138,47
;?, 0, 019650, 223,7
18, 0,022870, 324,01
14, 0, 026250, 490,59
_?10, 0,029530, 681, 78
|11, 0,032810, 895, 74
112, 0, 036050, 1115
i~13, 0,039370, 1334,3 2
| >

Sekil 7.3. Bilgisayardan alinan ¢ekme cihazi verileri. Burada soldan ilk siitun
saniyeyi, ikinci siitun in¢ cinsinden uzamayi, {igiincii siitun kg/em® yiik
degerini gostermektedir



Cizelge 7.3 . Deney sonuglar1.

74

Numune | Cekme Maksimum Maksimum | Maksimum | Maksimum
No: deneyinin | yiik altinda kuvvet Gerilme yiik altindaki
yapildig1 | sekil degisimi (N) (Mpa) % sekil
sicaklik (mm) degistirme
1 100°C 2,987 26030 551,6 3,555
2 50°C 2,974 29580 623,2 3,854
3 25°C 3,544 27630 5779 3,763
4 100°C 3,395 31230 688,0 4,701
5 50°C 3,941 34020 705,8 4,525
6 100°C 3,754 30940 647,7 4,263
7 50°C 2,862 29050 631,5 3,531
8 25°C 3,085 28390 648 3,718
9 25°C 2,213 25060 526,94 2,712
10 25°C 2,444 27600 592,1 3,208

Gerilme degerlerinin ayni sicakliklarda birbirinden farkli ¢ikmasinin nedeni

numunelerde imalat sirasinda olusan ¢entiklerin delik ylizeylerinde meydana gelen

yiiksek gerilimler nedeniyle malzemenin kopmasina yol agtigin1 tahmin edilmektedir.

Tablodaki degerlerin ortalamasi alinirsa ;

Cizelge 7.4. Verilerin ortalamasi

Cekme Maksimum Maksimum | Maksimum Maksimum yiik
deneyinin | yiik altinda kuvvet kuvvet altindaki %
yapildig1 | sekil degisimi | ortalamasi | altinda x sekil degistirme
sicaklik ortalamasi (N) yoniindeki ortalamast
(mm) gerilme(Mpa)

100°C 2,987 29400 629,1 4,173
50°C 3,259 30883 653,5 3,97
25°C 3,378 27170 585,98 3,350

Goriildiigii tizere sicakliga bagli olarak mukavemet degerleri degismistir. Bu

degisimleri daha iyi gézleyebilmek sonuglar grafik olarak gosterirsek;
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Sekil 7.4 maksimum yiik altinda sicaklikla sekil degisimi miktarinin degisimi
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31000
30500
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Sekil 7.5 sicaklikla uygulanan maksimum yiikiin degisimi

Malzemeyi koparmak i¢in maksimum kuvvetin 50° C de uygulandigini
goriilmektedir. Bilgisayardan alinan yiik ve sekil degistirme verileri grafik haline
getirilerek asagidaki grafikler elde edilmistir.



30000

25000

20000 @3 nolu numune
g === 9 nolu numune
‘g 15000 8 nolu numune
5 «====10 nolu numune
X
10000
5000

o

1 2 3 4 5
X Yoniinde % Sekil Degisimi

Sekil 7.6. Oda sicakliginda yiik-sekil degisimi grafigi

35000

30000

25000

20000 e 2 nolu numune

=== 5 nolu numune

Kuvvet (N)

15000 7 nolu numune

10000

5000

0 1 2 3 4 5
% X dogrultusunda Sekil Degisimi

Sekil 7.7. 50° sicakhginda yiik-sekil degisimi grafigi
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35000
30000

25000 //
20000 - ====4 Numarali numune

15000 6 Numarali
// Numune
10000 / /
5000

0 B T T T
0 2 4 6 8
% Sekil Degigimi

Kuvvet (N)

Sekil 7.8. 100° C sicakhiginda yiik-sekil degisimi grafigi

Grafiklerde kuvvette ¢ok yiiksek bir artis olmadan 6nce malzemede sekil degisimi
oldugu goziikmektedir. Bunun nedeni malzeme iizerindeki ¢enelerin ¢ekme sirasinda
tam olarak tutunmadan once bir miktar kaymas: ve kompozit malzemenin ¢eneye
degen en iist ve en alt tabakanin c¢eneler yeteri kadar sikismadan kaymasi olarak
tahmin edilmektedir. Grafiklere gore sicaklik yiikseldikce % sekil degisimi

artmaktadir.

Kullanilan strain gagelerden alman veriler incelenip karsilik geldigi kuvvetler

grafikte yerine konulursa;
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30000 1
@ numune boyuna
25000 [ 'S paralel
] & dogrultudaki
. ] & | starin gage
— 20000 4 .. .’ B 45 derecelik strain
3
< 1 m e gage
g 15000 1 = PN
=
>3 S | L
1 numune boyuna
10000 1 S dik strain gage
;. e verileri
lme
5000 ] we
iy 2
0 /3
-0,001 0 0,001 0,002 0,003
Sekil degistirme orani (mm/mm)

Sekil 7.9. Oda sicakliginda strain gage —yiik degisimi grafigi

Sekil 7.9° da goriilen sekil degistirme orani 1mm uzunlukta olusan sekil degisimini

ifade etmektedir.

35000
]
30000
L 4
25000 : ¢ Numune boyuna
DS paralel delik yani
Z.20000 . z B 45 derece delik
° : yani
% 15000 : Numune boyuna
x Y : dik delik yan
10000 AD\ Numune boyuna
Yo paralel delik Ust
5000 “’
v
¥
0 > T

-0,006 0,000 0,005 0,010
Sekil degisimi orani (mm/mm)

Sekil 7.10. 50° C sicakhiginda strain gage —yiik degisimi grafigi
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35000
30000
’ © Numune boyuna
25000 ; . paralel delik yani
Z 50000 i B 45 derece delik
° '» yani
% 15000 ‘ numune boyuna
X > dik delik yani
10000 —J‘L Numune boyuna
% paralel delik Ustu
5000 A S
VL'
0 1 ‘
-0,003 0,002 0,007 0,012
Sekil degistirme orani (mm/mm)

Sekil 7.11. 100° C sicakliginda strain gage —yiik degisimi grafigi

grafikleri elde edilir. Grafiklerden goriildiigii izere numunede deligin sol tarafinda x
dogrultusunda ¢ekme gerilimi sonucunda sekil degisimi olusmaktadir. Grafikler
yardimi ile o bolgedeki sekil degisimleri gozlenmektedir. Delik yaninda numune
boyuna dik bolgede boyda daralma gozlemlenmektedir. Diger bolgelerde uzama

gorilmiistiir.
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8. ANSYS iLE ELASTO-PLASTIK GERILME ANALIiZi

8.1. Sonlu Elemanlar Analizi

Sonlu elemanlar metodu, miihendislik problemlerinin ¢éziimiinde kullanilan sayisal
bir metottur. Sonlu elemanlar metodu kullanilarak, 6rnek olarak bir yapida kuvvet
altinda meydana gelen gerilme dagilimi, deformasyon vb. hesaplanabilir. Bu metot
kullanilarak ayrica 1s1 transferi, dinamik, titresim analizi gibi analizler de yapilabilir.
Sonlu elemanlar metodunda analiz edilen yapi belirli sayida elemanlara bdliinerek ag
olusturulur. Her bir eleman birbirine diiglim noktalar1 ile baglanir. Analiz sekline ve
incelenen yapmi geometrisine gore farkli eleman tipleri segilebilir. Analiz
sonucunda elde edilen gerilme, deplasman, sicaklik, vb. bilgiler diigiim noktalarina
aittir. Diiglim noktalarindaki bu bilgilerin ortalamalar1 alimarak elemana ait bilgiler

elde edilir.

Boliim 2 de belirtilen sekil degistirme bagintilarindan diizlemsel ortotropik gerilme

hali i¢in;

& =S, Sn 0 |o (8.1)

seklinde yazilabilir. Es 8.1° deki uygunluk matrisinin elemanlari,

1
SII_E
1
| %4 | %4
S =_I2__"12 8.2
i E E (8.2)
1
S =
2 E,
1
See =——
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seklindedir. Es. 8.1° de belirtilen sekil degistirme-gerilme bagintisi, gerilme-sekil

degistirme bagintis1 olarak yazildiginda,

o, 0, O, 0 |¢g
o, =10, 0O0n 0 |¢g (8.3)
3V 0 0 O |70

elde edilir. Eg. 8.3 daki @, matrisi indirgenmis elastisite matrisi olarak tanimlanir

ve bu matrisin elemanlari,

E E v, E
0, = 1 0y = ? 0, = 2 O =Gy (8.4)
1=vy,vi, 1-vyvy, 1-vyvy,
Sekil degistirme-deplasman bagmntisi ise,
2
£, ox
0 ||u
e, =10 — { } (8.5)
: oy ||v
Y xy o0 0O
| Oy Ox |

seklinde ifade edilir. Burada u ve v sirasiyla x ve y yoniindeki deplasmani ifade eder.

buradaki esitlik kisaca ;

[e]=[D]s] (8.6)

seklinde tanimlanabilir.

Minimum potansiyel enerji teorisine gore, elastik bir cismin potansiyel enerjisi,

Mm=uU-w (8.7)
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seklinde tanimlanir. Burada U; sekil degistirme enerjisini, W ise dis kuvvetlerin
cisim lizerinde yapmis oldugu isi tanimlamaktadir. Minimum potansiyel enerji
teorisine gore bir cismin dengede olabilmesi i¢in potansiyel enerjisinin minimum

olmasi gerekir. O halde,
ol =o6U —oW =0 (8.8)

olmalidir. buradan sekil degistirme ifadesi su sekilde elde edilir.

U= T folav = JIoT teflelv (8.9)

Vv

Bir cisme disaridan etkiyen yiikler li¢ ana grupta toplanabilir. Bunlar; yayili ytikler
(basing vb.), cisim kuvvetleri ve noktasal yiiklerdir. Dis yiiklemelerin cisim {izerinde

yapmis olduklar is su sekilde ifade edilebilir:

W = [loT el - [loT [rlas, + 3. [5 T (2] ®.10)

S

Deplasman vektort, sekil fonksiyonu cinsinden su sekilde ifade edilmektedir:

u(x, ,7)
[6]=] v(x,y,2) |=[N]q] (8.11)
W(x, y,72)

sekil degistirme vektorii, diiglim noktalariin yer degistirmesine {q} bagli olarak su
sekilde gosterilebilir:

[e]=[a]N1Ra} = [Blig} (8.12)

Gerilme vektoriiniin diigiim noktalarinin fonksiyonu olarak gdsterimi ise;

lo]=[Plle]- e, ] = [P1Bla}-[Pe,} (8.13)



&3
Burada;
= [@AT,aAT 0] (8.14)
a ; 151l genlesme katsayisi, AT ; sicaklik farkidir.
Bu durumda bir elemana ait sekil degistirme enerjisi agagidaki gibi elde edilir:

L
2

j{ y

v (8.15)

I'tblav - [la} IN] {r}as,

s¢

g} [B]' [pIBlglav - [{a} [BY [DIz Jav
v

Yapiya ait toplam potansiyel enerji, her bir elemanin enerjisinin toplamidir.
n=>n -{of {F} (8.16)

Burada, {Q}, yapinin yer degistirme vektorli tanimlamaktadir.

LoV 3] [lat ol o

e=l

Ti{j [B] [D]e, dV+J' [NT{ dV+I[N]T[D]{T}dS}—{Q}T {F.}

e=1

(8.17)

Minimum potansiyel enerji teorisi yukarida ifade edilen esitliklerden sonra kisaca su
sekilde de ifade edilebilir:

6_H}= o) (8.18)

[k}o}=1{F} (8.19)
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esitligi elde edilir. Bu esitlik kullanilarak elemanlarin diigiim noktalarindaki
deplasman degerleri ve reaksiyon kuvvetler elde edilir. Iki boyutlu, ii¢ diigiim
noktasima sahip iiggen eleman icin sekil fonksiyonu asagida belirtildigi gibidir. u, v

deplasmanlarmin eleman igerisinde lineer fonksiyon olduklar1 varsayimi ile soyle

ifade edilebilir:

u=b +b,x+b,y, v=b, +b;x+b,y

b.(i=12,...,6)
u, =b, +b,x, +b,y,
u, =b,+b,x, +b,y,
u, =b, +b,x, +b,y,
v, =b, +b,x, +b,y,

v, =b, +bx, +b,y,

v, =b, +bsx, + by, (8.20)

Yukarida tanimlanan esitlikler yeniden diizenlenerek asagidaki esitlik elde edilir.

u
&y Yo 0 yy 0y, 0 "
e :[B]{q}:i 0 x, 0 x5 0 x, zz (8.21)
Y %y Xy Yoz Xz Yuo Xy Y2 uz

Vs

Burada A {iggen elemanin alanidir. buradaki matris ana matriste yerine konulup

coziiliince tiggenin koselerindeki (diigiim noktalar1) sekil degisimi bulunur. [29]
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8.2. ANSYS ile Modelleme

Arastrmada  ANSYS v10.0 kullanilmigtr. ANSYS programi modellenen
malzemenin lizerinde mesh denen bu iiggenlerden olusturarak bu ii¢genlerdeki
diiglim noktalarina gelen kuvvetleri ¢ok uzun hesaplamalar gereken yerlerde
hesaplamalar1 yaparak hem zaman kazandirmakta hem de ¢ok karmagsik

modellemelere olanak saglamaktadir.

Yapilacak modellemede eleman olarak tabakali malzemeler i¢in olan layered solid
46 eleman tiirii secilmistir. SOLID 46 elemani, 8 diiglim noktasina sahip olup,
tabakali malzemelerin modellenmesinde kullanilmaktadir. 250’ye kadar tabaka bir
eleman i¢inde modellenebilir. Elemanm her bir diigiim noktasinin 3 serbestlik
derecesi vardir. Bunlar; x,y, ve z eksenlerindeki dogrusal harekettir. Her tabakadaki

gerilme ve sekil degistirme degerleri hesaplanabilir.

Sekil 8.1 Solid 46 nin goriiniimii

ANSYS’te eleman se¢imi ;
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10rary o ement 25
I\ Library of El Typ b

Library of Element Types Link. # | |Brick 8node 45 ~
Beam — gnode 185 B
Fipe — Z0node 186
IR || ook o E
Shell
Salid-shell lavered 191 ¥
Caonstraink
Hyperelastic b | layered 46

Element kype reference number I:l
Ok, Apply Cancel Help

Sekil 8.2: Solid 46 eleman tipinin se¢ilmesi

Eleman tipi secildikten sonra malzemenin &zelliklerinin girilmesi gerekmektedir.
Ozelliklerin girilmesi i¢in de malzemenin hangi ¢ziim ydntemiyle islenecegi
belirtilir. Calismada Hill bilinear isotropik nonlinear ve linear ortotropik ydntemleri

kullanilmigtir. Ayrica sicaklik i¢in sicaklik katsayilari da girilmistir.

I\ Define Material Model Behavior |Z||E|F5__<|

Material Edit Faworite Help

Material Models Defined Material Models Available
Material Model Murnber 1 J Linear j
|ﬁ Monlinear
Elastic
@ Inelastic

@ Rate Independent
@ Isotropic Hardening Plasticity
Mises Plasticity
& Hill Plasticity
0
€ Multlinear
€ norlinear

J & Canarsl lizad i ricebeoric Hill Dnkarkisl j
i

Sekil 8.3. Hill Plastisite ¢oziimiiniin se¢ilmesi
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I\ Thermal Expansion Secant Coefficient for, Materia... S

Thermal Expansion Secant Coefficient for Material Mumber 1

Reference temperature

Tl
ALPY 0. 14e-6
ALPY 3. 44e-6
ALPZ 0. 14e-6]
Add Temperature | Delete Temperature | Graph

1] 4 | Cancel | Help |

Sekil 8.4. Isil genlesme katsayilarinin girilmesi

Mat no., ¥-axis rotation, layer thie  MAT THETA TK
Layer number 1 “1 ‘ |U | |D.182 |
Layer number 2 ‘ 1 ‘ |D | |D.182 |
Layer number 3 ‘ 1 ‘ |45 | |D.182 |
Layer number 4 ‘ 1 ‘ |D | |D.182 |
Layer number 5 ‘ 1 ‘ |D | |D.182 |
Layer number & ‘ 1 ‘ |-45 | |D.182 |
Layer number 7 ‘ 1 ‘ |QD | |D.182 |
Layer number 8 ‘ 1 ‘ |QD | |D.182 |
Layer number 9 ‘ 1 ‘ |QD | |D.182 |
Layer number 10 ‘ 1 ‘ |QD | |D.182 |
Press [OK] For next 6 layers
oK Cancel Help

Sekil 8.5. solid 46’ ya gore tabaka sayisi, tabaka kalinlig1 ve oryantasyon agilarinin
girilmesi
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M\ Linear Orthotropic Properties for Material Number 1 [‘5__<|

Linear Orthotropic Material Properties Far Material Murmber 1

Choose Poisson's Ratio

T1

EX 1.Z28E+011
EY 1. 1E+010
Ez [1E+0t0
PREY 0.5
PRYZ 0.45
PRXZ 0.5
GEY = 2E+009
GYE oE+009
QRE = 2E+009
Add Temperature Delete Temperature | Graph

ok | Cancel | Help |

Sekil 8.6. Malzemenin mekanik 6zelliklerinin girilmesi

I\ Hill's Table for Material Number; 1 r‘g|

Hill's Table For Material Mumber 1

Tl
Fxx 1
ey 00367
rzz 0.0367
iy 0,085
ryz 0,065
rxz 0.065

Add Temperature | Delete Temperature | | |

ak | Cancel | Help |

Sekil 8.7. Hill sabitlerinin girilmesi

Hill tablosunu olustururken X, Y ve Z yoniindeki tabaka akma mukavemeti degerleri
kullanilir bunlar modellenen malzeme i¢in; X=2207 Mpa, Y= 81 Mpa, Z= 144 Mpa

ve r degerleri;

Irn=X/X=1
ryy = Y/X =0,0367
I = Y/X=0,0367
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I'xy = I'xz, = Iy, = Z/X = 0,065 seklinde hesaplanur.

Son olarak da bilinear izotropik malzeme 6zellikleri girilir bunlar da, Yield stres; 81

Mpa ve tanjant modiilii 500 Mpa olarak secilir.

m Bilinear, Isotropic Hardening for Material Mumber 1 E|

Bilinear Isotropic Hardening For Material Mumber 1

Yield Stss

Tang Mod SE+005

Add Temperature |Delete Temperature | | | Graph

QK. | Cancel | Help |

Sekil 8.8. Bilinear isotropik degerlerinin girilmesi

Kompozit malzemenin oryantasyon agilar1 ve tabakalar sekilde gorildigi gibi

dizilmektedir.

LAYER STACKING AN

ELEN - 364 5 2oy
e 0z:41:01
LAYERS :

TOTAL = 16

SHOUN =
FROM 1 TH=9%

Sekil 8.9: Oryantasyon agilar1 ve tabakalarin dizilimi

Malzeme 6zellikleri ve eleman tiirleri belirlendikten sonra modelin sekli olusturulur
ve sinir sartlar1 belirlenir. Asagidaki sekilde sinir sartlar1 gosterilmistir. Olusturulan

bu sartlar deney ortami goz oniinde tutularak tasarlanmistir.
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Y
!
-
[ ! Il
e X
Sekil 8.10. Sinir sartlar
:ELEHENTS ‘,\J\I

JUL 5 2007
23:06:31

Sekil 8.11. Modelin elemanlara ayrilmasi

Yapilacak incelemede deneylerde elde edilen maksimum gerilme degerleri ve bu
degerlerdeki sicakliklar kullanilmaktadir. Buna gore malzemede 100° C’da 29400 N,
50°C’da 30883 N ve 25°C’da 27170 N yiik uygulanarak 3 farkh {i¢ farkli sicaklikta,
numune uzunlugu en uzun ¢ene boyu olan 94 mm alinarak ¢ekme gerilmesi altinda

incelenmistir.

Kuvvet dogrultusuna x ve ona dik dogrultuya y dersek, 25°C’da x yoniinde 27170 N

yiik altinda malzemenin deformasyonu;
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DISPLACEMENT FAVL
T JUL_6 200
i 00:54:3
TIME=1

DICZ =1.374

Sekil 8.12. 25°C’da 27170 N yik altinda deformasyonu ve yiik uygulanmadan
onceki halinin karsilastiriimast

Strain gagelerdeki sekil degisimini gormek i¢in malzemenin x dogrultusundaki sekil

degisimi;

SUE =1 B ERTHE 18

TIME=1
EFTOX  [AVG)
R§YS=0

DX =1.374
SMN =,003679
SMY =.046329

.003679 013157 022635 .03z211z2 .04159
-005418 017896 027373 036851 046329

Sekil 8.13. 25°C” da x dogrultusundaki sekil degisimi

Burada maksimum birim sekil degisimi deligin iist ve alt kenarlarinda olusmustur.
Buradaki “MN” ve “MX” isaretleri malzeme {izerindeki sirasiyla minimum ve
maksimum degerlerin bulundugu noktalar1 gostermektedir (Bu degerler mutlak deger

olarak hesaplanmamustir).

Y yoniindeki sekil degisimi;
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TIME=1

EFTOV (AVG)
RSYS=0

DX =1.374
SMM =-.0135941

SMx =.549E-03

3

Vo n._..f“'

S S
-. 013341 -.0l07z1 -. 007501 -.DD4zEl -.00L0&L
-.01z331 -. 009111 -.005851 -.00z871 . E43E-

Sekil 8.14 . 25°C* da 27170 N yiik altinda y dogrultusundaki sekil degisimi

seklinde goriiliir burada maksimum sekil degisimi parcanin alt kisminda
goriilmiistiir. Deligin yilizeyindeki maksimum gerilme ve sekil degisimlerinin

meydana geldigi yerlerde malzemede akma ve kopma goriilmektedir.

