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OZET

Bu ¢alismanin konusu, hidrodinamik eksenel kaymali yataklarda lokma (pad) ve
saft (kayic1) deformasyonunun yatak performansina etkileridir. Calisma esnasinda
izlenen yontemde Oncelikli olarak izotermal sartlar ve sabit yag viskozitesi kabulii
yapilarak Reynolds denklemi yardimiyla yatak icerisindeki basin¢ dagilimi elde
edilmistir. Daha sonra, lineer elastik malzemelere uygulanan biinye denklemlerinin
lokma ve safta ayr1 ayr1 uygulanmasiyla yataktaki deformasyon miktar1 elde edilmistir.
Gerek sonuglarin genel bir anlam tasimasi, gerekse islem kolayligi saglamasi
bakimindan boyutsuz denklemler ile ¢alismak tercih edilmistir.

Yapilan calisma sonucunda, calisma esnasinda ele alinan ¢elik-celik, celik-bronz
ve celik-dokme demir malzeme ciftleri i¢in yataga ait deformasyon oncesi ve sonrasi
yag filmi kalinligi, boyutsuz basing degerleri ile deformasyon miktar1 ve yatagin yiik
tasima kapasitesindeki degisim bulunup karsilastirllmistir. Elde edilen sonuglar
incelendiginde, yatak yiik tasima kapasitesindeki en biiyiik diisiisiin celik-dokme demir

ciftinde oldugu (%1,98) goriilmiistiir.

Anahtar  Kelimeler:  Hidrodinamik eksenel kaymali yatak, deformasyon,
elastohidrodinamik, EHD.
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ABSTRACT

The Deformations’ Effect On The Performance of Hydrodynamic Thrust Bearings

The subject is concerned with the effects of the deformations of both pad and
runner on the performance of hydrodynamic thrust bearings. At the beginning of the
study, pressure distribution in the thrust bearing has been calculated using the Reynolds
equation in the case of stable oil viscosity and isothermal conditions. Then, the
deformation of thrust bearing is found out by applying the constitutive equations — for
the linear elastic materials- to both pad and runner. For the purpose of the generalization
in the results and easy calculation, it is preferred to examine the case using
dimensionless equations.

Consequently, the oil film thickness and pressure distribution before and after
the deformation, the amount of deformation that occurred in the bearing and the thrust
bearing load carrying capacity have been calculated and compared for the steel-steel,
steel-bronze and steel-cast iron material pairs. As the results clearly indicate, the highest
load carrying capacity loss for the thrust bearing is for the steel-cast iron material pair as

the percentage of 1,98 %.

Keywords: Hydrodynamic thrust bearing, deformation, elastohydrodynamic, EHD.



11

ICINDEKILER

1- GIRIS
2- KAYNAK ARASTIRMASI
3- MATERYAL ve YONTEM
3.1. YAGLAMA TEORISI ve ELASTOHIDRODINAMIK TEORI
3.1.1. Yaglama Teorisi
3.1.2. Hidrodinamik Teori
3.1.3. Elastohidrodinamik Yaglama Teorisi
3.1.3.1. Kaymali Yataklarda EHD Olayinin Ele Alinig1
3.2. TEORI ve PROBLEMIN MATEMATIK MODELININ KURULMASI
3.2.1. Hidrodinamik Analizler
3.2.1.1. Reynolds Denkleminin Boyutsuzlastirilmasi ve Coziilmesi
3.2.2. Yatak Deformasyon Analizi
3.2.2.1. Biinye Denklemleri
3.2.2.2. Sinir Sartlar
4- ARASTIRMA SONUCLARI ve TARTISMA
KAYNAKLAR
EKLER
EK-1
EK-2
EK-3
TESEKKUR
OZGECMIS

116
117



iv

SIMGELER DIiZiNi
A u Lame sabiti
H Yagin viskozitesi
U, Yagin atmosfer basincindaki viskozitesi
1% Poisson orant
Yagin yogunlugu
T Newtonyen akiskanda yagin katmanlari arasinda olusan kayma
gerilmesi
o Lokma giris ve ¢ikisindaki yag filmi kalinlig: fark:
6 Lokma acis1
a 0-1 arasinda piezoviskoz katsay1
a Yaricap
B Yatak lokma uzunlugu
E Elastisite modiilii
G Kayma modiilii
h Yag filmi kalinlig
h,,h, Lokma giris ve ¢ikislarindaki yag filmi kalinliklari
h Boyutsuz yag filmi kalinligi
L Yatak lokma genisligi
N Devir sayis1
P,p Basing
D Boyutsuz basing
q Yatakta birim zamanda 1s1 iletim miktar1
r Yaricap
R, R, Yatak ic ve dis yaricapi
U Yatagin cevresel hizi
U,U, Yatak alt ve iist ylizeyine ait hizlar
u, v, w X, Y, z dogrultularindaki hiz bilesenleri
u, v, w r, 8, z dogrultularindaki deformasyon miktarlar
W Yatak yiikii
W Noktasal yiik

(N/mmz)

(Ns/m?)
(Ns/m?)
(kg/m’)
(N/mmz)

(mm)
(°),(rad)
(mm)
(mm)
(N/mmz)
(N/mmz)
(mm)

(mm)

(mm)
(1/dk)
(at)

(jolue/s)
(mm)
(mm)
(m/s)
(m/s)
(m/s)
(mm)
(N)

(N)



w W noktasal yiikii sonucu olusan sehim

ACI Bilgisayar programinda lokma agis1

EPS Iterasyon sonunda meydana gelen toplam hata miktar
H2DELTA Bilgisayar programinda h, / 6 degeri

LR2 Bilgisayar programinda L/R, degeri

N, M, S Yatak lokmasinda iterasyon i¢in ag boyutu

SEPS Iterasyonu sonlandirmak icin izin verilen toplam hata miktar
KISALTMALAR

EHD Elastohidrodinamik

HD Hidrodinamik

(mm)

(rad)



SEKILLER DiZiNi

Sekil 1.1 Bir hidrodinamik kaymal1 yatak 6rnegi

Sekil 3.1 Egimli plakalar arasinda olusan yag kama etkisi

Sekil 3.2 Yatak Icerisindeki Koordinat Sistemi

Sekil 3.3 Yatak geometrik Ol¢iileri

Sekil 3.4 Iterasyon icin yatak ag yapisi

Sekil 3.5 Lokmaya ait yiizeyler

Sekil 3.6 Saftin hareketi

Sekil 3.7 Saftin lokmaya gore hareketi

Sekil 3.8 Saft iizerindeki calisma alani

Sekil 3.9 Heaviside fonksiyonu

Sekil 4.1 Bilgisayar programi akis semast

Sekil 4.2 Cesitli yatak profilleri(a) Sabit egimli (b) Hiperbolik (c) Basamaktip

Sekil 6.1 Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg=1,h/d=1)

Sekil 6.2 Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Ra=1,h/0=1)

Sekil 6.3 Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1,h/d=1)

Sekil 6.4 Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Ra=1,h/0=1)

Sekil 6.5 Deformasyon 6ncesi boyutsuz yag filmi kalinlig1
(L/Rg=1/2,hp/5=1)

Sekil 6.6 Deformasyon sonrasi boyutsuz yag filmi kalinligi
(L/Ra=1/2,ho/d=1)

Sekil 6.7 Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1/2, ha/6 = 1)

Sekil 6.8 Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Ra=1/2,ha/d=1)

Sekil 6.9 Deformasyon 6ncesi boyutsuz yag filmi kalinlig1

vi

(L/Ra=1/3,h/d=1)

14

15

22

27

28

29

29

34

44

44

47

47

50

50

53

53

56



Sekil 6.10

Sekil 6.11

Sekil 6.12

Sekil 6.13

Sekil 6.14

Sekil 6.15

Sekil 6.16

Sekil 6.17

Sekil 6.18

Sekil 6.19

Sekil 6.20

Sekil 6.21

Sekil 6.22

Sekil 6.23

Sekil 6.24

Sekil 6.25

vii

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rg=1/3,ha/d=1)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1/3,h/5=1)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rg=1/3,ha/d=1)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg=1, hy/6 = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Ra=1,ha/6 =1/2)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rag=1, hy/6 = 1/2)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rg=1,ha/6 =1/2)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Ra = 1/2, ho/d = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rq=1/2, ho/d = 1/2)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Ra = 1/2, ho/d = 1/2)

Deformasyon sonrasi boyutsuz basing¢ degerleri
(L/Rq=1/2, ho/d = 1/2)

Deformasyon 6ncesi boyutsuz yag filmi kalinlig1
(L/Rq=1/3, ho/d = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinligi
(L/Rq=1/3, ho/d = 1/2)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq=1/3, ho/d = 1/2)

Deformasyon sonrasi boyutsuz basing¢ degerleri
(L/Rq=1/3, /5 = 1/2)

Deformasyon 6ncesi boyutsuz yag filmi kalinlig1

(L/Ra =1, ho/6 = 1/4)

56

59

59

62

62

65

65

68

68

71

71

74

74

77

77

80



Sekil 6.26

Sekil 6.27

Sekil 6.28

Sekil 6.29

Sekil 6.30

Sekil 6.31

Sekil 6.32

Sekil 6.33

Sekil 6.34

Sekil 6.35

Sekil 6.36

Sekil 6.37

viil

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rg=1, ho/d = 1/4)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1, hy/d = 1/4)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Ra =1, hy/d6 =1/4)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg = 1/2, hy/d = 1/4)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rq=1/2, ho/d = 1/4)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg = 1/2, hy/d = 1/4)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rq=1/2, ho/d = 1/4)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg = 1/3, ho/d = 1/4)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rq=1/3, ho/d = 1/4)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq = 1/3, ho/d = 1/4)

Deformasyon sonrasi boyutsuz basing¢ degerleri
(L/Rq = 1/3, ho/d = 1/4)

Heaviside fonksiyonu

80

83

83

86

86

89

89

92

92

95

95

98



CiZELGELER DIiZiNi

Cizelge 4.1 Cesitli malzeme ciftleri icin yatak performans degerleri

Cizelge 6.1 Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg=1,h/d=1)

Cizelge 6.2 Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Ra=1,h/5=1)

Cizelge 6.3 Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1,h/d=1)

Cizelge 6.4 Deformasyon sonrasi boyutsuz basing degerleri
(L/Ra=1,h/0=1)

Cizelge 6.5 Deformasyon 6ncesi boyutsuz yag filmi kalinligi
(L/Ra=1/2, ho/d=1)

Cizelge 6.6 Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rg=1/2,hp/d=1)

Cizelge 6.7 Deformasyon 6ncesi boyutsuz basing degerleri
(L/Ra=1/2,ha/d=1)

Cizelge 6.8 Deformasyon sonrasi boyutsuz basing degerleri
(L/Rg=1/2,ha/d=1)

Cizelge 6.9 Deformasyon 6ncesi boyutsuz yag filmi kalinlig

Cizelge 6.10

Cizelge 6.11

Cizelge 6.12

Cizelge 6.13

Cizelge 6.14

X

(L/Rg=1/3,h/3=1)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rg=1/3,ha/d=1)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1/3,h/3=1)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Ra=1/3,ha/d=1)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rg=1, hp/6 = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1

(L/Ra=1,ha/6 =1/2)

35
42

43

45

46

48

49

51

52

54

55

57

58

60

61



Cizelge 6.15

Cizelge 6.16

Cizelge 6.17

Cizelge 6.18

Cizelge 6.19

Cizelge 6.20

Cizelge 6.21

Cizelge 6.22

Cizelge 6.23

Cizelge 6.24

Cizelge 6.25

Cizelge 6.26

Cizelge 6.27

Cizelge 6.28

Cizelge 6.29

Cizelge 6.30

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rg=1,hy/6 =1/2)

Deformasyon sonrasi boyutsuz basing¢ degerleri
(L/Rg=1, hy/6 = 1/2)

Deformasyon 6ncesi boyutsuz yag filmi kalinlig1
(L/Rq=1/2, ho/d = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinligi
(L/Ra = 1/2, ho/d = 1/2)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq=1/2, ho/d = 1/2)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Ra = 1/2, hpo/d = 1/2)

Deformasyon 6ncesi boyutsuz yag filmi kalinlig1
(L/Rq=1/3,ho/d = 1/2)

Deformasyon sonrasi boyutsuz yag filmi kalinligi
(L/Rq=1/3, ho/d = 1/2)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq=1/3, ho/d = 1/2)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rg=1/3, ho/d = 1/2)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Ra =1, ho/d6 =1/4)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1
(L/Rg=1, hy/d = 1/4)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Ra =1, ho/d6 =1/4)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rg=1, hp/d = 1/4)

Deformasyon oncesi boyutsuz yag filmi kalinlig
(L/Rq=1/2, ho/d = 1/4)

Deformasyon sonrasi boyutsuz yag filmi kalinlig1

(L/Rq=1/2, ho/d = 1/4)

63

64

66

67

69

70

72

73

75

76

78

79

81

82

84

85



Cizelge 6.31

Cizelge 6.32

Cizelge 6.33

Cizelge 6.34

Cizelge 6.35

Cizelge 6.36

Cizelge 6.37

X1

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq=1/2, ho/d = 1/4)

Deformasyon sonrasi boyutsuz basing¢ degerleri
(L/Rq=1/2, hp/d = 1/4)

Deformasyon 6ncesi boyutsuz yag filmi kalinlig1
(L/Rq=1/3, ho/d = 1/4)

Deformasyon sonrasi boyutsuz yag filmi kalinligi
(L/Rq=1/3, hp/d = 1/4)

Deformasyon 6ncesi boyutsuz basing degerleri
(L/Rq=1/3, ho/d = 1/4)

Deformasyon sonrasi boyutsuz basin¢ degerleri
(L/Rq=1/3, hp/d = 1/4)

Deformasyonlarin grafiksel degerleri

87

88

90

91

93

94

96



1. GIRIS

Hidrodinamik kaymal1 yataklarin (Sekil 1.1) temel prensibi, birbirlerinden farkl
hiza sahip ve araliklar1 daralan iki ylizey arasinda kuvvet tasiyabilen bir yag filminin
olusmasidir. Bu yag filmini olusturmada yasanan problemler, eskiden beri miihendislik

uygulamalarinda bir sorun teskil etmektedir ve genis bir calisma alanina sahiptir.

Sekil 1.1 Bir hidrodinamik kaymali1 yatak 6rnegi

1883 yilinda Tower, kaymal1 yataklardaki yukarida bahsedilen temel prensibe ait
gercegi deneysel olarak bulmus ve bunun sonucu olarak da kaymali yataklara iligkin
teorik calismalar da hiz kazanmistir. Tower’in deneysel caligmalarindan yola ¢ikan
Reynolds, viskoz bir akiskan olan yagin donen mile sanki yapisarak mil tarafindan
hareket ettirilmesi ve yag katmanlar1 arasindaki kayma gerilmesi nedeni ile mil ve yatak
arasindaki daralan kanala itilmesi sonucu yatakta hidrodinamik yag basincinin
olustugunu kanitlamis ancak bu sonucun makine konstriiksiyonlarina uygulanabilmesi
uzun bir siire almastir.

Bununla ilgili olarak yapilan ¢ok sayidaki calisma neticesinde yatak hesabinin
yapilabilecegi gosterilmis ve yag filminde basin¢ olusumunun Reynolds denklemi ile
ifade edildigi sekilde oldugu kanitlanmistir. Bununla birlikte, analitik ¢6ziim her zaman
miimkiin olmadigindan daha =ziyade sayisal veya grafiksel ¢6ziim yOntemleri
kullanilmak suretiyle ¢oziim elde edilmeye caligilmistir.

Kaymal1 yatak sistemleri ele alimirken, yatak genisliginin yatak ¢apina oranina

bagl olarak sonsuz genis yatak, dar yatak ve sonlu yatak seklinde siniflandirilabilirler.



Bunlar icerisinde gercege en yakin sonuclar, calismayi pratikte uygulanan boyutlar
mertebesinde ele alan sonlu yataklarda elde edilmektedir. Bu yaklasim ile elde edilen
sonuglar yatak tasarimcilari icin daha kullanigh olmaktadir.

Genel olarak, yapilan caligmalarda hem lokma hem de kayicinin rijid oldugu
kabul edilmekte ve bundan dolayr da deformasyona ugramadiklar1 6ngoriilmekteydi.
Bununla birlikte rijid oldugu diisiiniilen yataklara ait hesaplama sonuclari ile yapilan
deneyler neticesinde elde edilen sonuclarin birbirlerinden farkli oldugu goriilmekteydi.
Daha sonraki yillarda (1960 sonrasi) ise bu farkliligin nedeni olan deformasyon da
dikkate almmarak hesaplama yapilmasi yoluna gidilmistir. Bunun sonucu olarak
yataklarda elastohidrodinamik (EHD) ¢alismalar1 uygulanmaya baglamistir.

Yukarida bahsedilen yatak deformasyonu, lineer elastisite denklemleri ile
Reynolds denklemi sayisal olarak (sonlu farklar yontemi kullanilarak) uygun bir iteratif
algoritma yardimiyla ¢oziilerek bulunabilir.

Kaymali yataklarin ideal sekilde tasarlanabilmesi icin tasarim esnasinda yatak
deformasyonunun ve yagin viskozite degisiminin dikkate alinmas1 gereklidir. Ozellikle
deformasyonun yag filmi kalinliginda olmasi durumunda bu durum biiyiik bir 6nem
kazanir.

Elastohidrodinamik analiz i¢in, rejim halinde bulunan yag akis alanindaki basing
dagilimi ile yataktaki elastik deformasyona ait yaglama-elastisite denklemleri beraber
coziilmelidir. Bunun yan sira, bu ¢oziimlerin yapilabilmesi, ¢alisma alanina ait bircok
kabul yapilmasini gerektirmektedir.

Yapilan bu caligma kapsaminda, yatak ve kayict malzemesi i¢in ¢elik-celik-
celik-bronz ve c¢elik-dokme demir malzeme ciftleri kullanilmistir. Hesaplamalar
esnasinda yag viskozitesinin basingtan bagimsiz oldugu (izo-viskoz) ve izo-termal

sartlarin sozkonusu oldugu kabulii yapilmaistir.



2- KAYNAK ARASTIRMASI

Elastohidrodinamik analizlerde temasin sekline gore noktasal, ¢izgisel ve
yiizeysel temas meydana gelmektedir.

Literatiirde noktasal ve ¢izgisel temaslara ait teorik ve deneysel pek cok calisma
mevcuttur. Bunun yani sira kaymali yatak sistemlerinin EHD analizlerine ait calismalar
sinirlidir. Bununla birlikte {ilkemizde de bu konuda yapilan caligmalar oldukca azdir.

Lovell ve Deng (2000) disk iizerindeki pim tribometresini rijid ve deforme
olabilir yiizeylerdeki kayma siirtiinmesi katsayisini etkileyen cesitli parametreleri
arastirmak icin kullanmiglardir. Siirtlinme katsayisi degerlerini 561 farkli calisma
sartlarindaki durumlar i¢in (¢esitli yaglayicilar, degisik kayma hizlar1 ve yiikler igin)
bulmuslardir.

Kudish (2000) diisilk young modiiliine sahip elastik malzemelerden yapilmis
yataklarin sayisal analizi ile ilgilenmistir. Kudish elastik malzemelerden yapilmis
yataklardaki lineer hizdan dolayr meydana gelen yiizey deformasyonunu ele alan klasik
formiilasyondan farkli bir formiilasyon kullanmistir. Reynolds denklemindeki yiizey
dogrusal sabitleri, bolgesel temasta bulunan yer degistirme fonksiyonlari ile temsil
edilmistir. Bu yeni formiilasyon yumusak malzemelerde yiizey temasindaki Onemli
cokmeleri onceden bildirmektedir. Ayrica c¢alismasinda, ¢okme miktar1 boyutlarinin
problem parametrelerine bagimliligini tanimlamistir.

Okamoto (2000) yatak rijitliginin yatak performansi ve eksenel yataklarin elastik
deformasyonu {iizerindeki 6nemli etkilerini incelemistir. Yatak rijitliginin ve yatak
boyutunun ayni anda (es zamanli) degismesinin yatak performansi iizerine etkisini
elastohidrodinamik yaglama teorisini kullanarak incelemistir.

Osterle ve Saibel (1957) eksenel yataklarin elastik deformasyonu ve yiik tasima
kapasitesi arasindaki iligki ilizerinde calismiglardir. Calismalarinda, diisiik yatak
yiiklerinde kayici ve lokmanin mitkemmel rijid kabul edilebilecegini ancak yiik miktari
arttikca bu kabuliin gecersiz oldugunu gostermislerdir. Osterle ve Saibel analizlerinde
kayiciyr mitkemmel rijid kabul etmigler ve tiim deformasyonun sadece lokma yiizeyi
tizerinde meydana geldigini gostermislerdir.

Ashour (1991) tarafindan gergeklestirilen analiz, yataktaki gercek sinir sartlarini

benzetlemeyi amaclamaktadir. Bu calismada, serbest kenar sinir sartlar1 uygulanmis ve



yay destekli lokmalar g6z Oniinde bulundurulmustur. Reynolds ve biharmonik egilme
denklemleri iteratif yontem kullanilarak ¢oziilmustiir.

Ashour (1991) elastik destek {izerindeki eksenel yatak lokmasinin elastik
deformasyonunu Reynolds ve elastisite denklemlerini es zamanli ¢dozmek suretiyle
belirleyebilecek bir matematik model iizerinde ¢alismistir. Bir izo-viskoz yaglayici i¢in
bir lokmadaki analizler verilmistir. Istenilen hedef yiike ©ngoriilen degistirilmis
algoritma aracilifiyla ulasabilmek amaciyla, film profilini yavasca degistirmek igin,
yiikleme oraninda yeni bir yaklasim kullanilmistir.

Kog¢ (1990) tarafindan gelistirilen teorik model, yaglayict filmdeki basing
dagilimm ve yiikk tasima kapasitesini ayirict bir giic olarak hesaplama yetenegine
sahiptir. Analizi basitlestirmek adina belirli kabuller yapilmustir.

Berger (1996) ozellikle eksenel yatak davramisi ile saftin egilme titresimleri
arasindaki iligski tizerinde calismistir. Saft, tipik cubuk sonlu elemanlar metodu
kullanilarak modellenmistir ve jiroskopik etkileri icermektedir. Yatagin dinamik
davraniginin non-lineer oldugu kabul edilmistir. Dinamik davranig, gecici zaman
integrasyonu prosediirii kullanilarak analiz edilmistir.

Osman (1996) hidrostatik  eksenel kaymali yataklarin  performans
karakteristiklerini belirlemek icin deneysel bir ¢alisma sunmustur. Yag filmi kalinligi,
yatak cebi basinci, basing dagilimi ve yag akis orani gibi performans karakterlerinin
degerleri olciilmiistiir. iteratif yontem kullanan 6zel bir bilgisayar programi, sayisal
olarak basing dagilimimi hesaplamak ve diger performans karakterlerini onceden
belirlemek i¢in adapte edilmistir. Tahmin edilen teorik performans ile deneysel sonuglar
arasinda iyi bir uyum elde edilmistir.

Biao (1993) tarafindan yayinlanan bir calisma, elastohidrodinamik yaglama
problemlerinde ylizey elastik deformasyonlarini hesaplamak i¢in basing profilini
olusturacak yeni bir metot sunmaktadir ve yeni bir sayisal eliptik-paraboloid metot elde
edilmistir. Dowson-Hamrock ve bikuadratik metotlarin hesaplama dogrulugunu ve
sayisal stabilitesini karsilagtirmak icin yeni bir yontem icermektedir. Sonuglar eliptik-
paraboloid metodun yiiksek sayisal dogruluk ve daha iyi sayisal stabilite sagladigini
isaret etmektedir.

Eksenel yataklarin genel davraniglari {izerine teorik bir analiz Kurban ve

Yildirim (2003) tarafindan verilmistir. Yaglama konusunda Reynolds denklemlerini



cozmek icin sonlu farklarin metot adaptasyonunu kullanan bir model program
gelistirilmistir. Eksenel yatagin hidrodinamik davranisi, cesitli boyutsuz sistem basinct,

yatagin hiz ve geometrisi de goz Oniine alinarak analiz edilmistir.