HETE=0

DI =1.374
SMN =-.370E+08
SM =.358E+10

- 2T0E+0E _REEE+0S L1E7E+10 L22TE+10 _218E+10
_2ESE+0Q S117E+10 _197E+10 L277E+10 _2ESE+LI

Sekil 8.15. 25°C* da 27170 N yiik altinda x dogrultusundaki gerilim dagilimi
(Alttaki renkler, o renkteki bolgelere ait Pa olarak gerilme degerlerini
gostermektedir).

Malzemenin kopmaya basladig1 nokta olarak tahmin edilen bolge sekil (8.15) de x

dogrultusunda gerilme dagilimida goriilmektedir.



Sekil 8.16. Delik kenarindaki 25°C” da x dogrultusundaki olugan maksimum

gerilmenin gosteriligi

sY (VG
RSY5=0
DX =1.374
SMN =-.554E+09
MDY =, ADGE+09

= L]

v
L ) " . .
b “'
R4 N
-.554E+03 ‘.3“11.}:*‘0; - .‘..'LZTE*‘DQ LSE1E+0E LE2F9E+03
-.447E+09 - .2249E+09 = .ZOBE+0S S192E+03 -40EE+09

Sekil 8.17. 27170 N yiik, 25°C” da y dogrultusundaki gerilmeler

93
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TIME=1

ST [AVG)
REYS=0

DM =1.374
SMN =—. 464E+09
SMX =. 46 1E4H09

-.4E4E+03 =.Z53E+09 =.5EZ9E+08 . 1E82E+03 -2EEE+09
-.261E+03 —-.1l56E+09 . AFEE+0E LE255E+032 - 36 1E+03

Sekil 8.18. 25°C” da xy kayma gerilmesi. (mutlak maksimum gerilme malzemenin alt
yiizeyinde meydana gelmistir)

50°C’da 30883 N yiik altinda malzemenin deformasyonu;

TIME=1
DI =1.569

Sekil 8.19. 50°C’da 30883 N yiik altinda malzemenin deformasyonu



STEP=1 iy
SUE =1

TINE=1

EFTOX  (AVG)

RETE=0

DI =1. 569

SMN =.004139

S =, 052608

004135 014591 025681 036452 047223
005524 020295 031066 041837

HNODAL S0LUTION B LR

6 2007
01:48:53

052608

Sekil 8.20. 50°C’da 30883 N yiik altinda malzemenin x dogrultusundaki sekil

degigimi

STEP=1 A1

TIME=1

EPTOY {AVG)
RETS=0

DM =1. 569
SMI =-. 015345
S =. 486E-03

—.015345 —.012234 - 003642 -.004331 -.001338
—.01411%2 —.01l0468 -. 008816 -.003165

HODAL 3S0LUTION m

6 2007

A 01:55:40

_486E-03
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Sekil 8.21. 50°C’da 30883 N yiik altinda malzemenin y dogrultusundaki sekil

degigimi



NODAL S0LTUTION

STEP=1

SUE =1

TIME=1

53X [AVG)
R3T3=0

DI =1.569
SMN =-.411E+08
S =.407E+10

-.411E+0&

NN

JUL 6 2007
0l:56:54

-872E+09 -173E+10 -Z70E+10 .2E1E+10
- 16E+07 .133E+ 10 -ZEZ9E+10 .216E+ 10 -207E+10

Sekil 8.22. 50°C’da 30883 N yiik altinda malzemenin x dogrultusundaki gerilmeler

HODAL S0LUTION

STEP=1

SUB =1

TIME=1

S [V 5]
RET3=0

DM =1.569
SMN =-. 627E+09
SM =.463E+09

AN

JUL & 2007
0l:58:15

-.EZTE+03

e Se— ]
—.2ESE+07 -.143E+09 33aE+0E . 24ZE+02
-.50EE+09 -.264E+03 - 217E+08 . 220E+09 . 463E+09

Sekil 8.23. 50°C’da 30883 N yiik altinda malzemenin y dogrultusundaki gerilmeler
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.NDDAL S0LTTION l“‘

STEP=1 TUL 6 2007
ey 01:59:11

SRY [AVG)

-.521E+09 - .Z36E+09 =.61IE+0E -A17ZE+09 .407E+03
-.313E+07 -.179E+09 -553E+0& .290E+09 .5E24E+09

Sekil 8.24. 50°C’da 30883 N yiik altinda malzemenin xy dogrultusundaki kayma
gerilmesi

100°C’da 29400 N yiik altinda malzemenin deformasyonu

Sekil 8.25. 100°C’da 29400 N yiik altinda malzemenin deformasyonu



NODAL S0LUTION

STEP=1
SE =1

003594

AN

JUL & 2007
02:09:19

~014146 024397 034649 .
019272 ~029523 .039775 050026

Sekil 8.26. 100°C’da 29400 N yiik altinda x dogrultusundaki sekil degisimleri

T (AVEG]
=0

=1.5
=—.01528%2
=.323E-03

02:11:33

-.0lEzaz

—.0l35482

-.01l1514 —. 002347 —-.0042872 -.001411
—-.0loo0g -.00EE13 -.003148 - 3Z3E-0)

Sekil 8.27. 100°C’da 29400 N yiik altinda y dogrultusundaki sekil degisimleri
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SMN =-. 35ZE+05
=.388E+10

- .2GEE+0S -G22E+09 -170E+10 -Z58E+10 .245E+10
_2IVEHDD SJ127E+10 LE214BE+10 _301E+10 _383E+10

Sekil 8.28. 100°C’da 29400 N yiik altinda x dogrultusundaki gerilmeler

a7 (VG

DI =1.5
SMM =-.594E+09
=. 442E+H09

e
'
4

7
2

S
- E94E+07 - _2E4E+09 -_124E+09 9EZE+0E _226E+09
- 479E+07 - .z49E+07 - . 159E+03 .Z11E+09 .442E+09

Sekil 8.29. 100°C’da 29400 N yiik altinda y dogrultusundaki gerilmeler
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TIME=1

SRY [AYG)
RiTH=0

DIx =1.45

SMN =-. 509E+0%3
ST =.495E+03

—.509E+03 -.Z85E+09 —.E08E+03 L162E+09 . 2ETE+09
—.237E+07 —.l72E+03 - S1EE+0E .ET5E+0R - 2FFE+0F

Sekil 8.30. 100°C’da 29400 N yiik altinda xy dogrultusundaki kayma gerilmeleri

8.3. Deneysel Veriler ile ANSYS Elasto-Plastik Analiz Verilerinin

Karsilastirilmasi
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Ansys ile deney ortami modellenip 2kN artisla ¢ekme yiikii uygulanarak veriler

degerlendirilip 550-25000 N arasinda kuvvet-sekil degisimi ve strain gage sekil

degisimi-kuvvet grafikleri ANSYS’ den elde edilen verilerle birlikte asagidaki

sekilde grafikler olusturulmustur.



30000
25000 —
20000 -
—— 3 nolu deney
g 15000 4 —A— ANSYS
‘g —=— 9 nolu deney
§ 10000 8 nolu deney
10 nolu deney
5000
0 &
2 4 5
-5000

X (kuvvet) dogrultusunda % sekil degisimi

Sekil 8.31. Oda sicakliginda ytik-sekil degisimi grafigi

30000
25000 | A '. L
a ¢ ANSYS Numune
A ' d boyuna paralel delik
20000 A o yani
_ A % @ Deney Numune
£ A o boyuna paralel delik
3 Ao A ANSYS Numune
> 10000 Ab® boyuna dik delik
yani
Lpué ® Deney numune
5000 boyuna dik delik
yani
0 L} L}
-0,004 0,001 0,006 0,011
Sekil degisim orani(imm/mm)

Sekil 8.32. Oda sicakliginda strain gage —yiik degisimi grafigi
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35000

30000 /
g 2 nolu numune
< 5 nolu numune
g 7 nolu numune
X == ANSYS

4 5
Kuvvet dogrultusunda(x) %
sekil degisimi

Sekil 8.33. 50° C sicakhiginda yiik- sekil degisimi grafigi

35000
a © Numune boyuna
30000 .. . paralel, delik yani
]
25000 X : A | B numune boyuna dik,
delik yani
- x 8 8 a ’
Z o
Ig 20000 >><< ® AA A Ansys numune
2 > : N boyuna paralel, delik
3 15000 PY yani
x X A
X < A X Ansys Numune
© boyuna dik delik yani
10000 o A
A
5000 @
0 T
-0,005 0,000 0,005 0,010
Sekil degistirme oraniimm/mm)

Sekil 8.34. 50° C sicakhiginda strain gage —yiik degisimi grafigi



35000

30000 -

25000 -

20000 -

=4 nolu nuMune

6 nolu numune
2= ANSYS

15000

Kuvvet (N)

10000

£ //

5000

0
0

/i
£/

2

4

X (kuvvet) dogrultusunda % sekil degisimi

6 8

Sekil 8.35. 100° C sicakliginda yiik- sekil degisimi grafigi

30000
(=] L 4
(=] &
25000 | s A
@ Numune boyuna
X : A paralel delik yani
20000 X [ A
= B Numune boyuna dik
—_ D ]
£ = ¢ 4 delik yan
- = ¢ A
2 15000 *
S X A
5 A ANSYS numune
x X ® A boyuna paralel, delik
10000 m : A yani
= A E ANSYS numune
o OO boyuna dik, delik yani
5000
O T T
-0,004 -0,002 0 0,002 0,004
Sekil degisimi orani(mm/mm)

Sekil 8.36. 100° C sicakliginda strain gage —yiik degisimi grafigi

Strain gag

e verileri

ile

ANSYS programindan

alman veriler
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benzerlik

gostermektedir. ANSYS verileri dogrusal olarak yiik artisiyla birlikte degismektedir.
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Deney verileri ise egrisel bir degisim gdstermektedir. ANSYS verileri mutlak deger

olarak deney verilerinden daha fazladir.

Malzemenin x yOniindeki sekil degisim-ylik diyagramlarinda grafik cizgilerinde
kiigtik kuvvet artisina ragmen yiiksek sekil degisimi olustugu goriilmiistiir. Bu olayin
cenelerin tam tutunamadigi i¢in meydana geldigi tahmin edilmektedir. Daha iyi bir

karsilagtirma i¢in kayma sekil degisim miktarlar1 g6z Oniine alinip biitiin degerlerden

cikarilirsa asagidaki grafikler elde edilir.

30000
25000 A
=3 nolu deney

20000 - 9 nolu deney
z 8 nolu deney
g 15000 10 nolu deney
g —&— Ansys

10000 -

5000 -

0~ ‘ ‘ ‘
0 1 2 3 4

Kuvvet (x) dogrultusunda % birim uzama (mm/mm)

Sekil 8.37. Oda sicakliginda ¢enelerden kaynaklanan kayma ¢ikarilmis yiik- sekil
degisimi grafigi



Kuvvet (N)

e 2 nolu
numune

5 nolu
numune
7 nolu
numune

A— ANSYS

0 2 4
Kuvvet(x) dogrultusunda % uzama

6
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Sekil 8.38. 50° C sicakliginda genelerden kaynaklanan kayma ¢ikarilmis yiik- sekil

degisimi grafigi

35000

30000 -

25000 -

20000 -

15000 A

Kuvvet (N)

10000 A

5000 -

0*

e/ nolu
numune

6 nolu
numune

—&— ANSYS

0

2 4

6

Kuvvet (x) dogrultusunda % sekil degisimi

Sekil 8.39. 100° C sicakliginda ¢enelerden kaynaklanan kayma ¢ikarilms yiik-sekil

degisimi grafigi

Yukaridaki grafiklerden ANSYS ile deney verilerinin yakinlagtigi goriilmektedir.

ANSYS verileri deney verilerinden daha az goziikkmekte ve de ANSYS ile elde

edilen veriler yiik artistyla dogrusal bir artma gostermektedir. ANSYS verileri ile
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deneysel veriler arasindaki farkin deney numunesinin meydana getirilis sicakliginin

mukavemette dnemli bir etkisi oldugu nedeniyle olustugu tahmin edilmektedir.

Cizelge 8.1. Maksimum yiik altinda sekil degisimlerinin karsilastiriimasi

Cekme Maksimum yiik altinda sekil | Maksimum yiik altinda % sekil
deneyinin | degisimi ortalamasi (mm) degisimi ortalamasi
yapildigy Deney Verileri | ANSYS Deney Verileri | ANSYS Verileri
sicaklik oo
Verileri

100°C 2,987 2,173 4,173 1,595
50°C 3,259 2,253 3,970 1,699
25°C 3,378 2,016 3,350 2,016

SMN =.003679

SM =.046329

Resim 8.1. Ust; ANSYS ile modelleme de maksimum yiik altinda olusan x
yoniindeki sekil degisimi, Alt; ¢cekme deneyi sonucunda kopmus
numune. ANSYS ile modellemede maksimum sekil degisimi olan
noktada malzeme kopmustur.
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9. SONUC

Yapilan calismay1 Ozetleyecek olursak, ortasinda 10 mm delik bulunan AS4 8552
karbon fiber takviyeli kompozit teyp tipi malzeme ii¢ farkli sicaklikta ¢ekme
deneyine tabii tutulmustur ve deligin kenarindan strain gage ile sekil degistirme
verileri almmigstir. Deney sonugler1 grafiklerle gosterilmistir. Ayrica malzemenin
ANSYS Hill yardimi ile ¢ekme deneyinde elde edilen maksimum yiik altinda
olusan, malzemenin tizerindeki gerilmeler numune sayis1 az oldugundan ve malzeme
130-150°C sicakhiga kadar dayanabildiginden ii¢ sicaklik ortammda incelenmistir
bunlar; 25°C(oda sicakligi), 50°C ve 100°C’ dir. Malzeme lizerinde olusan gerilmeler
gosterilmistir. Deney verileri ekler kisminda verilmistir. Deneylerde kullanilan
malzeme 0Ozel olarak {retildiginden sinirli sayida deney yapilmak zorunda

kalmmustir.

Odegard G. ,Kumosa M. (2000) tarafindan tek yonlii karbon/PMRI15 kompozit
malzemenin oda sicakhgmmda ve 316° C sicakliga kadar olan oda sicakhigmin
iistiindeki sicakliklarda eksensel ¢ekme kuvveti sonucunda, malzemenin elastik ve
plastik Ozelliklerinin sicaklikla degistigi gozlemlenmistir. Calisma sonucunda
polimer matrisin yumusadig1r ve kompozit malzemenin katilik degerlerinin diistiigii
Ozellikle matrise bagli sabitlerin diistiigli gozlemlenmistir[6]. Tez calismasinda
yapilan deneylerde de kompozit malzemenin sicaklik degisimi ile birlikte

mukavemet degerlerinin degistigi gdzlemlenmistir.

Deney verilerine gore oda sicakliginda gerceklestirilen deneylerde ortasinda delik
bulunan numune dayanimi en diisiik ¢ikmustir, dayanim 50°C de artmus, ve 100°C de
diismiistiir bunun sonucunda malzemenin sicaklik degisimi ile birlikte dayanimmin

degistigi belirlenmistir.

Deneylerde elde edilen ve ANSYS ten elde edilen kuvvetin etki ettigi x ekseni
dogrultusunda % sekil degistirme miktar1 deneysel verilerden diisiik ¢ikmistir. Bunun
nedeninin, ¢enelerin malzemeyi tam olarak sikistirmadan dnce bir miktar uzamanin

meydana gelmis olmas1 ve yiizey tabakalarmin yeterli basma kuvveti olmadan 6nce
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bir miktar kayarak sekil degisimini etkilemesi olarak tahmin edilmektedir. ANSYS
ile yapilan analizde x yoOniinde maksimum sekil degisiminin goriildiigii nokta
kompozit malzemenin kopmaya basladigi noktalar olarak belirlenmistir. Bunu da
cekme deneyi sonucunda numunelerde olusan hasarlar ile karsilastirdigimizda
benzerlik gosterdigi goriilmektedir. Ayrica malzemenin yiik-sekil degisimi grafikleri
ANSYS sonuglar1 ile karsilastirildiginda grafiklerin artma oranlar1 birbiri ile
benzerlik gostermektedir. Bdylelikle kompozit malzemelerin kopmaya hangi
noktadan baglayabilecegi yiiksek olasilikla tespit edilebilir. Yapilan caligmada
ANSYS sonlu elemanlar yonteminin ve deney verilerinin karsilastirilmas: sonucunda
hassasiyet gerektiren uygulamalarda deney verilerinin gerekli oldugu ancak ¢ok
karmagik yapilarda ANSYS sonlu elemanlar modelinden faydalanilabilecegi

sonucuna varilmaistir.

Strain-gage verileri ile ANSYS sonlu elemanlar analizi verileri karsilastirildiginda
ANSYS verilerinin yiik degisimi ile dogrusal olarak arttigi fakat strain-gage
verilerinin dogrusal olarak artmadigi goézlemlenmistir. Strain-gage verileri ile
ANSYS verilerinin karsilastirilmasi: sonucunda ¢ekme ve basma durumlarmin ayni

oldugu goriilmiistiir.

Hill sonlu elemanlar analizinde malzemenin kirilmaya basladig1 noktalar delik i¢inde
cekme yOniine paralel dairesel deligin tegetinde olusmaktadir. Mukavemeti arttirmak
icin deligin sekil degisimini engelleyecek sekilde takviye edilmesi mukavemette artig

saglayacaktir.

Kompozit malzeme iiretiminin yayginlagsmasi ve kompozit malzeme iizerinde daha
cok arastirma yapilmasi, bu yeni malzeme tiiriiniin gelistirilmesine yarar saglayacagi

tahmin edilmektedir.
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EK-1 Cekme cihazindan alinan gerilme-sekil degistirme verileri

2 nolu numune hari¢, ondalik kisim nokta ile ayrilmistir.

2 nolu Numune:

Saniye/x yoniinde uzama (ing) /yiik (kg/cm®)

1, 0,000000, -0,9039 15, 0,045940, 1743,5 29, 0,091870, 4397,9
2, 0,003280, 38,162 16, 0,049220, 1945,1 30, 0,095150, 4557,7
3, 0,006570, 45,261 17, 0,052500, 2156,3 31, 0,098430, 4717,5
4, 0,009850, 49,692 18, 0,055780, 2372,1 32, 0,101710, 4880,8
5, 0,013130, 65,676 19, 0,059060, 2587,8 33, 0,104990, 5044,2
6, 0,016410, 138,47 20, 0,062340, 2805,3 34, 0,108270, 5207,5
7, 0,019690, 223,7 21, 0,065620, 3013,9 35, 0,111550, 5378

8, 0,022970, 324,01 22, 0,068900, 3211,9 36, 0,114830, 5548,4
9, 0,026250, 490,9 23, 0,072180, 3396,5 37, 0,118110, 5718,9
10, 0,029530, 681,78 24, 0,075460, 3572,3 38, 0,121390, 5887,5
11, 0,032810, 895,74 25, 0,078740, 3749,8 39, 0,124680, 6059,8
12, 0,036090, 1115 26, 0,082020, 3918,5 40, 0,127960, 6228,4
13, 0,039370, 13343 27, 0,085310, 4083,6 41, 0,131240, 6405,1
14, 0,042650, 1542 28, 0,088590, 4239,9 42, 0,134520, 6578,2

3 nolu Numune:

Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000000, -.903900 18, .055690, 1982.300000 35, .111470, 4445.800000
2, .003200, 35.494000 19, .058970, 2151.900000 36, .114750, 4571.900000
3, .006480, 88.758000 20, .062260, 2319.700000 37, .118030, 4696.200000
4, .009760, 119.840000 21, .065540, 2481.200000 38, .121310, 4815.100000
5, .013040, 129.610000 22, .068810, 2638.400000 39, .124590, 4939.400000
6, .016320, 135.800000 23, .072090, 2788.400000 40, .127870, 5063.700000
7, .019600, 157.120000 24, .075380, 2931.300000 41, .131150, 5184.400000
8, .022890, 237.900000 25, .078660, 3082.300000 42, .134430, 5305.200000
9, .026170, 386.160000 26, .081940, 3229.600000 43, .137710, 5424.100000
10, .029440, 561.050000 27, .085220, 3369.900000 44, .140990, 5546.600000
11, .032730, 744.810000 28, .088500, 3515.500000 45, .144270, 5669.100000
12, .036010, 921.470000 29, .091780, 3652.200000 46, .147560, 5791.700000
13, .039290, 1095.500000 30, .095060, 3787.100000 47, .150840, 5914.200000
14, .042570, 1268.600000 31, .098340, 3923.800000 48, .154120, 6038.500000
15, .045850, 1447.900000 32, .101630, 4062.300000 49, .157400, 6164.500000
16, .049130, 1629.900000 33, .104910, 4190.200000

17, .052410, 1806.600000 34, .108190, 4314.400000



EK-1 (Devam) Cekme cihazindan alinan gerilme-sekil degistirme verileri

4 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

PN N AW~

.000000, -14.220000

.003150,
006430,
.009720,
.013000,
016440,
.019560,
022840,
026120,
029400,
032850,
035960,
039240,
042690,
045970,
.049090,
052530,

17.747000
32.827000
51.478000
67.461010
81.659000
97.643010
115.390000
135.800000
172.200000
271.630000
403.910000
579.680000
811.390000
1039.500000
1253.500000
1480.800000

5 nolu Numune:

Saniye / x yoniinde uzama (ing)

PN AW~

.000000,
.003200,
.006490,
.009770,
.013050,
.016330,
019610,
022890,
026170,
029450,
032730,
036020,
.039300,
042570,
045860,
049140,
052420,

-32.849000
47.047000
64.794010
96.761000

239.690000

419.890000

624.080000

833.590000

1037.800000

1226.000000
1408.800000
1590.800000
1774.600000

1962.800000

2154.600000

2349.000000

2543.400000

18, .055810, 1685.800000
19, .059090, 1890.000000
20, .062370, 2091.500000
21, .065490, 2282.400000
22, .068930, 2492.800000
23, .072050, 2680.100000
24, 075500, 2879.000000
25, .078780, 3059.200000
26, .081890, 3226.100000
27, .085170, 3387.600000
28, .088460, 3552.700000
29, .091740, 3716.100000
30, .095020, 3874.100000
31, .098300, 4028.600000
32, .101580, 4181.300000
33, .104860, 4334.000000
34, .108300, 4492.000000

/ yiik (kg/cm®)

18, .055700, 2728.000000
19, .058980, 2908.200000
20, .062260, 3082.300000
21, .065540, 3247.400000
22, .068820, 3398.300000
23, .072100, 3543.900000
24, .075390, 3689.500000
25, .078670, 3835.100000
26, .081940, 3978.900000
27, .085230, 4126.200000
28, .088510, 4271.800000
29, .091790, 4421.000000
30, .095070, 4566.600000
31, .098350, 4708.600000
32, .101630, 4852.400000
33, .104910, 4999.800000
34, .108190, 5148.900000

35,
36,
37,
38,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,
50,

35,
36,
37,
38,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,
50,

111420,
114870,
117980,
121260,
124540,
127830,
131110,
134390,
137670,
140940,
144230,
147510,
150790,
154070,
157350,
160630,

111470,
114760,
118040,
121310,
124600,
127880,
131160,
134440,
137720,
141000,
144280,
147560,
150840,
154130,
157410,
160690,

114

4635.800000
4795.600000
4939.400000
5090.300000
5237.700000
5390.400000
5539.500000
5692.200000
5843.200000
5990.500000
6145.000000
6311.900000
6462.800000
6618.100000
6769.100000
6933.300000

5298.100000
5449.000000
5599.900000
5750.800000
5905.300000
6059.800000
6216.000000
6369.600000
6507.200000
6658.100000
6809.000000
6937.700000
7097.500000
7248.400000
7386.100000
7537.000000
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6 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000070, -39.970000 23, .072250, 605.430000 45, .144430, 4238.100000
2, .003360, 3.549400 24, .075540, 808.720000 46, .147720, 4374.800000
3, .006640, 18.629000 25, .078810, 1011.100000 47, .151000, 4511.500000
4, .009920, 53.264000 26, .082100, 1212.700000 48, .154280, 4650.000000
5, .013200, 63.008000 27, .085380, 1410.600000 49, .157560, 4788.500000
6, .016480, 71.893010 28, .088660, 1595.300000 50, .160840, 4930.600000
7, .019760, 77.228000 29, .091940, 1769.300000 51, .164120, 5069.000000
8, .023040, 80.777000 30, .095220, 1946.800000 52, .167400, 5211.100000
9, .026320, 85.209010 31, .098500, 2130.600000 53, .170680, 5349.600000
10, .029600, 89.662000 32, .101780, 2308.100000 54, .173960, 5491.600000
11, .032890, 93.211010 33, .105060, 2483.900000 55, .177240, 5630.100000
12, .036170, 96.761000 34, .108340, 2656.100000 56, .180520, 5772.100000
13, .039440, 94.975010 35, .111630, 2822.100000 57, .183800, 5917.700000
14, .042730, 92.308010 36, .114910, 2981.900000 58, .187080, 6059.800000
15, .046010, 91.426000 37, .118190, 3130.200000 59, .190360, 6203.600000
16, .049290, 86.994000 38, .121460, 3275.800000 60, .193640, 6351.800000
17, .052570, 85.209010 39, .124750, 3416.000000 61, .196930, 6493.900000
18, .055850, 83.445010 40, .128030, 3556.300000 62, .200210, 6635.900000
19, .059130, 80.777000 41, .131310, 3698.300000 63, .203490, 6778.000000
20, .062410, 118.060000 42, .134590, 3835.100000 64, 206770, 6906.700000
21, .065690, 246.790000 43, .137870, 3970.000000

22, .068970, 414.560000 44, 141150, 4103.200000

7 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000000, -21.319000 14, .042520, 2220.300000 27, .085170, 4712.200000
2, .003150, 52.360000 15, .045800, 2439.500000 28, .088450, 4868.400000
3, .006430, 125.160000 16, .049080, 2660.600000 29, .091730, 5026.400000
4, .009710, 256.550000 17, .052360, 2884.300000 30, .095010, 5186.200000
5, .012990, 421.680000 18, .055640, 3108.900000 31, .098290, 5344.200000
6, .016270, 608.100000 19, .058920, 3323.700000 32, .101570, 5505.800000
7, .019550, 809.630000 20, .062200, 3529.700000 33, .104850, 5665.600000
8, .022830, 1020.000000 21, .065480, 3730.300000 34, .108130, 5827.200000
9, .026110, 1219.800000 22, .068760, 3913.200000 35, .111410, 5987.000000
10, .029390, 1415.100000 23, .072040, 4073.000000 36, .114700, 6148.500000
11, .032670, 1605.900000 24, .075330, 4234.600000 37, .117980, 6311.900000
12, .035960, 1803.000000 25, .078610, 4394.300000 38, .121260, 6471.700000
13, .039240, 2007.200000 26, .081890, 4554.100000

8 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000040, .881850 14, .042860, 2288.600000 27, .085350, 4483.100000
2, .003320, 18.629000 15, .045980, 2439.500000 28, .088630, 4655.300000
3, .006610, 156.240000 16, .049260, 2600.200000 29, .092070, 4838.200000
4, .009890, 375.510000 17, .052700, 2769.800000 30, .095190, 5001.600000
5, .013330, 617.870000 18, .055820, 2923.400000 31, .098470, 5168.500000
6, .016450, 820.270000 19, .059260, 3102.700000 32, .101750, 5330.000000
7, .019730, 1010.200000 20, .062380, 3263.300000 33, .105030, 5489.800000
8, .023010, 1208.200000 21, .065660, 3430.200000 34, .108480, 5646.100000
9, .026290, 1408.800000 22, .069100, 3613.100000 35, .111760, 5809.400000
10, .029740, 1612.100000 23, .072220, 3781.800000 36, .115040, 5971.000000
11, .033020, 1795.000000 24, .075500, 3957.600000 37, .118310, 6132.600000
12, .036300, 1969.000000 25, .078780, 4133.300000 38, .121430, 6287.000000

13, .039580, 2131.500000 26, .082060, 4310.900000
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9 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000000, .881850 10, .029460, 2025.800000 19, .058990, 4064.100000
2, .003220, 71.011000 11, .032750, 2256.700000 20, .062280, 4263.000000
3, .006500, 305.380000 12, .036030, 2489.200000 21, .065560, 4447.600000
4, .009780, 569.040000 13, .039310, 2720.900000 22, .068830, 4621.600000
5, .013060, 833.590000 14, .042590, 2956.200000 23, .072110, 4797.400000
6, .016340, 1089.300000 15, .045870, 3188.800000 24, .075400, 4974.900000
7, .019620, 1331.600000 16, .049150, 3419.600000 25, .078680, 5148.900000
8, .022910, 1564.200000 17, .052430, 3645.100000 26, .081960, 5314.000000
9, .026190, 1794.100000 18, .055710, 3856.400000 27, .085240, 5482.700000

10 nolu Numune:
Saniye / x yoniinde uzama (ing) / yiik (kg/cm®)

1, .000000, .881850 16, .049220, 246.790000 31, .098430, 3732.100000
2, .003280, 7.980700 17, .052500, 420.770000 32, .101710, 3930.900000
3, .006570, 8.862599 18, .055780, 657.820000 33, .104990, 4120.900000
4, .009850, 9.744400 19, .059060, 911.700000 34, .108270, 4309.100000
5, .013130, 9.744400 20, .062340, 1157.600000 35, .111550, 4499.100000
6, .016410, 10.648000 21, .065620, 1402.600000 36, .114830, 4682.000000
7, .019690, 11.530000 22, .068900, 1645.900000 37, .118110, 4866.600000
8, .022970, 12.412000 23, .072180, 1886.500000 38, .121390, 5042.400000
9, .026250, 14.198000 24, 075460, 2125.300000 39, .124680, 5216.400000
10, .029530, 15.961000 25, .078740, 2364.900000 40, .127960, 5392.200000
11, .032810, 19.511000 26, .082020, 2606.400000 41, .131240, 5571.500000
12, .036090, 22.179000 27, .085310, 2842.600000 42, .134520, 5749.000000
13, .039370, 35.494000 28, .088590, 3076.900000 43, .137800, 5924.800000
14, .042650, 71.011000 29, .091870, 3302.400000 44, .141080, 6107.700000
15, .045940, 139.380000 30, .095150, 3520.800000
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EK-2 Strain-gage’lerden alan sekil degisimi verileri

(Ex=10%

1 numarali numune;

Saniye,

Strain-gage baglandig1 devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00 5.67 11.33
1118.9213 0.0000 9.318E-0006 1119.1751 0.0000 1.025E-0003 1119.1867 0.0000 1.072E-0003
5119.8906 0.0000 0.000E+0000 5119.9069 0.0000 6.488E-0005 5119.9092 0.0000 7.415E-0005
0.33 6.00 11.67
1119.0028 0.0000 3.355E-0004 1119.1751 0.0000 1.025E-0003 1119.1890 0.0000 1.081E-0003
51199116 0.0000 8.342E-0005 5119.9069 0.0000 6.488E-0005 5119.9069 0.0000 6.488E-0005
0.67 6.33 12.00
1119.0936 0.0000 6.990E-0004 1119.1727 0.0000 1.016E-0003 1119.1890 0.0000 1.081E-0003
5119.9302 0.0000 1.576E-0004 5119.9092 0.0000 7.415E-0005 5119.9069 0.0000 6.488E-0005
1.00 6.67 12.33
1119.1145 0.0000 7.829E-0004 1119.1774 0.0000 1.035E-0003 1119.1890 0.0000 1.081E-0003
5119.9256 0.0000 1.390E-0004 5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005
1.33 7.00 12.67
1119.1331 0.0000 8.575E-0004 1119.1844 0.0000 1.063E-0003 1119.1914 0.0000 1.091E-0003
5119.9209 0.0000 1.205E-0004 5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005
1.67 7.33 13.00
1119.1471 0.0000 9.134E-0004 1119.1867 0.0000 1.072E-0003 1119.1960 0.0000 1.109E-0003
51199186 0.0000 1.112E-0004 5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005
2.00 7.67 13.33
1119.1588 0.0000 9.601E-0004 1119.1867 0.0000 1.072E-0003 1119.2007 0.0000 1.128E-0003
5119.9162 0.0000 1.020E-0004 5119.9092 0.0000 7.415E-0005 5119.9069 0.0000 6.488E-0005
2.33 8.00 13.67
1119.1657 0.0000 9.880E-0004 1119.1867 0.0000 1.072E-0003 1119.2053 0.0000 1.147E-0003
5119.9139 0.0000 9.270E-0005 5119.9092 0.0000 7.415E-0005 5119.9022 0.0000 4.636E-0005
2.67 8.33 14.00
1119.1704 0.0000 1.007E-0003 1119.1844 0.0000 1.063E-0003 1119.2147 0.0000 1.184E-0003
51199116 0.0000 8.342E-0005 5119.9092 0.0000 7.415E-0005 5119.9022 0.0000 4.636E-0005
3.00 8.67 14.33
1119.1704 0.0000 1.007E-0003 1119.1867 0.0000 1.072E-0003 1119.2240 0.0000 1.221E-0003
5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005 5119.9022 0.0000 4.636E-0005
3.33 9.00 14.67
1119.1727 0.0000 1.016E-0003 1119.1890 0.0000 1.081E-0003 1119.2333 0.0000 1.258E-0003
5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005 5119.9022 0.0000 4.636E-0005
3.67 9.33 15.00
1119.1751 0.0000 1.025E-0003 1119.1867 0.0000 1.072E-0003 1119.2449 0.0000 1.305E-0003
5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005 5119.8999 0.0000 3.709E-0005
4.00 9.67 15.33
1119.1751 0.0000 1.025E-0003 1119.1867 0.0000 1.072E-0003 1119.2589 0.0000 1.361E-0003
5119.9069 0.0000 6.488E-0005 5119.9092 0.0000 7.415E-0005 5119.8976 0.0000 2.782E-0005
4.33 10.00 15.67
1119.1774 0.0000 1.035E-0003 1119.1867 0.0000 1.072E-0003 1119.2729 0.0000 1.417E-0003
5119.9069 0.0000 6.488E-0005 5119.9069 0.0000 6.488E-0005 5119.8929 0.0000 9.303E-0006
4.67 10.33 16.00
1119.1751 0.0000 1.025E-0003 1119.1867 0.0000 1.072E-0003 1119.2892 0.0000 1.482E-0003
5119.9069 0.0000 6.488E-0005 5119.9069 0.0000 6.488E-0005 5119.8882 0.0000 -9.212E-0006
5.00 10.67 16.33
1119.1727 0.0000 1.016E-0003 1119.1867 0.0000 1.072E-0003 1119.3032 0.0000 1.538E-0003
5119.9092 0.0000 7.415E-0005 5119.9069 0.0000 6.488E-0005 5119.8836 0.0000 -2.776E-0005
533 11.00 16.67
1119.1727 0.0000 1.016E-0003 1119.1867 0.0000 1.072E-0003 1119.3218 0.0000 1.613E-0003

5119.9092 0.0000 7.415E-0005 5119.9092 0.0000 7.415E-0005 5119.8766 0.0000 -5.561E-0005



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

17.00
1119.3381
5119.8719
17.33
1119.3544
5119.8649
17.67
1119.3707
5119.8602
18.00
1119.3824
5119.8556
18.33
1119.3940
5119.8532
18.67
1119.4103
5119.8462
19.00
1119.4243
5119.8416
19.33
1119.4383
5119.8369
19.67
1119.4569
5119.8299
20.00
1119.4732
5119.8229
20.33
1119.4872
5119.8183
20.67
1119.5035
5119.8136
21.00
1119.5175
5119.8066
21.33
1119.5315
5119.8019
21.67
1119.5478
5119.7973
22.00
1119.5641
5119.7903
22.33
1119.5804
5119.7856
22.67
1119.5968
5119.7809
23.00
1119.6131
5119.7763
23.33
1119.6271
5119.7693
23.67
1119.6410
5119.7646
24.00
1119.6574
5119.7576

0.0000 1.678E-0003
0.0000 -7.406E-0005

0.0000 1.743E-0003
0.0000 -1.019E-0004

0.0000 1.809E-0003
0.0000 -1.205E-0004

0.0000 1.855E-0003
0.0000 -1.389E-0004

0.0000 1.902E-0003
0.0000 -1.482E-0004

0.0000 1.967E-0003
0.0000 -1.760E-0004

0.0000 2.023E-0003
0.0000 -1.945E-0004

0.0000 2.079E-0003
0.0000 -2.131E-0004

0.0000 2.154E-0003
0.0000 -2.408E-0004

0.0000 2.219E-0003
0.0000 -2.687E-0004

0.0000 2.275E-0003
0.0000 -2.872E-0004

0.0000 2.341E-0003
0.0000 -3.057E-0004

0.0000 2.397E-0003
0.0000 -3.335E-0004

0.0000 2.453E-0003
0.0000 -3.520E-0004

0.0000 2.518E-0003
0.0000 -3.705E-0004

0.0000 2.583E-0003
0.0000 -3.983E-0004

0.0000 2.649E-0003
0.0000 -4.168E-0004

0.0000 2.714E-0003
0.0000 -4.354E-0004

0.0000 2.779E-0003
0.0000 -4.539E-0004

0.0000 2.835E-0003
0.0000 -4.817E-0004

0.0000 2.891E-0003
0.0000 -5.002E-0004

0.0000 2.957E-0003
0.0000 -5.280E-0004

24.33
1119.6784
5119.7483
24.67
1119.6947
5119.7413
25.00
1119.7110
5119.7343
25.33
1119.7273
5119.7273
25.67
1119.7460
5119.7203
26.00
1119.7623
5119.7156
26.33
1119.7786
5119.7087
26.67
1119.7973
5119.7040
27.00
1119.8136
5119.6970
27.33
1119.8299
5119.6900
27.67
1119.8462
5119.6853
28.00
1119.8626
5119.6807
28.33
1119.8766
5119.6760
28.67
1119.8929
5119.6690
29.00
1119.9092
5119.6620
29.33
1119.9256
5119.6550
29.67
1119.9419
5119.6364
30.00
1119.9606
5119.6014
30.33
1119.9769
5119.5758
30.67
1119.9909
5119.5665
31.00
1120.0049
5119.5571
31.33
1120.0189
5119.5455

0.0000 3.041E-0003
0.0000 -5.650E-0004

0.0000 3.106E-0003
0.0000 -5.928E-0004

0.0000 3.171E-0003
0.0000 -6.206E-0004

0.0000 3.237E-0003
0.0000 -6.484E-0004

0.0000 3.311E-0003
0.0000 -6.762E-0004

0.0000 3.377E-0003
0.0000 -6.947E-0004

0.0000 3.442E-0003
0.0000 -7.225E-0004

0.0000 3.517E-0003
0.0000 -7.410E-0004

0.0000 3.582E-0003
0.0000 -7.688E-0004

0.0000 3.648E-0003
0.0000 -7.966E-0004

0.0000 3.713E-0003
0.0000 -8.151E-0004

0.0000 3.778E-0003
0.0000 -8.336E-0004

0.0000 3.834E-0003
0.0000 -8.522E-0004

0.0000 3.900E-0003
0.0000 -8.799E-0004

0.0000 3.965E-0003
0.0000 -9.077E-0004

0.0000 4.031E-0003
0.0000 -9.355E-0004

0.0000 4.096E-0003
0.0000 -1.010E-0003

0.0000 4.171E-0003
0.0000 -1.148E-0003

0.0000 4.236E-0003
0.0000 -1.250E-0003

0.0000 4.292E-0003
0.0000 -1.287E-0003

0.0000 4.348E-0003
0.0000 -1.324E-0003

0.0000 4.404E-0003
0.0000 -1.371E-0003

31.67
1120.0329
5119.5362
32.00
1120.0516
5119.5268
32.33
1120.0632
5119.5198
32.67
1120.0772
5119.5128
33.00
1120.0936
5119.5059
33.33
1120.1099
5119.5012
33.67
1120.1309
5119.4895
34.00
1120.1472
5119.4779
34.33
1120.1636
5119.4662
34.67
1120.1776
5119.4569
35.00
1120.1893
5119.4476
35.33
1120.2033
5119.4406
35.67
1120.2173
5119.4313
36.00
1120.2266
5119.4243
36.33
1120.2430
5119.4173
36.67
1120.2593
5119.4057
37.00
1120.2756
5119.3940
37.33
1120.2850
5119.3847
37.67
1120.2990
5119.3754
38.00
1120.3153
5119.3637
38.33
1120.3293
5119.3567
38.67
1120.3480
5119.3451
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0.0000 4.460E-0003
0.0000 -1.408E-0003

0.0000 4.535E-0003
0.0000 -1.445E-0003

0.0000 4.582E-0003
0.0000 -1.472E-0003

0.0000 4.638E-0003
0.0000 -1.500E-0003

0.0000 4.703E-0003
0.0000 -1.528E-0003

0.0000 4.769E-0003
0.0000 -1.547E-0003

0.0000 4.853E-0003
0.0000 -1.593E-0003

0.0000 4.918E-0003
0.0000 -1.639E-0003

0.0000 4.984E-0003
0.0000 -1.685E-0003

0.0000 5.040E-0003
0.0000 -1.722E-0003

0.0000 5.087E-0003
0.0000 -1.759E-0003

0.0000 5.143E-0003
0.0000 -1.787E-0003

0.0000 5.199E-0003
0.0000 -1.824E-0003

0.0000 5.236E-0003
0.0000 -1.852E-0003

0.0000 5.302E-0003
0.0000 -1.880E-0003

0.0000 5.367E-0003
0.0000 -1.926E-0003

0.0000 5.432E-0003
0.0000 -1.972E-0003

0.0000 5.470E-0003
0.0000 -2.009E-0003

0.0000 5.526E-0003
0.0000 -2.046E-0003

0.0000 5.591E-0003
0.0000 -2.093E-0003

0.0000 5.647E-0003
0.0000 -2.120E-0003

0.0000 5.722E-0003
0.0000 -2.167E-0003
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39.00 46.33 53.67

1120.3597 0.0000 5.769E-0003 1120.7289 0.0000 7.247E-0003 1119.7926 0.0000 3.498E-0003
5119.3334 0.0000 -2.213E-0003 5118.9353 0.0000 -3.794E-0003 5120.0539 0.0000 6.487E-0004
39.33 46.67 54.00

1120.3714 0.0000 5.816E-0003 1120.7429 0.0000 7.303E-0003 1119.7693 0.0000 3.405E-0003
5119.3241 0.0000 -2.250E-0003 5118.9306 0.0000 -3.813E-0003 5120.0539 0.0000 6.487E-0004
39.67 47.00 54.33

1120.3877 0.0000 5.881E-0003 1120.7593 0.0000 7.369E-0003 1119.7973 0.0000 3.517E-0003
5119.3101 0.0000 -2.305E-0003 5118.9004 0.0000 -3.933E-0003 5120.0562 0.0000 6.580E-0004
40.00 47.33 54.67

1120.4017 0.0000 5.937E-0003 1120.7756 0.0000 7.434E-0003 1119.8299 0.0000 3.648E-0003
5119.2985 0.0000 -2.352E-0003 5118.8678 0.0000 -4.062E-0003 5120.0562 0.0000 6.580E-0004
40.33 47.67 55.00

1120.4181 0.0000 6.003E-0003 1120.7943 0.0000 7.509E-0003 1119.8019 0.0000 3.535E-0003
5119.2892 0.0000 -2.389E-0003 5118.8399 0.0000 -4.173E-0003 5120.0562 0.0000 6.580E-0004
40.67 48.00 55.33

1120.4321 0.0000 6.059E-0003 1 120.9065 0.0000 7.959E-0003 1119.7809 0.0000 3.451E-0003
5119.2775 0.0000 -2.435E-0003 5118.6608 0.0000 -4.885E-0003 5120.0562 0.0000 6.580E-0004
41.00 48.33 55.67

1120.4438 0.0000 6.106E-0003 1121.0211 0.0000 8.418E-0003 1119.7670 0.0000 3.395E-0003
5119.2682 0.0000 -2.472E-0003 5118.5096 0.0000 -5.485E-0003 5120.0586 0.0000 6.673E-0004
41.33 48.67 56.00