3- MATERYAL ve YONTEM

3.1. YAGLAMA TEORISi ve ELASTOHIDRODINAMIK TEORIi

3.1.1. Yaglama Teorisi

Giiniimiizde kullanilmakta olan kaymali yataklarin biiyiik bir kismini tasiyici
yag filminin yatak ile kayici arasindaki daralan aralikta yiizeylerin izafi hizindan dolay1
kendiliginden olustugu hidrodinamik yataklar olusturmaktadir. Yag kama etkisinin
(Sekil 3.1) bu fiziki olgusu ilk olarak 1883’li yilinda Tower tarafindan deneysel olarak
bulundu. Ingiliz fizik¢isi Reynolds, bu konu iizerinde calismalar yapti ve viskoz bir
akigkan olan yagin donen mile sanki yapisarak mil tarafindan hareket ettirilmesi ve yag
katmanlar arasindaki kayma gerilmesi nedeni ile mil ve yatak arasindaki daralan kanala

itilmesi sonucu yatakta hidrodinamik yag basincinin olustugunu kanitlamisti.

Basmg| |
paialsold

Sekil 3.1 Egimli plakalar arasinda olusan yag kama etkisi

Reynolds, 1886’da yayinlanmis bir ¢alismasinda, kaymali yataktaki yag akisinin
hidrodinamik (HD) esaslarla incelenebilecegini gosterdi.

Gilimbel (1911,1925) de yaptig1 calismalar neticesinde Reynolds’un elde ettigi
bagintilardan kaymali yataklarin pratik hesap ve dizayninda da yararlanilabilecegini
belirtmisti.

Gliimbel’in ~ caligmalarin1 inceleyen Falz (1926), bu calisma sonuglarini

miihendis ve tasarimcilar i¢in daha kullanigl bir bi¢cime soktu.



Giimbel’in caligmalarindan beri kaymali yataklarin hidrodinamik kanunlara gore
hesabi, pek cok sayidaki calismalarla pratik olarak dogrulanmis ve teorik olarak da
bircok yatak sekilleri ile sinir sartlar1 icin incelenmistir.

Giiniimiizde kaymali yataklar i¢in yag filmi ve basinct hidrodinamik ve
termodinamik kanunlarla yardimiyla iyi bir sekilde analiz edilebilmektedir. Bununla
birlikte ¢oziim esnasindaki matematik islemler karmasik olup daha ziyade -bu calisma

esnasinda da kullanilan- sayisal veya grafiksel ¢oziime bagvurulmaktadir.

3.1.2. Hidrodinamik Teori

Hidrodinamik kaymali yatakta yag, kayici ile yatak arasindaki izafi hizdan
dolay1 doniis yoniinde daralan bir araliga itilmekte, bunun sonucu olarak yagda bir kama
etkisi olusmakta, bu da bir basing ve dolayisiyla da bir kaldirma kuvveti
olusturmaktadir. Bununla birlikte olusan basimng¢ dagilimini cesitli parametreler
etkilemektedir (bagil hiz, viskozite, vs. gibi).

Kaymali yataklarda yagin hareketi, akiskanlar mekaniginden bilinen, cesitli
kaynaklarda da genis bir sekilde yer alan viskoz akiskanlarin hareket denklemleri ile
incelenebilir.

1. Navier-Stokes Denklemi:

o2V _ orad p+77. Av+ g 3.1)
Dt
2. Siireklilik Denklemi (sikistirilamayan ortam igin):
du Jdv ow
div(V)=—+—+—=0 3.2
® ox dy 0z :2)
3.Enerjinin Korunumu Prensibi:
DT
.c.—=A.AT+n. 33
p-c. T n.9 (3.3)
4.Is1 Tletim Denklemi:
00U
1=—-|A—dA 34
e w (3.4)

5.Yagin Hal Denklemi:
n=n,p) (3.5)

Burada gecen ifadelerin anlamlar1 su sekildedir:



v=ui+vj+wk : Yaghizinin vektorel ifadesi

Lj, k Birim vektorler

u, v, W Hizin x, y, z yoniindeki bilesenleri
p Yag basinci

t Zaman

Dr Zamana gore toplam diferansiyel
n Yagin dinamik viskozitesi

P Yagin yogunlugu

c Yagin 6zgiil 1s1s1

T Yag film sicaklig

¢ Disipasyon fonksiyonu (Siirtiinme ile 1s1tya doniisen enerji
n Yiizeye dik yondeki normal vektor

Yatak alam

Yukarida verilen deklemler sayesinde problem net bir sekilde ifade edilir.

Bu denklemlerin analitik ¢oziimii miimkiin olmamakla birlikte, sayisal ¢oziim

cok zor ve kapsamli iglemler gerektirmektedir. Bununla birlikte, kaymali yatak hesaplari

icin pratikte de kabul gormiis ve dogrulugu kanitlanmis asagidaki kabuller yapilir:

1.

n =sabit (Her ne kadar zamanla yatak 1sinip, sicaklikla viskozite azalirsa

da basincin artmasiyla viskozitenin de artmasi bunu dengeler).

Atalet kuvvetleri siirtiinme kuvvetlerinin yanina ihmal edilebilir.

Kayici ve yatagin birbirlerine temas ylizeyleri ideal piiriizsiizdiir.

Yatak yiizeylerinin egimleri azdir.Yag filmi kalinligi h’nin cevresel
yondeki degisimi azdir.

Yatak icerisindeki yagin hizi kiiciik bir h araliginda U’dan sifira
diismektedir. Yani, y-ekseni yoniindeki hiz gradyeni yiiksek olup diger
eksenler yoniindeki gradyenler bunun yaninda ihmal edilebilir.

Birinci ve daha yiiksek dereceli x ve z yoniindeki hiz gradyenleri
y-yOniindekine gore ihmal edilebilir.

Akiskana etkiyen dis kuvvetler (agirlik) viskozite kuvvetlerinin yaninda

ithmal edilebilir.



8. Normal caligsma kosullarinda yatak igerisindeki akis laminerdir.
9. Akiskan ile yatak yiizeyleri arasinda kayma yoktur.
Yatak icerisindeki koordinat ekseni asagidaki gibidir (Sekil 3.2).

—> h
Hareket Yonu

Sekil 3.2 Yatak Icerisindeki Koordinat Sistemi

Bu kabuller esas alinarak Navier - Stokes denklemi:

oP = It (3.6)
o0x 0dy
Ju .
T =W.— oldugundan (3.7)
dy

dp _ d’u
ax_uay2

(3.8)

dp
2 _0 39
oy G2

a_p: 9’w
9z "9y

Siireklilik denklemi:

d(pv) _ d(pu) 9(pw) 3.11)

dy 0x 0z

(3.10)

seklinde yazilir.
(3.8) denklemi y’ye gore iki defa integre edilip ve sinir sartlar1 olarak

y=0 icinu=U, ; y=h i¢in u =U, uygulanirsa,
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h—y y
u=—> "2 yly-n+""2vu +2vu 3.12
ey y(y—h) U U, (3.12)

hiz denklemi bulunur. Yiizeylerin z-yoniinde hareket etmedigi kabul edilir ve (3.10)

denklemi y =0 icin w=0 , y=h icin w=0 sinir sartlarinda integre edilirse,
w=—02L y(y-h) (3.13)

hiz denklemi elde edilir. (3.11) denkleminde u ve w yerine (3.12) ve (3.13)
ifadelerindeki degerleri yazilarak y’ye gore integre edilip y=0 i¢in v=V, y=h igin

v=0 simr sartlar1 konulup gerekli islemler yapilirsa sivi siirtiinmesinin genel

denklemi:
3 3
9 [ph 9p) 9 [ph Ip =6.(U1—U2).a(’0'h)+12.p.V (3.14)
dox\ 4 0x) dz\ u 0z 0x

seklinde elde edilir. Bu denklem akiskan tabakasinda olusan basing yayilisini1 en genel
sekilde veren diferansiyel denklemdir. Buna gore akiskan tabakasindaki basing :
e Akiskan tabakasinin kalinhigina (h), akiskanin viskozitesine () ve yogunluga
(p);

e Akiskan tabakasi kalinliginin veya yogunlugunun yiizeylerin hareket yoniine

d(p.h)

gore degismesine ——— ;
0x

e Yiizeylerin x ve y dogrultularindaki (U ,—U, ) ve V izafi hizlarina baglidir.

U ,—U 2) yag tabakasinin uzunluguna yani x-dogrultusuna, V ise yag tabakasinin
dikine yani y-dogrultusuna gore izafi hizlardir. Yag tabakasina normal olan V hizi
eksenel yataklarda kayma yiizeylerinden birisinin bizzat bu yonde hareket etmesi ile
saglanir. Radyal yataklarda ise bu hiz kayma yiizeylerinin agisal hareketine ve mil
merkezinin hareketine bagli olarak meydana gelebilir. Soyle ki, mil merkezinin
hareketinden olusan radyal hiz V ile ifade edilirse radyal yataklar i¢in (3.14) denklemi:

3 3
9 (ph _a_p +i p-h .a_p :6_((]1_Uz),a(p'h)+12.p.V0 (3.14)
ox\ 4 0dx) dz\ u 0z dx

olarak yazilir.

Yukaridaki denklem sikistirllamayan akiskanlar i¢in (p=sabit) diizenlenirse,
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;—x(%.g—’;}%(%g—’;j =6.U, —Uz).%+12.VO (3.15)
olarak yazilir.

Pratikte genellikle yatak sabit olduguna gore U, =0 olur. Radyal yataklarda
milin h1z1 U, =U = w.r olarak diisiiniiliir ve mil merkezinin hareketi dolayisiyla olusan

radyal hiz cok kii¢iik oldugundan ihmal edilirse (3.15) denklemi,

3 3
0 (h— a_ijr 0 (h— a—pj:wah (3.16)

ax\uax) 9zl u oz dx
olarak bulunur. Bunun yam sira yag viskozitesinin sabit oldugu kabul edilirse,

hidrodinamik siv1 siirtiinmesinin genel denklemi;

RN PRYCHA A PENCD A Byl (3.17)
dx dx) 0z 0z 0x
seklinde basit bir hal alir ve Reynolds denklemi adini tasir. Ayni denklem silindirik
koordinatlarda;
i(rh3a—pj+li(h3a—pj = 6U,ua—h (3.18)
or or) radd 00 20
seklinde yazilir.

3.1.3. Elastohidrodinamik Yaglama Teorisi

Elastohidrodinamik yaglama kisaca ‘“‘elastik deformasyonlarin hesaba katildig
hidrodinamik yaglama” olarak tanimlanabilir.

Yiiksek basincin sdzkonusu oldugu yerlerde EHD olayr belirgin bir sekilde
kendini gosterir. Nokta, ¢izgi ve yiizey temas1 seklinde gerceklesen elastohidrodinamik
deformasyonlara 6rnek olarak yuvarlanmali yataklar (noktasal), disli ¢arklar (¢izgisel)
ve ¢alisma konumuz olan kaymali yataklar (ylizeysel) verilebilir.

Yiizeysel temaslardaki elastohidrodinamik deformasyonlar 1960’11 yillardan
sonra ele alinmaya baslamis, bunun sonucu olarak da bu konuda yapilan calismalar
yetersiz kalmistir. Ancak giiniimiizde teorik ve deneysel acidan iizerinde caligmalarin

yogunlastig1 bir konu olma 6zelligi gostermektedir.
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3.1.3.1. Kaymah Yataklarda EHD Olayimin Ele Alinisi

Elastohidrodinamik yaglama konusu iizerinde son elli yildan beri calisilmakta
olup olayin meydana gelme sekli yeni yeni anlasilmaya baslanmistir. Calisma
konumuzun da temelini olusturan bu olayda, yaglanmis yiizeylerin temas aninda yiiksek
basing nedeniyle elastik sekil degistirmeleri sézkonusudur.

Kaymali yataklardaki EHD analizi, elastisite teorisindeki gerilme-sekil
degistirme bagintilar1 ile hidrodinamigin basin¢ dagilimini veren Reynolds denkleminin
karsilikl1 bir etkilesim i¢inde kullanilmasina dayanir.

Bu calismanin da konusunu olusturan EHD analizi su sekilde uygulanmaktadir:

Reynolds denklemi, yag filmi kalinlig1 yatak boyunca egimle orantili oldugu
kabul edilerek ¢oziiliir. Bu sayede yataktaki basing dagilimi elde edilmis olur. Bu basing
dagilimi ve gerilme-sekil degistirme (biinye) denklemleri yardimiyla elastik
deformasyonlar hesaplanir. Elde edilen deformasyon miktarlar1 baslangictaki yag filmi
kalinligina ilave edilerek yeni yag filmi kalinlig1 elde edilir. Bu noktadan sonra
islemlere az once anlatildigi gibi devam edilerek islem bir iterasyon haline getirilir.
Iterasyon islemleri esnasinda daha onceden belirlenen hata pay1 oram saglandinda elde
edilen degerler nihai degerleri gostermektedir. Bu konu ilerleyen bdliimlerde daha

detayl olarak ele alinmaktadir.
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3.2. TEORIi ve PROBLEMIN MATEMATIK MODELININ KURULMASI

Bir EHD analizi, yag akis alanindaki daimi hal basing dagilimi ve yataktaki
elastik deformasyona ait biitiin yaglama ve elastisite esitliklerinin beraber ¢oziimiinii
gerektirir. Calisma konusu kaymali yatak oldugu icin analiz daha kapsamli ve
hesaplama acisindan fazla zaman alici hale gelmektedir. Bu calismada Reynolds

denklemini ve elastisite denklemlerini ¢6zmek i¢in sonlu farklar yontemi kullanilmistir.
3.2.1. Hidrodinamik Analizler

Akis alanina ait biiyiikliiklerden olan basing ve sicaklik dagilimi, viskozite
degisimi ve hiz, daha once verilmis olan esitlikler yardimiyla bulunabilir. Bununla
birlikte, calismada sicaklik sabit kabul edildiginden yagin hal denklemi sadece basinca
bagh olur (yag filmi sicakliginin cebri sogutma ile istenilen bir sicaklik degerinde sabit
tutulabilecegi kabul edilmektedir). Bunun yami sira yag filmi kalinliginin ise
deformasyon Oncesinde yatak genisligi boyunca egimle orantili olarak degistigi kabul
edilmektedir. Yag basinct nedeniyle kayici ve lokmada meydana gelecek olan
deformasyonlar sonucu degisecek olan yag filmi kalinligi, deformasyon miktarlarinin
baslangictaki yag film kalinligina ilave edilmesiyle bulunmaktadir.

Kaymali yataklar ile ilgi olarak daha Once yapilan kabuller cercevesinde
Reynolds denklemi silindirik koordinatlarda (3.18) denklemi ile,

i[ﬂﬁ a_pj + li(}ﬁ a_pj = 6Uﬂ8_h
or or) radd 00 00

seklinde verilmisti.
3.2.1.1. Reynolds Denkleminin Boyutsuzlastirilmasi ve Coziilmesi

Daha once elde edilen boyutlu haldeki Reynolds denklemi

i(rh3 a_pj +1i(h3 a_pj = 6U,ua—h
or or) rd0 00 20

seklindeydi.



14

Reynolds diferansiyel denklemi, boyutsuz denklemler kullanmak suretiyle ele
alinan probleme ait birtakim degerlerden bagimsiz calismak miimkiin oldugundan,

asagida tamimlanan boyutsuzlastirma parametreleri yardimiyla boyutsuz hale getirilir.

Sekil 3.3 Yatak geometrik Olciileri

—_ T
r=—
Rd
p=l
)
L=R,-R,
§=h,—h, (3.19)

h=h2+5(1—9]
B

U =2arN =2nrR /N

2
ﬁzi(ij
uN\ L

Bu ifadeler ana denklemde yerine konulursa,

B —. 3 (= (LY 1 (o= (LY
R .6°h’ PuN| = —| &8°h® —=| PuN| =
Rdaf(r d Rdaf( H (8] N+fRd ae( ae( : (8] n

=6.2.1. Rdi,u%(SH)

(3.20)

Buradan da,



15

_ _ 2 T
i_(f? a—lfj@i(ﬁ a—pj:IZ.nf Ry} oh (3.21)
or or r 00 00 L ) 96

seklinde boyutsuz hale getirilmis olur.
Boyutsuz hale getirilmis Reynolds diferansiyel denklemi sonlu farklar yontemi
kullanilarak iteratif hale getirilir. Bunun i¢in yatak yiizeyi ag yapisinda boliiniir

(Sekil 3.4) ve bu ag yapisindaki bir (i,j) noktasi i¢in sonlu fark formiilii asagidaki gibi

yazilir.

Sekil 3.4 Iterasyon icin yatak ag yapisi

3 Pi+1,j i 3 by 1, Pi,j+1 B Pi,j 3 Pi,j B Pi,j—l
h;r,, ———-hjr, ———~+—|h;,,————-h]_,, ————
’ ’ A r{ ™ !

AB? AB?
—12nr & ’ hi,j+1/2 _hi,j—l/z
L AO

i

(3.22)

3.2.2. Yatak Deformasyon Analizi

Yataktaki deformasyon, temasin genis bir yiizey seklinde olmasindan dolayi,

biinye denklemleri kullanilarak elde edilir.

3.2.2.1. Biinye Denklemleri

Cisimde olusan gerilme ve deformasyonlar ile buna neden olan dis etkiler

arasindaki bagintiy1 gosteren ve malzemeye ait sabitleri iceren denklemlere biinye
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denklemleri denmektedir. Deformasyon alanlarinin hesaplanmasimi miimkiin kilan bu
denklemler siirekli ortamlar mekaniginden bilinen elastisite denklemleridir.

Sikigabilir ve lineer elastik bir malzeme icin biinye denklemi:

T, = A0, +2ue, (3.23)
olarak verilmektedir. Burada: 9o, : Kronecker deltasi, ¢, : birim sekil degistirme
tansoriidiir. Burada, u=(r,0,z) radyal, V=(r,0,z) tegetsel, w=(r,0,z) eksenel
dogrultudaki yer degistirmeleri alarak en genel sekilde deformasyon hesaplanmak
istenmektedir. Bu durumda ¢,, tansoriiniin silindirik koordinatlardaki bilesenleri

asagida yazildig gibidir.

____VE
(1+v)1-2v)
E
= :G
Mo+
e =0
Yoor
u 1lov
—— o 3.24
% r+r86 ( )
_ow
“ oz

—_— P + e
2(dz r d0
(3.24)’teki ifadeleri (3.23) ifadesinde kullanarak gerilme tansorii bilesenleri agik olarak
asagidaki gibi yazilir.

:(k+2u)sr +7u(s6 +82)
(X+2u) (8 +8Z)
=(X+ 2u).sZ +7\.(Sr +89)

= 2uy, (3.25)
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T, =207,

Ty, = 217,
Genel halde,

Tk TPf, =pii, (3.26)
seklinde ifade edilen denge denklemi, problemde kiitle kuvveti olmadig1 (f=0) ve
problem statik bir problem oldugundan (ii,=0),

Ty =0 (3.27)

ifadesine indirgenir. Bu durumda (3.27) ifadesi silindirik koordinatlarda acik olarak,

do, 1ldt, odr, 1 ,
r - z o, _ =0
or +r 20 " 0z -‘_r(cr %) @

ot, ldo, dt, 2 .
0, 1 .20 o 3.28
or +r 20 " 0z +rTr9 (i) (3.28)

at,, +l o1, N dJo, LT g (i)
or rdd Jdz r

seklinde yazilir. (3.24) ve (3.25) ifadelerindeki gerilme bilesenleri (3.28) deki

denklemlerde yerlerine konuldugunda ifadeler su hale gelir:

do,  1dt, N ot

. 1
® or +r M 9z r "

0 10 0
or r do 0z

+%[(7»+ 2u)e, +Me, +¢,)— (A +2pe, —Ale, +az)]= 0

olup,

i (}\'+2u)a_u+}\'[£+la_v+a_wj +ﬁi[la_u+i_1j
or or r rdd oz rodlrodd or r
+ i(a_u.i_a_wj.i_ﬂ(a_u_g_lij:o

“az dz or r\or r rdd

Buradan,
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o’u pod’u  d’u A+p d’v 0°w  A+2udu
A+2 += + + A+ + —
( )8r2 2907 M2 1 arae ( H)Braz r or
_3wov_2pu_,
90 r’
elde edilir.
(i) Iy 190, | I, +grre =0

or rdd oz

r

0 10 0 2
_(2H'Yre )+__[()"+ 2“)89 +7\‘(8r + Sz)]+_(2MYez)+_(2HYre): 0
or r 00 0z r
olup,
8(1 du ov Vj 10 )(u lavj (au aw]
P | et = || A+ 2u) =+ = [+ A —+— | |+
orlro0 odr r) rdd r rao or 0z
0 (av lawj 2u(lau ov Vj
t+tu—|—+-——|+—| ——+———|=0
0z\dz 1 00 r\rod or r
Buradan,
2 2 2 2 2
ua v+k+2u8 V+H8 v+x+u o’u  A+p d°w +£8_v
or? 2 99° 9z’ r orodd r 000z r or
+X+24u8_u_2p;V:0
r° 00 r
elde edilir.
ot, 1dt, do, =
VAN z z 41z )
i) or r d0 " 0z " r
0 10 0 1
_(2H’er)+__(2u’Y62)+_[(7\’+ 2H)Sz +}\’(8r + 86)]+_(2uer): 0
or r 00 0z r
olup,
orlodz r or rod\odz rodd ) oz 0z r rod or
+E(a_u+a_wj:()
r\dz or

Buradan,

(3.29)

(3.30)
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°’w  u d’w °w o’u  A+p dv
+—= +A+2 +(A+ +
R L L T
(3.31)
LHOw Atpdu o
r or r oz
elde edilir.

Yukarida bulunan (3.29), (3.30) ve (3.31) denklemlerinin problemin ¢dziimiinde
kullanabilmesi i¢in denklemlerin sonlu fark ifadeleri seklinde yazilmasi1 gerekmektedir.
Bunun i¢in kullanilacak sonlu fark formiilleri sunlardir:

1.tiirev i¢in ileri ve geri sonlu fark formiilleri:

a_ll _ —Uoi t 4ui+1,j,k _3ui,j,k ,a_ll _ 3ui,j,k - 4ui—1,j,k Uik (3.32)
orl, 2Ar or |, 2Ar

1.tiirev icin merkezi sonlu fark formiilii:

a_ll _ Uik " Wik (3.33)
or|ix 2Ar

2.tiirev i¢in merkezi sonlu fark formiilii:

d%u | _ Wik YW ok ~ Wik~ Wisnjoik (3.34)
ord0) | 4ATAD

(3.32), (3.33) ve (3.34) ifadelerinin (3.29), (3.30) ve (3.31) denklemlerinde gerekli
yerlere yazilmasi durumunda ifadeler asagidaki hale gelecektir.

(3.29) denklemi su sekilde idi:

o’u po’u  d’u A+p d’v 0°w  A+2udu
A+2 += + + +(A+ + —
( H)ar2 2007 T oz2 r oroo ( H)araz ror
3udv  2uu
LA )
00 1’

Buradan,
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Ui i — 20550 U +iui,j+l,k —2u 5 FU

(X+ Zp)
Ar’ 1 AD’
+u Uik — 2ui,j,k U + A Viejiok T Vicniok ~ Vienjrik — Vienjoix
Az’ T, 4Ar AO
(3.35)

W, o W =W =W

+(7L+H) i+1,j,k+1 i-1,j,k-1 i-1,j,k+1 i+1,j,k-1
4Ar Az
N A2 Ui — Uik _3_u Vigrik 7 Vigik Zuui,j,k _
T, 2Ar I 2A0 1’

elde edilir.

(3.30) denklemi su sekildeydi:
0°v. A+2ud*v 9’V A+p od’u  A+po’w  pov
H— + S+ + + +E =
or r° 00 oz r Jrdf r 000z r or
A+4pdu  2uv
—+ _— =
> 90 1’

Buradan,

0

Virik — 2Vi,j,k +Viiik + A+21 Vix ~ 2Vi,j,k + Vi

Ar? riz A
+u Vigket ~2Vigk tVijia + Ap Ui ok Pk ™ Binna ~ Yingk
Az> T, 4ArAB
(3.36)
A Wien TWier = Wi = Wi LR Vierjk ~ VicLjk
r 4AOAIz . 2Ar
A+4p U e U0k 2l’wi,j,k
+ 5 - 2 =0
I. 2A0 I,

elde edilir.
(3.31) denklemi su sekildeydi:

2

’w  u d’w °w o’u  A+p ov
+—= +A+2 +(A+ +
Y L LD i e o
+£a—w+x+“a—u:0
r or r oz

Buradan,
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Wik ~2Wi i Wik +£ Wik = 2W it W
Ar? 1 AD?
W, 1—2w. LWL
(o 20) Wit T2V ¥ g
Az
1) PO | e | B
+(7\,+M) i+1,j,k+1 i-1,j,k-1 i+1,j,k-1 i-1,j,k+1 (337)
4ArAz
A Vi T Vi = Vigrkar ~ Vijoiks
T 4A0Az

+£ Wirik ~ WisLik + AP UG — W —0

T, 2Ar r. 2Az

1 1

elde edilir.

Bu sekilde denklemler sonlu farklarla ifade edilmis olurlar.

3.2.2.2. Siir Sartlari

Calismada, hem lokma hem de saft (kayici) icin sinir sartlarinin yazilmasi
gerekmektedir. Sinir sartlart ilk once lokma, ardindan da saft icin yazilacaktir.

Problemde ele alinan bir lokma i¢in 6 yiizeyindeki sinir sartlari su sekildedir:

1. Lokma alt yiizeyinde (z=0) lokma yataga bagli oldugu i¢in buradaki yer
degistirme degerleri sifirdir.
u(r,0,0) =v(r,0,0) =w(r,6,0)=0

ii.  lokma iist ylizeyinde (z = &) -z yoniinde yayili bir basin¢ kuvveti vardir ve ayni
yiizeyde kayma gerilmeleri sifirdir.
o, (r,0,h)=-P
To(r,0,h)=17 _(r,0,h)=0

ii.  Lokma i¢ yilizeyinde (r = R,) tiim gerilme degerleri sifirdir.

O-r(Rj’07Z):Z.r9(Rj707Z) :Z.rz(R'707Z):0

iv.  Lokma dis ylizeyinde (r = R,) tiim gerilme degerleri sifirdir.
0.(R,;,0,2)=7,,(R,,0,2)=7,_(R,,0,2)=0

v.  Lokma sag yiizeyinde (8 = 6,) tiim gerilme degerleri sifirdir.

O-H(raeb’z):Tre(r’0b7z)zfez(r’0b’z) :0
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vi.  Lokma sol ylizeyinde (8 = 6, ) tiim gerilme degerleri sifirdir.

O'e(l’,gs,z)=Z'r6(r,05,z)ZT&(F,QS,Z)ZO

Lokmaya ait bahsi gecen yiizeyler, benzer bir hidrodinamik eksenel kaymali

yatak lokmasi tizerinde Sekil 3.5°te gosterilmektedir.

(i) z=h

(iii) r =R, @ =0 (iv) r=R,

Sekil 3.5 Lokmaya ait yiizeyler

Bu yazilan sinir sartlarinin ¢aligmada kullanilabilmeleri icin sonlu fark ifadeleri

seklinde yazilmalar gerekmektedir.

i z=0
u(r,6,0)=0 (3.38)
v(r,8,0)=0 (3.39)
w(r,8,0)=0 (3.40)
. z=h

o,(r,8,h)=-P ,yani
(A + Zu)eZ + X(sr +g, )=-P yada

(x+2u)a—w+x[a—u+3+lﬁJ=—P olur.
oz or r radd

Bu sonlu farklar ile
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3w, —4w. . +w. .
()\‘+ 2},[) i,j,k i,j,k-1 i,j,k=2
2Az

3u... —4u. ... +u. .. u.., 3v.., —4v.. +v..
+7\{ i,j.k éz;k i-2,j.k + ;],k i,j.k 2Ti—lek I’J_zykj:—P(i,j)

1

(3.41)

seklinde yazilir.

Ty (r,0,h) =0 idi. Yani,

2uy, =0 veya

1(dv 10w
2u—| 2o
u2(82+r89j

Bu sonlu farklar ile,

Vi = WVija H Ve + 1 Wik =AW W
2Az T, 2A6

1

=0 (3.42)

seklinde yazilir.

7. (r,0,h) =0 idi. Yani,
2uy, =0 veya
1(du ow
2u—| —+—1=0
! 2(az or j
Bu sonlu farklar ile

3ui,j,k - 4ui,j,k—1 +U; 00 + 3Wi,j,k —4w iLik TWisaix
2Az 2Ar

=0 (3.43)

seklinde yazilir.
iii. r=R,
o,(R;,0,z)=0 , yani,
(7»+ 2u)sr + X(ee +e, ) =0 yada

(A + 2u)a—u+ X[E+la—v+a—wj =0 demektir.
or r rdd oz

Bunun sonlu farklarla ifadesi
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(X + 2“) Uik T 4ui+1,j,k - 3ui,j,k
2Ar
(3.44)
oy Ui +l “Vigox T 4Vi,j+1,k - 3Vi,j,k + Wik T 4Wi,j,k+1 - 3Wi,j,k _
I 2A0 2Az

seklindedir.

T,,(R;,0,2)=0 idi. Yani,

247, =0 veya

2ul la_u + ﬁ A P 0 olup, bunun sonlu farklarla ifadesi,

2\rdd or r

1 -Uijnx * A 3055 4o Vieix T4V = Vi Vigk _ 0 (3.45)

I 2A0 2Ar I,
seklindedir.

7.(R;,6,2) =0 1di. Yani,

2uy, =0 veya

2ul 8_u + 8_w =0 demektir ve bunun sonlu farklarla yazilimi

20z or
Ui T 4ui,j,k+1 - 3ui,j,k + Wik T 4Wi+1,j,k - 3Wi,j,k -0 (3.46)
2Az 2Ar
seklindedir.
iv. r=R,

o,(R,,0,z)=0 yani,

(A+2p)e, +A(g, +¢,)=0 veya

(A + 2u)a—u + X(E + 18—\/ + a_wj =0 olur. Bu sonlu farklarla

or r rdd oz
(X + 2“) 3ui,j,k - 4ui—1,j,k +U ik
2Ar
(3.47)
ny Ui +l 3Vi,j,k - 4Vi,j—1,k + Vi + 3Wi,j,k —4w ikt T 3Wi,j,k—2 —0
I 2A0 2Az

seklinde yazilir.
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7 ,(R,,0,z) =0 idi. Yani,

2417, =0 yada

2ul(la—u + ﬂ —Xj =0 olup sonlu farklarla
2\rdd odr r
1 3y = A0 Uy 3V — AV PV Viik _ 0 (3.48)
T, 2A0 2Ar T,
seklinde yazilir.
7.(R,;,0,2) =0 idi. Yani,
2uy,. =0 veya
2ul(a—u + a_wj =0 olup sonlu farklarla yazilimi
2\dz  or
3 =AU U 3W g AW W —0 (3.49)
2Az 2Ar
seklindedir.
v. 6=6,

0,(r,0,,z) =0 seklindeydi. Bu,

A+2un)e, +Ale. +¢,)=0 yada
(A +2u)e, +Me, +¢,)

(A+2p Sy l& + A 8_u + 8_w = 0 olup bunun sonlu farklar ile ifadesi
r rdo or 0z

I. r 2A0

1 1

(n+ ZM)(ui’j’k 4L Vi +4vi 0 — 3V j

(3.50)

Y Ui, T 4ui+1,j,k - 3ui,j,k + Wik T 4Wi,j,k+1 - 3Wi,j,k
2Ar 2Az

seklindedir.

T,,(r,0,,z)=0 1idi. Yani,
2417,5 =0 yada
l[l du ov v

5 +— ——j =0 olacaktir. Bunun sonlu farklarla yazilima,

) 2
H rdd or r
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l “U ok T 4u Lk
T, 2A0 2Ar T,

1

—3u; 5, 4o Vieik TV — Vi _Vik =0 (3.51)

seklindedir.

Ty (r,6,,2) =0 1idi. Yani,

2uy, =0 veya
2 ul(a—v + la_wj = 0 demektir. Bunun sonlu fark ifadeleriyle yazilim,
2\0dz r df
Vi T =3V + 1 - Wijox * AW,k —3W5 —0 (3.52)
2Az T, 2A6
seklindedir.
vi. 6=6,
o,(r,8, ,z)=0 seklindeydi. Yani,
(A + 2u)se + K(sr +g, )=0 yada
(A + 2u)(£ + la_vj + X(a—u + a_wj =0 olup bunun sonlu farklarla ifadesi,
r raf or 0z
(7\, +ou Ui +l 3Vi,j,k - 4Vi,j—1,k +Viioxk
I ¢ 2A0
(3.53)
ny 3ui,j,k - 4“1»1,1',1( T,k + 3Wi,j,k - 4Wi,j,k—1 + 3Wi,j,k—2 _
2Ar 2Az
seklindedir.
7,,(r,0.,z)=0 idi. Yani,
217,y =0 yada
2ul(la—u + i - Xj =0 olup bunun sonlu farklarla yazilima,
2\rdd or r
1 30 =AU U + 3Vii = Wit Vinx Viik _ 0 (3.54)
T, 2A0 2Ar T,
seklindedir.

Ty (r,6,,2)=0 1idi. Yani,
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2uy, =0 veya

2M%(8_v + la_wj =0 seklinde olup bu ifadenin sonlu farklar ile yazilimi,

Jz 1 09

3Vi,j,k - 4Vi,j,k-1 +Viik2 + l 3Wi,j,k —4w itk T Wik
2Az I, 2A0

1

=0 (3.55)

seklinde olmaktadir.
Calismada safta ait sinir sartlarint yazmadan Once birka¢ aciklama yapmak

uygun olacaktir.

Sekil 3.6 Saftin hareketi

Sekil 3.6’daki gibi saftin belirtilen yonde donmesi esnasinda, lokma iizerindeki
bir 1; noktasina z-ekseni dogrultusunda saft iizerinde karsilik gelen noktalar sirasiyla s,
2 ve $3 olsun (bunlar ayni1 dogrultu iizerinde birbirini izleyen noktalardir). @ agisal hiz,
t zaman ve @ da aci1 degeri olmak iizere, boyle bir durumda saft {izerindeki herhangi bir
noktanin lokmaya bagl olarak acisal degeri,

0 (7

it = Olotma + OO (3.56)
olacaktir (Sekil 3.7). Bununla birlikte lokma iizerindeki 1, noktasinin deformasyonu
donme hareketi esnasinda siirekli aym kalirken (lokma hareket etmediginden), saft
tizerinde bu noktaya karsilik gelen noktalarin hareket esnasinda deformasyon degerleri
siirekli degisken olacaktir. Yani, $3 noktasi bir sonraki adimda (t siire sonra) §;
noktasinin yerini aldiginda deformasyonu sabit kalmayip degisecektir. Bununla birlikte

s> noktasinin yerini aldiginda (t aninda), deformasyonu s, noktasinin (# =0 anindaki)

deformasyonuna esit olacaktir. Bundan dolay1 da lokma tizerindeki belli bir noktaya saft
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tizerinde karsilik gelen noktanin deformasyonu siirekli degisecek, ancak saft tizerindeki
bu noktanin deformasyonu lokmada oldugu gibi siirekli sabit kalacaktir. Bu nedenle de

sistem statik olarak kabul edilebilmekte ve coziimler ona gore yapilabilmektedir.

KEé‘“ﬁ

7

lokma

1 a

KE

lokma

95aft = elokma + it

Sekil 3.7 Saftin lokmaya gore hareketi

Bu aciklamalar1 yaptiktan sonra saft (kayici) icin smur sartlarmm su sekilde

verebiliriz:

i.  Saft taban yiizeyinde ( z = 0) yer degistirme degerleri sifirdir.
u(r,0,0)=v(r,0,0) =w(r,6,0)=0
ii.  Saft dis yiizeyinde (r = R,) tiim gerilme degerleri sifirdir.
o,(R,,0,2)=7,,(R,,0,2)=7,.(R,,0,2)=0
iii.  Saft iist (yag ile temas eden) yiizeyinde (z = /&) sadece lokmanin saft {izerine
izdlisimii olan alana basin¢ etkimektedir, bu alan disindaki yerlerde basing
stfirdir.
Saft tizerindeki ¢alisma alami Sekil 3.8’den goriilebilir.
iii. nolu smir sartinin anlasilirligimi artirmak icin Heaviside birim basamak
fonksiyonu kullanilabilir. Tanimlandigr aralikta birim basamak degeri veren bu
fonksiyonla ilgili ayrintili bilgi EK-2’de verilmektedir. Burada bu fonksiyon

kullanilarak calisma alaninin nasil tanimlanabilecegi gosterilmektedir.
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Sekil 3.8 Saft {izerindeki ¢alisma alani

n lokma sayisi, € ag1 degeri,  lokma agis1 ve ¥ ardisik iki lokma arasindaki

bosluk acisit olarak tanimlanmak suretiyle (Sekil 3.9), cevresel ve radyal yonlerdeki
Heaviside fonksiyonlar1 su sekilde tanimlanabilir:

0 < @ < B olmak iizere ¢evresel (8) yondeki basing alani,

[H(©)-H©O-P)P(r,0)+[HO-(B+7)-HO-2B+y)]|P(r,6)

+[H©O-2B+2y)-H(@O-CBB+27)]P(r.0)+... (5.7
seklinde ifade edilebilir. Buradan ifade genellestirilerek,
[Z [H©6-G-DS~(-Dy]-[HEO-if~(i- 1>.y)]} *P(r.6) (3.58)

seklini alir.

A

Sekil 3.9 Heaviside fonksiyonu
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Radyal dogrultudaki basing alani ise R, <r < R, olmak iizere,
[H(r—R,)—H(r—R,)]* P(r,6) (3.59)
seklinde tanimlanir. Bu durumda calisma alanini tamamen tanimlayacak olan ifade

sudur :

(3.60)

i=1

{Z[H(e—(i—l)ﬁ—(i—n.y)]— [H(e—i.ﬁ—a—l).y)]}
“[H(r=R)-H(r—R,)]* P(r,6)
Saft icin yazilan sinir sartlarinin da lokmada oldugu gibi sonlu farklar ile ifade

edilmeleri gerekmektedir.

i z=0
u(r,0,0)=0 (3.61)
v(r,0,0)=0 (3.62)
w(r,8,0)=0 (3.63)
ii. r=R,

o,(R,,0,z)=0 yani,
(k+2u)sr +7u(86 +8Z): 0 veya

(n+ 2u)a—u + X(E + 18—\/ + a_wj =0 olur. Bu sonlu farklarla

or r rdd oz

3ui,j,k - 4ui-1,j,k U,k

A+2
(A+2n) e
(3.64)
Y Uik +l Vi =it Vijox + Wik =AW H3W 500 _
r, T 2A0 2Az

seklinde yazilir.

7,,(R,,0,z) =0 idi. Yani,

2ﬂ7r9 = O ya da

2ul la_u + ﬁ ~Yl=0 olup sonlu farklarla

2\rdd dr r
lSui,j,k _4ui,j—l,k U0k 3Vi,j,k _4Vi—l,j,k +Vioix ) Viik —0 (3.65)

T, 2A0 2Ar r,

seklinde yazilir.
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7.(R,;,0,2) =0 idi. Yani,

2uy,. =0 veya

1
2u5(3—u %—Wj =0 olup sonlu farklarla yazilimi
VA T
3ui,j,k _4ui,j,k—1 U0 + 3Wi,j,k _4Wi-1,j,k TWisix —0 (3.66)
2Az 2Ar '
seklindedir.
1il. z=h
o,(r,8,h)=-P ,yani
(A+2p)e, +Me, +¢,)=-P yada
z r 0
(h+ 2u)a—w+ x[a_u+g+1ﬁj =—P olur.
oz or r radd
Bunu sonlu farklar ile
3w.., —4w.. +w..
()\‘+ 2},[) i,j,k i,j,k-1 i,j,k=2
2Az
(3.67)
3u... —4u. ... +u. .. u.., 3v.., —4v.. +v..
+ )\{ i,j.k éz;k i-2,j.k + ;],k i,j.k 2Ti—lek i,j-2,k j - —P(i, J)

seklinde yazariz.

Ty (r,0,h) =0 idi. Yani,

2uy, =0 veya

1(dv 10w
| &2V o
u2(82+r89j 0

Bunu sonlu farklar ile
Vi = HVija H Ve + 1 Wik =AW W
2Az T, 2A6

1

=0 (3.68)

seklinde yazariz.

7,.(r,0,h) =0 idi. Yani,

2uy, =0 veya
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1{0du ow
| BV
u2(82+8rj 0

Bunu sonlu farklar ile

3ui,j,k - 4ui,j,k—1 +U; 0 + 3Wi,j,k —4w ik TWisoix
2Az 2Ar

=0 (3.69)

seklinde yazariz.



33

4- ARASTIRMA SONUCLARI ve TARTISMA

Bu calisma esnasinda takip edilen yol su sekildedir:

1. Adim: Yatak basin¢ dagilimi, yag filmi kalinliginin lokma boyunca (¢evresel
yonde) O kadar degistigi kabul edilerek Reynolds diferansiyel denkleminden
bulunmaktadir. Bu baslangi¢ durumunda herhangi bir deformasyonun s6z konusu
olmadig kabul edilmektedir.

2. Adim: Biinye denklemleri, 1. adimda bulunan basin¢ degerleri kullanilarak
sinir sartlarin1 saglayacak sekilde once lokma, ardindan da saft i¢in ¢ozdiiriilmektedir.
Hesaplama sonucunda lokma ve saft iizerindeki her bir noktanin deformasyon degerleri
bulunmaktadir. Bu deformasyon degerlerinden yag filmi kalinligina etkisi olacak olan
z-yoniindeki w deformasyonu bizim i¢in 6nem tasimaktadir.

3. Adim: Lokma ve saft i¢in elde edilen bu w deformasyon degerleri, baglangicta
hesaplanan yag filmi kalinligina ilave edilerek o noktadaki yeni yag filmi kalinlig1 elde
edilir. Elde edilen bu yeni film kalinligina gore yeni basin¢ dagilimi baslangictaki gibi
yeniden hesaplanir.

4. Adim: 3. adimin sonunda elde edilen yeni basin¢ dagilimi kullanilarak 6nceki
adimlarda yapildig1r gibi yeni deformasyon degerleri ve bu deformasyon etkisiyle
degisecek yag filmi kalinlig1 bulunur. Yapilan islemler bir iterasyon seklinde siirekli
tekrar etmektedir. Basin¢ dagilimi ve yag filmi kalinligi i¢in iterasyona Onceden
belirlenen belli bir hata paymin (tolerans degerinin) altinda kalincaya kadar devam
edilir ve bu hata payin1 agmadan elde edilen degerler sonug degerleri olarak kabul edilir.

Burada anlatilan islemler, gerek hesaplama hatalarin1 6nlemek gerekse zaman
kazanci saglamak gibi sebeplerden dolayr bilgisayar ortaminda, MATLAB programi
kullanilarak yapilmistir. Hesaplamalar i¢in kullanilan program metni EK-3’te
verilmistir. Program esnasinda izlenen yol Sekil 4.1’deki gibidir.

Cesitli yatak parametrelerine bagl olarak elde edilen yag filmi kalinligi, basing
dagillmi ve yatagin yiik tasima kapasitesine ait degerler c¢izelgeler halinde

Cizelge 4.1°de ve daha ayrintil1 olarak da EK-1’de verilmistir.
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Baslangi¢

Hesaplama igin gerekli parametrelerin
okutulmasi

Boyutsuz yag filmi kalinliginin
hesaplanmasi

Reynolds diferansiyel denklemi yardimiyla
P(i,j) basing degerlerinin hesaplanmasi

Hata miktarinin kontroli
(EPS<SEPS)

Deformasyonsuz durumda yatagin
yUk tasima kabiliyetinin hesaplanmasi

Boyut katsayisinin hesaplanip
basincin ve yag filmi kalinhiginin
boyutlu hale getirilmesi

Lokmadaki ve safttaki
deformasyon miktarinin ayri ayri hesaplanmasi

Deformasyonlu durumda
yag filmi kalinliginin hesaplanmasi

Deformasyonlu durumda Reynolds diferansiyel denkleminden
P(i,j) basing degerlerinin hesaplanmasi

Hata miktarinin kontrol(i
EPS<SEPS

Deformasyonlu durumda yag filmi kalinliginin
boyutsuz hale getirilmesi

‘ Yatagin yUk tasima kabiliyetinin hesaplanmasi

Sekil 4.1 Bilgisayar programi akis semast
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Cizelge 4.1 Cesitli malzeme ciftleri i¢in yatak performans degerleri

Celik-Celik cifti icin yatagin tasiyabilecegi boyutsuz yiik miktari

Deformasyon Deformasyon
Yatak Boyutu Oncesi Yataglp Sonra§1 Yatggln Yiik Miktarindaki
Tastyabilecegi Tastyabilecegi Yk Azalma
Yiik Miktar1 Miktar
L/Ry h,/6 LDS SD LDS SD
1 1 0,0837 0,0827 0.0823 %1,19 %1,67
1/2 1 0,2200 0,2194 0.2190 %0,27 %0,45
1/3 1 0,2567 0,2561 0.2557 %0,23 %0,39
1 1/2 0,2677 0,2638 0.2627 %1,46 %1,87
1/2 1/2 0,7316 0,7300 0.7290 %0,22 %0,36
1/3 1/2 0,9022 0,9008 0.8996 %0,16 %0,29
1 1/4 0,6147 0,6093 0.6076 %0,88 %1,16
1/2 1/4 1,7540 1,7516 1.7497 %0,14 %0,25
1/3 1/4 2,3146 2,3121 2.3098 %0,11 %0,21

Celik-Bronz cifti i¢in yatagin tagiyabilecegi boyutsuz yiik miktari

Deformasyon Deformasyon
Yatak Boyutu Oncesi Y.ataglp Sonra§1 Yatggm Yiik Miktarindaki
Tastyabilecegi Tastyabilecegi Yiik Azalma
Yiik Miktar1 Miktari
L/Rq4 h,/6 LDS SD LDS SD
1 1 0,0837 0.0835 0.0827 %0,24 %1,19
1/2 1 0,2200 0.2195 0.2191 %0,23 %0,41
1/3 1 0,2567 0.2562 0.2558 %0,19 %0,35
1 1/2 0,2677 0.2657 0.2638 %0,75 %1,46
1/2 1/2 0,7316 0.7304 0.7291 %0,16 %0,34
1/3 1/2 0,9022 0.9010 0.8997 %0,13 %0,28
1 1/4 0,6147 0.6119 0.6091 %0,46 %0,91
1/2 1/4 1,7540 1.7521 1.7500 %0,11 %0,23
1/3 1/4 2,3146 2.3124 2.3100 %0,10 %0,20

Celik-Dokme demir ¢ifti icin yata

gin tasiyabilecegi boyutsuz yiik miktari

Deformasyon Deformasyon
Yatak Boyutu Oncesi Yataglp Sonra§1 Yatggln Yiik Miktarindaki
Tastyabilecegi Tastyabilecegi Yiik Azalma
Yiik Miktar1 Miktar
L/Rq4 hy/d LDS SD LDS SD
1 1 0,0837 0.0832 0.0822 %0,60 %1,79
1/2 1 0,2200 0.2195 0.2190 %0,23 %0,45
1/3 1 0,2567 0.2562 0.2557 %0,19 %0,39
1 1/2 0,2677 0.2650 0.2624 %1,01 %1,98
1/2 1/2 0,7316 0.7303 0.7289 %0,18 %0,37
1/3 1/2 0,9022 0.9009 0.8996 %0,14 %0,29
1 1/4 0,6147 0.6109 0.6072 %0,62 %1,22
1/2 1/4 1,7540 1.7519 1.7497 %0,12 %0,25
1/3 1/4 2,3146 2.3123 2.3098 %0,10 %0,21

LDS: Yalnizca lokmanin deformasyonu sdzkonusu olmasindaki durum
SD: Lokma + saft deformasyonu sonrasi son durum
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Eksenel kaymali yatak tasariminda ©nemli bir kriter olan ve bu calisma
esnasinda da kullanilmis olan minimum yag filmi kalinlig1 ampirik olarak,

h =0,005+0,002R, (4.1)

bagintisi ile hesaplanabilmektedir. Bu baginti ile hesaplanan yag filmi kalinliginda
yatak ylizey piiriizliiliilk degerleri, imalat ve montajdaki form diizgiinsiizliikleri dikkate
alinmistir. Yiiksek devirlere, dolayisiyla yiiksek basing degerlerine cikildik¢a yatakta
olusan deformasyon sonucu yag filmi kalinligi degismektedir. Dolayisiyla yukaridaki
ampirik baginti ile hesaplanan yag filmi kalinligi dogru sonucu vermemektedir. Bu
yiizden yatak deformasyonu da dikkate alinmalidir.