1120.4601 0.0000 6.171E-0003 1120.9814 0.0000 8.258E-0003 1119.8019 0.0000 3.535E-0003
5119.2589 0.0000 -2.509E-0003 5118.9446 0.0000 -3.757E-0003 5120.0586 0.0000 6.673E-0004
41.67 49.00 56.33

1120.4812 0.0000 6.255E-0003 1120.9533 0.0000 8.146E-0003 1119.8486 0.0000 3.722E-0003
5119.2449 0.0000 -2.564E-0003 5119.3730 0.0000 -2.055E-0003 5120.0586 0.0000 6.673E-0004
42.00 49.33 56.67

1120.4998 0.0000 6.330E-0003 1120.9978 0.0000 8.324E-0003 1119.8626 0.0000 3.778E-0003
5119.2333 0.0000 -2.611E-0003 5119.3660 0.0000 -2.083E-0003 5120.0586 0.0000 6.673E-0004
4233 49.67 57.00

1120.5115 0.0000 6.377E-0003 1121.0375 0.0000 8.483E-0003 1119.8369 0.0000 3.676E-0003
5119.2216 0.0000 -2.657E-0003 5119.3591 0.0000 -2.111E-0003 5120.0609 0.0000 6.765E-0004
42.67 50.00 57.33

1120.5279 0.0000 6.442E-0003 1121.0749 0.0000 8.633E-0003 1119.7879 0.0000 3.479E-0003
5119.2100 0.0000 -2.703E-0003 5119.3497 0.0000 -2.148E-0003 5120.0609 0.0000 6.765E-0004
43.00 50.33 57.67

1120.5489 0.0000 6.527E-0003 1121.1100 0.0000 8.774E-0003 1119.7739 0.0000 3.423E-0003
5119.1984 0.0000 -2.749E-0003 5119.3404 0.0000 -2.185E-0003 5120.0609 0.0000 6.765E-0004
43.33 50.67 58.00

1120.5629 0.0000 6.583E-0003 1121.1451 0.0000 8.914E-0003 1119.7879 0.0000 3.479E-0003
5119.1844 0.0000 -2.805E-0003 5119.3311 0.0000 -2.222E-0003 5120.0609 0.0000 6.765E-0004
43.67 51.00

1120.5793 0.0000 6.648E-0003 1121.1756 0.0000 9.036E-0003

5119.1518 0.0000 -2.934E-0003 5119.3241 0.0000 -2.250E-0003

44.00 51.33

1 120.5980 0.0000 6.723E-0003 1121.2036 0.0000 9.148E-0003

5119.1145 0.0000 -3.082E-0003 5119.3171 0.0000 -2.278E-0003

4433 51.67

1120.6120 0.0000 6.779E-0003 1120.6798 0.0000 7.051E-0003

5119.1006 0.0000 -3.138E-0003 5119.5944 0.0000 -1.176E-0003

44.67 52.00

1120.6284 0.0000 6.845E-0003 1120.0002 0.0000 4.330E-0003

5119.0912 0.0000 -3.175E-0003 5119.9536 0.0000 2.502E-0004

45.00 52.33

1120.6471 0.0000 6.920E-0003 1119.8322 0.0000 3.657E-0003

5119.0773 0.0000 -3.230E-0003 5120.0422 0.0000 6.024E-0004

4533 52.67

1120.6611 0.0000 6.976E-0003 1119.8183 0.0000 3.601E-0003

5119.0354 0.0000 -3.397E-0003 5120.0469 0.0000 6.209E-0004

45.67 53.00

1120.6821 0.0000 7.060E-0003 1119.7973 0.0000 3.517E-0003

5118.9562 0.0000 -3.711E-0003 5120.0516 0.0000 6.395E-0004

46.00 53.33

1120.7078 0.0000 7.163E-0003 1119.7903 0.0000 3.489E-0003

5118.9190 0.0000 -3.859E-0003 5120.0516 0.0000 6.395E-0004
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2 numarali numune:

Saniye,
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Strain-gage baglandigi devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00
1118.7934
5124.9794
0.33
1118.7934
5124.9794
0.67
1118.7934
5124.9794
1.00
1118.7957
5124.9794
1.33
1118.7957
5124.9794
1.67
1118.7957
5124.9794
2.00
1118.7980
5124.9794
2.33
1118.7980
5124.9794
2.67
1118.7980
5124.9794
3.00
1118.7980
5124.9794
3.33
1118.8003
5124.9794
3.67
1118.8003
5124.9794
4.00
1118.8003
5124.9794
4.33
1118.8027
5124.9794
4.67
1118.8027
5124.9794
5.00
1118.8073
5124.9794
533
1118.8096
5124.9794
5.67
1118.8143
5124.9794
6.00

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.000E+0000
0.000E+0000

0.000E+0000
0.000E+0000

0.000E+0000
0.000E+0000

9.328E-0006
0.000E+0000

9.328E-0006
0.000E+0000

9.328E-0006
0.000E+0000

1.859E-0005
0.000E+0000

1.859E-0005
0.000E+0000

1.859E-0005
0.000E+0000

1.859E-0005
0.000E+0000

2.798E-0005
0.000E+0000

2.798E-0005
0.000E+0000

2.798E-0005
0.000E+0000

3.728E-0005
0.000E+0000

3.728E-0005
0.000E+0000

5.594E-0005
0.000E+0000

6.526E-0005
0.000E+0000

8.392E-0005
0.000E+0000

1118.8189
5124.9794
6.33
1118.8213
5124.9794
6.67
1118.8259
5124.9794
7.00
1118.8283
5124.9794
7.33
1118.8329
5124.9794
7.67
1118.8399
5124.9794
8.00
1118.8469
5124.9794
8.33
1118.8539
5124.9794
8.67
1118.8608
5124.9794
9.00
1118.8701
5124.9794
9.33
1118.8771
5124.9794
9.67
1118.8864
5124.9794
10.00
1118.8934
5124.9794
10.33
1118.9027
5124.9794
10.67
11189120
5124.9794
11.00
1118.9213
5124.9794
11.33
1118.9306
5124.9794
11.67
1118.9399
5124.9794
12.00
1118.9493

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000

1.026E-0004
0.000E+0000

1.119E-0004
0.000E+0000

1.306E-0004
0.000E+0000

1.399E-0004
0.000E+0000

1.585E-0004
0.000E+0000

1.866E-0004
0.000E+0000

2.145E-0004
0.000E+0000

2.425E-0004
0.000E+0000

2.704E-0004
0.000E+0000

3.078E-0004
0.000E+0000

3.357E-0004
0.000E+0000

3.730E-0004
0.000E+0000

4.011E-0004
0.000E+0000

4.383E-0004
0.000E+0000

4.757E-0004
0.000E+0000

5.130E-0004
0.000E+0000

5.502E-0004
0.000E+0000

5.876E-0004
0.000E+0000

6.249E-0004

5124.9794
12.33
1118.9586
5124.9794
12.67
1118.9679
5124.9794
13.00
1118.9749
5124.9794
13.33
1118.9842
5124.9794
13.67
11189911
5124.9794
14.00
1119.0005
5124.9794
14.33
1119.0074
5124.9794
14.67
1119.0167
5124.9794
15.00
1119.0237
5124.9794
15.33
1119.0330
5124.9794
15.67
1 119.0400
5124.9794
16.00
1119.0493
5124.9794
16.33
1119.0563
5124.9794
16.67
1119.0633
5124.9794
17.00
1119.0726
5124.9794
17.33
1119.0796
5124.9794
17.67
1119.0889
5124.9794
18.00
1119.0982
5124.9794

0.0000 0.000E+0000

0.0000 6.622E-0004
0.0000 0.000E+0000

0.0000 6.996E-0004
0.0000 0.000E+0000

0.0000 7.275E-0004
0.0000 0.000E+0000

0.0000 7.649E-0004
0.0000 0.000E+0000

0.0000 7.928E-0004
0.0000 0.000E+0000

0.0000 8.302E-0004
0.0000 0.000E+0000

0.0000 8.582E-0004
0.0000 0.000E+0000

0.0000 8.955E-0004
0.0000 0.000E+0000

0.0000 9.235E-0004
0.0000 0.000E+0000

0.0000 9.608E-0004
0.0000 0.000E+0000

0.0000 9.888E-0004
0.0000 0.000E+0000

0.0000 1.026E-0003
0.0000 0.000E+0000

0.0000 1.054E-0003
0.0000 0.000E+0000

0.0000 1.082E-0003
0.0000 0.000E+0000

0.0000 1.119E-0003
0.0000 0.000E+0000

0.0000 1.147E-0003
0.0000 0.000E+0000

0.0000 1.185E-0003
0.0000 0.000E+0000

0.0000 1.222E-0003
0.0000 0.000E+0000



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

18.33
1119.1052
5124.9794
18.67
1119.1122
5124.9794
19.00
1119.1215
5124.9794
19.33
1119.1285
5124.9794
19.67
1119.1378
5124.9794
20.00
1119.1448
5124.9794
20.33
1119.1518
5124.9794
20.67
1119.1588
5124.9794
21.00
1119.1681
5124.9794
21.33
1119.1751
5124.9794
21.67
1119.1820
5124.9794
22.00
1119.1890
5124.9794
22.33
1119.1937
5124.9794
22.67
1119.1984
5124.9794
23.00
1119.2053
5124.9794
23.33
1119.2100
5124.9794
23.67
1119.2170
5124.9794
24.00
1119.2216
5124.9794
24.33
1119.2286
5124.9794
24.67
1119.2356
5124.9794
25.00
1119.2403
5124.9794
25.33
1119.2449
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

1.250E-0003
0.000E+0000

1.278E-0003
0.000E+0000

1.315E-0003
0.000E+0000

1.343E-0003
0.000E+0000

1.381E-0003
0.000E+0000

1.409E-0003
0.000E+0000

1.437E-0003
0.000E+0000

1.465E-0003
0.000E+0000

1.502E-0003
0.000E+0000

1.530E-0003
0.000E+0000

1.558E-0003
0.000E+0000

1.586E-0003
0.000E+0000

1.605E-0003
0.000E+0000

1.623E-0003
0.000E+0000

1.651E-0003
0.000E+0000

1.670E-0003
0.000E+0000

1.698E-0003
0.000E+0000

1.717E-0003
0.000E+0000

1.745E-0003
0.000E+0000

1.773E-0003
0.000E+0000

1.791E-0003
0.000E+0000

1.810E-0003
0.000E+0000

25.67
1119.2519
5124.9794
26.00
1119.2589
5124.9794
26.33
1119.2635
5124.9794
26.67
1119.2705
5124.9794
27.00
1119.2752
5124.9794
27.33
1119.2799
5124.9794
27.67
1119.2868
5124.9794
28.00
1119.2915
5124.9794
28.33
1119.2985
5124.9794
28.67
1119.3055
5124.9794
29.00
1119.3125
5124.9794
29.33
11193171
5124.9794
29.67
1119.3218
5124.9794
30.00
1119.3288
5124.9794
30.33
1119.3334
5124.9794
30.67
1119.3404
5124.9794
31.00
1119.3451
5124.9794
31.33
1119.3521
5124.9794
31.67
1119.3567
5124.9794
32.00
1119.3637
5124.9794
32.33
1119.3684
5124.9794
32.67
1119.3754
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

1.838E-0003
0.000E+0000

1.866E-0003
0.000E+0000

1.885E-0003
0.000E+0000

1.913E-0003
0.000E+0000

1.932E-0003
0.000E+0000

1.950E-0003
0.000E+0000

1.978E-0003
0.000E+0000

1.997E-0003
0.000E+0000

2.025E-0003
0.000E+0000

2.053E-0003
0.000E+0000

2.081E-0003
0.000E+0000

2.100E-0003
0.000E+0000

2.118E-0003
0.000E+0000

2.146E-0003
0.000E+0000

2.165E-0003
0.000E+0000

2.193E-0003
0.000E+0000

2.212E-0003
0.000E+0000

2.240E-0003
0.000E+0000

2.258E-0003
0.000E+0000

2.286E-0003
0.000E+0000

2.305E-0003
0.000E+0000

2.333E-0003
0.000E+0000

33.00
1119.3824
5124.9794
33.33
1119.3870
5124.9794
33.67
1119.3917
5124.9794
34.00
1119.3987
5124.9794
34.33
1119.4033
5124.9794
34.67
1119.4080
5124.9794
35.00
1119.4150
5124.9794
35.33
1119.4220
5124.9794
35.67
1119.4266
5124.9794
36.00
1119.4313
5124.9794
36.33
1119.4383
5124.9794
36.67
1119.4429
5124.9794
37.00
1119.4476
5124.9794
37.33
1119.4546
5124.9794
37.67
1119.4592
5124.9794
38.00
1119.4639
5124.9794
38.33
1119.4686
5124.9794
38.67
1119.4732
5124.9794
39.00
1119.4779
5124.9794
39.33
1119.4826
5124.9794
39.67
1119.4872
5124.9794
40.00
1119.4919
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

121

2.361E-0003
0.000E+0000

2.380E-0003
0.000E+0000

2.398E-0003
0.000E+0000

2.426E-0003
0.000E+0000

2.445E-0003
0.000E+0000

2.464E-0003
0.000E+0000

2.492E-0003
0.000E+0000

2.520E-0003
0.000E+0000

2.539E-0003
0.000E+0000

2.557E-0003
0.000E+0000

2.585E-0003
0.000E+0000

2.604E-0003
0.000E+0000

2.623E-0003
0.000E+0000

2.651E-0003
0.000E+0000

2.669E-0003
0.000E+0000

2.688E-0003
0.000E+0000

2.707E-0003
0.000E+0000

2.725E-0003
0.000E+0000

2.744E-0003
0.000E+0000

2.763E-0003
0.000E+0000

2.781E-0003
0.000E+0000

2.800E-0003
0.000E+0000



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

40.33
1119.4989 0.0000 2.828E-0003
5124.9794 0.0000 0.000E+0000
40.67
1119.5035 0.0000 2.847E-0003
5124.9794 0.0000 0.000E+0000
41.00
1119.5082 0.0000 2.865E-0003
5124.9794 0.0000 0.000E+0000
41.33
1119.6224 0.0000 3.323E-0003
5124.9794 0.0000 0.000E+0000

3 numarali numune;

Saniye,

41.67
1122.3214 0.0000
5124.9794 0.0000
42.00
1124.9794 0.0000
5124.9794 0.0000
4233
1124.9794 0.0000
5124.9794 0.0000
42.67
1124.9794 0.0000
5124.9794 0.0000

1.414E-0002
0.000E+0000

2.480E-0002
0.000E+0000

2.480E-0002
0.000E+0000

2.480E-0002
0.000E+0000

Strain-gage baglandigi devre numarasi / direng degeri

0.00

1118.8283 0.0000 0.000E+0000
5119.8696 0.0000 0.000E+0000
8121.4330 0.0000 0.000E+0000
0.33

1 118.8259 0.0000 -9.325E-0006
5119.8672 0.0000 -9.274E-0006
8121.4330 0.0000 0.000E+0000
0.67

1118.8213 0.0000 -2.798E-0005
5119.8672 0.0000 -9.274E-0006
8121.4330 0.0000 0.000E+0000
1.00

1118.8213 0.0000 -2.798E-0005
5119.8672 0.0000 -9.274E-0006
8121.4330 0.0000 0.000E+0000
1.33

1118.8236 0.0000 -1.862E-0005
5119.8696 0.0000 0.000E+0000
8121.4330 0.0000 0.000E+0000
1.67

1 118.8259 0.0000 -9.325E-0006
5119.8719 0.0000 9.274E-0006
8121.4330 0.0000 0.000E+0000
2.00

1118.8306 0.0000 9.294E-0006
5119.8742 0.0000 1.849E-0005
8121.4330 0.0000 0.000E+0000
2.33

1118.8329 0.0000 1.862E-0005
5119.8766 0.0000 2.773E-0005
8121.4330 0.0000 0.000E+0000
2.67

1118.8376 0.0000 3.733E-0005
5119.8766 0.0000 2.773E-0005
8121.4354 0.0000 9.185E-0006
3.00

1118.8399 0.0000 4.666E-0005
5119.8766 0.0000 2.773E-0005
8121.4330 0.0000 0.000E+0000
3.33

1118.8422 0.0000 5.592E-0005

5119.8766 0.0000
8121.4354 0.0000
3.67

1118.8445 0.0000
5119.8789 0.0000
8121.4354 0.0000
4.00

1118.8445 0.0000
5119.8789 0.0000
8121.4354 0.0000
4.33

1118.8445 0.0000
5119.8812 0.0000
8121.4354 0.0000
4.67

1 118.8469 0.0000
5119.8859 0.0000
8121.4377 0.0000
5.00

1118.8469 0.0000
5119.8882 0.0000
8121.4377 0.0000
533

1118.8492 0.0000
5119.8906 0.0000
8121.4377 0.0000
5.67

1118.8492 0.0000
5119.8929 0.0000
8121.4401 0.0000
6.00

1118.8492 0.0000
5119.8952 0.0000
8121.4424 0.0000
6.33

1118.8515 0.0000
5119.8999 0.0000
8121.4448 0.0000
6.67

1118.8539 0.0000
5119.9022 0.0000
8121.4471 0.0000

2.773E-0005
9.185E-0006

6.524E-0005
3.707E-0005
9.185E-0006

6.524E-0005
3.707E-0005
9.185E-0006

6.524E-0005
4.631E-0005
9.185E-0006

7.457E-0005
6.486E-0005
1.834E-0005

7.457E-0005
7.413E-0005
1.834E-0005

8.389E-0005
8.335E-0005
1.834E-0005

8.389E-0005
9.265E-0005
2.749E-0005

8.389E-0005
1.019E-0004
3.674E-0005

9.325E-0005
1.204E-0004
4.592E-0005

1.026E-0004
1.297E-0004
5.511E-0005

43.00
1124.9794 0.0000
5124.9794 0.0000
43.33
1124.9794 0.0000
5124.9794 0.0000
43.67
1124.9794 0.0000
5124.9794 0.0000
44.00
1124.9794 0.0000
5124.9794 0.0000
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2.480E-0002
0.000E+0000

2.480E-0002
0.000E+0000

2.480E-0002
0.000E+0000

2.480E-0002
0.000E+0000

/ bosluk / sekil degisimi orant

7.00

1118.8585 0.0000
5119.9069 0.0000
8121.4494 0.0000
7.33

1118.8632 0.0000
5119.9092 0.0000
8121.4494 0.0000
7.67

1118.8678 0.0000
5119.9139 0.0000
8121.4518 0.0000
8.00

1118.8748 0.0000
5119.9162 0.0000
8121.4541 0.0000
8.33

1118.8794 0.0000
5119.9209 0.0000
8121.4541 0.0000
8.67

1118.8841 0.0000
5119.9209 0.0000
8121.4565 0.0000
9.00

1118.8911 0.0000
5119.9232 0.0000
8121.4565 0.0000
9.33

1118.8957 0.0000
5119.9256 0.0000
8121.4565 0.0000
9.67

1118.9027 0.0000
5119.9279 0.0000
8121.4588 0.0000
10.00

1118.9097 0.0000
5119.9326 0.0000
8121.4588 0.0000
10.33

1118.9167 0.0000

1.212E-0004
1.482E-0004
6.429E-0005

1.398E-0004
1.575E-0004
6.429E-0005

1.585E-0004
1.761E-0004
7.342E-0005

1.865E-0004
1.854E-0004
8.260E-0005

2.052E-0004
2.039E-0004
8.260E-0005

2.237E-0004
2.039E-0004
9.182E-0005

2.518E-0004
2.131E-0004
9.182E-0005

2.704E-0004
2.224E-0004
9.182E-0005

2.983E-0004
2.316E-0004
1.010E-0004

3.264E-0004
2.502E-0004
1.010E-0004

3.543E-0004
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5119.9349 0.0000 2.594E-0004 16.00 5119.9932 0.0000 4.911E-0004
8121.4588 0.0000 1.010E-0004 1119.0377 0.0000 8.393E-0004 8121.4729 0.0000 1.561E-0004
10.67 5119.9629 0.0000 3.707E-0004 21.67

1118.9237 0.0000 3.823E-0004 8121.4705 0.0000 1.469E-0004 1119.1448 0.0000 1.269E-0003
5119.9372 0.0000 2.687E-0004 16.33 5119.9955 0.0000 5.004E-0004
8121.4611 0.0000 1.102E-0004 1119.0447 0.0000 8.673E-0004 8121.4729 0.0000 1.561E-0004
11.00 5119.9652 0.0000 3.799E-0004 22.00

1118.9306 0.0000 4.102E-0004 8121.4705 0.0000 1.469E-0004 1119.1518 0.0000 1.296E-0003
5119.9396 0.0000 2.780E-0004 16.67 5119.9955 0.0000 5.004E-0004
8121.4611 0.0000 1.102E-0004 1119.0517 0.0000 8.953E-0004 8121.4729 0.0000 1.561E-0004
11.33 5119.9675 0.0000 3.892E-0004 22.33

1118.9376 0.0000 4.383E-0004 8121.4705 0.0000 1.469E-0004 1119.1564 0.0000 1.315E-0003
5119.9419 0.0000 2.873E-0004 17.00 5119.9979 0.0000 5.097E-0004
8121.4635 0.0000 1.194E-0004 1119.0610 0.0000 9.326E-0004 8121.4705 0.0000 1.469E-0004
11.67 5119.9675 0.0000 3.892E-0004 22.67

1118.9446 0.0000 4.662E-0004 8121.4705 0.0000 1.469E-0004 1119.1611 0.0000 1.334E-0003
5119.9442 0.0000 2.966E-0004 17.33 5119.9979 0.0000 5.097E-0004
8121.4635 0.0000 1.194E-0004 1119.0656 0.0000 9.513E-0004 8121.4705 0.0000 1.469E-0004
12.00 5119.9699 0.0000 3.985E-0004 23.00