Yapilan calismada yataktaki basin¢ dagiliminin elde edildigi Reynolds denklemi,
yag viskozitesinin basingla degismedigi, sabit kaldigi (izoviskoz) kabul edilerek
coziilmiistiir. Viskozite degeri, gercek calisma ortaminda yiiksek basing degerlerine
cikildik¢a sabit kalmayip degismektedir. Bu yiizden hesaplanan teorik degerler ile
gercek calisma sartlar1 sonucu elde edilen degerler bir miktar farklilik gostermektedir.
Bunun O©nlenmesi ic¢in viskozite degisimi, ilgili denklemler yardimiyla hesaplanip
Reynolds denkleminde yerine konmali, bu sekilde hata miktar1 azaltilmalidir.

Yapilan bu c¢alismada yatak malzemesi olarak celik, bronz ve dokme demir
secilmistir. Pratikte, yatak lokmalar1 genellikle ¢elikten imal edilip yilizeyi bagka bir
kaplama malzemesi ile kaplanabilmektedir. Bahsi gecen kaplamanin kalinligi
deformasyon sirasinda olusan ¢okme miktarindan az olursa elde edilen sonuglar
degisebilir. Bunun i¢in buna benzer uygulamalarda bu noktalara dikkat edilmelidir.

Bu calisma esnasinda yatak profili icin lokmanin sabit egimli oldugu kabul
edilmistir. Bunun yani sira hiperbolik tip profile veya basamak tip profile sahip
lokmalar da kullanilabilir (Sekil 4.2).

Bu profile sahip yataklarda yag filmi kalinliklar1 asagida verilen bagintilar
yardimiyla su sekilde hesaplanabilir:

Sabit egimli yataklarda,

h=h1[1+(h2 _h‘jij (4.2)
h B

Hiperbolik profile sahip yataklarda,

h | x
h=h, exp[ln(h—zJ B] (4.3)
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Basamak tip profile sahip yataklarda,

h,x < E
h= é (4.4)
hy,x=—
2
I I | I \
i t s : ER § <
= , = = A
‘ w
Y
B B B B
(a) (b) (©

Sekil 4.2 Cesitli yatak profilleri (a) Sabit egimli (b) Hiperbolik (c) Basamak tip

Goriildiigii gibi, baslangicta yapilan kabuller ¢ercevesinde yiiriitiilen calisma
sonucunda, yatak deformasyonlari nedeniyle yatagin yiik tasima kabiliyetinde azalma
olmustur. Celik-gcelik ¢ifti i¢in yataktaki basin¢ dagilimi, yag filmi kalinligi ve
deformasyon miktarlart EK- 1°deki ilgili cizelge ve sekillerde goriilebilmektedir. Daha
once verilmis olan Cizelge 4.1’den de goriilebilecegi gibi yiik tasima kabiliyetindeki
maksimum diisiis celik-dokme demir c¢iftinde (%1,98) olmustur. Calismada kullanilan
diger malzeme ciftlerine ait degerler de yine bu tablodan goriilebilir.

Yapilan calismada hem lokmanin hem de saftin deformasyonlari dikkate
alinmis, bu sekilde daha net sonuglara ulasilmistir (Cizelge 4.1°de sadece lokma
deformasyonu sézkonusu olmasit durumunda (LDS) elde edilebilecek sonuglar da
verilerek konu ile ilgili daha ©Once yapilan calismalarla karsilastirma yapilmasi
saglanmakta, bu sekilde sonuglar hakkinda daha 1yi fikir elde edilmesi
amaclanmaktadir). Bunun yani sira baslangicta yapilan kabuller (viskozitenin sabit
olusu, vs.) yerine bunlarin da uygulama esnasindaki degisimlerini sistem icerisine

entegre edecek ¢alismalarla daha hassas sonuglar elde edilebilir.
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EKLER

EK-1

Hidrodinamik eksenel kaymali yatakta deformasyon Oncesi ve sonrasi olusan
boyutsuz yag filmi kalinliklar1 ve basing dagilimlart MATLAB programinda yazilan bir
program vasitasiyla hesaplanmis ve celik-gelik c¢ifti icin ilerleyen sayfalarda cizelgeler

halinde verilmistir. Gorselligin artirllmasi amaciyla cizelgelere ait grafikler verilmistir.
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Cizelge 6.1 Deformasyon oncesi boyutsuz yag filmi kalinligi (L/Ry = 1, hy/d = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
2 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
3 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
4 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
5 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
6 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
7 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
,E‘; 8 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
é 9 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
S 10 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
g 1 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
§ 12 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
;Q/ 13 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
14 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
15 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
16 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
17 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
18 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
19 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
20 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
:(::5\0 8 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
% 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
‘% 12 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S’ 13 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
14 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
17 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
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Cizelge 6.2 Deformasyon sonrasi boyutsuz yag filmi kalinligr (L/Ry =1, hp/d = 1)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 2,0020 1,9520 1,9020 1,8520 1,8020 1,7520 1,7020 1,6520 1,6020 1,5520
2 2,0020 1,9520 1,9020 1,8520 1,8020 1,7520 1,7020 1,6520 1,6020 1,5520
3 2,0020 1,9520 1,9020 1,8520 1,8020 1,7520 1,7020 1,6520 1,6020 1,5520
4 2,0020 | 1,9520 | 1,9020 1,8520 | 1,8020 | 1,7520 1,7020 | 1,6520 1,6020 1,5520
5 2,0020 1,9520 1,9020 1,8520 1,8020 1,7521 1,7021 1,6521 1,6021 1,5521
6 2,0020 1,9520 1,9020 1,8521 1,8021 1,7521 1,7021 1,6522 1,6022 1,5522
7 2,0020 1,9520 1,9021 1,8521 1,8022 1,7522 1,7022 1,6523 1,6023 1,5524
,E‘; 8 2,0020 1,9521 1,9021 1,8522 1,8023 1,7523 1,7024 1,6525 1,6025 1,5526
é 9 2,0020 | 1,9521 1,9022 1,8523 1,8024 | 1,7525 1,7026 | 1,6528 1,6029 1,5530
S 10 2,0020 1,9522 1,9023 1,8525 1,8026 1,7528 1,7030 1,6531 1,6033 1,5535
g 11 2,0020 | 1,9522 | 1,9024 1,8526 | 1,8029 1,7531 1,7034 | 1,6536 1,6039 1,5541
§ 12 2,0020 1,9523 1,9026 1,8529 1,8032 1,7536 1,7039 1,6543 1,6046 1,5550
; 13 2,0020 | 1,9524 | 1,9028 1,8532 | 1,8037 1,7541 1,7046 | 1,6550 1,6055 1,5559
14 2,0020 1,9525 1,9030 1,8536 1,8042 1,7547 1,7053 1,6559 1,6065 1,5570
15 2,0020 1,9526 1,9033 1,8540 1,8047 1,7553 1,7060 1,6567 1,6074 1,5580
16 2,0020 | 1,9528 1,9035 1,8543 1,8051 1,7558 1,7066 | 1,6574 1,6081 1,5588
17 2,0020 1,9528 1,9037 1,8545 1,8053 1,7561 1,7068 1,6576 1,6083 1,5590
18 2,0020 | 1,9528 1,9036 1,8543 1,8051 1,7558 1,7064 | 1,6571 1,6077 1,5584
19 2,0021 1,9526 1,9032 1,8537 1,8041 1,7545 1,7050 1,6554 1,6058 1,5563
20 2,0019 | 1,9521 1,9024 1,8526 | 1,8029 1,7531 1,7033 1,6535 1,6037 1,5540

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,5020 1,4520 1,4020 1,3520 1,3020 1,2520 1,2020 1,1520 1,1020 1,0520
2 1,5020 1,4520 1,4020 1,3520 1,3020 1,2520 1,2020 1,1520 1,1020 1,0520
3 1,5020 1,4520 1,4020 1,3520 1,3020 1,2520 1,2020 1,1520 1,1020 1,0520
4 1,5021 1,4521 1,4021 1,3521 1,3021 1,2521 1,2021 1,1520 1,1020 1,0520
5 1,5021 1,4521 1,4021 1,3521 1,3021 1,2521 1,2021 1,1521 1,1021 1,0521
6 1,5022 1,4522 1,4023 1,3523 1,3023 1,2523 1,2022 1,1522 1,1021 1,0522
7 1,5024 1,4524 1,4025 1,3525 1,3025 1,2525 1,2024 1,1524 1,1022 1,0523
ED 8 1,5027 1,4527 1,4028 1,3528 1,3028 1,2528 1,2027 1,1526 1,1024 1,0526
% 9 1,5031 1,4532 | 1,4032 1,3533 1,3033 1,2533 1,2032 | 1,1529 1,1026 1,0529
:3) 10 1,5036 1,4538 1,4039 1,3540 1,3040 1,2539 1,2037 1,1534 1,1029 1,0534
g 11 1,5044 1,4546 1,4047 1,3548 1,3049 1,2548 1,2045 1,1540 1,1033 1,0540
% 12 1,5053 | 1,4556 | 1,4058 1,3559 | 1,3060 | 1,2558 1,2055 1,1548 1,1037 1,0547
g 13 1,5064 1,4567 1,4070 1,3572 1,3072 1,2571 1,2066 1,1557 1,1043 1,0556
14 1,5075 | 1,4579 1,4083 1,3585 1,3086 | 1,2584 1,2078 1,1567 1,1049 1,0566
15 1,5086 1,4591 1,4096 1,3599 1,3100 1,2597 1,2091 1,1577 1,1056 1,0577
16 1,5095 1,4601 1,4106 1,3609 1,3111 1,2609 1,2101 1,1586 1,1062 1,0588
17 1,5097 1,4604 1,4109 1,3614 1,3116 1,2614 1,2107 1,1592 1,1066 1,0595
18 1,5090 | 1,4596 | 1,4102 1,3606 | 1,3108 1,2608 1,2102 | 1,1589 1,1065 1,0595
19 1,5067 1,4571 1,4075 1,3578 1,3081 1,2581 1,2078 1,1570 1,1054 1,0581
200 | 15042 | 14544 | 1,4046 | 1,3548 | 1,3049 | 1,2550 | 1,2049 | 1,1544 | 1,1036 | 1,0520
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Cizelge 6.3 Deformasyon Oncesi boyutsuz basing degerleri (L/Ry =1, hy/6 = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0010 | 0,0020 | 0,0031 | 0,0042 | 0,0054 | 0,0066 | 0,0078 | 0,0090 | 0,0102
3 0 0,0022 | 0,0045 | 0,0069 | 0,009 | 00122 | 00149 | 0,0176 | 0,0203 | 0,0229
4 0 0,0038 | 0,0079 | 0,0122 | 0,0169 | 0,0215 | 0,0263 | 0,0311 | 0,0359 | 0,0405
5 0 0,0059 | 00122 | 0,0190 | 0,0261 | 0,0334 | 0,0408 | 0,0482 | 0,0556 | 0,0628
6 0 0,0085 | 0,0175 | 0,0271 | 0,0373 | 0,0477 | 0,0582 | 0,0689 | 0,0795 | 0,0898
7 0 00115 | 0,0236 | 0,0366 | 0,0504 | 0,0643 | 0,0786 | 0,0930 | 0,1074 | 0,1213
ED 8 0 0,0149 | 0,0306 | 0,473 | 0,0652 | 0,0833 | 0,1018 | 0,1205 | 0,1745 | 0,1572
é 9 0 0,0187 | 0,384 | 00594 | 0,0817 | 0,1044 | 0,1276 | 0,1511 | 0,1391 | 0,1973
S 10 0 00228 | 0,0470 | 0,0726 | 0,0999 | 0,1276 | 0,1560 | 0,1848 | 02135 | 0,2414
g 11 0 0,0274 | 0,0563 | 0,0870 | 0,1196 | 0,1527 | 0,1867 | 0,2212 | 0,2555 | 0,2890
§ 12 0 00323 | 00663 | 0,1023 | 0,1404 | 0,1792 | 02190 | 0,2592 | 0,2992 | 0,3380
s 13 0 0,0374 | 0,0765 | 0,1177 | 0,1612 | 0,2054 | 0,2504 | 0,2958 | 0,3407 | 0,3840
14 0 0,0421 | 00859 | 0,317 | 0,797 | 02281 | 02772 | 0,3262 | 0,3743 | 0,4203
15 0 0,0459 | 0,0932 | 0,1419 | 0,1926 | 02432 | 0,2940 | 0,3443 | 0,3929 | 04385
16 0 0,0479 | 0,0963 | 0,1455 | 0,1960 | 0,2458 | 0,2951 | 0,3430 | 0,3883 | 0,4339
17 0 0,0468 | 0,0930 | 0,1389 | 0,1853 | 0,2300 | 02734 | 03144 | 03574 | 03991
18 0 0,0411 | 0,0800 | 0,1176 | 0,1546 | 0,1891 | 0,2214 | 0,2558 | 0,2893 | 0,3225
19 0 0,0280 | 0,0524 | 0,0748 | 0,0963 | 0,1148 | 0,1346 | 0,1541 | 0,1737 | 0,1932
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 10,0112 | 00122 | 00129 | 00134 | 00135 | 0,0131 | 0,119 | 0,009 | 0,0058 0
3 10,0253 | 0,0275 | 00292 | 0,303 | 0,306 | 00296 | 00268 | 00217 | 00132 0
4 | 0,0448 | 0,0486 | 0,0517 | 0,0537 | 00541 | 0,524 | 00476 | 00385 | 00234 0
5 10,0695 | 00755 | 00803 | 00835 | 0,842 | 00815 | 00740 | 00599 | 0,0365 0
6 | 0,0995 | 0,1081 | 0,1150 | 0,0195 | 0,1206 | 0,1168 | 0,1061 | 0,0859 | 0,0523 0
7 ] 01344 | 0,1461 | 0,1556 | 0,1617 | 0,1632 | 0,1581 | 0,1437 | 0,1164 | 0,0709 0
g{) 8 | 0,1743 | 0,1895 | 02018 | 02099 | 02120 | 0,2054 | 0,1868 | 0,1513 | 0,0923 0
= 9 | 02188 | 02380 | 02536 | 02639 | 02666 | 02584 | 02351 | 0,1905 | 0,1162 0
§ 10| 02678 | 02913 | 0,3105 | 0,3233 | 0,3266 | 03167 | 02882 | 02335 | 0,1424 0
s 11| 03205 | 03486 | 0,3715 | 0,3866 | 0,3904 | 03783 | 0,3440 | 02786 | 0,1698 0
% 121 03745 | 04069 | 04329 | 04497 | 04534 | 04388 | 0,3988 | 0,3230 | 0,1970 0
S/ 13 | 04243 | 04597 | 04878 | 0,5059 | 0,5098 | 0,4937 | 04491 | 03643 | 02226 0
141 04624 | 04995 | 0,5297 | 0,5499 | 0,5550 | 0,5385 | 0,4910 | 03993 | 0,2447 0
15 | 04817 | 05210 | 0,5535 | 0,5756 | 0,5823 | 0,5666 | 0,5183 | 04231 | 0,2604 0
16 | 04774 | 05169 | 0,5499 | 0,5732 | 0,5819 | 0,5686 | 0,5230 | 04296 | 0,2662 0
17| 04389 | 04756 | 0,5073 | 0,5309 | 0,5418 | 0,5330 | 0,4942 | 0,4099 | 0,2569 0
18 | 03547 | 03851 | 04122 | 04337 | 04460 | 04432 | 04163 | 03508 | 02241 0
19 | 02125 | 02313 | 02488 | 02637 | 02740 | 02763 | 02648 | 02293 | 0,1522 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.4 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry=1, ho/6 = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0010 | 0,0021 | 0,0032 | 0,0043 | 0,0055 | 0,0067 | 0,0079 | 0,0091 | 0,0103
3 0 0,0022 | 0,0046 | 0,0072 | 0,0098 | 0,0124 | 0,0151 | 0,0179 | 0,0206 | 0,0231
4 0 0,0040 | 0,0082 | 0,0127 | 0,0173 | 0,0220 | 0,0268 | 0,0316 | 0,0363 | 0,0409
5 0 0,062 | 00127 | 00197 | 0,0268 | 0,0341 | 0,0415 | 0,0490 | 0,0564 | 0,0636
6 0 0,0088 | 0,0181 | 0,0281 | 0,0382 | 0,0487 | 0,0593 | 0,0700 | 0,0807 | 0,0909
7 0 00119 | 0,0245 | 0,0379 | 0,0516 | 0,0657 | 0,0801 | 0,0946 | 0,1089 | 0,1228
§D 8 0 00154 | 0,0317 | 0,0490 | 0,0668 | 0,0850 | 0,1036 | 0,1224 | 0,1411 | 0,1591
é 9 0 00193 | 0,0397 | 00614 | 0,0836 | 0,1065 | 0,1299 | 0,1535 | 0,1769 | 0,1996
S 10 0 00236 | 0,0485 | 00750 | 0,1022 | 0,1301 | 0,1587 | 0,1875 | 02161 | 0,2439
g 11 0 0,0283 | 0,0581 | 0,0897 | 0,1221 | 0,1556 | 0,1897 | 0,2241 | 0,2582 | 0,2913
§ 12 0 0,0332 | 00682 | 0,1052 | 0,1431 | 0,1820 | 02217 | 02616 | 0,3011 | 0,3393
s 13 0 0,0383 | 0,0784 | 0,1205 | 0,1635 | 0,2076 | 0,2522 | 0,2970 | 0,3409 | 0,3831
14 0 0,0429 | 0,0875 | 0,1340 | 0,1812 | 0,2291 | 02774 | 03253 | 03719 | 04160
15 0 00465 | 0,0942 | 0,1435 | 0,1930 | 02427 | 02922 | 0,3407 | 0,3872 | 04324
16 0 0,0482 | 0,0968 | 0,1463 | 0,1952 | 0,2436 | 0,2910 | 0,3366 | 0,3827 | 0,4277
17 0 0,0468 | 0,0930 | 0,1389 | 0,1833 | 0,2264 | 02674 | 0,3101 | 0,3518 | 0,3923
13 0 0,0410 | 00797 | 0,1171 | 0,1519 | 0,1845 | 02184 | 02515 | 02843 | 03167
19 0 0,0278 | 0,0520 | 0,0743 | 0,0936 | 0,1132 | 0,1325 | 0,1516 | 0,1706 | 0,1897
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 00113 | 0,0123 | 0,0130 | 0,0135 | 00136 | 0,131 | 00119 | 0,009 | 0,0058 0
3] 00256 | 0,0277 | 0,0294 | 0,0305 | 0,0307 | 0,296 | 0,269 | 00217 | 00132 0
4 | 00452 | 0,0490 | 0,0521 | 0,0540 | 0,0544 | 0,0525 | 0,0476 | 0,0385 | 0,0234 0
5 ] 00703 | 0,0762 | 0,0809 | 0,0839 | 0,845 | 00817 | 0,742 | 00599 | 0,0365 0
6 | 0,005 | 0,1090 | 0,1158 | 0,1202 | 0,1211 | 0,1171 | 0,1063 | 0,0860 | 0,0523 0
7] 01358 | 0,1474 | 0,1567 | 0,1627 | 0,1639 | 0,1586 | 0,1440 | 0,1165 | 0,0709 0
§D 8 | 0,1760 | 0,1910 | 02032 | 02110 | 02128 | 0,2060 | 0,1871 | 0,1515 | 0,0922 0
= 9 | 02209 | 02398 | 02551 | 02651 | 02674 | 02590 | 02354 | 0,1906 | 01161 0
:3) 10| 02700 | 0,2932 | 0,3120 | 0,3243 | 0,3272 | 03169 | 0,2881 | 0,2333 | 0,1420 0
g 11| 03224 | 03500 | 0,3722 | 0,3866 | 0,3898 | 0,3773 | 0,3428 | 02776 | 0,1690 0
& 121 03749 | 04063 | 04313 | 04473 | 04506 | 04361 | 03965 | 03213 | 0,1958 0
g 13| 04220 | 04561 | 04835 | 0,5012 | 0,5052 | 04895 | 04458 | 03621 | 0,2210 0
141 04570 | 04937 | 0,5236 | 0,5436 | 0,5489 | 0,5330 | 04867 | 03964 | 02425 0
15 | 04754 | 05140 | 0,5459 | 0,5677 | 0,5746 | 05597 | 0,5130 | 04197 | 02578 0
16| 04701 | 0,5086 | 0,5410 | 0,5641 | 0,5731 | 0,5609 | 0,5170 | 04258 | 02632 0
17| 04312 | 04671 | 04982 | 0,5216 | 0,5327 | 0,5250 | 0,4881 | 0,4060 | 02536 0
18 | 03481 | 03778 | 04044 | 04257 | 04382 | 04362 | 04108 | 03472 | 0,2209 0
19| 02086 | 02269 | 02440 | 0,2588 | 0,2692 | 02719 | 02612 | 02268 | 0,1497 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.5 Deformasyon 6ncesi boyutsuz yag filmi kalinligr (L/Ry = 1/2, ho/d = 1)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
2 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
3 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
4 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
5 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
6 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
7 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
,E‘; 8 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
é 9 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
S 10 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
g 11 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
§ 12 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
;Q/ 13 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
14 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
15 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
16 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
17 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
18 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
19 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
20 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
:(::5\0 8 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
% 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
‘% 12 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S’ 13 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
14 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
17 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
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Cizelge 6.6 Deformasyon sonrasi boyutsuz yag filmi kalinligi (L/Ry = 1/2, hp/d = 1)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
L 120009 | 19509 | 1,9009 | 1,8509 | 1,8009 | 1,7509 | 1,7009 | 1,6509 | 1,6009 | 1,5509
2| 2,0009 | 1,9509 | 1,9009 | 1,8509 | 1,8009 | 1,7509 | 1,7009 | 1,6509 | 1,6009 | 1,5510
3| 20009 | 1,9509 | 1,9009 | 1,8509 | 1,8009 | 1,7510 | 1,7010 | 1,6510 | 1,6010 | 1,5510
4 | 2,0000 | 1,9509 | 1,9009 | 18509 | 18010 | 1,7510 | 1,7010 | 1,6510 | 1,6010 | 1,5510
5| 20009 | 1,9509 | 1,9009 | 1,8510 | 1,8010 | 1,7510 | 1,7010 | 1,6510 | 1,6010 | 1,5510
6 | 20009 | 1,9509 | 1,9010 | 1,8510 | 1,8010 | 1,7510 | 1,7010 | 1,6510 | 1,6011 | 1,5511
7| 20009 | 1,9509 | 1,9010 | 1,8510 | 1,8010 | 1,7510 | 1,7010 | 1,6511 | 1,6011 | 1,5511
ED 8 | 20009 | 19509 | 1,9010 | 1,8510 | 1,8010 | 1,7510 | 1,7011 | 1,6511 | 1,6011 | 1,5511
é 9 | 20009 | 1,9509 | 1,9010 | 1,8510 | 18010 | 1,7510 | 1,7011 | 1,6511 | 16011 | 1,5512
S 101 20009 | 19509 | 1,9010 | 1,8510 | 1,8010 | 1,7511 | 1,7011 | 1,6511 | 1,6012 | 1,5512
g 1T 1 20009 | 1,9510 | 1,9010 | 1,8510 | 1,8010 | 1,7511 | 1,7011 | 1,6511 | 1,6012 | 1,5512
§ 12120009 | 19510 | 1,9010 | 1,8510 | 1,8011 | 1,7511 | 1,7011 | 1,6512 | 1,6012 | 1,5512
s 13 1 20009 | 19510 | 1,9010 | 1,8510 | 1,8011 | 1,7511 | 1,7011 | 1,6512 | 1,6012 | 1,5512
14 120009 | 19510 | 1,9010 | 1,8510 | 1,8011 | 1,7511 | 1,7011 | 1,6512 | 1,6012 | 1,5512
15 1 20009 | 19510 | 1,9010 | 1,8510 | 1,8011 | 1,7511 | 1,7011 | 1,6512 | 1,6012 | 1,5512
16 1 20009 | 1,9510 | 1,9010 | 1,8510 | 1,8011 | 1,7511 | 1,7011 | 1,6512 | 1,6012 | 1,5512
171 20009 | 19510 | 1,9010 | 1,8510 | 1,8010 | 1,7511 | 1,7011 | 1,6511 | 1,6012 | 1,5512
18 1 20009 | 1,9510 | 1,9010 | 1,8510 | 1,8010 | 1,7510 | 1,7011 | 1,6511 | 1,6011 | 1,5511
19 1 20010 | 1,9509 | 1,9010 | 1,8510 | 1,8010 | 1,7510 | 1,7010 | 1,6510 | 1,6010 | 1,5510
20 | 2,0009 | 1,9509 | 1,9009 | 1,8509 | 1,8009 | 1,7509 | 1,7009 | 1,6510 | 1,6010 | 1,5510