1118.9516 0.0000 4.942E-0004 8121.4729 0.0000 1.561E-0004 1119.1681 0.0000 1.362E-0003
5119.9466 0.0000 3.058E-0004 17.67 5120.0002 0.0000 5.190E-0004
8121.4658 0.0000 1.286E-0004 1119.0726 0.0000 9.793E-0004 8121.4705 0.0000 1.469E-0004
12.33 5119.9722 0.0000 4.078E-0004 23.33

1118.9586 0.0000 5.222E-0004 8121.4729 0.0000 1.561E-0004 1119.1727 0.0000 1.381E-0003
5119.9466 0.0000 3.058E-0004 18.00 5120.0026 0.0000 5.283E-0004
8121.4658 0.0000 1.286E-0004 1119.0773 0.0000 9.979E-0004 8121.4705 0.0000 1.469E-0004
12.67 5119.9722 0.0000 4.078E-0004 23.67

1118.9632 0.0000 5.409E-0004 8121.4729 0.0000 1.561E-0004 1119.1797 0.0000 1.408E-0003
5119.9489 0.0000 3.151E-0004 18.33 5120.0049 0.0000 5.375E-0004
8121.4658 0.0000 1.286E-0004 1119.0866 0.0000 1.035E-0003 8121.4729 0.0000 1.561E-0004
13.00 5119.9746 0.0000 4.170E-0004 24.00

1118.9725 0.0000 5.782E-0004 8121.4729 0.0000 1.561E-0004 1119.1844 0.0000 1.427E-0003
5119.9512 0.0000 3.243E-0004 18.67 5120.0049 0.0000 5.375E-0004
8121.4658 0.0000 1.286E-0004 1119.0936 0.0000 1.063E-0003 8121.4705 0.0000 1.469E-0004
13.33 5119.9769 0.0000 4.263E-0004 24.33

1118.9795 0.0000 6.061E-0004 8121.4729 0.0000 1.561E-0004 1119.1890 0.0000 1.446E-0003
5119.9512 0.0000 3.243E-0004 19.00 5120.0072 0.0000 5.468E-0004
8121.4658 0.0000 1.286E-0004 1119.1006 0.0000 1.091E-0003 8121.4705 0.0000 1.469E-0004
13.67 5119.9792 0.0000 4.355E-0004 24.67

1118.9842 0.0000 6.248E-0004 8121.4752 0.0000 1.653E-0004 1119.1937 0.0000 1.464E-0003
5119.9536 0.0000 3.336E-0004 19.33 5120.0072 0.0000 5.468E-0004
8121.4658 0.0000 1.286E-0004 1119.1075 0.0000 1.119E-0003 8121.4705 0.0000 1.469E-0004
14.00 5119.9792 0.0000 4.355E-0004 25.00

1118.9911 0.0000 6.528E-0004 8121.4729 0.0000 1.561E-0004 1119.2007 0.0000 1.492E-0003
5119.9559 0.0000 3.428E-0004 19.67 5120.0095 0.0000 5.560E-0004
8121.4682 0.0000 1.377E-0004 1119.1122 0.0000 1.138E-0003 8121.4682 0.0000 1.377E-0004
14.33 5119.9815 0.0000 4.448E-0004 25.33

1 119.0005 0.0000 6.901E-0004 8121.4752 0.0000 1.653E-0004 1119.2053 0.0000 1.511E-0003
5119.9582 0.0000 3.522E-0004 20.00 5120.0119 0.0000 5.653E-0004
8121.4682 0.0000 1.377E-0004 1119.1168 0.0000 1.156E-0003 8121.4682 0.0000 1.377E-0004
14.67 5119.9839 0.0000 4.541E-0004 25.67

1119.0074 0.0000 7.181E-0004 8121.4752 0.0000 1.653E-0004 1119.2123 0.0000 1.539E-0003
5119.9582 0.0000 3.522E-0004 20.33 5120.0142 0.0000 5.746E-0004
8121.4705 0.0000 1.469E-0004 1119.1238 0.0000 1.185E-0003 8121.4682 0.0000 1.377E-0004
15.00 5119.9862 0.0000 4.634E-0004 26.00

1119.0144 0.0000 7.461E-0004 8121.4752 0.0000 1.653E-0004 1119.2170 0.0000 1.558E-0003
5119.9606 0.0000 3.614E-0004 20.67 5120.0142 0.0000 5.746E-0004
8121.4705 0.0000 1.469E-0004 1119.1285 0.0000 1.203E-0003 8121.4682 0.0000 1.377E-0004
15.33 5119.9886 0.0000 4.727E-0004 26.33

1119.0237 0.0000 7.833E-0004 8121.4729 0.0000 1.561E-0004 1119.2240 0.0000 1.586E-0003
5119.9606 0.0000 3.614E-0004 21.00 5120.0166 0.0000 5.839E-0004
8121.4705 0.0000 1.469E-0004 1119.1355 0.0000 1.231E-0003 8121.4658 0.0000 1.286E-0004
15.67 5119.9909 0.0000 4.819E-0004 26.67

1119.0284 0.0000 8.020E-0004 8121.4729 0.0000 1.561E-0004 1119.2286 0.0000 1.604E-0003
5119.9629 0.0000 3.707E-0004 21.33 5120.0189 0.0000 5.931E-0004

8121.4705 0.0000 1.469E-0004 1119.1401 0.0000 1.250E-0003 8121.4635 0.0000 1.194E-0004
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27.00 5120.0469 0.0000 7.044E-0004 38.00

1119.2333 0.0000 1.623E-0003 8121.4518 0.0000 7.342E-0005 1119.4127 0.0000 2.342E-0003
5120.0212 0.0000 6.024E-0004 32.67 5120.0772 0.0000 8.249E-0004
8121.4635 0.0000 1.194E-0004 1119.3288 0.0000 2.006E-0003 8121.4213 0.0000 -4.589E-0005
27.33 5120.0516 0.0000 7.229E-0004 38.33

1119.2403 0.0000 1.651E-0003 8121.4448 0.0000 4.592E-0005 1119.4173 0.0000 2.361E-0003
5120.0235 0.0000 6.116E-0004 33.00 5120.0796 0.0000 8.341E-0004
8121.4635 0.0000 1.194E-0004 1119.3358 0.0000 2.034E-0003 8121.4213 0.0000 -4.589E-0005
27.67 5120.0609 0.0000 7.600E-0004 38.67

1119.2473 0.0000 1.679E-0003 8121.4377 0.0000 1.834E-0005 1119.4220 0.0000 2.379E-0003
5120.0235 0.0000 6.116E-0004 33.33 5120.0796 0.0000 8.341E-0004
8121.4611 0.0000 1.102E-0004 1119.3404 0.0000 2.052E-0003 8121.4190 0.0000 -5.508E-0005
28.00 5120.0656 0.0000 7.785E-0004 39.00

1119.2519 0.0000 1.698E-0003 8121.4330 0.0000 0.000E+0000 1119.4243 0.0000 2.389E-0003
5120.0235 0.0000 6.116E-0004 33.67 5120.0819 0.0000 8.434E-0004
8121.4611 0.0000 1.102E-0004 1119.3451 0.0000 2.071E-0003 8121.4190 0.0000 -5.508E-0005
28.33 5120.0632 0.0000 7.693E-0004 39.33

1119.2566 0.0000 1.716E-0003 8121.4307 0.0000 -9.185E-0006 1119.4313 0.0000 2.417E-0003
5120.0259 0.0000 6.210E-0004 34.00 5120.0842 0.0000 8.527E-0004
8121.4588 0.0000 1.010E-0004 1119.3497 0.0000 2.090E-0003 8121.4190 0.0000 -5.508E-0005
28.67 5120.0632 0.0000 7.693E-0004 39.67

1119.2635 0.0000 1.744E-0003 8121.4307 0.0000 -9.185E-0006 1119.4336 0.0000 2.426E-0003
5120.0306 0.0000 6.395E-0004 34.33 5120.0842 0.0000 8.527E-0004
8121.4541 0.0000 8.260E-0005 1119.3544 0.0000 2.108E-0003 8121.4190 0.0000 -5.508E-0005
29.00 5120.0632 0.0000 7.693E-0004 40.00

1119.2682 0.0000 1.763E-0003 8121.4307 0.0000 -9.185E-0006 1119.4383 0.0000 2.445E-0003
5120.0306 0.0000 6.395E-0004 34.67 5120.0819 0.0000 8.434E-0004
8121.4494 0.0000 6.429E-0005 1119.3591 0.0000 2.127E-0003 8121.4190 0.0000 -5.508E-0005
29.33 5120.0656 0.0000 7.785E-0004 40.33

1119.2752 0.0000 1.791E-0003 8121.4330 0.0000 0.000E+0000 1119.4406 0.0000 2.454E-0003
5120.0329 0.0000 6.487E-0004 35.00 5120.0819 0.0000 8.434E-0004
8121.4494 0.0000 6.429E-0005 1119.3637 0.0000 2.146E-0003 8121.4167 0.0000 -6.426E-0005
29.67 5120.0702 0.0000 7.971E-0004 40.67

1119.2799 0.0000 1.810E-0003 8121.4330 0.0000 0.000E+0000 1119.4453 0.0000 2.473E-0003
5120.0352 0.0000 6.580E-0004 35.33 5120.0842 0.0000 8.527E-0004
8121.4494 0.0000 6.429E-0005 1119.3684 0.0000 2.164E-0003 8121.4167 0.0000 -6.426E-0005
30.00 5120.0726 0.0000 8.064E-0004 41.00

1119.2845 0.0000 1.828E-0003 8121.4307 0.0000 -9.185E-0006 1119.4499 0.0000 2.491E-0003
5120.0352 0.0000 6.580E-0004 35.67 5120.0842 0.0000 8.527E-0004
8121.4541 0.0000 8.260E-0005 1119.3754 0.0000 2.193E-0003 8121.4143 0.0000 -7.345E-0005
30.33 5120.0702 0.0000 7.971E-0004 41.33

1119.2892 0.0000 1.847E-0003 8121.4307 0.0000 -9.185E-0006 1119.4546 0.0000 2.510E-0003
5120.0375 0.0000 6.672E-0004 36.00 5120.0842 0.0000 8.527E-0004
8121.4565 0.0000 9.182E-0005 1119.3800 0.0000 2.211E-0003 8121.4143 0.0000 -7.345E-0005
30.67 5120.0726 0.0000 8.064E-0004 41.67

1119.2938 0.0000 1.866E-0003 8121.4260 0.0000 -2.758E-0005 1119.4569 0.0000 2.519E-0003
5120.0375 0.0000 6.672E-0004 36.33 5120.0842 0.0000 8.527E-0004
8121.4565 0.0000 9.182E-0005 1119.3870 0.0000 2.239E-0003 8121.4120 0.0000 -8.266E-0005
31.00 5120.0749 0.0000 8.156E-0004 42.00

1119.2985 0.0000 1.884E-0003 8121.4237 0.0000 -3.677E-0005 1119.4616 0.0000 2.538E-0003
5120.0399 0.0000 6.766E-0004 36.67 5120.0866 0.0000 8.620E-0004
8121.4541 0.0000 8.260E-0005 1119.3917 0.0000 2.258E-0003 8121.4096 0.0000 -9.185E-0005
31.33 5120.0749 0.0000 8.156E-0004 4233

1119.3055 0.0000 1.912E-0003 8121.4237 0.0000 -3.677E-0005 1119.4662 0.0000 2.557E-0003
5120.0422 0.0000 6.858E-0004 37.00 5120.0866 0.0000 8.620E-0004
8121.4541 0.0000 8.260E-0005 1119.3940 0.0000 2.267E-0003 8121.4096 0.0000 -9.185E-0005
31.67 5120.0749 0.0000 8.156E-0004 42.67

1119.3101 0.0000 1.931E-0003 8121.4260 0.0000 -2.758E-0005 1119.4709 0.0000 2.575E-0003
5120.0446 0.0000 6.951E-0004 37.33 5120.0866 0.0000 8.620E-0004
8121.4518 0.0000 7.342E-0005 1119.4010 0.0000 2.295E-0003 8121.4096 0.0000 -9.185E-0005
32.00 5120.0749 0.0000 8.156E-0004 43.00

1119.3148 0.0000 1.950E-0003 8121.4237 0.0000 -3.677E-0005 1119.4732 0.0000 2.585E-0003
5120.0492 0.0000 7.136E-0004 37.67 5120.0842 0.0000 8.527E-0004
8121.4518 0.0000 7.342E-0005 1119.4057 0.0000 2.314E-0003 8121.4073 0.0000 -1.010E-0004
32.33 5120.0772 0.0000 8.249E-0004 43.33

1119.3195 0.0000 1.968E-0003 8121.4213 0.0000 -4.589E-0005 1119.4779 0.0000 2.603E-0003



125

EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

5120.0842 0.0000 8.527E-0004 49.00 5119.8672 0.0000 -9.274E-0006
8121.4073 0.0000 -1.010E-0004 1118.8096 0.0000 -7.460E-0005 8121.3628 0.0000 -2.754E-0004
43.67 5119.8672 0.0000 -9.274E-0006 54.67

1119.4802 0.0000 2.613E-0003 8121.3605 0.0000 -2.846E-0004 1118.8143 0.0000 -5.595E-0005
5120.0819 0.0000 8.434E-0004 49.33 5119.8649 0.0000 -1.855E-0005
8121.4050 0.0000 -1.102E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
44.00 5119.8672 0.0000 -9.274E-0006 55.00

1119.4849 0.0000 2.631E-0003 8121.3605 0.0000 -2.846E-0004 1118.8143 0.0000 -5.595E-0005
5120.0819 0.0000 8.434E-0004 49.67 5119.8649 0.0000 -1.855E-0005
8121.4050 0.0000 -1.102E-0004 1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
4433 5119.8672 0.0000 -9.274E-0006 55.33

1119.4895 0.0000 2.650E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0796 0.0000 8.341E-0004 50.00 5119.8672 0.0000 -9.274E-0006
8121.4026 0.0000 -1.193E-0004 1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
44.67 5119.8672 0.0000 -9.274E-0006 55.67

1119.4965 0.0000 2.678E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0796 0.0000 8.341E-0004 50.33 5119.8672 0.0000 -9.274E-0006
8121.4026 0.0000 -1.193E-0004 1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
45.00 5119.8672 0.0000 -9.274E-0006 56.00

1119.5012 0.0000 2.697E-0003 8121.3605 0.0000 -2.846E-0004 1118.8143 0.0000 -5.595E-0005
5120.0796 0.0000 8.341E-0004 50.67 5119.8649 0.0000 -1.855E-0005
8121.4026 0.0000 -1.193E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
4533 5119.8672 0.0000 -9.274E-0006 56.33

1119.5035 0.0000 2.706E-0003 8121.3605 0.0000 -2.846E-0004 1118.8143 0.0000 -5.595E-0005
5120.0796 0.0000 8.341E-0004 51.00 5119.8649 0.0000 -1.855E-0005
8121.4003 0.0000 -1.286E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
45.67 5119.8672 0.0000 -9.274E-0006 56.67

1119.5082 0.0000 2.725E-0003 8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
5120.0796 0.0000 8.341E-0004 51.33 5119.8649 0.0000 -1.855E-0005
8121.4003 0.0000 -1.286E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
46.00 5119.8649 0.0000 -1.855E-0005 57.00

1119.5105 0.0000 2.734E-0003 8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
5120.0796 0.0000 8.341E-0004 51.67 5119.8649 0.0000 -1.855E-0005
8121.4026 0.0000 -1.193E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
46.33 5119.8649 0.0000 -1.855E-0005 57.33

1119.5152 0.0000 2.753E-0003 8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
5120.0819 0.0000 8.434E-0004 52.00 5119.8649 0.0000 -1.855E-0005
8121.4050 0.0000 -1.102E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
46.67 5119.8672 0.0000 -9.274E-0006 57.67

1119.5175 0.0000 2.762E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0796 0.0000 8.341E-0004 52.33 5119.8649 0.0000 -1.855E-0005
8121.4096 0.0000 -9.185E-0005 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
47.00 5119.8649 0.0000 -1.855E-0005 58.00

1119.5222 0.0000 2.781E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0772 0.0000 8.249E-0004 52.67 5119.8649 0.0000 -1.855E-0005
8121.4143 0.0000 -7.345E-0005 1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
47.33 5119.8649 0.0000 -1.855E-0005 58.33

1119.5245 0.0000 2.790E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0749 0.0000 8.156E-0004 53.00 5119.8649 0.0000 -1.855E-0005
8121.4143 0.0000 -7.345E-0005 1118.8143 0.0000 -5.595E-0005 8121.3651 0.0000 -2.663E-0004
47.67 5119.8649 0.0000 -1.855E-0005 58.67

1119.5268 0.0000 2.799E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0749 0.0000 8.156E-0004 53.33 5119.8649 0.0000 -1.855E-0005
8121.4096 0.0000 -9.185E-0005 1118.8143 0.0000 -5.595E-0005 8121.3651 0.0000 -2.663E-0004
48.00 5119.8649 0.0000 -1.855E-0005 59.00

1119.5315 0.0000 2.818E-0003 8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
5120.0749 0.0000 8.156E-0004 53.67 5119.8649 0.0000 -1.855E-0005
8121.4073 0.0000 -1.010E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
48.33 5119.8672 0.0000 -9.274E-0006 59.33

1119.3055 0.0000 1.912E-0003 8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
5120.0095 0.0000 5.560E-0004 54.00 5119.8649 0.0000 -1.855E-0005
8121.3886 0.0000 -1.744E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
48.67 5119.8672 0.0000 -9.274E-0006 59.67

1118.9469 0.0000 4.756E-0004 8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
5119.9045 0.0000 1.389E-0004 54.33 5119.8649 0.0000 -1.855E-0005

8121.3651 0.0000 -2.663E-0004 1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
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60.00 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 65.67

8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
60.33 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 66.00

8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
60.67 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 66.33

8121.3628 0.0000 -2.754E-0004 1118.8143 0.0000 -5.595E-0005
61.00 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 66.67

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
61.33 5119.8649 0.0000 -1.855E-0005
1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 67.00

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
61.67 5119.8649 0.0000 -1.855E-0005
1118.8120 0.0000 -6.531E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 67.33

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
62.00 5119.8649 0.0000 -1.855E-0005
1118.8120 0.0000 -6.531E-0005 8121.3651 0.0000 -2.663E-0004
5119.8649 0.0000 -1.855E-0005 67.67

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
62.33 5119.8672 0.0000 -9.274E-0006
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 68.00

8121.3651 0.0000 -2.663E-0004 1118.8120 0.0000 -6.531E-0005
62.67 5119.8672 0.0000 -9.274E-0006
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 68.33

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
63.00 5119.8672 0.0000 -9.274E-0006
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004
5119.8649 0.0000 -1.855E-0005 68.67

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
63.33 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3651 0.0000 -2.663E-0004
5119.8649 0.0000 -1.855E-0005 69.00

8121.3628 0.0000 -2.754E-0004 1118.8120 0.0000 -6.531E-0005
63.67 5119.8649 0.0000 -1.855E-0005
1118.8143 0.0000 -5.595E-0005 8121.3628 0.0000 -2.754E-0004

5119.8649 0.0000 -1.855E-0005
8121.3628 0.0000 -2.754E-0004
64.00

1118.8143 0.0000 -5.595E-0005
5119.8649 0.0000 -1.855E-0005
8121.3628 0.0000 -2.754E-0004
64.33

1118.8143 0.0000 -5.595E-0005
5119.8649 0.0000 -1.855E-0005
8121.3628 0.0000 -2.754E-0004
64.67

1118.8143 0.0000 -5.595E-0005
5119.8649 0.0000 -1.855E-0005
8121.3628 0.0000 -2.754E-0004
65.00

1118.8143 0.0000 -5.595E-0005
5119.8649 0.0000 -1.855E-0005
8121.3628 0.0000 -2.754E-0004
65.33

1118.8120 0.0000 -6.531E-0005



127

EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

4 numarali numune:

Saniye,

Strain-gage baglandigi devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00 4.67 9.33

1348.8367 0.0000 -5.127E-0006 1348.8367 0.0000 -5.127E-0006 1348.8749 0.0000 4.590E-0005
5353.1682 0.0000 -5.104E-0006 5353.1914 0.0000 2.536E-0005 5353.1798 0.0000 1.009E-0005
8351.3382 0.0000 -5.090E-0006 8351.3113 0.0000 -4.076E-0005 8351.3190 0.0000 -3.058E-0005
0.33 5.00 9.67

1348.8290 0.0000 -1.534E-0005 1348.8367 0.0000 -5.127E-0006 1348.8826 0.0000 5.611E-0005
5353.1682 0.0000 -5.104E-0006 5353.1914 0.0000 2.536E-0005 5353.1798 0.0000 1.009E-0005
8351.3344 0.0000 -1.018E-0005 8351.3113 0.0000 -4.076E-0005 8351.3190 0.0000 -3.058E-0005
0.67 533 10.00

1348.8214 0.0000 -2.555E-0005 1348.8367 0.0000 -5.127E-0006 1348.8903 0.0000 6.636E-0005
5353.1644 0.0000 -1.021E-0005 5353.1914 0.0000 2.536E-0005 5353.1798 0.0000 1.009E-0005
8351.3267 0.0000 -2.036E-0005 8351.3113 0.0000 -4.076E-0005 8351.3152 0.0000 -3.563E-0005
1.00 5.67 10.33

1348.8214 0.0000 -2.555E-0005 1348.8405 0.0000 0.000E+0000 1348.8979 0.0000 7.658E-0005
5353.1644 0.0000 -1.021E-0005 5353.1914 0.0000 2.536E-0005 5353.1798 0.0000 1.009E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
1.33 6.00 10.67

1348.8214 0.0000 -2.555E-0005 1348.8405 0.0000 0.000E+0000 1348.9094 0.0000 9.184E-0005
5353.1644 0.0000 -1.021E-0005 5353.1875 0.0000 2.026E-0005 5353.1798 0.0000 1.009E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
1.67 6.33 11.00

1348.8252 0.0000 -2.043E-0005 1348.8405 0.0000 0.000E+0000 13489171 0.0000 1.020E-0004
5353.1644 0.0000 -1.021E-0005 5353.1875 0.0000 2.026E-0005 5353.1798 0.0000 1.009E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
2.00 6.67 11.33

1348.8252 0.0000 -2.043E-0005 1348.8444 0.0000 5.127E-0006 1348.9285 0.0000 1.173E-0004
5353.1682 0.0000 -5.104E-0006 5353.1875 0.0000 2.026E-0005 5353.1836 0.0000 1.515E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
2.33 7.00 11.67

1348.8252 0.0000 -2.043E-0005 1348.8444 0.0000 5.127E-0006 1348.9400 0.0000 1.327E-0004
5353.1721 0.0000 0.000E+0000 5353.1875 0.0000 2.026E-0005 5353.1836 0.0000 1.515E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
2.67 7.33 12.00

1348.8290 0.0000 -1.534E-0005 1348.8482 0.0000 1.021E-0005 1348.9515 0.0000 1.480E-0004
5353.1759 0.0000 4.984E-0006 5353.1875 0.0000 2.026E-0005 5353.1875 0.0000 2.026E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
3.00 7.67 12.33

1348.8329 0.0000 -1.021E-0005 1348.8558 0.0000 2.034E-0005 1348.9630 0.0000 1.633E-0004
5353.1759 0.0000 4.984E-0006 5353.1875 0.0000 2.026E-0005 5353.1914 0.0000 2.536E-0005
8351.3228 0.0000 -2.549E-0005 8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005
3.33 8.00 12.67

1348.8367 0.0000 -5.127E-0006 1348.8558 0.0000 2.034E-0005 1348.9783 0.0000 1.838E-0004
5353.1759 0.0000 4.984E-0006 5353.1836 0.0000 1.515E-0005 5353.1991 0.0000 3.553E-0005
8351.3190 0.0000 -3.058E-0005 8351.3152 0.0000 -3.563E-0005 8351.3228 0.0000 -2.549E-0005
3.67 8.33 13.00

1348.8367 0.0000 -5.127E-0006 1348.8596 0.0000 2.547E-0005 1348.9898 0.0000 1.991E-0004
5353.1836 0.0000 1.515E-0005 5353.1798 0.0000 1.009E-0005 5353.2029 0.0000 4.059E-0005
8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005 8351.3228 0.0000 -2.549E-0005
4.00 8.67 13.33

1348.8367 0.0000 -5.127E-0006 1348.8673 0.0000 3.568E-0005 1349.0051 0.0000 2.194E-0004
5353.1875 0.0000 2.026E-0005 5353.1759 0.0000 4.984E-0006 5353.2068 0.0000 4.570E-0005
8351.3152 0.0000 -3.563E-0005 8351.3190 0.0000 -3.058E-0005 8351.3228 0.0000 -2.549E-0005
4.33 9.00 13.67

1348.8367 0.0000 -5.127E-0006 1348.8711 0.0000 4.081E-0005 1349.0204 0.0000 2.399E-0004
5353.1914 0.0000 2.536E-0005 5353.1759 0.0000 4.984E-0006 5353.2145 0.0000 5.587E-0005

8351.3113 0.0000 -4.076E-0005 8351.3190 0.0000 -3.058E-0005 8351.3228 0.0000 -2.549E-0005
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14.00 5353.3226 0.0000 1.982E-0004 25.00

1349.0319 0.0000 2.552E-0004 8351.3344 0.0000 -1.018E-0005 1349.3804 0.0000 7.199E-0004
5353.2184 0.0000 6.097E-0005 19.67 5353.4732 0.0000 3.965E-0004
8351.3267 0.0000 -2.036E-0005 1349.2387 0.0000 5.309E-0004 8351.3267 0.0000 -2.036E-0005
14.33 5353.3342 0.0000 2.135E-0004 25.33

1349.0472 0.0000 2.756E-0004 8351.3344 0.0000 -1.018E-0005 1349.3881 0.0000 7.301E-0004
5353.2261 0.0000 7.110E-0005 20.00 5353.4809 0.0000 4.066E-0004
8351.3267 0.0000 -2.036E-0005 1349.2502 0.0000 5.462E-0004 8351.3267 0.0000 -2.036E-0005
14.67 5353.3380 0.0000 2.185E-0004 25.67

1349.0587 0.0000 2.909E-0004 8351.3305 0.0000 -1.527E-0005 1349.3958 0.0000 7.403E-0004
5353.2299 0.0000 7.616E-0005 20.33 5353.4886 0.0000 4.169E-0004
8351.3267 0.0000 -2.036E-0005 1349.2579 0.0000 5.565E-0004 8351.3267 0.0000 -2.036E-0005
15.00 5353.3496 0.0000 2.338E-0004 26.00

1349.0740 0.0000 3.114E-0004 8351.3305 0.0000 -1.527E-0005 1349.4035 0.0000 7.506E-0004
5353.2338 0.0000 8.127E-0005 20.67 5353.4925 0.0000 4.219E-0004
8351.3267 0.0000 -2.036E-0005 1349.2694 0.0000 5.718E-0004 8351.3267 0.0000 -2.036E-0005
15.33 5353.3574 0.0000 2.440E-0004 26.33

1349.0894 0.0000 3.318E-0004 8351.3305 0.0000 -1.527E-0005 1349.4111 0.0000 7.608E-0004
5353.2415 0.0000 9.143E-0005 21.00 5353.5002 0.0000 4.321E-0004
8351.3267 0.0000 -2.036E-0005 1349.2809 0.0000 5.872E-0004 8351.3228 0.0000 -2.549E-0005
15.67 5353.3651 0.0000 2.542E-0004 26.67

1349.1008 0.0000 3.471E-0004 8351.3305 0.0000 -1.527E-0005 1349.4188 0.0000 7.710E-0004
5353.2454 0.0000 9.654E-0005 21.33 5353.5080 0.0000 4.423E-0004
8351.3267 0.0000 -2.036E-0005 1349.2885 0.0000 5.973E-0004 8351.3228 0.0000 -2.549E-0005
16.00 5353.3728 0.0000 2.643E-0004 27.00

1349.1123 0.0000 3.624E-0004 8351.3305 0.0000 -1.527E-0005 1349.4264 0.0000 7.812E-0004
5353.2531 0.0000 1.067E-0004 21.67 5353.5157 0.0000 4.524E-0004
8351.3267 0.0000 -2.036E-0005 1349.3000 0.0000 6.127E-0004 8351.3228 0.0000 -2.549E-0005
16.33 5353.3805 0.0000 2.745E-0004 27.33

1349.1238 0.0000 3.777E-0004 8351.3305 0.0000 -1.527E-0005 1349.4341 0.0000 7.914E-0004
5353.2609 0.0000 1.169E-0004 22.00 5353.5234 0.0000 4.626E-0004
8351.3305 0.0000 -1.527E-0005 1349.3077 0.0000 6.229E-0004 8351.3228 0.0000 -2.549E-0005
16.67 5353.3921 0.0000 2.897E-0004 27.67

1349.1353 0.0000 3.931E-0004 8351.3305 0.0000 -1.527E-0005 1349.4418 0.0000 8.017E-0004
5353.2647 0.0000 1.220E-0004 22.33 5353.5273 0.0000 4.677E-0004
8351.3305 0.0000 -1.527E-0005 1349.3153 0.0000 6.331E-0004 8351.3228 0.0000 -2.549E-0005
17.00 5353.3998 0.0000 2.999E-0004 28.00

1349.1468 0.0000 4.084E-0004 8351.3305 0.0000 -1.527E-0005 1349.4533 0.0000 8.170E-0004
5353.2724 0.0000 1.321E-0004 22.67 5353.5350 0.0000 4.779E-0004
8351.3305 0.0000 -1.527E-0005 1349.3268 0.0000 6.484E-0004 8351.3228 0.0000 -2.549E-0005
17.33 5353.4076 0.0000 3.101E-0004 28.33

1349.1583 0.0000 4.237E-0004 8351.3305 0.0000 -1.527E-0005 1349.4609 0.0000 8.272E-0004
5353.2802 0.0000 1.423E-0004 23.00 5353.5388 0.0000 4.830E-0004
8351.3305 0.0000 -1.527E-0005 1349.3383 0.0000 6.637E-0004 8351.3228 0.0000 -2.549E-0005
17.67 5353.4191 0.0000 3.253E-0004 28.67

1349.1698 0.0000 4.390E-0004 8351.3305 0.0000 -1.527E-0005 1349.4648 0.0000 8.323E-0004
5353.2879 0.0000 1.524E-0004 23.33 5353.5466 0.0000 4.931E-0004
8351.3305 0.0000 -1.527E-0005 1349.3460 0.0000 6.739E-0004 8351.3190 0.0000 -3.058E-0005
18.00 5353.4268 0.0000 3.355E-0004 29.00

1349.1813 0.0000 4.544E-0004 8351.3305 0.0000 -1.527E-0005 1349.4724 0.0000 8.426E-0004
5353.2956 0.0000 1.626E-0004 23.67 5353.5543 0.0000 5.033E-0004
8351.3305 0.0000 -1.527E-0005 1349.3536 0.0000 6.842E-0004 8351.3190 0.0000 -3.058E-0005
18.33 5353.4384 0.0000 3.507E-0004 29.33

1349.1927 0.0000 4.696E-0004 8351.3267 0.0000 -2.036E-0005 1349.4801 0.0000 8.527E-0004
5353.2995 0.0000 1.677E-0004 24.00 5353.5582 0.0000 5.085E-0004
8351.3305 0.0000 -1.527E-0005 1349.3613 0.0000 6.944E-0004 8351.3152 0.0000 -3.563E-0005
18.67 5353.4462 0.0000 3.609E-0004 29.67

1349.2042 0.0000 4.849E-0004 8351.3267 0.0000 -2.036E-0005 1349.4878 0.0000 8.630E-0004
5353.3072 0.0000 1.779E-0004 24.33 5353.5659 0.0000 5.185E-0004
8351.3344 0.0000 -1.018E-0005 1349.3690 0.0000 7.046E-0004 8351.3152 0.0000 -3.563E-0005
19.00 5353.4539 0.0000 3.711E-0004 30.00

1349.2157 0.0000 5.003E-0004 8351.3305 0.0000 -1.527E-0005 1349.4954 0.0000 8.732E-0004
5353.3149 0.0000 1.881E-0004 24.67 5353.5697 0.0000 5.236E-0004
8351.3344 0.0000 -1.018E-0005 1349.3728 0.0000 7.098E-0004 8351.3113 0.0000 -4.076E-0005
19.33 5353.4616 0.0000 3.813E-0004 30.33

1349.2273 0.0000 5.157E-0004 8351.3267 0.0000 -2.036E-0005 1349.5031 0.0000 8.835E-0004
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5353.5736 0.0000 5.287E-0004 36.00 5353.7397 0.0000 7.475E-0004
8351.3113 0.0000 -4.076E-0005 1349.5989 0.0000 1.011E-0003 8351.2075 0.0000 -1.782E-0004
30.67 5353.6663 0.0000 6.508E-0004 41.67

1349.5108 0.0000 8.937E-0004 8351.2690 0.0000 -9.676E-0005 1349.6832 0.0000 1.124E-0003
5353.5775 0.0000 5.338E-0004 36.33 5353.7436 0.0000 7.526E-0004
8351.3074 0.0000 -4.585E-0005 1349.6028 0.0000 1.016E-0003 8351.2075 0.0000 -1.782E-0004
31.00 5353.6740 0.0000 6.610E-0004 42.00

1349.5146 0.0000 8.988E-0004 8351.2690 0.0000 -9.676E-0005 1349.6871 0.0000 1.129E-0003
5353.5852 0.0000 5.440E-0004 36.67 5353.7475 0.0000 7.577E-0004
8351.3036 0.0000 -5.094E-0005 1349.6066 0.0000 1.021E-0003 8351.2036 0.0000 -1.833E-0004
31.33 5353.6818 0.0000 6.712E-0004 4233

1349.5184 0.0000 9.039E-0004 8351.2690 0.0000 -9.676E-0005 1349.6948 0.0000 1.139E-0003
5353.5891 0.0000 5.491E-0004 37.00 5353.7513 0.0000 7.628E-0004
8351.3036 0.0000 -5.094E-0005 1349.6143 0.0000 1.032E-0003 8351.1960 0.0000 -1.934E-0004
31.67 5353.6895 0.0000 6.814E-0004 42.67

1349.5261 0.0000 9.141E-0004 8351.2651 0.0000 -1.018E-0004 1349.6986 0.0000 1.144E-0003
5353.5891 0.0000 5.491E-0004 37.33 5353.7552 0.0000 7.678E-0004
8351.3074 0.0000 -4.585E-0005 1349.6181 0.0000 1.037E-0003 8351.1882 0.0000 -2.037E-0004
32.00 5353.6972 0.0000 6.916E-0004 43.00

1349.5299 0.0000 9.192E-0004 8351.2651 0.0000 -1.018E-0004 1349.7024 0.0000 1.149E-0003
5353.5929 0.0000 5.542E-0004 37.67 5353.7552 0.0000 7.678E-0004
8351.3074 0.0000 -4.585E-0005 1349.6181 0.0000 1.037E-0003 8351.1806 0.0000 -2.138E-0004
32.33 5353.7088 0.0000 7.068E-0004 43.33

1349.5376 0.0000 9.294E-0004 8351.2613 0.0000 -1.069E-0004 1349.7063 0.0000 1.154E-0003
5353.6006 0.0000 5.644E-0004 38.00 5353.7629 0.0000 7.780E-0004
8351.3036 0.0000 -5.094E-0005 1349.6219 0.0000 1.042E-0003 8351.1767 0.0000 -2.189E-0004
32.67 5353.7165 0.0000 7.170E-0004 43.67

1349.5414 0.0000 9.345E-0004 8351.2574 0.0000 -1.120E-0004 1349.7101 0.0000 1.159E-0003
5353.6045 0.0000 5.695E-0004 38.33 5353.7668 0.0000 7.831E-0004
8351.2997 0.0000 -5.603E-0005 1349.6257 0.0000 1.047E-0003 8351.1690 0.0000 -2.291E-0004
33.00 5353.7204 0.0000 7.221E-0004 44.00

1349.5491 0.0000 9.447E-0004 8351.2536 0.0000 -1.171E-0004 1349.7101 0.0000 1.159E-0003
5353.6084 0.0000 5.746E-0004 38.67 5353.7745 0.0000 7.933E-0004
8351.2997 0.0000 -5.603E-0005 1349.6296 0.0000 1.052E-0003 8351.1575 0.0000 -2.444E-0004
33.33 5353.7242 0.0000 7.271E-0004 4433

1349.5529 0.0000 9.499E-0004 8351.2497 0.0000 -1.223E-0004 1349.7101 0.0000 1.159E-0003
5353.6161 0.0000 5.847E-0004 39.00 5353.7745 0.0000 7.933E-0004
8351.2959 0.0000 -6.108E-0005 1349.6334 0.0000 1.057E-0003 8351.1536 0.0000 -2.495E-0004
33.67 5353.7281 0.0000 7.322E-0004 44.67

1349.5606 0.0000 9.601E-0004 8351.2459 0.0000 -1.273E-0004 1349.7139 0.0000 1.164E-0003
5353.6238 0.0000 5.949E-0004 39.33 5353.7822 0.0000 8.035E-0004
8351.2959 0.0000 -6.108E-0005 1349.6411 0.0000 1.067E-0003 8351.1460 0.0000 -2.596E-0004
34.00 5353.7320 0.0000 7.373E-0004 45.00

1349.5645 0.0000 9.652E-0004 8351.2421 0.0000 -1.324E-0004 1349.7139 0.0000 1.164E-0003
5353.6354 0.0000 6.101E-0004 39.67 5353.7899 0.0000 8.137E-0004
8351.2921 0.0000 -6.618E-0005 1349.6487 0.0000 1.078E-0003 8351.1344 0.0000 -2.749E-0004
34.33 5353.7320 0.0000 7.373E-0004 4533

1349.5683 0.0000 9.703E-0004 8351.2383 0.0000 -1.374E-0004 1349.7139 0.0000 1.164E-0003
5353.6393 0.0000 6.152E-0004 40.00 5353.8054 0.0000 8.340E-0004
8351.2882 0.0000 -7.131E-0005 1349.6526 0.0000 1.083E-0003 8351.1229 0.0000 -2.902E-0004
34.67 5353.7320 0.0000 7.373E-0004 45.67

1349.5759 0.0000 9.805E-0004 8351.2305 0.0000 -1.477E-0004 1349.6794 0.0000 1.119E-0003
5353.6470 0.0000 6.254E-0004 40.33 5353.8054 0.0000 8.340E-0004
8351.2844 0.0000 -7.636E-0005 1349.6602 0.0000 1.093E-0003 8351.0691 0.0000 -3.614E-0004
35.00 5353.7320 0.0000 7.373E-0004 46.00

1349.5836 0.0000 9.907E-0004 8351.2228 0.0000 -1.578E-0004 1349.6257 0.0000 1.047E-0003
5353.6509 0.0000 6.305E-0004 40.67 5353.8054 0.0000 8.340E-0004
8351.2767 0.0000 -8.658E-0005 1349.6679 0.0000 1.103E-0003 8350.9768 0.0000 -4.835E-0004
35.33 5353.7358 0.0000 7.424E-0004 46.33

1349.5874 0.0000 9.958E-0004 8351.2190 0.0000 -1.629E-0004 1349.5951 0.0000 1.006E-0003
5353.6586 0.0000 6.406E-0004 41.00 5353.8363 0.0000 8.747E-0004
8351.2767 0.0000 -8.658E-0005 1349.6717 0.0000 1.108E-0003 8350.8308 0.0000 -6.769E-0004
35.67 5353.7397 0.0000 7.475E-0004 46.67

1349.5951 0.0000 1.006E-0003 8351.2113 0.0000 -1.731E-0004 1349.5529 0.0000 9.499E-0004
5353.6624 0.0000 6.457E-0004 41.33 5353.8827 0.0000 9.358E-0004

8351.2728 0.0000 -9.167E-0005 1349.6794 0.0000 1.119E-0003 8350.5772 0.0000 -1.013E-0003
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47.00 5353.2299 0.0000 7.616E-0005 58.00

1349.5146 0.0000 8.988E-0004 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5353.9329 0.0000 1.002E-0003 52.67 5353.2223 0.0000 6.603E-0005
8350.3162 0.0000 -1.358E-0003 1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003
47.33 5353.2299 0.0000 7.616E-0005 58.33

1349.4993 0.0000 8.783E-0004 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5353.9716 0.0000 1.053E-0003 53.00 5353.2223 0.0000 6.603E-0005
8350.1128 0.0000 -1.627E-0003 1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003
47.67 5353.2299 0.0000 7.616E-0005 58.67

1349.4954 0.0000 8.732E-0004 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5353.9948 0.0000 1.083E-0003 53.33 5353.2223 0.0000 6.603E-0005
8349.9478 0.0000 -1.846E-0003 1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003
48.00 5353.2299 0.0000 7.616E-0005 59.00

1349.4993 0.0000 8.783E-0004 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5354.0180 0.0000 1.114E-0003 53.67 5353.2184 0.0000 6.097E-0005
8349.8443 0.0000 -1.983E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
48.33 5353.2261 0.0000 7.110E-0005 59.33

1349.5184 0.0000 9.039E-0004 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5354.0527 0.0000 1.160E-0003 54.00 5353.2184 0.0000 6.097E-0005
8349.7791 0.0000 -2.069E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
48.67 5353.2299 0.0000 7.616E-0005 59.67

1349.5376 0.0000 9.294E-0004 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5354.0837 0.0000 1.201E-0003 54.33 5353.2184 0.0000 6.097E-0005
8349.7292 0.0000 -2.135E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
49.00 5353.2299 0.0000 7.616E-0005 60.00

1349.5568 0.0000 9.550E-0004 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5354.0952 0.0000 1.216E-0003 54.67 5353.2184 0.0000 6.097E-0005
8349.6717 0.0000 -2.211E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
49.33 5353.2299 0.0000 7.616E-0005 60.33

1349.5836 0.0000 9.907E-0004 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5354.1107 0.0000 1.236E-0003 55.00 5353.2184 0.0000 6.097E-0005
8349.6181 0.0000 -2.282E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
49.67 5353.2299 0.0000 7.616E-0005 60.67

1353.5041 0.0000 6.218E-0003 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.7242 0.0000 7.271E-0004 55.33 5353.2184 0.0000 6.097E-0005
8352.4817 0.0000 1.509E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
50.00 5353.2261 0.0000 7.110E-0005 61.00

1357.8862 0.0000 1.206E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.2879 0.0000 1.524E-0004 55.67 5353.2184 0.0000 6.097E-0005
8352.9059 0.0000 2.070E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
50.33 5353.2261 0.0000 7.110E-0005 61.33

1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.2415 0.0000 9.143E-0005 56.00 5353.2184 0.0000 6.097E-0005
8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
50.67 5353.2261 0.0000 7.110E-0005 61.67

1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.2377 0.0000 8.633E-0005 56.33 5353.2184 0.0000 6.097E-0005
8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
51.00 5353.2261 0.0000 7.110E-0005 62.00

1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.2338 0.0000 8.127E-0005 56.67 5353.2145 0.0000 5.587E-0005
8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
51.33 5353.2261 0.0000 7.110E-0005 62.33

1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5353.2338 0.0000 8.127E-0005 57.00 5353.2145 0.0000 5.587E-0005
8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003
51.67 5353.2223 0.0000 6.603E-0005 62.67

1358.4239 0.0000 1.278E-0002 8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002
5353.2338 0.0000 8.127E-0005 57.33 5353.2145 0.0000 5.587E-0005
8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002 8350.4390 0.0000 -1.195E-0003
52.00 5353.2223 0.0000 6.603E-0005 63.00

1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
5353.2299 0.0000 7.616E-0005 57.67 5353.2145 0.0000 5.587E-0005
8350.4429 0.0000 -1.190E-0003 1358.4239 0.0000 1.278E-0002 8350.4390 0.0000 -1.195E-0003
52.33 5353.2223 0.0000 6.603E-0005 63.33