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,5009 | 14509 | 1,4009 | 1,3509 | 1,3009 | 1,2509 | 1,2009 | 1,1509 | 1,1009 | 1,0509
2 | 1,5010 | 14510 | 14010 | 153510 | 1,3010 | 12510 | 1,2010 | 1,1510 | 1,1009 | 1,0510
3 | 1,5010 | 14510 | 14010 | 13510 | 13010 | 12510 | 12010 | 1,1510 | 1,1010 | 1,0510
4 | 15010 | 14510 | 1,4010 | 1,3510 | 1,3010 | 12510 | 1,2010 | 1,1510 | 1,1010 | 1,0510
5 | 1,5011 | 14511 | 14011 | 13511 | 13011 | 12511 | 12011 | 1,1510 | 1,1010 | 1,0510
6 | 15011 | 14511 | 14011 | 13511 | 13011 | 12511 | 12011 | 1,1511 | 1,1010 | 1,0511
7 | 1,5011 | 14511 | 14012 | 13512 | 13012 | 12512 | 12011 | 1,1511 | 1,1010 | 1,0511
§D 8 | 1,5012 | 14512 | 14012 | 13512 | 13012 | 12512 | 12012 | 1,1511 | 1,1010 | 1,0511
= 9 | 15012 | 14512 | 14012 | 13512 | 13012 | 12512 | 12012 | 1,1512 | 1,1011 | 1,0512
:3) 10| 15012 | 14512 | 1,4013 | 1,3513 | 1,3013 | 12513 | 12012 | 1,1512 | 1,1011 | 1,0512
E 1L} 15012 | 14513 | 1,4013 | 1,3513 | 1,3013 | 12513 | 1,2013 | 1,1512 | 1,1011 | 1,0512
& 12| 15013 | 14513 | 1,4013 | 1,3513 | 1,3013 | 12513 | 12013 | 1,1512 | 1,1011 | 1,0512
g 13| 15013 | 14513 | 1,4013 | 1,3513 | 1,3014 | 12513 | 12013 | 1,1512 | 1,1011 | 1,0513
14 | 15013 | 14513 | 1,4013 | 13514 | 13014 | 12514 | 12013 | 1,1513 | 1,1011 | 1,0513
15 | 15013 | 14513 | 1,4013 | 1,3513 | 1,3014 | 12514 | 12013 | 1,1513 | 1,1011 | 1,0513
16| 15012 | 14513 | 1,4013 | 1,3513 | 1,3013 | 12513 | 12013 | 1,1512 | 1,1011 | 1,0513
17| 15012 | 14512 | 1,4013 | 1,3513 | 1,3013 | 12513 | 12013 | 1,1512 | 1,1011 | 1,0513
18 | 15011 | 14512 | 1,4012 | 1,3512 | 1,3012 | 12512 | 1,2012 | 1,1512 | 1,1011 | 1,0512
19 | 15010 | 14511 | 14011 | 1,3511 | 1,3011 | 12511 | 1,2011 | 1,1511 | 1,1010 | 1,0512
20 | 1,5010 | 14510 | 14010 | 13511 | 13011 | 12511 | 12011 | 1,1510 | 1,1010 | 1,0509
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Cizelge 6.7 Deformasyon Oncesi boyutsuz basing degerleri (L/Ry = 1/2, hy/d = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0458 | 0,0883 | 0,1292 | 0,1697 | 0,2103 | 02515 | 0,2932 | 0,3354 | 0,3776
3 0 00748 | 0,1478 | 02202 | 0,2926 | 0,3658 | 04401 | 0,5153 | 0,5910 | 0,6664
4 0 0,962 | 0,1923 | 0,2891 | 0,3870 | 0,4865 | 0,5876 | 0,6901 | 0,7931 | 0,8952
5 0 0,1134 | 02282 | 03449 | 04636 | 0,5848 | 0,7081 | 0,8332 | 0,9589 | 1,0831
6 0 0,1282 | 0,2588 | 0,3923 | 0,5286 | 0,6680 | 0,8101 | 0,9541 | 1,0986 | 1,2412
7 0 0,1414 | 02859 | 04338 | 0,5850 | 0,7397 | 0,8974 | 1,0571 | 12172 | 1,3748
ED 8 0 0,1532 | 0,3099 | 04700 | 0,6338 | 0,8011 | 0,9716 | 1,1440 | 1,3165 | 1,4859
é 9 0 0,1637 | 0,3307 | 0,5010 | 0,6749 | 0,8522 | 1,0324 | 1,2143 | 1,3958 | 1,5736
S 10 0 01726 | 03479 | 05260 | 0,7072 | 0,8914 | 1,0782 | 1,2662 | 14531 | 1,6354
g 11 0 0,1794 | 0,3607 | 0,5438 | 0,7292 | 0,9170 | 1,1066 | 1,2968 | 1,4851 | 1,6677
§ 12 0 0,1838 | 0,3680 | 0,5529 | 0,7389 | 0,9263 | 1,1147 | 1,3027 | 14879 | 1,6660
s 13 0 0,1851 | 0,3688 | 0,5514 | 0,7338 | 0,9165 | 1,0990 | 1,2801 | 1,4571 | 1,6256
14 0 0,1826 | 03614 | 05372 | 0,7113 | 0,8842 | 1,0558 | 1,2248 | 1,3883 | 1,5520
15 0 0,1755 | 03443 | 0,5080 | 0,6682 | 0,8259 | 0,9811 | 1,1323 | 1,2838 | 14340
16 0 0,1625 | 03152 | 0,4606 | 0,6009 | 0,7376 | 0,8705 | 1,0029 | 1,1355 | 1,2666
17 0 0,1422 | 02713 | 03913 | 0,5054 | 0,6148 | 0,7226 | 0,8301 | 0,9378 | 1,0448
18 0 0,1120 | 0,2086 | 0,2956 | 0,3766 | 0,4547 | 0,5316 | 0,6086 | 0,6859 | 0,7633
19 0 00676 | 0,211 | 0,1674 | 02103 | 02516 | 0,2924 | 0,3334 | 0,3748 | 04167
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 04191 | 04585 | 04938 | 05220 | 0,5385 | 0,5364 | 0,5049 | 04271 | 0,2750 0
3 10,7398 | 08086 | 0.8690 | 09153 | 09392 | 09283 | 0.8644 | 07199 | 04532 0
4 | 09941 | 1,0859 | 1,1654 | 1,2247 | 12524 | 12321 | 1,1401 | 0,9416 | 0,5861 0
50 1,2029 | 13135 | 14082 | 14773 | 1,5071 | 14779 | 13615 | 1,1177 | 06912 0
6 | 13781 | 1,5039 | 16108 | 1,6874 | 1,7179 | 1,6797 | 155411 | 12611 | 0,7778 0
7| 15257 | 1,6637 | 1,7798 | 1,8614 | 1,8907 | 18426 | 1,6884 | 13804 | 0,8505 0
§D 8 | 1,6475 | 1,7943 | 19166 | 20003 | 2,0258 | 1,9746 | 1,8098 | 1.4800 | 0.9120 0
= 9 | 1,7423 | 18945 | 2,0193 | 2,1015 | 2,1315 | 2,0797 | 19075 | 1,5609 | 0,9626 0
§ 10| 18074 | 1,9608 | 2,0839 | 2,1747 | 2,2082 | 2,1561 | 19795 | 1,6220 | 1,0018 0
s 11| 18384 | 1,9883 | 2,1210 | 22147 | 22503 | 22002 | 2,0236 | 16616 | 1,0287 0
< 12118304 | 19877 | 2,1198 | 22152 | 2,2543 | 22085 | 2,0363 | 1,6769 | 1,0416 0
S/ 13| 17922 | 1,9446 | 2,0756 | 2,1720 | 22148 | 2,1757 | 2,0127 | 1,6640 | 1,0382 0
141 17096 | 1,8557 | 1,9828 | 2,0787 | 2,1253 | 2,0950 | 19465 | 1,6176 | 1,0153 0
15 | 15780 | 1,7149 | 1,8349 | 1,9282 | 19779 | 19583 | 1,8296 | 15309 | 0,9687 0
16 | 13944 | 1,5157 | 1,6246 | 1,7121 | 1,7634 | 1,7555 | 1,6519 | 173948 | 0,8925 0
171 11502 | 12514 | 13442 | 14213 | 14710 | 14744 | 1,4001 | 1,1968 | 0,7781 0
18 | 08403 | 09153 | 0,9854 | 1,0459 | 1,0887 | 1,1000 | 1,0569 | 09186 | 0,6119 0
19 | 04587 | 0,5003 | 0,5400 | 0,5756 | 0,6030 | 0,6151 | 0,5996 | 0,5333 | 0,3693 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.8 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry = 1/2, hy/d = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0458 | 0,0882 | 0,1290 | 0,1694 | 0,2100 | 02510 | 0,2926 | 0,3347 | 0,3769
3 0 00747 | 0,475 | 02198 | 02921 | 03652 | 04392 | 0,5143 | 0,5899 | 0,6651
4 0 0,0960 | 0,1920 | 0,2886 | 0,3863 | 0,4856 | 0,5865 | 0,6887 | 0,7915 | 0,8934
5 0 0,1132 | 02278 | 03443 | 04628 | 0,5837 | 0,7068 | 0,8316 | 0,9569 | 1,0809
6 0 0,1280 | 0,2584 | 0,3916 | 0,5276 | 0,6667 | 0,8085 | 0,9522 | 1,0963 | 1,2385
7 0 0,1411 | 02854 | 04330 | 0,5839 | 0,7382 | 0,8956 | 1,0549 | 12146 | 1,3718
§D 8 0 0,1530 | 0,3093 | 04692 | 0,6326 | 0,7995 | 0,9696 | 1,1416 | 1,3136 | 1,4826
é 9 0 0,1634 | 0,3301 | 0,5001 | 0,6736 | 0,8504 | 1,0302 | 12117 | 1,3928 | 1,5701
S 10 0 0,1723 | 03473 | 05250 | 0,7058 | 0,8896 | 1,0759 | 12634 | 14499 | 1,6317
g 11 0 0,1791 | 0,3600 | 0,5427 | 0,7278 | 0,9151 | 1,1043 | 1,2940 | 1,4818 | 1,6639
§ 12 0 0,1835 | 03673 | 0,5518 | 0,7374 | 09244 | 1,1123 | 1,2999 | 14845 | 1,6621
s 13 0 0,1848 | 0,3681 | 0,5503 | 0,7323 | 0,9145 | 1,096 | 1,2773 | 1,4538 | 1,6217
14 0 0,1823 | 03607 | 05362 | 0,7098 | 0,8823 | 1,0535 | 1,2220 | 1,3851 | 1,5483
15 0 01752 | 03436 | 05069 | 0,6668 | 0,8242 | 09789 | 1,1298 | 1,2809 | 1,4306
16 0 0,1622 | 03146 | 04596 | 0,5997 | 0,7360 | 0,8686 | 1,0007 | 1,1329 | 1,2636
17 0 0,1419 | 02708 | 03906 | 0,5043 | 0,6135 | 0,7210 | 0,8283 | 0,9357 | 1,0423
18 0 0,1118 | 0,2082 | 0,2950 | 0,3758 | 0,4538 | 0,5305 | 0,6072 | 0,6843 | 0,7615
19 0 0,0675 | 0,209 | 0,1670 | 0,2099 | 02511 | 02918 | 0,3327 | 0,3739 | 04157
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 04182 | 04575 | 04927 | 05209 | 05373 | 05351 | 05037 | 04261 | 0,2743 0
3 ] 07382 | 0,8069 | 0,8671 | 09133 | 09370 | 09261 | 08623 | 07182 | 04520 0
4109920 | 1,0836 | 1,1628 | 1,2219 | 1,2495 | 12292 | 1,1373 | 09394 | 0,5846 0
5 ] 12003 | 1,3106 | 14050 | 14739 | 1,5036 | 14744 | 13582 | 0,1150 | 0,6895 0
6 | 13751 | 1,5006 | 1,6071 | 1,6835 | 1,7138 | 1,6757 | 155374 | 12581 | 0,7758 0
7| 15223 | 1,6599 | 1,7757 | 1.8570 | 1.8862 | 18382 | 16843 | 13771 | 0,8483 0
§D 8 | 1,6437 | 1,7902 | 19121 | 19955 | 2,0209 | 1,9698 | 18054 | 14765 | 09097 0
= 9 | 1,7384 | 1,8901 | 2,0145 | 2,0964 | 2,1263 | 20746 | 19029 | 15572 | 09601 0
:3) 10| 18032 | 1,9561 | 2,0788 | 2,1694 | 2,2027 | 2,1508 | 19747 | 1,6180 | 0,9992 0
g 11| 18340 | 1,9835 | 2,1158 | 22092 | 22447 | 2,1947 | 2,0186 | 1,6576 | 1,0260 0
< 12118261 | 19829 | 2,1146 | 22096 | 2,2486 | 22030 | 2,0312 | 1,6728 | 0,0388 0
g 13| 17879 | 1,9398 | 2,0704 | 2,1665 | 2,2091 | 2,1701 | 2,0076 | 1,6599 | 1,0354 0
14 1 17054 | 1,8511 | 1,9777 | 2,0734 | 2,1198 | 2,0896 | 19415 | 1,6136 | 1,0125 0
15 | 15750 | 1,7106 | 1,8302 | 1,9231 | 19728 | 19532 | 1,8250 | 1,5271 | 0,9660 0
16| 13910 | 1,5118 | 1,6204 | 1,7076 | 1,7588 | 1,7509 | 1,6477 | 13913 | 0,8899 0
171 1,1474 | 12483 | 13407 | 14176 | 14672 | 14705 | 1,3965 | 1,1937 | 0,7759 0
18 | 08382 | 0,9130 | 0,9829 | 1,0432 | 1,0858 | 1,0972 | 1,0541 | 09162 | 0,6101 0
19| 04576 | 04990 | 0,5387 | 0,5741 | 0,6014 | 0,6135 | 0,5980 | 0,5319 | 0,3681 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.9 Deformasyon 6ncesi boyutsuz yag filmi kalinligr (L/Ry = 1/3, ho/d = 1)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
2 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
3 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
4 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
5 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
6 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
7 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
,E‘; 8 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
é 9 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
S 10 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
g 11 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
§ 12 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
;Q/ 13 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
14 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
15 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
16 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
17 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
18 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500
19 2,0000 1,9500 1,9000 1,8500 1,8000 1,7500 1,7000 1,6500 1,6000 1,5500
20 2,0000 | 1,9500 | 1,9000 1,8500 | 1,8000 | 1,7500 1,7000 | 1,6500 1,6000 1,5500

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
:(::5\0 8 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
% 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
‘% 12 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S’ 13 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
14 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
17 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
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Cizelge 6.10 Deformasyon sonrasi boyutsuz yag filmi kalinhigi (L/Ry = 1/3, h,/6 = 1)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
2 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
3 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
4 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
5 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
6 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
7 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6009 1,5509
,E‘; 8 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6009 1,5509
é 9 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6509 1,6009 1,5509
S 10 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6509 1,6009 1,5509
g 11 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7009 1,6509 1,6009 1,5509
§ 12 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7009 1,6509 1,6009 1,5509
;Q/ 13 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7009 1,6509 1,6009 1,5509
14 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7009 1,6509 1,6009 1,5509
15 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6509 1,6009 1,5509
16 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6509 1,6009 1,5509
17 2,0008 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5509
18 2,0008 | 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
19 2,0009 1,9508 1,9008 1,8508 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508
20 2,0007 | 1,9507 1,9007 1,8507 | 1,8008 1,7508 1,7008 1,6508 1,6008 1,5508

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,5008 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0508
2 1,5008 | 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0508
3 1,5008 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0508
4 1,5008 | 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0508
5 1,5008 1,4508 1,4009 1,3509 1,3009 1,2509 1,2009 1,1508 1,1008 1,0508
6 1,5009 | 1,4509 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1509 1,1008 1,0509
7 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1008 1,0509
ED 8 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1008 1,0509
% 9 1,5009 | 1,4509 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1509 1,1008 1,0509
:3) 10 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
g 11 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
% 12 1,5009 | 1,4509 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
g 13 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
14 1,5009 | 1,4509 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
15 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
16 1,5009 1,4509 1,4009 1,3509 1,3009 1,2509 1,2009 1,1509 1,1009 1,0509
17 1,5009 | 1,4509 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1509 1,1008 1,0509
18 1,5008 | 1,4508 1,4009 1,3509 | 1,3009 1,2509 1,2009 1,1508 1,1008 1,0509
19 1,5008 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0509
20 1,5008 1,4508 1,4008 1,3508 1,3008 1,2508 1,2008 1,1508 1,1008 1,0507




56

2,000
2
19
1.8

5 E a7

—

=

]

2 L 18

s

3

sy " 115

o)

<

> 0.

¥ o}

0
20 _ _ .
15 e e ' 20
" 15
10
5 5
L LOKMA GENISLIGI B LOKMA UZUNLUGU

Sekil 6.9 Deformasyon oncesi boyutsuz yag filmi kalinligi (L/Rq = 1/3, hp/d = 1)

2,0009
2
19
18

5 E a7

—

=

]

g L s

=

|

[ - 115

o

Z

> 0.

¥ o

0
20 _ _ .
15 e iy, ' 20
" 15
10
5 5
L LOKMA GENISLIGI B LOKMA UZUNLUGU

Sekil 6.10 Deformasyon sonras1 boyutsuz yag filmi kalinlig1 (L/Rq = 1/3, ho/6 = 1)



57

Cizelge 6.11 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1/3, hp/d = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0902 | 0,1650 | 02326 | 0,2969 | 0,3600 | 04234 | 04881 | 0,5547 | 0,6233
3 0 0,1546 | 02915 | 04180 | 0,5392 | 0,6583 | 0,7778 | 0,8991 | 1,0233 | 1,1505
4 0 02042 | 03916 | 05680 | 0,7381 | 0,9055 | 1,0732 | 12432 | 14166 | 1,5932
5 0 02439 | 04724 | 06900 | 09011 | 1,1095 | 1,3181 | 1,5292 | 1,7438 | 1,9616
6 0 02760 | 0,5378 | 0,7892 | 1,0340 | 12760 | 1,5182 | 1,7630 | 2,0113 | 2,2622
7 0 03020 | 0,5904 | 08685 | 1,1401 | 1,4087 | 1,6775 | 1,9486 | 22231 | 2,4995
ED 8 0 03226 | 06315 | 09299 | 12215 | 1,5098 | 1,7981 | 2,0886 | 23818 | 2,6762
é 9 0 03381 | 06616 | 09740 | 12790 | 1,5803 | 1,8812 | 2,1839 | 2,4888 | 2,7938
S 10 0 03484 | 06808 | 1,0010 | 1,3128 | 1,6203 | 1,9269 | 2,2347 | 2,5441 | 2,8524
g 11 0 03534 | 0,6888 | 1,0103 | 153223 | 1,6292 | 19346 | 22405 | 2,5472 | 2.8514
§ 12 0 03528 | 0,6848 | 1,0010 | 1,3065 | 1,6059 | 1,9030 | 2,2001 | 2,4968 | 2,7897
s 13 0 03460 | 0,6680 | 09719 | 12637 | 1,5487 | 1,8307 | 2,1118 | 23914 | 2,6691
14 0 03323 | 06368 | 09211 | 1,1921 | 14556 | 1,7155 | 19737 | 22310 | 24880
15 0 03106 | 05896 | 08465 | 1,0894 | 1,3243 | 1,5552 | 1,7846 | 2,0140 | 2,2443
16 0 02796 | 05240 | 0,7453 | 09526 | 1,1522 | 153479 | 1,5426 | 1,7381 | 1,9355
17 0 02373 | 04370 | 06143 | 0,7788 | 0,9365 | 1,0913 | 1,2455 | 14012 | 1,5590
18 0 0,1806 | 03245 | 04496 | 0,5646 | 0,6746 | 0,7828 | 08910 | 1,0007 | 1,1125
19 0 0,1044 | 0,1812 | 02465 | 0,3062 | 0,3635 | 04199 | 04766 | 0,5344 | 0,5935
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 106934 | 07636 | 08310 | 0,8911 | 09359 | 0,9529 | 09215 | 08066 | 0,5441 0
30 12793 | 14070 | 15279 | 16327 | 1,7064 | 1,7247 | 16492 | 14169 | 09218 0
4 | 17712 | 1,9459 | 2,1091 | 22472 | 23384 | 23486 | 22244 | 138818 | 12123 0
5 12,1796 | 23920 | 25879 | 27498 | 28499 | 28456 | 26714 | 22551 | 14409 0
6 | 25121 | 2,7536 | 29737 | 3,1510 | 3,2529 | 3,2290 | 3,0346 | 2,5520 | 1,6216 0
7| 27734 | 3,0361 | 32723 | 34576 | 35545 | 35375 | 33171 | 27822 | 1,7626 0
§D 8 | 29666 | 32428 | 34875 | 36734 | 37873 | 3,7635 | 35259 | 29547 | 18695 0
= 9 | 3,930 | 33750 | 3,6207 | 3,8230 | 3,9385 | 3,9143 | 3,6673 | 3,0735 | 1,9449 0
§ 10| 31530 | 34332 | 3,6888 | 3,8950 | 4,0141 | 3,9917 | 3,7434 | 3,1408 | 19903 0
s 11| 31459 | 34274 | 3,6842 | 3,8912 | 4,0139 | 3,9965 | 3,7543 | 3,1568 | 2,0056 0
4 121 30767 | 33534 | 3,6056 | 3,8113 | 39366 | 39271 | 3,6984 | 3,1198 | 19897 0
S/ 13 | 29434 | 32087 | 34517 | 3,6530 | 3,7797 | 3,7801 | 3,5721 | 3,0263 | 19404 0
14 1 27434 | 29912 | 32203 | 3.4129 | 3,5393 | 3,5510 | 3,3701 | 2,8714 | 18543 0
15 | 24742 | 2,6984 | 2,9080 | 3,0874 | 32103 | 32334 | 3,0852 | 2,6479 | 17263 0
16 | 21332 | 2,3275 | 25113 | 2,6717 | 2,7868 | 2,8197 | 2,7081 | 23458 | 1,5490 0
17 11,7180 | 18755 | 2,0263 | 2,1607 | 22618 | 2,3006 | 22269 | 19516 | 13114 0
18 | 12257 | 1,3390 | 1,4488 | 1,5488 | 1,6277 | 1,6656 | 1,6271 | 14470 | 0,9963 0
19 | 06539 | 07149 | 0,7747 | 0,8305 | 0,8765 | 0,9028 | 0,8914 | 0,8073 | 0,5756 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.12 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry = 1/3, ho/d = 1)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0900 | 0,1648 | 02323 | 0,2964 | 0,3594 | 04227 | 04873 | 0,5538 | 0,6223
3 0 0,1544 | 02911 | 04174 | 0,5384 | 0,6573 | 07766 | 0,8977 | 1,0217 | 1,1485
4 0 02040 | 03911 | 05672 | 0,7370 | 0,9042 | 1,0716 | 12412 | 14143 | 1,5906
5 0 02436 | 04717 | 06890 | 0,8998 | 1,1078 | 1,3161 | 1,5268 | 1,7410 | 1,9583
6 0 02757 | 05371 | 0,7880 | 1,0325 | 12741 | 1,5159 | 1,7602 | 2,0080 | 2,2583
7 0 03016 | 05896 | 08673 | 1,1384 | 1,4066 | 1,6749 | 1,9455 | 22194 | 2,4952
ED 8 0 03222 | 06306 | 09286 | 12197 | 1,5075 | 1,7953 | 2,0852 | 23779 | 2,6717
é 9 0 03376 | 06607 | 09726 | 12771 | 1,5779 | 1,8783 | 2,1803 | 24847 | 2,7891
S 10 0 03479 | 06799 | 09995 | 1,3109 | 1,6179 | 1,9239 | 22311 | 2,5399 | 2.,8476
g 11 0 03530 | 06878 | 1,0088 | 13204 | 1,6267 | 19315 | 22369 | 2,5429 | 2,8466
§ 12 0 03523 | 06839 | 09996 | 1,3045 | 1,6034 | 1,9001 | 2,1965 | 24927 | 2,7849
s 13 0 0,3455 | 06670 | 09705 | 12618 | 1,5463 | 1,8278 | 2,1084 | 23875 | 2,6645
14 0 03318 | 06359 | 09198 | 1,1904 | 14534 | 1,7128 | 1,9705 | 22273 | 24837
15 0 03102 | 05887 | 08452 | 1,0877 | 1,3223 | 1,5528 | 1,7817 | 2,0106 | 2.,2404
16 0 02793 | 0,5232 | 0,7442 | 09512 | 1,504 | 1,3458 | 15401 | 1,7352 | 1,9321
17 0 02370 | 04364 | 06134 | 07777 | 09351 | 1,0896 | 1,2435 | 1,3989 | 1,5563
18 0 0,1803 | 0,3241 | 04489 | 0,5638 | 0,6736 | 0,7816 | 0,8896 | 0,9991 | 1,1106
19 0 0,1043 | 0,1810 | 02461 | 0,3058 | 0,3629 | 04192 | 04758 | 0,5335 | 0,5925
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2106922 | 07622 | 0,8295 | 0,8894 | 09341 | 09511 | 09197 | 0,8050 | 0,5429 0
3] 12771 | 14045 | 155251 | 1,6297 | 1,7031 | 1,7214 | 16459 | 14140 | 09198 0
4 | 17681 | 19424 | 2,1053 | 22431 | 2,3340 | 23440 | 22199 | 18780 | 12097 0
5| 21759 | 23877 | 25832 | 2,7447 | 28445 | 28401 | 26660 | 22506 | 14378 0
6 | 25077 | 2,7487 | 2,9682 | 3,1451 | 32466 | 32227 | 3,0285 | 2,5468 | 16181 0
T | 27686 | 3,0307 | 32663 | 34512 | 3,5477 | 3,5305 | 33105 | 2,7766 | 1,7588 0
ED 8 | 29614 | 32370 | 34811 | 3.6665 | 3,7800 | 3,7561 | 3,5189 | 2.9486 | 1,8654 0
= 9 | 3,0876 | 3,3690 | 3,6140 | 3,8158 | 39309 | 3,9066 | 3,6600 | 3,0672 | 19407 0
5 10| 31475 | 34270 | 3,6820 | 3,8876 | 4,0063 | 3,9839 | 3,7359 | 3,1344 | 1,9860 0
g I | 31404 | 34212 | 3,6774 | 3,8838 | 4,0061 | 39886 | 3,7468 | 3,1504 | 2,0012 0
& 121 30713 | 3,3473 | 3,5989 | 3,8041 | 39289 | 39193 | 3,6910 | 3,1134 | 19853 0
g 13| 29382 | 3,2029 | 34453 | 3,6460 | 3,7723 | 3,7726 | 3.5649 | 3,0201 | 19361 0
14 1 27386 | 2,9857 | 32143 | 3.4064 | 3,5323 | 3,5439 | 3,3633 | 2,8655 | 1,8502 0
15 | 24698 | 2,6935 | 29026 | 3,0815 | 32040 | 32269 | 3,0790 | 26424 | 17225 0
16| 21295 | 2,3233 | 2,5066 | 2.6666 | 2,7813 | 2,8141 | 2,7026 | 23409 | 15455 0
17| 17149 | 1,8721 | 2,0225 | 2,1565 | 22573 | 22960 | 2,2224 | 19475 | 13084 0
18 | 12236 | 13366 | 14461 | 15458 | 1,6245 | 1,6622 | 1,6238 | 14440 | 09940 0
19 | 06528 | 07136 | 0,7733 | 0,8289 | 0,8747 | 0,9010 | 0,8896 | 0,8056 | 0,5742 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.13 Deformasyon 6ncesi boyutsuz yag filmi kalinligi (L/Ry = 1, hy/d = 1/2)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
,E‘; 8 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
é 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
§ 12 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
;Q/ 13 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
14 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
17 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
2 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
3 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
4 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
5 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
6 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
7 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
:(::5\0 8 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
% 9 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S 10 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
g 11 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
‘% 12 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S’ 13 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
14 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
15 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
16 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
17 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
18 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
19 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
20 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
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Cizelge 6.14 Deformasyon sonrasi boyutsuz yag filmi kalinhig1 (L/Ry = 1, hy/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10

1 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1510 1,1010 1,0510

2 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1510 1,1010 1,0510

3 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1510 1,1010 1,0510

4 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1510 1,1010 1,0510

5 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1510 1,1010 1,0510

6 1,5010 1,4510 1,4010 1,3510 1,3010 1,2510 1,2010 1,1511 1,1011 1,0511

7 1,5010 1,4510 1,4010 1,3510 1,3011 1,2511 1,2011 1,1511 1,1011 1,0511

,E‘; 8 1,5010 1,4510 1,4010 1,3511 1,3011 1,2511 1,2011 1,1512 1,1012 1,0512
é 9 1,5010 1,4510 1,4011 1,3511 1,3011 1,2512 1,2012 1,1512 1,1013 1,0513
S 10 1,5010 1,4510 1,4011 1,3511 1,3012 1,2512 1,2013 1,1514 1,1014 1,0515
g 11 1,5010 1,4511 1,4011 1,3512 1,3013 1,2513 1,2014 1,1515 1,1016 1,0517

§ 12 1,5010 1,4511 1,4012 1,3513 1,3014 1,2515 1,2016 1,1517 1,1018 1,0520
;Q/ 13 1,5010 1,4511 1,4012 1,3513 1,3015 1,2516 1,2018 1,1519 1,1021 1,0523
14 1,5010 1,4511 1,4013 1,3514 1,3016 1,2518 1,2020 1,1522 1,1025 1,0527

15 1,5010 1,4512 1,4014 1,3516 1,3018 1,2520 1,2023 1,1525 1,1028 1,0531

16 1,5010 1,4512 1,4014 1,3517 1,3019 1,2522 1,2025 1,1528 1,1031 1,0534

17 1,5010 1,4512 1,4015 1,3517 1,3020 1,2523 1,2026 1,1529 1,1032 1,0535

18 1,5010 1,4512 1,4015 1,3517 1,3019 1,2522 1,2025 1,1527 1,1030 1,0533

19 1,5010 1,4512 1,4014 1,3515 1,3017 1,2518 1,2020 1,1522 1,1024 1,0526

20 1,5010 1,4510 1,4011 1,3511 1,3012 1,2513 1,2014 1,1515 1,1016 1,0517

L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20

1 1,0010 | 09510 | 0,9010 | 0,8510 | 0,8010 | 0,7510 | 0,7010 | 0,6510 | 0,6010 | 0,5510

2 1,0010 | 0,9510 | 09010 | 0,8510 | 0,8010 | 0,7510 | 0,7010 | 0,6510 | 0,6010 | 0,5510

3 1,0010 | 09510 | 0,9010 | 0,8510 | 0,8010 | 0,7510 | 0,7010 | 0,6510 | 0,6010 | 0,5510

4 1,0010 | 0,9510 | 09010 | 0,8510 | 0,8010 | 0,7510 | 0,7010 | 0,6510 | 0,6010 | 0,5510

5 1,0010 | 09511 0,9011 0,8511 0,8011 0,7511 0,7011 0,6511 0,6010 | 0,5511

6 1,0011 | 09511 | 09011 | 0,8511 | 0,8011 | 0,7511 0,7011 | 0,6511 | 0,6011 | 0,5511

7 1,0011 09512 | 09012 | 0,8512 | 0,8012 | 0,7512 0,7012 | 0,6512 | 0,6011 0,5512

ED 8 1,0012 | 09513 | 0,9013 0,8513 0,8013 | 0,7514 0,7014 | 0,6513 0,6012 | 0,5514
% 9 1,0014 | 09514 | 09015 | 0,8515 | 0,8015 | 0,7516 | 0,7016 | 0,6515 | 0,6013 | 0,5516
:3) 10 1,0016 | 09516 | 0,9017 0,8518 0,8018 | 0,7519 0,7018 | 0,6517 0,6015 0,5519
g 11 1,0018 | 09519 | 0,9020 | 0,8521 0,8022 | 0,7522 0,7022 | 0,6521 0,6018 0,5522
% 12 1,0021 | 0,9523 | 09024 | 0,8526 | 0,8027 | 0,7527 | 0,7027 | 0,6525 | 0,6020 | 0,5527
g 13 1,0025 0,9527 | 0,9029 | 0,8531 0,8032 | 0,7533 0,7033 | 0,6530 | 0,6024 | 0,5533
14 1,0029 | 0,9532 | 09034 | 0,8537 | 0,8038 | 0,7540 | 0,7039 | 0,6536 | 0,6028 | 0,5540

15 1,0034 | 0,9537 | 09039 | 0,8542 | 0,8045 0,7546 0,7046 | 0,6542 | 0,6032 | 0,5548

16 1,0037 | 0,9540 | 0,9044 | 0,8547 0,8050 | 0,7552 0,7052 | 0,6548 0,6037 0,5556

17 1,0038 | 0,9542 | 0,9046 | 0,8550 | 0,8053 | 0,7556 | 0,7056 | 0,6552 | 0,6040 | 0,5562

18 1,0036 | 0,9540 | 09043 | 0,8547 | 0,8051 | 0,7554 | 0,7054 | 0,6551 | 0,6040 | 0,5563

19 1,0028 | 0,9530 | 0,9033 0,8536 | 0,8039 | 0,7541 0,7042 | 0,6541 0,6033 0,5554

20 1,0018 | 09519 | 0,9021 0,8522 | 0,8024 | 0,7525 0,7026 | 0,6525 0,6021 0,5511
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Cizelge 6.15 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1, hy/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0020 | 0,0042 | 0,0066 | 0,0093 | 0,0123 | 0,0156 | 0,0189 | 0,0224 | 0,0261
3 0 0,0045 | 0,0094 | 00149 | 0,0209 | 0,0276 | 0,0350 | 0,0425 | 0,0505 | 0,0589
4 0 0,0080 | 0,0167 | 0,0263 | 0,0369 | 0,0487 | 0,0619 | 0,0752 | 0,0893 | 0,1041
5 0 00124 | 0,0259 | 0,408 | 0,0573 | 0,0756 | 0,0960 | 0,1167 | 0,1387 | 0,1618
6 0 00177 | 0,0371 | 0,0584 | 0,0819 | 0,1080 | 0,1372 | 0,1669 | 0,1984 | 0,2316
7 0 0,0239 | 0,0501 | 0,0789 | 0,1107 | 0,1459 | 0,1852 | 0,2254 | 0,2682 | 0,3132
ED 8 0 0,0311 | 0,0650 | 0,1023 | 0,1434 | 0,1891 | 0,2399 | 0,2921 | 0,3477 | 0,4062
é 9 0 0,0391 | 0,0817 | 0,1285 | 0,1800 | 0,2372 | 0,3010 | 0,3666 | 0,4366 | 0,5104
S 10 0 0,0479 | 0,1001 | 0,1573 | 0,2204 | 0,2903 | 0,3682 | 04487 | 0,5345 | 0,6252
g 11 0 0,0575 | 0,1201 | 0,1887 | 0,2643 | 0,3480 | 04412 | 0,5379 | 0,6411 | 0,7502
§ 12 0 0,679 | 0,1418 | 02226 | 03115 | 04099 | 0,5193 | 0,6330 | 0,7544 | 0,8827
s 13 0 0,0789 | 0,1646 | 0,2580 | 0,3605 | 0,4735 | 0,5989 | 0,7292 | 0,8679 | 1,0141
14 0 0,0900 | 0,1869 | 02921 | 04067 | 0,5324 | 0,6711 | 0,8149 | 09674 | 1,1271
15 0 0,0994 | 02055 | 03192 | 04422 | 0,5761 | 07230 | 0,8744 | 1,0337 | 1,1993
16 0 0,1052 | 02156 | 0,3325 | 04573 | 0,5919 | 0,7385 | 0,8881 | 1,0439 | 1,2040
17 0 0,1046 | 02116 | 03226 | 04394 | 0,5639 | 0,6986 | 0,8337 | 09722 | 1,1114
18 0 0,0934 | 0,1852 | 02775 | 0,3727 | 0,4730 | 0,5806 | 0,6853 | 0,7891 | 0,9157
19 0 00646 | 0,232 | 0,1794 | 0,2360 | 0,2950 | 0,3580 | 04135 | 0,4837 | 0,5583
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 10,0299 | 00338 | 00376 | 00412 | 00441 | 00457 | 00449 | 0,400 | 00272 0
3 1 0,0675 | 00763 | 00850 | 0,0930 | 0,0995 | 0,1032 | 0,1015 | 0,0903 | 0,614 0
4 101195 | 0,1352 | 0,1505 | 0,1648 | 0,1764 | 0,1830 | 0,1801 | 0,1601 | 0,1090 0
5 10,1858 | 02102 | 02342 | 02565 | 02747 | 02850 | 02806 | 02496 | 0,1700 0
6 | 02661 | 03012 | 03357 | 03678 | 03941 | 04090 | 04029 | 03585 | 0,2443 0
7 ] 03600 | 04077 | 04546 | 04983 | 05342 | 05547 | 05466 | 04866 | 03316 0
ED 8 | 04672 | 05293 | 05906 | 06476 | 06946 | 07216 | 07114 | 06336 | 0.4320 0
= 9 | 05873 | 0,6657 | 0,7432 | 0,8153 | 08749 | 09094 | 08970 | 0,7992 | 0,5451 0
§ 10 | 07198 | 08163 | 09118 | 1,0009 | 1,0745 | 1,1173 | 1,1026 | 0,9826 | 0,6704 0
s 11| 08640 | 0,9802 | 1,0953 | 1,2026 | 1,2913 | 173428 | 1,3248 | 1,1803 | 0,8049 0
< 121 10164 | 1,1529 | 1,2876 | 1,4128 | 1,5154 | 1,5738 | 1,5508 | 1,3806 | 09414 0
S/ 13| 11660 | 1,3202 | 14715 | 1,6104 | 1,7235 | 1,7880 | 1,7625 | 15712 | 1,0735 0
141 12920 | 1,4581 | 1,6188 | 1,7684 | 1,8942 | 19701 | 19482 | 1,7426 | 1,1945 0
I5 | 13684 | 1,5364 | 1,7064 | 1,8713 | 2,0134 | 2,1029 | 2,0881 | 1,8756 | 12914 0
16 | 13646 | 1,5396 | 1,7203 | 1,8948 | 2,0470 | 2,1480 | 2,1448 | 19391 | 13447 0
171 12731 | 14427 | 1,6161 | 1,7873 | 19423 | 2,0536 | 2,0692 | 1,8903 | 153262 0
18 | 1,0481 | 1,1896 | 1,3388 | 1,4905 | 1,6338 | 1,7467 | 1,7846 | 1,6582 | 1,1873 0
19 | 06400 | 0,7291 | 0,8252 | 0,9266 | 1,0280 | 1,1169 | 1,1662 | 1,1159 | 0,8316 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.16 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry = 1, hy/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0020 | 0,0042 | 0,0066 | 0,0093 | 0,0122 | 0,0155 | 0,0188 | 0,0224 | 0,0261
3 0 0,0045 | 0,0094 | 00148 | 0,0208 | 0,0275 | 0,0349 | 0,0424 | 0,0504 | 0,0587
4 0 0,0079 | 0,0166 | 0,0262 | 0,0368 | 0,0486 | 0,0617 | 0,0750 | 0,0891 | 0,1039
5 0 00123 | 0,0259 | 0,407 | 0,0572 | 0,0754 | 0,0958 | 0,1164 | 0,1384 | 0,1614
6 0 00177 | 0,0370 | 0,0582 | 0,0817 | 0,1078 | 0,1369 | 0,1665 | 0,1979 | 0,2310
7 0 0,0239 | 0,0500 | 0,0787 | 0,1104 | 0,1456 | 0,1847 | 0,2248 | 02674 | 0,3123
§D 8 0 0,0310 | 0,0649 | 0,1020 | 0,1430 | 0,1885 | 0,2392 | 0,2912 | 0,3466 | 0,4049
é 9 0 0,0390 | 0,0815 | 0,1281 | 0,1795 | 0,2365 | 0,3000 | 0,3653 | 0,4350 | 0,5085
S 10 0 00477 | 00997 | 0,568 | 02196 | 0,2892 | 03667 | 04468 | 0,5322 | 0,6224
g 11 0 0,0573 | 0,1197 | 0,1880 | 0,2632 | 0,3465 | 04392 | 0,5353 | 0,6378 | 0,7462
§ 12 0 00676 | 0,411 | 02215 | 0,3100 | 0,4078 | 0,5165 | 0,6295 | 0,7500 | 0,8773
s 13 0 0,0786 | 0,1637 | 0,2566 | 0,3585 | 0,4708 | 0,5952 | 0,7245 | 0,8621 | 1,0071
14 0 0,0895 | 0,1859 | 02903 | 04041 | 0,5289 | 0,6666 | 0,8092 | 0,9603 | 1,1185
15 0 0,0989 | 02042 | 03172 | 04393 | 0,5721 | 0,7178 | 0,8678 | 1,0255 | 1,1893
16 0 0,1046 | 02143 | 03302 | 0,4540 | 0,5876 | 0,7330 | 0,8811 | 1,0352 | 1,1932
17 0 0,1039 | 02102 | 03204 | 04362 | 0,5597 | 0,6931 | 0,8268 | 0,9635 | 1,1007
18 0 0,0928 | 0,1840 | 02756 | 0,3700 | 0,4694 | 0,5760 | 0,6794 | 0,7818 | 0,9064
19 0 00642 | 0,224 | 0,1783 | 02344 | 0,2928 | 03551 | 0,4099 | 04792 | 0,5526
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2] 00299 | 0,0337 | 0,0376 | 0,0411 | 0,439 | 00455 | 0,448 | 00398 | 00271 0
3] 00674 | 0,0762 | 0,0848 | 0,0927 | 0,0992 | 0,1029 | 0,1012 | 0,0899 | 0,0612 0
4 | 01192 | 0,1348 | 0,1501 | 0,1643 | 0,1759 | 0,1824 | 0,1795 | 0,1595 | 0,1086 0
5 ] 01853 | 02097 | 02336 | 02557 | 02738 | 02841 | 02796 | 02487 | 0,1693 0
6 | 02654 | 03003 | 03347 | 03666 | 03928 | 04076 | 04014 | 03571 | 0,2432 0
7 | 03589 | 04064 | 04532 | 04966 | 05322 | 05525 | 05444 | 04845 | 03300 0
§D 8 | 04656 | 05274 | 05884 | 06451 | 06917 | 0,7185 | 0,7082 | 0,6305 | 04296 0
= 9 | 05849 | 0,6629 | 0,7399 | 0,8116 | 08707 | 09048 | 0,8922 | 0,7947 | 0,5416 0
:3) 10| 07164 | 08123 | 0,9071 | 0,9955 | 1,0684 | 1,1107 | 1,0958 | 09763 | 0,6654 0
g 11| 08592 | 09746 | 1,0886 | 1,1949 | 12827 | 13334 | 13153 | 1,1715 | 0,7979 0
& 121 1,0099 | 1,1451 | 1,2784 | 1,4022 | 1,5036 | 1,5610 | 1,5380 | 1,3689 | 09318 0
g 13| 11574 | 13101 | 14596 | 1,5967 | 1,7082 | 1,7714 | 1,7457 | 15558 | 1,0605 0
14| 12816 | 14457 | 1,6042 | 1,7514 | 1,8749 | 19490 | 19266 | 1,7227 | 1,1774 0
15 | 13564 | 1,5218 | 1,6890 | 1,8508 | 19898 | 2,0769 | 2,0614 | 18510 | 12697 0
16| 13515 | 1,5235 | 1,7007 | 1,8715 | 2,0200 | 2,181 | 2,1140 | 19103 | 13185 0
17| 12598 | 14262 | 1,5960 | 1,7632 | 19142 | 2,0222 | 2,0365 | 1,8592 | 12970 0
18 | 10365 | 1,0752 | 1,3212 | 1,4693 | 1,6089 | 1,7185 | 1,7546 | 1,6292 | 1,1590 0
19 | 06329 | 07202 | 0,8143 | 09134 | 1,0122 | 1,0988 | 1,1466 | 1,0962 | 08115 0
20 0 0 0 0 0 0 0 0 0 0
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=1/2,hy/5 =1/2)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
,E‘; 8 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
é 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
§ 12 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
;Q/ 13 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
14 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
17 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
2 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
3 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
4 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
5 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
6 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
7 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
:(::5\0 8 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
% 9 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S 10 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
g 11 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
‘% 12 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S’ 13 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
14 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
15 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
16 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
17 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
18 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
19 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
20 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
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Cizelge 6.18 Deformasyon sonrasi boyutsuz yag filmi kalinligi (L/Ry = 1/2, hy/d = 1/2)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
2 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
3 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
4 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
5 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
6 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
7 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
,E‘; 8 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
é 9 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
S 10 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0506
g 11 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1006 1,0506
§ 12 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1006 1,0506
;Q/ 13 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1006 1,0506
14 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1506 1,1006 1,0506
15 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1006 1,0506
16 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1006 1,0506
17 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0506
18 1,5005 | 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
19 1,5005 1,4505 1,4005 1,3505 1,3005 1,2505 1,2005 1,1505 1,1005 1,0505
20 1,5004 | 1,4504 | 1,4004 1,3504 | 1,3004 | 1,2504 1,2005 1,1505 1,1005 1,0505