1358.4239 0.0000 1.278E-0002 8350.4467 0.0000 -1.185E-0003 1358.4239 0.0000 1.278E-0002
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5353.2145 0.0000 5.587E-0005 5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003
63.67 66.00 68.33

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4429 0.0000 -1.190E-0003 8350.4390 0.0000 -1.195E-0003
64.00 66.33 68.67

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003
64.33 66.67 69.00

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005 5353.2068 0.0000 4.570E-0005
8350.4429 0.0000 -1.190E-0003 8350.4429 0.0000 -1.190E-0003 8350.4390 0.0000 -1.195E-0003
64.67 67.00 69.33

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003
65.00 67.33 69.67

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003
65.33 67.67 70.00

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002
5353.2107 0.0000 5.080E-0005 5353.2068 0.0000 4.570E-0005 5353.2068 0.0000 4.570E-0005
8350.4390 0.0000 -1.195E-0003 8350.4390 0.0000 -1.195E-0003 8350.4429 0.0000 -1.190E-0003
65.67 68.00

1358.4239 0.0000 1.278E-0002 1358.4239 0.0000 1.278E-0002

5 numarali numune;

Saniye,

Strain-gage baglandigi devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00 5353.2570 0.0000 -3.252E-0004 4.33

1358.4239 0.0000 0.000E+0000 8351.4536 0.0000 -3.257E-0004 1358.4239 0.0000 0.000E+0000
5353.5002 0.0000 -5.099E-0006 2.33 5353.2763 0.0000 -2.998E-0004
8351.6960 0.0000 -5.126E-0006 1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004
0.33 5353.2570 0.0000 -3.252E-0004 4.67

1358.4239 0.0000 0.000E+0000 8351.4536 0.0000 -3.257E-0004 1358.4239 0.0000 0.000E+0000
5353.3728 0.0000 -1.728E-0004 2.67 5353.2802 0.0000 -2.947E-0004
8351.5767 0.0000 -1.628E-0004 1358.4239 0.0000 0.000E+0000 8351.4613 0.0000 -3.155E-0004
0.67 5353.2570 0.0000 -3.252E-0004 5.00

1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000
5353.2493 0.0000 -3.353E-0004 3.00 5353.2879 0.0000 -2.845E-0004
8351.4613 0.0000 -3.155E-0004 1358.4239 0.0000 0.000E+0000 8351.4613 0.0000 -3.155E-0004
1.00 5353.2570 0.0000 -3.252E-0004 533

1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000
5353.2531 0.0000 -3.302E-0004 3.33 5353.2995 0.0000 -2.693E-0004
8351.4613 0.0000 -3.155E-0004 1358.4239 0.0000 0.000E+0000 8351.4651 0.0000 -3.104E-0004
1.33 5353.2609 0.0000 -3.201E-0004 5.67

1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000
5353.2531 0.0000 -3.302E-0004 3.67 5353.3072 0.0000 -2.591E-0004
8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000 8351.4651 0.0000 -3.104E-0004
1.67 5353.2686 0.0000 -3.099E-0004 6.00

1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000
5353.2570 0.0000 -3.252E-0004 4.00 5353.3149 0.0000 -2.489E-0004
8351.4536 0.0000 -3.257E-0004 1358.4239 0.0000 0.000E+0000 8351.4690 0.0000 -3.053E-0004
2.00 5353.2724 0.0000 -3.049E-0004 6.33

1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004 1358.4239 0.0000 0.000E+0000
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5353.3226 0.0000 -2.388E-0004 12.00 5353.5234 0.0000 2.534E-0005
8351.4690 0.0000 -3.053E-0004 1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004
6.67 5353.4462 0.0000 -7.625E-0005 17.67

1358.4239 0.0000 0.000E+0000 8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000
5353.3303 0.0000 -2.287E-0004 12.33 5353.5273 0.0000 3.044E-0005
8351.4690 0.0000 -3.053E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
7.00 5353.4539 0.0000 -6.609E-0005 18.00

1358.4239 0.0000 0.000E+0000 8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000
5353.3419 0.0000 -2.134E-0004 12.67 5353.5311 0.0000 3.554E-0005
8351.4728 0.0000 -3.002E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
7.33 5353.4578 0.0000 -6.099E-0005 18.33

1358.4239 0.0000 0.000E+0000 8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000
5353.3496 0.0000 -2.033E-0004 13.00 5353.5350 0.0000 4.059E-0005
8351.4767 0.0000 -2.951E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
7.67 5353.4655 0.0000 -5.087E-0005 18.67

1358.4239 0.0000 0.000E+0000 8351.4959 0.0000 -2.697E-0004 1358.4239 0.0000 0.000E+0000
5353.3574 0.0000 -1.931E-0004 13.33 5353.5388 0.0000 4.569E-0005
8351.4767 0.0000 -2.951E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
8.00 5353.4732 0.0000 -4.072E-0005 19.00

1358.4239 0.0000 0.000E+0000 8351.4959 0.0000 -2.697E-0004 1358.4239 0.0000 0.000E+0000
5353.3689 0.0000 -1.779E-0004 13.67 5353.5427 0.0000 5.079E-0005
8351.4767 0.0000 -2.951E-0004 1358.4239 0.0000 0.000E+0000 8351.5229 0.0000 -2.341E-0004
8.33 5353.4771 0.0000 -3.562E-0005 19.33

1358.4239 0.0000 0.000E+0000 8351.4959 0.0000 -2.697E-0004 1358.4239 0.0000 0.000E+0000
5353.3728 0.0000 -1.728E-0004 14.00 5353.5466 0.0000 5.585E-0005
8351.4767 0.0000 -2.951E-0004 1358.4239 0.0000 0.000E+0000 8351.5229 0.0000 -2.341E-0004
8.67 5353.4848 0.0000 -2.546E-0005 19.67

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.3805 0.0000 -1.626E-0004 14.33 5353.5466 0.0000 5.585E-0005
8351.4806 0.0000 -2.900E-0004 1358.4239 0.0000 0.000E+0000 8351.5229 0.0000 -2.341E-0004
9.00 5353.4886 0.0000 -2.036E-0005 20.00

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.3882 0.0000 -1.525E-0004 14.67 5353.5543 0.0000 6.605E-0005
8351.4806 0.0000 -2.900E-0004 1358.4239 0.0000 0.000E+0000 8351.5267 0.0000 -2.290E-0004
9.33 5353.4925 0.0000 -1.530E-0005 20.33

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.3960 0.0000 -1.423E-0004 15.00 5353.5543 0.0000 6.605E-0005
8351.4844 0.0000 -2.850E-0004 1358.4239 0.0000 0.000E+0000 8351.5267 0.0000 -2.290E-0004
9.67 5353.4964 0.0000 -1.020E-0005 20.67

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.3998 0.0000 -1.372E-0004 15.33 5353.5582 0.0000 7.115E-0005
8351.4844 0.0000 -2.850E-0004 1358.4239 0.0000 0.000E+0000 8351.5267 0.0000 -2.290E-0004
10.00 5353.5041 0.0000 0.000E+0000 21.00

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.4076 0.0000 -1.270E-0004 15.67 5353.5582 0.0000 7.115E-0005
8351.4883 0.0000 -2.798E-0004 1358.4239 0.0000 0.000E+0000 8351.5267 0.0000 -2.290E-0004
10.33 5353.5080 0.0000 5.059E-0006 21.33

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.4153 0.0000 -1.168E-0004 16.00 5353.5582 0.0000 7.115E-0005
8351.4883 0.0000 -2.798E-0004 1358.4239 0.0000 0.000E+0000 8351.5229 0.0000 -2.341E-0004
10.67 5353.5157 0.0000 1.518E-0005 21.67

1358.4239 0.0000 0.000E+0000 8351.5036 0.0000 -2.595E-0004 1358.4239 0.0000 0.000E+0000
5353.4191 0.0000 -1.119E-0004 16.33 5353.5620 0.0000 7.613E-0005
8351.4883 0.0000 -2.798E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
11.00 5353.5195 0.0000 2.024E-0005 22.00

1358.4239 0.0000 0.000E+0000 8351.5036 0.0000 -2.595E-0004 1358.4239 0.0000 0.000E+0000
5353.4268 0.0000 -1.017E-0004 16.67 5353.5659 0.0000 8.123E-0005
8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000 8351.5190 0.0000 -2.392E-0004
11.33 5353.5195 0.0000 2.024E-0005 22.33

1358.4239 0.0000 0.000E+0000 8351.5036 0.0000 -2.595E-0004 1358.4239 0.0000 0.000E+0000
5353.4346 0.0000 -9.151E-0005 17.00 5353.5697 0.0000 8.633E-0005
8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004
11.67 5353.5195 0.0000 2.024E-0005 22.67

1358.4239 0.0000 0.000E+0000 8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000
5353.4423 0.0000 -8.131E-0005 17.33 5353.5736 0.0000 9.139E-0005

8351.4920 0.0000 -2.748E-0004 1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004
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23.00 5353.6238 0.0000 1.575E-0004 34.00

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5736 0.0000 9.139E-0005 28.67 5353.6740 0.0000 2.236E-0004
8351.5190 0.0000 -2.392E-0004 1358.4239 0.0000 0.000E+0000 8351.4920 0.0000 -2.748E-0004
23.33 5353.6238 0.0000 1.575E-0004 34.33

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5775 0.0000 9.649E-0005 29.00 5353.6779 0.0000 2.286E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4883 0.0000 -2.798E-0004
23.67 5353.6277 0.0000 1.625E-0004 34.67

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5852 0.0000 1.067E-0004 29.33 5353.6818 0.0000 2.337E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4844 0.0000 -2.850E-0004
24.00 5353.6316 0.0000 1.677E-0004 35.00

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5852 0.0000 1.067E-0004 29.67 5353.6856 0.0000 2.388E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4806 0.0000 -2.900E-0004
24.33 5353.6316 0.0000 1.677E-0004 35.33

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5891 0.0000 1.117E-0004 30.00 5353.6895 0.0000 2.439E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4767 0.0000 -2.951E-0004
24.67 5353.6354 0.0000 1.727E-0004 35.67

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5891 0.0000 1.117E-0004 30.33 5353.6934 0.0000 2.490E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4767 0.0000 -2.951E-0004
25.00 5353.6393 0.0000 1.778E-0004 36.00

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5929 0.0000 1.168E-0004 30.67 5353.6972 0.0000 2.541E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4728 0.0000 -3.002E-0004
25.33 5353.6431 0.0000 1.829E-0004 36.33

1358.4239 0.0000 0.000E+0000 8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000
5353.5968 0.0000 1.219E-0004 31.00 5353.7011 0.0000 2.591E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4690 0.0000 -3.053E-0004
25.67 5353.6470 0.0000 1.880E-0004 36.67

1358.4239 0.0000 0.000E+0000 8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000
5353.6006 0.0000 1.270E-0004 31.33 5353.7050 0.0000 2.642E-0004
8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000 8351.4690 0.0000 -3.053E-0004
26.00 5353.6470 0.0000 1.880E-0004 37.00

1358.4239 0.0000 0.000E+0000 8351.5113 0.0000 -2.494E-0004 1358.4239 0.0000 0.000E+0000
5353.6045 0.0000 1.321E-0004 31.67 5353.7088 0.0000 2.693E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4651 0.0000 -3.104E-0004
26.33 5353.6509 0.0000 1.931E-0004 37.33

1358.4239 0.0000 0.000E+0000 8351.5074 0.0000 -2.545E-0004 1358.4239 0.0000 0.000E+0000
5353.6084 0.0000 1.372E-0004 32.00 5353.7165 0.0000 2.795E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4613 0.0000 -3.155E-0004
26.67 5353.6547 0.0000 1.982E-0004 37.67

1358.4239 0.0000 0.000E+0000 8351.5074 0.0000 -2.545E-0004 1358.4239 0.0000 0.000E+0000
5353.6084 0.0000 1.372E-0004 32.33 5353.7165 0.0000 2.795E-0004
8351.5190 0.0000 -2.392E-0004 1358.4239 0.0000 0.000E+0000 8351.4575 0.0000 -3.206E-0004
27.00 5353.6586 0.0000 2.032E-0004 38.00

1358.4239 0.0000 0.000E+0000 8351.5036 0.0000 -2.595E-0004 1358.4239 0.0000 0.000E+0000
5353.6122 0.0000 1.422E-0004 32.67 5353.7165 0.0000 2.795E-0004
8351.5190 0.0000 -2.392E-0004 1358.4239 0.0000 0.000E+0000 8351.4536 0.0000 -3.257E-0004
27.33 5353.6663 0.0000 2.134E-0004 38.33

1358.4239 0.0000 0.000E+0000 8351.5036 0.0000 -2.595E-0004 1358.4239 0.0000 0.000E+0000
5353.6161 0.0000 1.473E-0004 33.00 5353.7165 0.0000 2.795E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4497 0.0000 -3.308E-0004
27.67 5353.6663 0.0000 2.134E-0004 38.67

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.6161 0.0000 1.473E-0004 33.33 5353.7165 0.0000 2.795E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4459 0.0000 -3.359E-0004
28.00 5353.6702 0.0000 2.185E-0004 39.00

1358.4239 0.0000 0.000E+0000 8351.4998 0.0000 -2.646E-0004 1358.4239 0.0000 0.000E+0000
5353.6200 0.0000 1.524E-0004 33.67 5353.7126 0.0000 2.744E-0004
8351.5152 0.0000 -2.443E-0004 1358.4239 0.0000 0.000E+0000 8351.4459 0.0000 -3.359E-0004
28.33 5353.6740 0.0000 2.236E-0004 39.33

1358.4239 0.0000 0.000E+0000 8351.4959 0.0000 -2.697E-0004 1358.4239 0.0000 0.000E+0000
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5353.7126 0.0000 2.744E-0004 45.00 5353.3188 0.0000 -2.438E-0004
8351.4459 0.0000 -3.359E-0004 1358.4239 0.0000 0.000E+0000 8350.2893 0.0000 -1.865E-0003
39.67 5353.6856 0.0000 2.388E-0004 50.67

1358.4239 0.0000 0.000E+0000 8351.3613 0.0000 -4.477E-0004 1358.4239 0.0000 0.000E+0000
5353.7126 0.0000 2.744E-0004 4533 5353.3110 0.0000 -2.540E-0004
8351.4420 0.0000 -3.410E-0004 1358.4239 0.0000 0.000E+0000 8350.3047 0.0000 -1.845E-0003
40.00 5353.6624 0.0000 2.083E-0004 51.00

1358.4239 0.0000 0.000E+0000 8351.3267 0.0000 -4.935E-0004 1358.4239 0.0000 0.000E+0000
5353.7165 0.0000 2.795E-0004 45.67 5353.3072 0.0000 -2.591E-0004
8351.4382 0.0000 -3.460E-0004 1358.4239 0.0000 0.000E+0000 8350.3123 0.0000 -1.835E-0003
40.33 5353.6547 0.0000 1.982E-0004 51.33

1358.4239 0.0000 0.000E+0000 8351.3190 0.0000 -5.037E-0004 1358.4239 0.0000 0.000E+0000
5353.7204 0.0000 2.846E-0004 46.00 5353.3072 0.0000 -2.591E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3162 0.0000 -1.830E-0003
40.67 5353.6431 0.0000 1.829E-0004 51.67

1358.4239 0.0000 0.000E+0000 8351.3113 0.0000 -5.139E-0004 1358.4239 0.0000 0.000E+0000
5353.7204 0.0000 2.846E-0004 46.33 5353.3033 0.0000 -2.642E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3200 0.0000 -1.825E-0003
41.00 5353.6161 0.0000 1.473E-0004 52.00

1358.4239 0.0000 0.000E+0000 8351.2728 0.0000 -5.647E-0004 1358.4239 0.0000 0.000E+0000
5353.7242 0.0000 2.896E-0004 46.67 5353.2995 0.0000 -2.693E-0004
8351.4305 0.0000 -3.562E-0004 1358.4239 0.0000 0.000E+0000 8350.3200 0.0000 -1.825E-0003
41.33 5353.5929 0.0000 1.168E-0004 52.33

1358.4239 0.0000 0.000E+0000 8351.1921 0.0000 -6.715E-0004 1358.4239 0.0000 0.000E+0000
5353.7204 0.0000 2.846E-0004 47.00 5353.2995 0.0000 -2.693E-0004
8351.4267 0.0000 -3.613E-0004 1358.4239 0.0000 0.000E+0000 8350.3200 0.0000 -1.825E-0003
41.67 5353.5968 0.0000 1.219E-0004 52.67

1358.4239 0.0000 0.000E+0000 8351.1037 0.0000 -7.884E-0004 1358.4239 0.0000 0.000E+0000
5353.7165 0.0000 2.795E-0004 47.33 5353.2995 0.0000 -2.693E-0004
8351.4229 0.0000 -3.663E-0004 1358.4239 0.0000 0.000E+0000 8350.3239 0.0000 -1.820E-0003
42.00 5353.6316 0.0000 1.677E-0004 53.00

1358.4239 0.0000 0.000E+0000 8350.7770 0.0000 -1.220E-0003 1358.4239 0.0000 0.000E+0000
5353.7050 0.0000 2.642E-0004 47.67 5353.2995 0.0000 -2.693E-0004
8351.4305 0.0000 -3.562E-0004 1358.4239 0.0000 0.000E+0000 8350.3239 0.0000 -1.820E-0003
4233 5353.7822 0.0000 3.659E-0004 53.33

1358.4239 0.0000 0.000E+0000 8350.1166 0.0000 -2.094E-0003 1358.4239 0.0000 0.000E+0000
5353.7050 0.0000 2.642E-0004 48.00 5353.2956 0.0000 -2.744E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
42.67 5353.9522 0.0000 5.896E-0004 53.67

1358.4239 0.0000 0.000E+0000 8349.6679 0.0000 -2.687E-0003 1358.4239 0.0000 0.000E+0000
5353.7050 0.0000 2.642E-0004 48.33 5353.2956 0.0000 -2.744E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
43.00 5354.0257 0.0000 6.863E-0004 54.00

1358.4239 0.0000 0.000E+0000 8349.3766 0.0000 -3.072E-0003 1358.4239 0.0000 0.000E+0000
5353.7088 0.0000 2.693E-0004 48.67 5353.2956 0.0000 -2.744E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
43.33 5354.0876 0.0000 7.676E-0004 54.33

1358.4239 0.0000 0.000E+0000 8349.0702 0.0000 -3.478E-0003 1358.4239 0.0000 0.000E+0000
5353.7088 0.0000 2.693E-0004 49.00 5353.2956 0.0000 -2.744E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
43.67 5354.1571 0.0000 8.592E-0004 54.67

1358.4239 0.0000 0.000E+0000 8348.9094 0.0000 -3.690E-0003 1358.4239 0.0000 0.000E+0000
5353.7126 0.0000 2.744E-0004 49.33 5353.2956 0.0000 -2.744E-0004
8351.4344 0.0000 -3.511E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
44.00 5354.2190 0.0000 9.406E-0004 55.00

1358.4239 0.0000 0.000E+0000 8349.1851 0.0000 -3.326E-0003 1358.4239 0.0000 0.000E+0000
5353.7165 0.0000 2.795E-0004 49.67 5353.2956 0.0000 -2.744E-0004
8351.4305 0.0000 -3.562E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
4433 5353.9986 0.0000 6.506E-0004 55.33

1358.4239 0.0000 0.000E+0000 8349.5721 0.0000 -2.814E-0003 1358.4239 0.0000 0.000E+0000
5353.7204 0.0000 2.846E-0004 50.00 5353.2917 0.0000 -2.795E-0004
8351.4267 0.0000 -3.613E-0004 1358.4239 0.0000 0.000E+0000 8350.3239 0.0000 -1.820E-0003
44.67 5353.5388 0.0000 4.569E-0005 55.67

1358.4239 0.0000 0.000E+0000 8349.9747 0.0000 -2.281E-0003 1358.4239 0.0000 0.000E+0000
5353.7088 0.0000 2.693E-0004 50.33 5353.2917 0.0000 -2.795E-0004

8351.4074 0.0000 -3.867E-0004 1358.4239 0.0000 0.000E+0000 8350.3277 0.0000 -1.815E-0003
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56.00 57.67 59.33

1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000
5353.2917 0.0000 -2.795E-0004 5353.2917 0.0000 -2.795E-0004 5353.2879 0.0000 -2.845E-0004
8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003
56.33 58.00 59.67

1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000
5353.2917 0.0000 -2.795E-0004 5353.2879 0.0000 -2.845E-0004 5353.2917 0.0000 -2.795E-0004
8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003 8350.3239 0.0000 -1.820E-0003
56.67 58.33 60.00

1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000
5353.2917 0.0000 -2.795E-0004 5353.2879 0.0000 -2.845E-0004 5353.2879 0.0000 -2.845E-0004
8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003 8350.3239 0.0000 -1.820E-0003
57.00 58.67 60.33

1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000
5353.2917 0.0000 -2.795E-0004 5353.2879 0.0000 -2.845E-0004 5353.2879 0.0000 -2.845E-0004
8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003
57.33 59.00 60.67

1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000 1358.4239 0.0000 0.000E+0000
5353.2917 0.0000 -2.795E-0004 5353.2879 0.0000 -2.845E-0004 5353.2879 0.0000 -2.845E-0004
8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003 8350.3277 0.0000 -1.815E-0003

6 numarali numune;

Saniye,

Strain-gage baglandigi devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00 3.67 7.33

1118.8818 0.0000 -9.260E-0006 1118.7840 0.0000 -4.007E-0004 1118.7817 0.0000 -4.100E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
0.33 4.00 7.67

1118.8189 0.0000 -2.609E-0004 1 118.7840 0.0000 -4.007E-0004 1118.7817 0.0000 -4.100E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
0.67 4.33 8.00

1 118.7585 0.0000 -5.032E-0004 1118.7840 0.0000 -4.007E-0004 1118.7840 0.0000 -4.007E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
1.00 4.67 8.33