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,0005 0,9505 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6005 0,5505
2 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8005 | 0,7505 | 0,7005 | 0,6505 | 0,6005 | 0,5505
3 1,0005 0,9505 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6005 0,5505
4 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8005 | 0,7505 | 0,7005 | 0,6505 | 0,6005 | 0,5505
5 1,0005 0,9505 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6005 0,5505
6 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8006 | 0,7506 | 0,7006 | 0,6506 | 0,6005 | 0,5506
7 1,0005 0,9505 0,9006 | 0,8506 | 0,8006 | 0,7506 0,7006 | 0,6506 | 0,6005 0,5506
ED 8 1,0005 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7506 0,7006 | 0,6506 | 0,6005 0,5506
% 9 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7506 | 0,7006 | 0,6506 | 0,6006 | 0,5506
:3) 10 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7506 0,7006 | 0,6506 | 0,6006 | 0,5506
g 11 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7506 0,7006 | 0,6506 | 0,6006 | 0,5507
% 12 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8007 | 0,7507 | 0,7007 | 0,6506 | 0,6006 | 0,5507
g 13 1,0006 | 0,9506 | 0,9006 | 0,8507 0,8007 | 0,7507 0,7007 | 0,6507 0,6006 | 0,5507
14 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8007 | 0,7507 | 0,7007 | 0,6507 | 0,6006 | 0,5507
15 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8007 | 0,7507 0,7007 | 0,6507 0,6006 | 0,5507
16 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8007 | 0,7507 0,7007 | 0,6507 0,6006 | 0,5507
17 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7507 | 0,7007 | 0,6506 | 0,6006 | 0,5507
18 1,0005 | 0,9506 | 0,9006 | 0,8506 | 0,8006 | 0,7506 | 0,7006 | 0,6506 | 0,6006 | 0,5507
19 1,0005 0,9505 0,9005 0,8505 0,8005 0,7506 0,7006 | 0,6506 | 0,6005 0,5506
20 1,0005 0,9505 0,9005 0,8505 0,8005 0,7506 0,7006 | 0,6506 | 0,6005 0,5504
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Cizelge 6.19 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1/2, h,/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,1032 | 02021 | 03015 | 04047 | 0,5145 | 0,6324 | 0,7598 | 0,8983 | 1,0488
3 0 01662 | 03343 | 0,5079 | 0,6908 | 0,8861 | 1,0956 | 1,3217 | 1,5663 | 1,8304
4 0 02118 | 04311 | 06614 | 09064 | 1,692 | 14513 | 1,7557 | 2,0843 | 24378
5 0 02481 | 05083 | 07841 | 1,0794 | 1,3969 | 1,7384 | 2,1071 | 2,5047 | 2.9316
6 0 02791 | 0,5739 | 0,8881 | 1,2260 | 1,5896 | 1,9816 | 2,4049 | 2,8612 | 3,3505
7 0 03070 | 06325 | 09804 | 1,3555 | 1,7593 | 2,1950 | 2,6653 | 3,1720 | 3,7147
ED 8 0 03329 | 06864 | 10644 | 14718 | 1,9100 | 2,3827 | 2,8925 | 34410 | 4,0278
é 9 0 03569 | 0,7352 | 1,1391 | 1,5735 | 2,0399 | 2,5425 | 3,0840 | 3,6658 | 4,2872
S 10 0 03781 | 07774 | 12021 | 1,6577 | 2,1456 | 2.6702 | 3,2343 | 3,8395 | 44845
g 11 0 03955 | 0,8108 | 1,2504 | 1,7200 | 2,2210 | 2,7583 | 3,3349 | 3,9519 | 4,6079
§ 12 0 04079 | 08329 | 12798 | 1,7546 | 22591 | 27983 | 3,3753 | 3.9910 | 4,6435
s 13 0 04137 | 08405 | 12854 | 1,7551 | 22515 | 2,7802 | 33439 | 3,9434 | 4,5760
14 0 04111 | 08297 | 12616 | 1,7139 | 2,1891 | 2,6929 | 3,2280 | 3,7947 | 4,3893
15 0 03979 | 07962 | 12017 | 1,6224 | 2,0615 | 2,5246 | 3,0141 | 3,5297 | 4,0662
16 0 03713 | 07343 | 1,0978 | 14708 | 1,8571 | 22622 | 26879 | 3,1325 | 3,6196
17 0 03273 | 06368 | 09401 | 12474 | 1,5632 | 1,8919 | 22343 | 2,6052 | 3,0113
18 0 02598 | 04932 | 0,7158 | 0,9387 | 1,1654 | 1,3988 | 1,6488 | 1,9205 | 2,2188
19 0 0,1580 | 0,2885 | 04091 | 0,5287 | 0,6482 | 0,7744 | 0,9099 | 1,0583 | 1,2217
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 12116 | 13860 | 15693 | 1,7551 | 1,9305 | 2,0693 | 2,1204 | 19803 | 14326 0
3] 2,1140 | 24145 | 27259 | 3,0350 | 33168 | 3.5236 | 3.5658 | 3.2721 | 2.3080 0
4 | 28153 | 32126 | 3,6203 | 4,0194 | 43751 | 46231 | 46458 | 42249 | 29462 0
5 | 33859 | 3.8620 | 43475 | 48188 | 52329 | 55125 | 55179 | 49939 | 34627 0
6 | 38703 | 44134 | 49649 | 54973 | 59606 | 62662 | 62555 | 56412 | 3,8887 0
7| 42901 | 4,8897 | 54966 | 6,0792 | 65816 | 69046 | 68723 | 6,1672 | 42432 0
g{) 8 | 4,6489 | 52947 | 59459 | 65675 | 7.0973 | 74262 | 73612 | 6,6097 | 4,5505 0
= 9 | 49436 | 56240 | 63069 | 69537 | 7.4961 | 7.8148 | 7,7672 | 6,9863 | 48173 0
§ 10| 51640 | 58656 | 6,5657 | 7.2215 | 7,7586 | 8,1271 | 8,0972 | 7,2972 | 5,0395 0
s 11| 52966 | 6,0040 | 6,7040 | 7,3499 | 79500 | 83471 | 83307 | 75223 | 52074 0
% 121 53254 | 6,0211 | 6,7016 | 7.4076 | 80230 | 84373 | 84431 | 7,6484 | 53134 0
S/ 13 | 52332 | 58973 | 6,6200 | 7,3182 | 7.9424 | 83789 | 84152 | 7,6551 | 53432 0
14\ 50016 | 56790 | 6,3729 | 7,0618 | 7,6870 | 8,1407 | 82152 | 75151 | 52786 0
I5 | 46591 | 52908 | 59480 | 6,6084 | 72214 | 76853 | 7.8031 | 7,1908 | 5,0941 0
16 | 41501 | 47163 | 53144 | 59243 | 6,5038 | 69643 | 7,1265 | 6,6317 | 4,7538 0
17 ] 34527 | 39297 | 44394 | 49688 | 54851 | 59175 | 6,1161 | 57666 | 42044 0
18 | 25448 | 29015 | 3,2877 | 3.6964 | 41069 | 44707 | 4,6793 | 44915 | 33596 0
19 | 14022 | 1,6018 | 1,8210 | 2,0576 | 2,3028 | 2,5333 | 2,6934 | 2,6494 | 2,0643 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.20 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry = 1/2, hy/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,1031 | 02019 | 03012 | 04043 | 0,5139 | 0,6317 | 0,7589 | 0,8971 | 1,0474
3 0 0,1661 | 03340 | 0,5074 | 0,6900 | 0,8851 | 1,0943 | 1,3201 | 1,5643 | 1,8280
4 0 02115 | 04307 | 06607 | 09054 | 1,1678 | 14495 | 1,7535 | 2,0816 | 24346
5 0 02478 | 05078 | 0,7832 | 1,0782 | 1,3953 | 1,7364 | 2,1045 | 2,5015 | 2,9276
6 0 02788 | 05733 | 0,8871 | 12246 | 1,5878 | 19792 | 24019 | 2,8574 | 3,3459
7 0 03067 | 06318 | 09794 | 1,3539 | 1,7572 | 2,1923 | 2,6619 | 3,1678 | 3,7096
ED 8 0 03326 | 06856 | 10632 | 14701 | 1,9077 | 23797 | 2.8887 | 3.4364 | 4,0222
é 9 0 03565 | 0,7344 | 1,1378 | 1,5717 | 2,0375 | 2,5393 | 3,0799 | 3,6608 | 4,2812
S 10 0 03777 | 07765 | 1,2007 | 1,6558 | 2,1430 | 2.6668 | 3,2301 | 3,8342 | 44781
g 11 0 03951 | 08099 | 12490 | 1,7179 | 22183 | 2,7548 | 33305 | 3,9465 | 4,6012
§ 12 0 04075 | 08320 | 12784 | 1,7525 | 22563 | 27947 | 3,3708 | 3,9855 | 4,6367
s 13 0 04132 | 08395 | 12839 | 1,7530 | 2,2487 | 2,7766 | 33394 | 39379 | 4,5693
14 0 04106 | 08288 | 12601 | 1,7118 | 2,1864 | 2.6894 | 3,2236 | 3,7893 | 4,3827
15 0 03975 | 07953 | 1,2003 | 1,6204 | 2,0589 | 2,5212 | 3,0100 | 3,5246 | 4,0601
16 0 0,3709 | 0,7335 | 1,0966 | 14690 | 1,8548 | 22593 | 2,6842 | 3,1280 | 3,6141
17 0 03269 | 06361 | 09390 | 1,2459 | 1,5612 | 1,8894 | 22312 | 2,6015 | 3,0067
18 0 02595 | 04926 | 0,7150 | 0,9376 | 1,1639 | 1,3970 | 1,6465 | 1,9178 | 2,2154
19 0 0,1578 | 02882 | 04087 | 0,5281 | 0,6474 | 0,7734 | 0,9086 | 1,0568 | 1,2199
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2] 12099 | 153840 | 15669 | 1,7523 | 1,9272 | 2,0656 | 2.1164 | 19763 | 14293 0
30 20111 | 24111 | 2,7217 | 3,0302 | 33112 | 3,5173 | 3,5590 | 3.2654 | 2,3028 0
4 | 28114 | 32080 | 3,6147 | 40130 | 43677 | 46148 | 4,6369 | 42162 | 29395 0
5 | 33812 | 3,8563 | 43407 | 48110 | 52240 | 55025 | 55072 | 49835 | 3.4547 0
6 | 38648 | 44068 | 49572 | 54883 | 59503 | 6,2546 | 62433 | 56294 | 3,879 0
T | 42839 | 4,8824 | 54879 | 6,0691 | 65700 | 68917 | 68587 | 6,1541 | 42330 0
ED 8 | 46422 | 52866 | 59363 | 65563 | 7.0846 | 74121 | 73464 | 6,5955 | 4,5394 0
= 9 | 49363 | 56153 | 62967 | 69418 | 7.4825 | 7,7998 | 77513 | 69710 | 4,8052 0
5 10| 51563 | 58565 | 6,5549 | 7,2089 | 77442 | 8,1111 | 8,0803 | 7.,2809 | 50265 0
g 11| 52886 | 59945 | 6,6928 | 7.3369 | 7.9350 | 83303 | 83129 | 75051 | 5,1937 0
& 121 53173 | 6,0114 | 6,6902 | 7,3942 | 80075 | 84200 | 84247 | 7,6305 | 52990 0
g 13| 52051 | 58876 | 6,6085 | 73047 | 79268 | 83613 | 83965 | 76368 | 53283 0
14| 49938 | 56696 | 6,3616 | 7,0485 | 7,6716 | 8,1233 | 8,1965 | 74968 | 52635 0
15 | 46517 | 52819 | 59374 | 6,5957 | 7.2067 | 7.6686 | 7.7850 | 7,1730 | 5,0791 0
16| 41434 | 47083 | 53048 | 59128 | 64904 | 69489 | 7,1098 | 6,6150 | 4,7396 0
171 34471 | 39229 | 44313 | 49591 | 54736 | 59043 | 6,1016 | 57519 | 4,1917 0
18 | 25407 | 2,8965 | 3,2817 | 3.6892 | 40983 | 44607 | 4,6682 | 44800 | 3,3494 0
191 13999 | 1,5990 | 1,8177 | 2,0536 | 22980 | 2,5277 | 2.6870 | 2,6427 | 2,0580 0
20 0 0 0 0 0 0 0 0 0 0
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= 1/3, ho/5 = 1/2)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
2 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
3 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
4 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
5 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
6 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
7 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
,E‘; 8 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
é 9 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
S 10 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
g 11 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
§ 12 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
;Q/ 13 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
14 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
15 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
16 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
17 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
18 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500
19 1,5000 1,4500 1,4000 1,3500 1,3000 1,2500 1,2000 1,1500 1,1000 1,0500
20 1,5000 | 1,4500 | 1,4000 1,3500 | 1,3000 | 1,2500 1,2000 | 1,1500 1,1000 1,0500

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
2 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
3 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
4 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
5 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
6 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
7 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
:(::5\0 8 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
% 9 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S 10 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
g 11 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
‘% 12 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
S’ 13 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
14 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
15 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
16 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
17 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
18 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
19 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
20 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000 | 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500
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Cizelge 6.22 Deformasyon sonrasi boyutsuz yag filmi kalinlig (L/Ry = 1/3, hy/d = 1/2)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
2 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
3 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
4 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
5 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
6 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
7 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
,E‘; 8 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
é 9 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
S 10 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
g 11 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
§ 12 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
;Q/ 13 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
14 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
15 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
16 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
17 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
18 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
19 1,5005 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504
20 1,5004 1,4504 1,4004 1,3504 1,3004 1,2504 1,2004 1,1504 1,1004 1,0504

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 0,7004 | 0,6504 | 0,6004 | 0,5504
2 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 | 0,7004 | 0,6504 | 0,6004 | 0,5504
3 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 0,7004 | 0,6504 | 0,6004 | 0,5504
4 1,0004 | 0,9504 | 09004 | 0,8504 | 0,8004 | 0,7504 | 0,7004 | 0,6504 | 0,6004 | 0,5504
5 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 0,7004 | 0,6504 | 0,6004 | 0,5504
6 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 | 0,7004 | 0,6504 | 0,6004 | 0,5505
7 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7505 0,7005 0,6504 | 0,6004 | 0,5505
ED 8 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
% 9 1,0004 | 0,9504 | 0,9004 | 0,8505 | 0,8005 | 0,7505 | 0,7005 | 0,6505 | 0,6004 | 0,5505
:3) 10 1,0004 | 0,9504 | 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
g 11 1,0004 | 0,9504 | 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
% 12 1,0004 | 0,9504 | 0,9005 | 0,8505 | 0,8005 | 0,7505 | 0,7005 | 0,6505 | 0,6004 | 0,5505
g 13 1,0004 | 0,9504 | 0,9005 0,8505 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
14 1,0004 | 0,9504 | 0,9005 | 0,8505 | 0,8005 | 0,7505 | 0,7005 | 0,6505 | 0,6004 | 0,5505
15 1,0004 | 0,9504 | 0,9004 | 0,8505 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
16 1,0004 | 0,9504 | 0,9004 | 0,8505 0,8005 0,7505 0,7005 0,6505 0,6004 | 0,5505
17 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7505 | 0,7005 | 0,6505 | 0,6004 | 0,5505
18 1,0004 | 0,9504 | 09004 | 0,8504 | 0,8004 | 0,7504 | 0,7004 | 0,6504 | 0,6004 | 0,5505
19 1,0004 | 0,9504 | 0,9004 | 0,8504 | 0,8004 | 0,7504 0,7004 | 0,6504 | 0,6004 | 0,5505
20 | 1,0004 | 0,9504 | 0,004 | 0,8504 | 0,8004 | 0,7504 | 0,7004 | 0,6504 | 0,6004 | 0,5504
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Cizelge 6.23 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1/3, h,/6 = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 02074 | 03865 | 05560 | 07256 | 09021 | 1,0909 | 12972 | 1,5258 | 1,7811
3 0 03532 | 0,6784 | 09934 | 13110 | 16418 | 1,9952 | 23802 | 2.8048 | 32767
4 0 04640 | 09075 | 13451 | 1,7901 | 22548 | 27514 | 32910 | 3,8843 | 4,5410
5 0 05526 | 1,0931 | 16336 | 2,1867 | 27655 | 3,3832 | 4,0528 | 4,7866 | 55958
6 0 06257 | 12457 | 18704 | 25120 | 3,1843 | 39017 | 46782 | 55276 | 64614
7 0 06855 | 13694 | 20616 | 27744 | 355219 | 43191 | 51807 | 6,1212 | 7,1527
ED 8 0 07336 | 14677 | 22120 | 29790 | 3.7834 | 4.6405 | 55659 | 6,5744 | 7.6778
é 9 0 0,7707 | 1,5417 | 23231 | 3,1278 | 39709 | 4,8684 | 58363 | 6,8895 | 80396
S 10 0 07966 | 1,5912 | 23945 | 32202 | 40840 | 50023 | 59914 | 7,0662 | 82375
g 11 0 08108 | 1,6151 | 24246 | 32542 | 41203 | 50395 | 6,0283 | 7,1014 | 82685
§ 12 0 08122 | 1,6113 | 24108 | 32265 | 40758 | 49756 | 59425 | 69902 | 8,1273
o 13 0 07994 | 1,5773 | 23491 | 3,1325 | 3,9454 | 4,8053 | 57280 | 6,7265 | 7.8072
14 0 07706 | 1,5093 | 22347 | 29663 | 37230 | 4,5218 | 53780 | 6,3028 | 7.3004
15 0 07232 | 14028 | 20616 | 27213 | 34012 | 4,1178 | 48848 | 57112 | 6,6076
16 0 06537 | 12516 | 1,8223 | 23894 | 29720 | 3,5850 | 4,2400 | 4,9477 | 57198
17 0 05570 | 1,0480 | 1,5080 | 19618 | 24265 | 29149 | 34374 | 40043 | 46265
18 0 04256 | 0,7814 | 1,1081 | 14282 | 1,7555 | 2,0996 | 24691 | 28717 | 33165
19 0 02471 | 04381 | 06101 | 07780 | 09497 | 1,1309 | 13262 | 1,5403 | 1,7781
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 ] 20669 | 23854 | 2,7357 | 3,1106 | 3.4907 | 3,8321 | 4,0404 | 3,9099 | 29670 0
3 ] 38018 | 43827 | 50156 | 56839 | 63471 | 69180 | 7.2156 | 6,8638 | 50579 0
4 | 52683 | 6,0680 | 69323 | 7,8348 | 87148 | 9,4458 | 9,7740 | 9,1904 | 6,6569 0
5 | 64877 | 74631 | 85097 | 95913 | 10,6281 | 11,4591 | 11,7688 | 10,9421 | 7.7613 0
6 | 74869 | 86028 | 9,7920 | 11,0088 | 12,1562 | 13,0424 | 13,2999 | 12,2249 | 8,6860 0
7| 82818 | 95051 | 10,8004 | 12,1133 | 13,3303 | 14,2325 | 14,4063 | 13,3010 | 94241 0
:E:‘;) 8 | 88820 | 10,1810 | 11,5480 | 12,9196 | 14,1675 | 15,0477 | 153227 | 14,1244 | 9,9881 0
= 9 | 92910 | 10,6351 | 12,0401 | 13,4342 | 14,6748 | 15,6844 | 159512 | 14,7010 | 10,3978 0
S 10| 95084 | 10,8670 | 12,2767 | 13,6569 | 14,9993 | 16,0214 | 16,3115 | 15,0506 | 10,6594 0
s 11| 95307 | 10,8731 | 12,2535 | 13,6843 | 15,0365 | 16,0837 | 16,4030 | 15,1702 | 10,7729 0
% 12| 93505 | 10,6471 | 12,0253 | 13,4480 | 14,7943 | 15,8582 | 16,2171 | 15,0490 | 10,7302 0
S/ 13| 89663 | 10,2153 | 11,5554 | 12,9366 | 14,2608 | 15,3280 | 15,7329 | 14,6674 | 10,5167 0
14| 83816 | 9,5587 | 10,8250 | 12,1380 | 13,4147 | 14,4690 | 14,9208 | 13,9947 | 10,1101 0
15 | 75871 | 8,6606 | 98192 | 11,0330 | 12,2303 | 13,2479 | 13,7409 | 12,9883 | 94777 0
16 | 65697 | 75054 | 85214 | 9,5980 | 10,6770 | 11,6238 | 12,1416 | 11,5898 | 85717 0
171 53157 | 6,0779 | 69123 | 7.8067 | 87193 | 9,5476 | 10,0574 | 9,7199 | 73215 0
I8 | 38116 | 4,3623 | 49706 | 56305 | 63167 | 69623 | 74069 | 7.2704 | 5,6180 0
19 | 20442 | 23420 | 26741 | 3,0388 | 34256 | 3.8031 | 4,0922 | 40949 | 3,2820 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.24 Deformasyon sonrast boyutsuz basing degerleri (L/Ry = 1/3, hy/d = 1/2)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 02072 | 03861 | 05555 | 0,7250 | 09012 | 1,0898 | 12959 | 1,5241 | 1,7790
3 0 03529 | 0,6778 | 09925 | 13098 | 16402 | 1,9932 | 23777 | 2.8017 | 32729
4 0 04636 | 09067 | 153439 | 1,7884 | 22526 | 2,7486 | 3,2875 | 3,8800 | 4,5358
5 0 05522 | 1,0922 | 16321 | 2,1846 | 27627 | 3,3798 | 40485 | 47813 | 55893
6 0 06252 | 12446 | 1,8687 | 25096 | 3.1812 | 3,8977 | 4,6733 | 55215 | 64539
7 0 06849 | 13682 | 20597 | 27718 | 35185 | 43147 | 51752 | 6,1144 | 7,1445
ED 8 0 0,7330 | 14665 | 22100 | 29762 | 3,7797 | 4,6358 | 55600 | 6,5671 | 7.6690
é 9 0 0,7700 | 1,5403 | 23210 | 3,1248 | 39670 | 4,8635 | 5.8301 | 6,8819 | 80303
S 10 0 0,7959 | 1,5898 | 23923 | 32171 | 4,0800 | 49972 | 59850 | 7.0583 | 82280
g 11 0 08101 | 1,6136 | 24224 | 32511 | 4,1162 | 50343 | 6,0219 | 7,0935 | 82589
§ 12 0 08115 | 1,6099 | 24086 | 32235 | 40718 | 49705 | 59362 | 69824 | 8,1179
o 13 0 07988 | 1,5759 | 2,3470 | 3,1295 | 3.9415 | 4,8004 | 57219 | 6,7190 | 7.7982
14 0 0,7700 | 1,5080 | 22327 | 29635 | 37193 | 45172 | 53723 | 6,2958 | 7.2919
15 0 07226 | 14015 | 20597 | 27187 | 33978 | 4,1136 | 4.8796 | 57048 | 6,5999
16 0 06531 | 12505 | 1,8206 | 23872 | 29691 | 3,5814 | 42355 | 49422 | 57131
17 0 05566 | 1,0471 | 155067 | 19599 | 24242 | 29119 | 34338 | 39998 | 46211
18 0 04253 | 07808 | 1,1071 | 14269 | 1,7538 | 2,0975 | 24664 | 2.8685 | 3,3126
19 0 02469 | 04377 | 06095 | 07772 | 09488 | 1,1297 | 13248 | 1,5386 | 1,7760
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 2,0644 | 23823 | 2,7320 | 3,1062 | 34855 | 3.8261 | 40337 | 39029 | 29611 0
3037972 | 43772 | 50089 | 56760 | 63377 | 69071 | 7.2035 | 6.8515 | 50479 0
4 | 52619 | 6,0603 | 69230 | 7.8238 | 10,6124 | 94309 | 9,7576 | 9,1739 | 6,6437 0
5 | 64799 | 74537 | 84984 | 95779 | 87019 | 114411 | 11,7492 | 10,9225 | 7,7459 0
6 | 74779 | 8,5919 | 9,7789 | 10,9934 | 12,1382 | 13,0219 | 13,2776 | 12,2029 | 8,6685 0
7| 82718 | 94930 | 10,7861 | 12,0963 | 13,3105 | 142101 | 14,3821 | 132771 | 9.4050 0
Eﬂ 8 | 88712 | 10,1680 | 11,5326 | 12,9015 | 14,1465 | 15,0239 | 15,2969 | 14,0988 | 9,9678 0
= 9 | 92797 | 10,6215 | 12,0241 | 13,4153 | 14,6529 | 15,6595 | 15,9242 | 14,6742 | 10,3764 0
5 10 ] 94968 | 10,8532 | 12,2603 | 13,6376 | 14,9768 | 15,9958 | 16,2837 | 15,0230 | 10,6373 0
g 111 95192 | 10,8593 | 12,2371 | 13,6648 | 15,0138 | 16,0579 | 16,3749 | 15,1422 | 10,7503 0
& 121 93411 | 10,6335 | 12,0091 | 13,4288 | 14,7719 | 15,8326 | 16,1891 | 15,0211 | 10,7075 0
g 13 ] 89553 | 10,2022 | 11,5397 | 12,9180 | 14,2391 | 15,3031 | 15,7056 | 14,6399 | 10,4943 0
14 183714 | 95464 | 10,8103 | 12,1205 | 13,3941 | 14,4453 | 14,8947 | 13,9684 | 10,0884 0
15 | 75778 | 86494 | 9,8058 | 11,0170 | 12,2114 | 13,2261 | 13,7168 | 12,9637 | 9.4571 0
16 | 65616 | 74957 | 85097 | 95841 | 10,6605 | 11,6046 | 12,1202 | 11,5678 | 8.5529 0
171 53092 | 6,0700 | 6,9028 | 77954 | 8,7057 | 95318 | 10,0396 | 9,7013 | 7.3056 0
18 | 38070 | 43566 | 49638 | 56223 | 6,3069 | 69507 | 73938 | 7.2564 | 56057 0
19120417 | 23390 | 2.6705 | 3,0344 | 34203 | 3,7968 | 40850 | 4,0870 | 3,2745 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.25 Deformasyon 6ncesi boyutsuz yag filmi kalinhigi (L/Ry = 1, hy/d = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
2 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
3 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
4 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
5 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
6 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
7 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
:t:}\l) 8 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
é 9 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
S 10 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
g 11 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
§ 12 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
; 13 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
14 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
15 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
16 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
17 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
18 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
19 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
20 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
2 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
3 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
4 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
5 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
6 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
7 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
:(::5\0 8 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
% 9 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S 10 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
g 11 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
‘% 12 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S’ 13 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
14 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
15 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
16 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
17 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
18 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
19 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
20 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
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Cizelge 6.26 Deformasyon sonrasi boyutsuz yag filmi kalinhig1 (L/Ry = 1, hy/d = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2505 1,2005 1,1505 1,1005 1,0505 1,0005 0,9505 0,9005 0,8505 0,8005
2 1,2505 1,2005 1,1505 1,1005 1,0505 1,0005 0,9505 0,9005 0,8505 0,8005
3 1,2505 1,2005 1,1505 1,1005 1,0505 1,0005 0,9505 0,9005 0,8505 0,8005
4 1,2505 | 1,2005 1,1505 1,1005 1,0505 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8005
5 1,2505 1,2005 1,1505 1,1005 1,0505 1,0005 0,9505 0,9005 0,8505 0,8005
6 1,2505 | 1,2005 1,1505 1,1005 1,0505 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8005
7 1,2505 1,2005 1,1505 1,1005 1,0505 1,0005 0,9505 0,9005 0,8505 0,8005
:t:}\l) 8 1,2505 | 1,2005 1,1505 1,1005 1,0505 1,0005 | 0,9505 | 0,9005 | 0,8505 | 0,8006
é 9 1,2505 | 1,2005 1,1505 1,1005 1,0505 1,0005 | 0,9505 | 0,9006 | 0,8506 | 0,8006
S 10 1,2505 1,2005 1,1505 1,1005 1,0505 1,0006 0,9506 | 0,9006 | 0,8506 | 0,8006
g 11 1,2505 | 1,2005 1,1505 1,1005 1,0506 | 1,0006 | 0,9506 | 0,9006 | 0,8506 | 0,8007
§ 12 1,2505 1,2005 1,1505 1,1006 1,0506 1,0006 0,9506 | 0,9007 0,8507 0,8007
; 13 1,2505 | 1,2005 1,1506 1,1006 | 1,0506 | 1,0006 | 0,9507 | 0,9007 | 0,8508 | 0,8008
14 1,2505 1,2005 1,1506 1,1006 1,0506 1,0007 0,9507 | 0,9008 0,8508 0,8009
15 1,2505 1,2005 1,1506 1,1006 1,0507 1,0007 0,9508 | 0,9008 0,8509 | 0,8010
16 1,2505 | 1,2006 | 1,1506 1,1006 | 1,0507 1,0008 | 0,9508 | 0,9009 | 0,8510 | 0,8011
17 1,2505 1,2006 1,1506 1,1007 1,0507 1,0008 0,9509 | 0,9009 | 0,8510 | 0,8011
18 1,2505 | 1,2006 | 1,1506 1,1007 | 1,0507 1,0008 | 0,9508 | 0,9009 | 0,8510 | 0,8011
19 1,2505 1,2005 1,1506 1,1006 1,0507 1,0007 0,9507 | 0,9008 0,8508 0,8009
20 1,2505 | 1,2005 1,1505 1,1005 1,0505 1,0005 | 0,9506 | 0,9006 | 0,8506 | 0,8006