1118.7608 0.0000 -4.939E-0004 1118.7817 0.0000 -4.100E-0004 1 118.7840 0.0000 -4.007E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
1.33 5.00 8.67

1 118.7585 0.0000 -5.032E-0004 1118.7794 0.0000 -4.193E-0004 1118.7864 0.0000 -3.914E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
1.67 533 9.00

1 118.7585 0.0000 -5.032E-0004 1118.7771 0.0000 -4.286E-0004 1118.7864 0.0000 -3.914E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
2.00 5.67 9.33

1 118.7585 0.0000 -5.032E-0004 1118.7771 0.0000 -4.286E-0004 1 118.7887 0.0000 -3.821E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
2.33 6.00 9.67

1118.7608 0.0000 -4.939E-0004 1118.7771 0.0000 -4.286E-0004 1 118.7887 0.0000 -3.821E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
2.67 6.33 10.00

1118.7654 0.0000 -4.752E-0004 1118.7771 0.0000 -4.286E-0004 1118.7887 0.0000 -3.821E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
3.00 6.67 10.33

1118.7724 0.0000 -4.473E-0004 1118.7771 0.0000 -4.286E-0004 1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
3.33 7.00 10.67

1118.7794 0.0000 -4.193E-0004 1118.7794 0.0000 -4.193E-0004 1118.7910 0.0000 -3.727E-0004

5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
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11.00
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000
11.33
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000
11.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
12.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
12.33
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
12.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
13.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
13.33
1 118.7957 0.0000 -3.541E-0004
5124.9794 0.0000 0.000E+0000
13.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
14.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
14.33
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
14.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
15.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
15.33
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
15.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
16.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
16.33
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000
16.67
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
17.00
1118.7934 0.0000 -3.634E-0004
5124.9794 0.0000 0.000E+0000
17.33
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000
17.67
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000
18.00
1118.7910 0.0000 -3.727E-0004
5124.9794 0.0000 0.000E+0000

18.33

1118.7910 0.0000 -3.727E-0004

5124.9794
18.67
1118.7910
5124.9794
19.00
1118.7957
5124.9794
19.33
1118.8050
5124.9794
19.67
1118.8189
5124.9794
20.00
1118.8329
5124.9794
20.33
1118.8492
5124.9794
20.67
1118.8655
5124.9794
21.00
1118.8841
5124.9794
21.33
1118.9027
5124.9794
21.67
1118.9213
5124.9794
22.00
1118.9399
5124.9794
22.33
1118.9609
5124.9794
22.67
11189818
5124.9794
23.00
1119.0028
5124.9794
23.33
1119.0214
5124.9794
23.67
1119.0424
5124.9794
24.00
1119.0610
5124.9794
24.33
1119.0819
5124.9794
24.67
1119.1006
5124.9794
25.00
1119.1215
5124.9794
25.33
1119.1401
5124.9794

0.0000

0.000E+0000

0.0000 -3.727E-0004

0.0000

0.000E+0000

0.0000 -3.541E-0004

0.0000

0.000E+0000

0.0000 -3.168E-0004

0.0000

0.000E+0000

0.0000 -2.609E-0004

0.0000

0.000E+0000

0.0000 -2.050E-0004

0.0000

0.0000
0.0000

0.000E+0000

-1.398E-0004

0.000E+0000

0.0000 -7.450E-0005

0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.000E+0000

0.000E+0000
0.000E+0000

7.457E-0005
0.000E+0000

1.492E-0004
0.000E+0000

2.238E-0004
0.000E+0000

3.076E-0004
0.000E+0000

3.915E-0004
0.000E+0000

4.754E-0004
0.000E+0000

5.500E-0004
0.000E+0000

6.340E-0004
0.000E+0000

7.085E-0004
0.000E+0000

7.925E-0004
0.000E+0000

8.671E-0004
0.000E+0000

9.510E-0004
0.000E+0000

1.026E-0003
0.000E+0000

25.67
1119.1588
5124.9794
26.00
1119.1774
5124.9794
26.33
1119.1960
5124.9794
26.67
1119.2147
5124.9794
27.00
1119.2310
5124.9794
27.33
1119.2473
5124.9794
27.67
1119.2659
5124.9794
28.00
1119.2822
5124.9794
28.33
1119.2985
5124.9794
28.67
1119.3148
5124.9794
29.00
1119.3334
5124.9794
29.33
1119.3497
5124.9794
29.67
1119.3684
5124.9794
30.00
1119.3847
5124.9794
30.33
1119.4033
5124.9794
30.67
1119.4196
5124.9794
31.00
1119.4360
5124.9794
31.33
1119.4546
5124.9794
31.67
1119.4709
5124.9794
32.00
1119.4872
5124.9794
32.33
1119.5035
5124.9794
32.67
1119.5222
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
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1.100E-0003
0.000E+0000

1.175E-0003
0.000E+0000

1.249E-0003
0.000E+0000

1.324E-0003
0.000E+0000

1.389E-0003
0.000E+0000

1.455E-0003
0.000E+0000

1.529E-0003
0.000E+0000

1.595E-0003
0.000E+0000

1.660E-0003
0.000E+0000

1.725E-0003
0.000E+0000

1.800E-0003
0.000E+0000

1.865E-0003
0.000E+0000

1.940E-0003
0.000E+0000

2.005E-0003
0.000E+0000

2.080E-0003
0.000E+0000

2.145E-0003
0.000E+0000

2.211E-0003
0.000E+0000

2.285E-0003
0.000E+0000

2.350E-0003
0.000E+0000

2.416E-0003
0.000E+0000

2.481E-0003
0.000E+0000

2.556E-0003
0.000E+0000



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

33.00
1119.5385
5124.9794
33.33
1119.5525
5124.9794
33.67
1119.5688
5124.9794
34.00
1119.5851
5124.9794
34.33
1119.5991
5124.9794
34.67
1119.6154
5124.9794
35.00
1119.6317
5124.9794
35.33
1119.6457
5124.9794
35.67
1119.6597
5124.9794
36.00
1119.6737
5124.9794
36.33
1119.6877
5124.9794
36.67
1119.7040
5124.9794
37.00
1119.7180
5124.9794
37.33
1119.7320
5124.9794
37.67
1119.7460
5124.9794
38.00
1119.7623
5124.9794
38.33
1119.7763
5124.9794
38.67
1119.7926
5124.9794
39.00
1119.8089
5124.9794
39.33
1119.8229
5124.9794
39.67
1119.8393
5124.9794
40.00
1119.8556
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

2.621E-0003
0.000E+0000

2.677E-0003
0.000E+0000

2.743E-0003
0.000E+0000

2.808E-0003
0.000E+0000

2.864E-0003
0.000E+0000

2.929E-0003
0.000E+0000

2.995E-0003
0.000E+0000

3.051E-0003
0.000E+0000

3.107E-0003
0.000E+0000

3.163E-0003
0.000E+0000

3.219E-0003
0.000E+0000

3.284E-0003
0.000E+0000

3.340E-0003
0.000E+0000

3.396E-0003
0.000E+0000

3.452E-0003
0.000E+0000

3.518E-0003
0.000E+0000

3.574E-0003
0.000E+0000

3.639E-0003
0.000E+0000

3.704E-0003
0.000E+0000

3.760E-0003
0.000E+0000

3.826E-0003
0.000E+0000

3.891E-0003
0.000E+0000

40.33
1119.8696
5124.9794
40.67
1119.8859
5124.9794
41.00
1119.9022
5124.9794
41.33
1119.9162
5124.9794
41.67
1119.9326
5124.9794
42.00
1 119.9466
5124.9794
4233
1119.9629
5124.9794
42.67
1119.9769
5124.9794
43.00
1119.9932
5124.9794
43.33
1120.0095
5124.9794
43.67
1120.0259
5124.9794
44.00
1120.0422
5124.9794
4433
1120.0562
5124.9794
44.67
1120.0726
5124.9794
45.00
1120.0889
5124.9794
4533
1120.1052
5124.9794
45.67
1120.1216
5124.9794
46.00
1120.1379
5124.9794
46.33
1120.1519
5124.9794
46.67
1120.1659
5124.9794
47.00
1120.1799
5124.9794
47.33
1120.1963
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

3.947E-0003
0.000E+0000

4.013E-0003
0.000E+0000

4.078E-0003
0.000E+0000

4.134E-0003
0.000E+0000

4.200E-0003
0.000E+0000

4.256E-0003
0.000E+0000

4.321E-0003
0.000E+0000

4.377E-0003
0.000E+0000

4.443E-0003
0.000E+0000

4.508E-0003
0.000E+0000

4.573E-0003
0.000E+0000

4.639E-0003
0.000E+0000

4.695E-0003
0.000E+0000

4.760E-0003
0.000E+0000

4.826E-0003
0.000E+0000

4.891E-0003
0.000E+0000

4.957E-0003
0.000E+0000

5.022E-0003
0.000E+0000

5.078E-0003
0.000E+0000

5.134E-0003
0.000E+0000

5.190E-0003
0.000E+0000

5.256E-0003
0.000E+0000

47.67
1120.2103
5124.9794
48.00
1120.2243
5124.9794
48.33
1120.2359
5124.9794
48.67
1120.2500
5124.9794
49.00
1120.2640
5124.9794
49.33
1120.2780
5124.9794
49.67
1120.2920
5124.9794
50.00
1120.3060
5124.9794
50.33
11203177
5124.9794
50.67
1120.3317
5124.9794
51.00
1120.3480
5124.9794
51.33
1120.3597
5124.9794
51.67
1120.3761
5124.9794
52.00
1120.3924
5124.9794
52.33
1120.4064
5124.9794
52.67
1120.4228
5124.9794
53.00
1120.4391
5124.9794
53.33
1120.4531
5124.9794
53.67
1120.4671
5124.9794
54.00
1120.4812
5124.9794
54.33
1120.4952
5124.9794
54.67
1120.5092
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
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5.312E-0003
0.000E+0000

5.368E-0003
0.000E+0000

5.415E-0003
0.000E+0000

5.471E-0003
0.000E+0000

5.527E-0003
0.000E+0000

5.583E-0003
0.000E+0000

5.639E-0003
0.000E+0000

5.695E-0003
0.000E+0000

5.742E-0003
0.000E+0000

5.798E-0003
0.000E+0000

5.864E-0003
0.000E+0000

5.911E-0003
0.000E+0000

5.976E-0003
0.000E+0000

6.042E-0003
0.000E+0000

6.098E-0003
0.000E+0000

6.163E-0003
0.000E+0000

6.229E-0003
0.000E+0000

6.285E-0003
0.000E+0000

6.341E-0003
0.000E+0000

6.397E-0003
0.000E+0000

6.453E-0003
0.000E+0000

6.509E-0003
0.000E+0000



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

55.00 62.33

1120.5232 0.0000 6.566E-0003 1120.8364 0.0000 7.820E-0003
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
55.33 62.67

1120.5372 0.0000 6.622E-0003 1120.8528 0.0000 7.885E-0003
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
55.67 63.00

1120.5512 0.0000 6.678E-0003 1120.9533 0.0000 8.288E-0003
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
56.00 63.33

1120.5653 0.0000 6.734E-0003 11229861 0.0000 1.643E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
56.33 63.67

1120.5793 0.0000 6.790E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
56.67 64.00

1120.5933 0.0000 6.846E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
57.00 64.33

1120.6073 0.0000 6.902E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
57.33 64.67

1120.6213 0.0000 6.959E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
57.67 65.00

1120.6354 0.0000 7.015E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
58.00 65.33

1120.6471 0.0000 7.062E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
58.33 65.67

1120.6611 0.0000 7.118E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
58.67 66.00

1120.6751 0.0000 7.174E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
59.00 66.33

1120.6914 0.0000 7.239E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
59.33 66.67

1 120.7055 0.0000 7.296E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
59.67 67.00

1120.7195 0.0000 7.352E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
60.00 67.33

1120.7359 0.0000 7.417E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
60.33 67.67

1 120.7499 0.0000 7.473E-0003 1124.9794 0.0000 2.441E-0002
5124.9794 0.0000 0.000E+0000 5124.9794 0.0000 0.000E+0000
60.67

1120.7663 0.0000 7.539E-0003
5124.9794 0.0000 0.000E+0000
61.00

1120.7803 0.0000 7.595E-0003
5124.9794 0.0000 0.000E+0000
61.33

1120.7943 0.0000 7.651E-0003
5124.9794 0.0000 0.000E+0000
61.67

1120.8107 0.0000 7.717E-0003
5124.9794 0.0000 0.000E+0000
62.00

1120.8224 0.0000 7.764E-0003
5124.9794 0.0000 0.000E+0000
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EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

7 numarali numune;

Saniye,

139

Strain-gage baglandigi devre numarasi / direng degeri / bosluk / sekil degisimi orant

0.00
1119.0726
5124.9794
0.33
1119.0703
5124.9794
0.67
1119.0726
5124.9794
1.00
1119.0796
5124.9794
1.33
1119.0796
5124.9794
1.67
1119.0796
5124.9794
2.00
1119.0843
5124.9794
2.33
1119.0936
5124.9794
2.67
1119.1006
5124.9794
3.00
1119.1075
5124.9794
3.33
1119.1192
5124.9794
3.67
1119.1331
5124.9794
4.00
1119.1448
5124.9794
4.33
1119.1588
5124.9794
4.67
1119.1751
5124.9794
5.00
1119.1890
5124.9794
533
1119.2053
5124.9794
5.67
1119.2193
5124.9794
6.00
1119.2379

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000

0.000E+0000
0.000E+0000

-9.306E-0006
0.000E+0000

0.000E+0000
0.000E+0000

2.792E-0005
0.000E+0000

2.792E-0005
0.000E+0000

2.792E-0005
0.000E+0000

4.653E-0005
0.000E+0000

8.378E-0005
0.000E+0000

1.117E-0004
0.000E+0000

1.396E-0004
0.000E+0000

1.862E-0004
0.000E+0000

2.420E-0004
0.000E+0000

2.887E-0004
0.000E+0000

3.445E-0004
0.000E+0000

4.096E-0004
0.000E+0000

4.656E-0004
0.000E+0000

5.307E-0004
0.000E+0000

5.866E-0004
0.000E+0000

6.611E-0004

5124.9794
6.33
1119.2566
5124.9794
6.67
1119.2729
5124.9794
7.00
1119.2938
5124.9794
7.33
1119.3148
5124.9794
7.67
1119.3358
5124.9794
8.00
1119.3544
5124.9794
8.33
1119.3777
5124.9794
8.67
1119.3987
5124.9794
9.00
1119.4196
5124.9794
9.33
1119.4406
5124.9794
9.67
1119.4616
5124.9794
10.00
1119.4849
5124.9794
10.33
1119.5082
5124.9794
10.67
1119.5315
5124.9794
11.00
1119.5501
5124.9794
11.33
1119.5734
5124.9794
11.67
1119.5968
5124.9794
12.00
1119.6201
5124.9794
12.33

0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.000E+0000

7.357E-0004
0.000E+0000

8.008E-0004
0.000E+0000

8.847E-0004
0.000E+0000

9.685E-0004
0.000E+0000

1.052E-0003
0.000E+0000

1.127E-0003
0.000E+0000

1.220E-0003
0.000E+0000

1.304E-0003
0.000E+0000

1.388E-0003
0.000E+0000

1.472E-0003
0.000E+0000

1.555E-0003
0.000E+0000

1.649E-0003
0.000E+0000

1.742E-0003
0.000E+0000

1.835E-0003
0.000E+0000

1.910E-0003
0.000E+0000

2.003E-0003
0.000E+0000

2.096E-0003
0.000E+0000

2.189E-0003
0.000E+0000

1119.6434
5124.9794
12.67
1 119.6690
5124.9794
13.00
1119.6923
5124.9794
13.33
1119.7156
5124.9794
13.67
1119.7413
5124.9794
14.00
1119.7670
5124.9794
14.33
1119.7926
5124.9794
14.67
1119.8183
5124.9794
15.00
1119.8509
5124.9794
15.33
1119.8859
5124.9794
15.67
1119.9162
5124.9794
16.00
1119.9466
5124.9794
16.33
1119.9746
5124.9794
16.67
1120.0026
5124.9794
17.00
1120.0282
5124.9794
17.33
1120.0539
5124.9794
17.67
1120.0796
5124.9794
18.00
1120.1076
5124.9794
18.33
1120.1332
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

2.283E-0003
0.000E+0000

2.385E-0003
0.000E+0000

2.478E-0003
0.000E+0000

2.572E-0003
0.000E+0000

2.674E-0003
0.000E+0000

2.777E-0003
0.000E+0000

2.879E-0003
0.000E+0000

2.982E-0003
0.000E+0000

3.113E-0003
0.000E+0000

3.252E-0003
0.000E+0000

3.374E-0003
0.000E+0000

3.495E-0003
0.000E+0000

3.607E-0003
0.000E+0000

3.719E-0003
0.000E+0000

3.822E-0003
0.000E+0000

3.924E-0003
0.000E+0000

4.027E-0003
0.000E+0000

4.139E-0003
0.000E+0000

4.242E-0003
0.000E+0000



EK-2 (devam) Strain-gage’lerden alinan sekil degisimi verileri

18.67
1120.1589
5124.9794
19.00
1120.1846
5124.9794
19.33
1120.2056
5124.9794
19.67
1120.2289
5124.9794
20.00
1120.2523
5124.9794
20.33
1120.2756
5124.9794
20.67
1120.2990
5124.9794
21.00
1120.3247
5124.9794
21.33
1120.3504
5124.9794
21.67
1120.3690
5124.9794
22.00
1120.3877
5124.9794
22.33
1120.4064
5124.9794
22.67
1120.4274
5124.9794
23.00
1120.4484
5124.9794
23.33
1120.4671
5124.9794
23.67
1120.4835
5124.9794
24.00
1120.4998
5124.9794
24.33
1120.5185
5124.9794
24.67
1120.5372
5124.9794
25.00
1120.5559
5124.9794
25.33
1120.5746
5124.9794
25.67
1120.5956
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

4.344E-0003
0.000E+0000

4.447E-0003
0.000E+0000

4.531E-0003
0.000E+0000

4.624E-0003
0.000E+0000

4.718E-0003
0.000E+0000

4.811E-0003
0.000E+0000

4.904E-0003
0.000E+0000

5.007E-0003
0.000E+0000

5.110E-0003
0.000E+0000

5.185E-0003
0.000E+0000

5.259E-0003
0.000E+0000

5.334E-0003
0.000E+0000

5.418E-0003
0.000E+0000

5.502E-0003
0.000E+0000

5.577E-0003
0.000E+0000

5.642E-0003
0.000E+0000

5.708E-0003
0.000E+0000

5.782E-0003
0.000E+0000

5.857E-0003
0.000E+0000

5.932E-0003
0.000E+0000

6.007E-0003
0.000E+0000

6.091E-0003
0.000E+0000

26.00
1120.6143
5124.9794
26.33
1120.6307
5124.9794
26.67
1120.6471
5124.9794
27.00
1120.6657
5124.9794
27.33
1120.6821
5124.9794
27.67
1120.6985
5124.9794
28.00
1120.7172
5124.9794
28.33
1120.7335
5124.9794
28.67
1120.7476
5124.9794
29.00
1120.7616
5124.9794
29.33
1120.7780
5124.9794
29.67
1120.7943
5124.9794
30.00
1120.8107
5124.9794
30.33
1120.8270
5124.9794
30.67
1120.8434
5124.9794
31.00
1120.8621
5124.9794
31.33
1120.8808
5124.9794
31.67
1120.8995
5124.9794
32.00
11209159
5124.9794
32.33
1120.9346
5124.9794
32.67
1120.9533
5124.9794
33.00
1120.9720
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

6.166E-0003
0.000E+0000

6.231E-0003
0.000E+0000

6.296E-0003
0.000E+0000

6.371E-0003
0.000E+0000

6.437E-0003
0.000E+0000

6.502E-0003
0.000E+0000

6.577E-0003
0.000E+0000

6.642E-0003
0.000E+0000

6.698E-0003
0.000E+0000

6.754E-0003
0.000E+0000

6.820E-0003
0.000E+0000

6.885E-0003
0.000E+0000

6.951E-0003
0.000E+0000

7.016E-0003
0.000E+0000

7.082E-0003
0.000E+0000

7.156E-0003
0.000E+0000

7.231E-0003
0.000E+0000

7.306E-0003
0.000E+0000

7.372E-0003
0.000E+0000

7.446E-0003
0.000E+0000

7.521E-0003
0.000E+0000

7.596E-0003
0.000E+0000

33.33
1120.9907
5124.9794
33.67
1121.0071
5124.9794
34.00
1121.0258
5124.9794
34.33
1121.0445
5124.9794
34.67
1121.0632
5124.9794
35.00
1121.0796
5124.9794
35.33
1121.0984
5124.9794
35.67
1121.1171
5124.9794
36.00
1121.1358
5124.9794
36.33
1121.1568
5124.9794
36.67
1121.1779
5124.9794
37.00
1121.1966
5124.9794
37.33
1122.1572
5124.9794
37.67
1124.0239
5124.9794
38.00
1124.9794
5124.9794
38.33
1124.9794
5124.9794
38.67
1124.9794
5124.9794
39.00
1124.9794
5124.9794
39.33
1124.9794
5124.9794
39.67
1124.9794
5124.9794
40.00
1124.9794
5124.9794
40.33
1124.9794
5124.9794

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
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7.671E-0003
0.000E+0000

7.736E-0003
0.000E+0000

7.811E-0003
0.000E+0000

7.886E-0003
0.000E+0000

7.961E-0003
0.000E+0000

8.026E-0003
0.000E+0000

8.101E-0003
0.000E+0000

8.176E-0003
0.000E+0000

8.251E-0003
0.000E+0000

8.335E-0003
0.000E+0000

8.419E-0003
0.000E+0000

8.494E-0003
0.000E+0000

1.234E-0002
0.000E+0000

1.980E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000

2.362E-0002
0.000E+0000
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EK-2 (devam) Strain-gage’lerden alian sekil degisimi verileri

40.67
1124.9794 0.0000 2.362E-0002
5124.9794 0.0000 0.000E+0000
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