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7505 0,7005 0,6505 0,6005 0,5505 0,5005 0,4505 0,4005 0,3505 0,3005
2 0,7505 | 0,7005 | 0,6505 | 0,6005 | 0,5505 | 0,5005 | 04505 | 0,4005 | 0,3505 | 0,3005
3 0,7505 0,7005 0,6505 0,6005 0,5505 0,5005 0,4505 0,4005 0,3505 0,3005
4 0,7505 | 0,7005 | 0,6505 | 0,6005 | 0,5505 | 0,5005 | 04505 | 0,4005 | 0,3505 | 0,3005
5 0,7505 0,7005 0,6505 0,6005 0,5505 0,5005 0,4505 0,4005 0,3505 0,3005
6 0,7505 | 0,7005 | 0,6505 | 0,6005 | 0,5505 | 0,5005 | 04505 | 0,4005 | 0,3505 | 0,3006
7 0,7505 0,7005 0,6506 | 0,6006 | 0,5506 | 0,5006 0,4506 | 0,4006 | 0,3506 | 0,3006
ED 8 0,7506 | 0,7006 | 0,6506 | 0,6006 | 0,5506 | 0,5006 0,4506 | 0,4006 | 0,3506 | 0,3007
% 9 0,7506 | 0,7006 | 0,6506 | 0,6006 | 0,5507 | 0,5007 | 0,4507 | 0,4007 | 0,3507 | 0,3008
:3) 10 0,7506 | 0,7007 | 0,6507 0,6007 0,5507 | 0,5008 0,4508 | 0,4008 0,3507 0,3009
g 11 0,7507 | 0,7007 | 0,6508 0,6008 0,5508 | 0,5009 0,4509 | 0,4009 | 0,3508 0,3011
% 12 0,7508 | 0,7008 | 0,6509 | 0,6009 | 0,5510 | 0,5010 | 04511 | 04011 | 03510 | 0,3013
g 13 0,7509 | 0,7009 | 0,6510 | 0,6011 0,5511 0,5012 04513 | 04013 0,3511 0,3016
14 0,7510 | 0,7010 | 0,6511 | 0,6012 | 0,5513 | 0,5014 | 04515 | 04015 | 03513 | 0,3020
15 0,7511 0,7012 | 0,6513 0,6014 | 0,5515 0,5016 04517 | 0,4017 0,3515 0,3024
16 0,7512 | 0,7013 | 0,6514 | 0,6015 0,5517 | 0,5018 0,4520 | 0,4020 | 0,3517 0,3028
17 0,7512 | 0,7013 | 0,6515 | 0,6016 | 0,5518 | 0,5020 | 04522 | 0,4022 | 03519 | 0,3032
18 0,7512 | 0,7013 | 0,6514 | 0,6016 | 0,5518 | 0,5020 | 0,4522 | 0,4022 | 0,3520 | 0,3033
19 0,7510 | 0,7011 0,6512 | 0,6013 0,5514 | 0,5016 04518 | 04019 | 0,3517 0,3030
20 0,7507 | 0,7007 | 0,6508 0,6009 | 0,5509 | 0,5010 | 0,4511 0,4012 | 0,3511 0,3006
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Cizelge 6.27 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1, hy/d = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0030 | 0,0064 | 0,0103 | 0,0146 | 0,0196 | 0,0252 | 0,0316 | 0,0390 | 0,0461
3 0 0,0068 | 00145 | 00231 | 0,0329 | 0,0440 | 00567 | 0,0712 | 0,0877 | 0,1039
4 0 00121 | 00257 | 0,0409 | 0,0582 | 0,0779 | 0,1003 | 0,1259 | 0,1551 | 0,1840
5 0 0,0188 | 0,0399 | 0,0636 | 0,0904 | 0,1209 | 0,1557 | 0,1955 | 0,2410 | 0,2861
6 0 0,0270 | 0,0571 | 0,0910 | 0,1294 | 0,1730 | 02228 | 02797 | 03448 | 0,4098
7 0 0,0365 | 00773 | 0,231 | 0,1750 | 0,2340 | 0,3012 | 0,3782 | 04663 | 0,5547
ED 8 0 0,0474 | 0,1003 | 0,1598 | 02270 | 0,3034 | 03906 | 04904 | 0,6047 | 0,7202
é 9 0 0,0596 | 0,1261 | 0,2008 | 0,2852 | 0,3812 | 0,4906 | 0,6160 | 0,7596 | 0,9057
S 10 0 00731 | 0,1546 | 02461 | 03495 | 04669 | 0,6010 | 0,7544 | 0,9305 | 1,1106
g 11 0 0,0878 | 0,1857 | 02955 | 04196 | 0,5604 | 0,7212 | 09053 | 1,1167 | 1,3343
§ 12 0 0,1038 | 02194 | 03490 | 04952 | 0,6613 | 08508 | 1,0679 | 1,3171 | 1,5752
s 13 0 0,1209 | 02554 | 04060 | 0,5757 | 0,7682 | 09875 | 12386 | 15266 | 1,8258
14 0 0,1389 | 02927 | 04642 | 06568 | 0,8741 | 1,1210 | 1,4025 | 1,7245 | 2,0589
15 0 0,1558 | 03266 | 05154 | 0,7255 | 0,9610 | 1,2270 | 1,5290 | 1,8734 | 2,2294
16 0 0,1677 | 03487 | 05459 | 0,7630 | 1,0042 | 12749 | 1,5808 | 19287 | 2,2855
17 0 0,1696 | 03482 | 0,5390 | 07459 | 0,9736 | 12273 | 1,5131 | 1,8378 | 2,1662
13 0 0,1541 | 03100 | 04717 | 0,6438 | 0,8311 | 1,0387 | 12723 | 1,5384 | 1,7990
19 0 0,1084 | 02096 | 03102 | 04147 | 0,5275 | 0,6523 | 0,7934 | 0,9551 | 1,0955
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 1 00541 | 00631 | 00729 | 0,0835 | 0,0947 | 0,1056 | 0,1141 | 0,1145 | 0,0915 0
3 10,1221 | 0,1423 | 0.1645 | 0,1886 | 02139 | 02385 | 02576 | 02584 | 0,2066 0
4 | 02163 | 02522 | 02918 | 03346 | 03797 | 04235 | 04574 | 04590 | 0,3670 0
5 1 03366 | 03928 | 04546 | 05216 | 05920 | 06605 | 07137 | 0,7163 | 0,5729 0
6 | 04826 | 05635 | 06525 | 0,7491 | 08505 | 09493 | 1,261 | 1,0302 | 0,8242 0
7 ] 06538 | 0,7638 | 0,8850 | 1,0165 | 1,1547 | 12894 | 13941 | 14001 | 1,1204 0
§D 8 | 0,8495 | 09932 | 1,1515 | 13232 | 1,5038 | 1,6801 | 18173 | 18257 | 14614 0
= 9 | 10692 | 12510 | 14512 | 1,6687 | 1,8974 | 2,1207 | 2,2949 | 2,3064 | 18468 0
§ 10| 13123 | 1,5364 | 1,7836 | 2,0520 | 2,3346 | 2,6107 | 2,8263 | 2,8417 | 22762 0
s I | 15779 | 1,8488 | 2,1475 | 24722 | 2,8141 | 3,1483 | 3,4097 | 34280 | 27467 0
4 121 18641 | 2,1852 | 2,5394 | 2,9240 | 3,3286 | 3,7233 | 4,0301 | 4,0494 | 32412 0
S/ 13| 21599 | 2,5307 | 2,9384 | 3,3796 | 3.8413 | 42876 | 4,6328 | 4,6534 | 3,7290 0
14 1 24307 | 2,8414 | 32908 | 3,7742 | 42759 | 4,7708 | 51708 | 52188 | 42021 0
15 | 26234 | 3,0564 | 3,5277 | 4,0320 | 4,5873 | 5,1603 | 56358 | 5,7225 | 4,6309 0
16 | 26783 | 3,1080 | 3,5745 | 4,1348 | 4,7604 | 53970 | 59312 | 6,0611 | 49391 0
171 255258 | 29179 | 34313 | 40107 | 46437 | 53021 | 58826 | 6,0806 | 50179 0
18 | 20815 | 24830 | 2,9282 | 3.4396 | 40226 | 46552 | 52493 | 55305 | 4.6659 0
191 13175 | 1,5642 | 1,8583 | 2,2078 | 2,6199 | 3,0903 | 3,5734 | 3,8918 | 34311 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.28 Deformasyon sonrasi boyutsuz basing degerleri (L/Ry = 1, hy/d = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,0030 | 0,0064 | 0,0103 | 0,0146 | 0,0195 | 0,0252 | 0,0316 | 0,0389 | 0,0461
3 0 0,0068 | 00145 | 0,0231 | 0,0329 | 0,0440 | 0,0566 | 0,0711 | 0,0876 | 0,1038
4 0 00121 | 0,0256 | 0,0409 | 0,0581 | 0,0778 | 0,1001 | 0,1257 | 0,1549 | 0,1837
5 0 0,0188 | 0,0398 | 0,0635 | 0,0903 | 0,1208 | 0,1555 | 0,1953 | 0,2407 | 0,2857
6 0 0,0269 | 0,0570 | 0,0909 | 0,1293 | 0,1728 | 0,2225 | 0,2794 | 0,3444 | 0,4093
7 0 00364 | 00772 | 0,230 | 0,1748 | 0,2336 | 0,3008 | 0,3776 | 04656 | 0,5539
ED 8 0 0,0473 | 0,1001 | 0,1595 | 0,2267 | 0,3030 | 0,3901 | 0,4897 | 0,6038 | 0,7191
é 9 0 0,0595 | 0,1259 | 0,2005 | 0,2848 | 0,3806 | 0,4899 | 0,6150 | 0,7584 | 0,9042
S 10 0 00730 | 0,1544 | 02457 | 0,3489 | 04662 | 0,5999 | 0,7531 | 0,9288 | 1,1085
g 11 0 0,0877 | 0,1854 | 0,2951 | 0,4188 | 0,5594 | 0,7198 | 0,9035 | 1,1144 | 1,3314
§ 12 0 0,1036 | 02190 | 03483 | 04943 | 0,6599 | 0,8490 | 1,0655 | 1,3141 | 1,5715
s 13 0 0,1207 | 0,2549 | 04052 | 0,5745 | 0,7665 | 09852 | 1,2356 | 1,5227 | 1,8209
14 0 0,1386 | 02921 | 04632 | 0,6552 | 0,8720 | 1,1181 | 1,3987 | 1,7198 | 2,0529
15 0 0,1554 | 03259 | 05142 | 0,7237 | 0,9586 | 1.2236 | 1,5247 | 1,8679 | 2,2225
16 0 01673 | 0,3479 | 0,5446 | 07610 | 1,0015 | 12712 | 1,5761 | 19228 | 22780
17 0 0,1692 | 03474 | 05377 | 07440 | 0,9708 | 1,2236 | 1,5085 | 1,8319 | 2,1587
18 0 0,1538 | 0,3092 | 04705 | 0,6421 | 0,8287 | 1,0356 | 1,2684 | 1,5333 | 1,7923
19 0 0,1082 | 02092 | 03094 | 04136 | 0,5260 | 0,6504 | 0,7909 | 0,9518 | 1,0914
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2| 0,0541 | 0,0630 | 0,0728 | 0,0834 | 0,946 | 0,1054 | 0,138 | 0,1142 | 0,0912 0
3] 01219 | 0,1421 | 0,1643 | 0,1883 | 02135 | 02381 | 02570 | 02577 | 0,2060 0
4 | 02160 | 02519 | 02913 | 0,3341 | 0,3790 | 04226 | 04564 | 04578 | 03659 0
5 ] 03362 | 03922 | 04539 | 05207 | 05909 | 06592 | 07121 | 07144 | 05711 0
6 | 04819 | 0,5626 | 0,6515 | 0,7478 | 08489 | 09474 | 10237 | 1,0273 | 08214 0
7 ] 06528 | 0,7626 | 0,8835 | 1,0146 | 1,1524 | 12865 | 13906 | 13960 | 1,1163 0
ED 8 | 0,8482 | 09915 | 1,1494 | 13206 | 1,5006 | 1,6760 | 18122 | 1,8198 | 14555 0
= 9 | 10674 | 12486 | 14483 | 1,6650 | 1,8928 | 2,1150 | 2,2878 | 2,2980 | 1,8382 0
5 10| 13097 | 1,5332 | 1,7796 | 2,0470 | 23282 | 2,6026 | 2,8163 | 2,8297 | 22637 0
g 1L | 15743 | 1,8444 | 2,1420 | 24652 | 2,8052 | 3,1371 | 3,3956 | 34120 | 2,7287 0
& 121 18594 | 2,1793 | 2,5319 | 2,9145 | 3,3165 | 3,7078 | 4,0105 | 4,0259 | 32156 0
g 13| 21538 | 2,5230 | 29286 | 3,3671 | 3,8253 | 42670 | 4,6066 | 46215 | 3,6933 0
14 1 24232 | 28319 | 32787 | 3,7586 | 42557 | 47443 | 5,1364 | 51760 | 4,1530 0
15 | 26147 | 3,0454 | 35134 | 40132 | 45621 | 5,1264 | 55911 | 56666 | 45655 0
16 | 26688 | 3,0957 | 3,5581 | 4,1126 | 4,7299 | 53558 | 5.8768 | 59922 | 48566 0
17 25160 | 2,9050 | 3,4135 | 3,9863 | 4,6103 | 52568 | 58218 | 6,0022 | 49214 0
18 | 20729 | 24709 | 29115 | 34169 | 39914 | 46121 | 51905 | 54531 | 4,5679 0
19| 13118 | 1,5562 | 1,8474 | 2,1928 | 2,5990 | 3,0609 | 3,5326 | 3,8366 | 33586 0
20 0 0 0 0 0 0 0 0 0 0
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=1/2,hy/d = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
2 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
3 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
4 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
5 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
6 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
7 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
:t:}\l) 8 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
é 9 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
S 10 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
g 11 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
§ 12 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
; 13 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
14 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
15 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
16 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
17 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
18 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
19 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
20 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
2 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
3 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
4 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
5 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
6 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
7 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
:(::5\0 8 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
% 9 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S 10 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
g 11 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
‘% 12 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S’ 13 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
14 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
15 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
16 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
17 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
18 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
19 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
20 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
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Cizelge 6.30 Deformasyon sonrasi boyutsuz yag filmi kalinlif1 (L/Ry = 1/2, hy/d = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
2 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
3 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
4 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
5 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
6 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
7 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8003
:t:}\l) 8 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8503 | 0,8003
é 9 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9003 | 0,8503 | 0,8003
S 10 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9003 0,8503 0,8003
g 11 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9503 | 0,9003 | 0,8503 | 0,8003
§ 12 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9503 | 0,9003 0,8503 0,8003
; 13 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9503 | 0,9003 | 0,8503 | 0,8003
14 1,2502 1,2002 1,1502 1,1002 1,0502 1,0003 0,9503 | 0,9003 0,8503 0,8003
15 1,2502 1,2002 1,1502 1,1002 1,0502 1,0003 0,9503 | 0,9003 0,8503 0,8003
16 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9503 | 0,9003 | 0,8503 | 0,8003
17 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9503 | 0,9003 0,8503 0,8003
18 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9003 | 0,8503 | 0,8003
19 1,2503 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
20 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
2 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3003
3 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
4 0,7502 | 0,7002 | 0,6502 | 0,6003 | 0,5503 | 0,5003 | 0,4503 | 0,4003 | 0,3503 | 0,3003
5 0,7502 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
6 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3003
7 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
ED 8 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
% 9 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3003
:3) 10 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
g 11 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
% 12 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3003
g 13 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3004
14 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3004
15 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3004
16 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3004
17 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3004
18 0,7503 | 0,7003 | 0,6503 | 0,6003 | 0,5503 | 0,5003 | 04503 | 0,4003 | 0,3503 | 0,3004
19 0,7503 | 0,7003 | 0,6503 0,6003 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3003
20 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5503 | 0,5003 0,4503 | 0,4003 0,3503 0,3002
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Cizelge 6.31 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1/2, h,/d = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,1685 | 03341 | 05053 | 0,6888 | 0,8909 | 1,1181 | 13769 | 1,6711 | 2,0085
3 0 02681 | 05461 | 08413 | 1,1619 | 15164 | 19151 | 23664 | 2.8756 | 3.4565
4 0 03383 | 0,6978 | 1,0857 | 1,5106 | 19829 | 2,5146 | 3,1137 | 3,7881 | 4,5542
5 0 03937 | 08172 | 12783 | 17865 | 23532 | 29922 | 3,7099 | 45178 | 54330
6 0 04408 | 09183 | 14408 | 2,0187 | 26648 | 33942 | 42117 | 51329 | 6,1748
7 0 04833 | 1,0087 | 15853 | 22246 | 29402 | 3,7489 | 4,6545 | 56760 | 68308
ED 8 0 05232 | 1,0928 | 1,7191 | 24141 | 3,1929 | 40732 | 50584 | 6,1703 | 7.4268
é 9 0 0,5615 | 1,730 | 1,8453 | 255910 | 34257 | 43682 | 54214 | 6,6093 | 7.9501
S 10 0 05980 | 12478 | 19599 | 27474 | 36266 | 4.6173 | 57231 | 69690 | 83739
g 11 0 06302 | 1,3110 | 2,0535 | 2,8715 | 3,7820 | 4,8054 | 59457 | 72286 | 86730
§ 12 0 06550 | 13574 | 2,1185 | 29527 | 3.8773 | 49136 | 6,0662 | 7.3606 | 88156
o 13 0 06697 | 13808 | 2,1451 | 29774 | 3.8957 | 49217 | 6,0602 | 73366 | 8.7691
14 0 06710 | 13743 | 2,1225 | 29310 | 38185 | 48070 | 59015 | 7.1264 | 84989
15 0 06547 | 13294 | 2,0380 | 27968 | 36253 | 45452 | 55616 | 66972 | 7.9677
16 0 06158 | 1,2359 | 18765 | 2,5556 | 3,2929 | 4,1095 | 50099 | 6,0140 | 7,1351
17 0 05471 | 1,0800 | 16193 | 2,1846 | 2,7951 | 3.4705 | 42130 | 5.0388 | 59570
18 0 04377 | 08430 | 12425 | 1,6567 | 21025 | 25958 | 3,1350 | 3,7306 | 44347
19 0 02684 | 04968 | 07155 | 09403 | 1,1823 | 14509 | 1,7381 | 2.0745 | 24704
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 23982 | 2,8501 | 3,3743 | 39798 | 4,6681 | 54164 | 6,1312 | 65065 | 5,5669 0
3 | 41214 | 48837 | 57562 | 6,7464 | 7.8453 | 89985 | 10,0283 | 10,4170 | 8,6506 0
4 | 54261 | 64184 | 7,5439 | 8,8066 | 10,1872 | 11,6048 | 12,8205 | 13,1725 | 10,7928 0
5 | 64710 | 7.6472 | 89735 | 104510 | 12,0519 | 13,6750 | 15,0345 | 15,3584 | 12,5005 0
6 | 73544 | 86874 | 10,1857 | 11,8479 | 13,6394 | 154427 | 16,9333 | 17,2451 | 13,9882 0
7] 81370 | 96113 | 11,2654 | 13,0965 | 15,0644 | 17,0376 | 18,6570 | 18,9707 | 153611 0
§D 8 | 88466 | 104472 | 12,2398 | 14,2194 | 16,3396 | 18,4535 | 20,1659 | 20,4355 | 16,4117 0
= 9 | 94631 | 11,1659 | 13,0689 | 15,1639 | 17,3968 | 19,6037 | 21,3504 | 21,5042 | 17,3770 0
:3) 10 | 99571 | 11,7354 | 13,7173 | 15,8902 | 18,1916 | 20,4397 | 22,1632 | 22,5392 | 18,2810 0
g 11| 10,2976 | 12,1184 | 14,1413 | 16,3496 | 18,6727 | 20,9145 | 22,9735 | 23,4571 | 19,0782 0
& 12| 104492 | 12,2755 | 14,2983 | 16,4974 | 18,7973 | 21,3912 | 23,5688 | 24,1190 | 19,6746 0
g 13 | 103745 | 12,1653 | 14,1436 | 16,2875 | 18,8920 | 21,5186 | 23,7675 | 24,4326 | 20,0347 0
14 | 10,0344 | 11,7439 | 13,6286 | 15,9782 | 18,5160 | 21,1717 | 23,5180 | 24,3278 | 20,0844 0
15 | 93865 | 10,9629 | 12,9259 | 15,1419 | 17.6311 | 20,2745 | 22,6805 | 23,6593 | 19,7161 0
16 | 83837 | 99143 | 11,7017 | 13,7621 | 16,1126 | 18,6673 | 21,0741 | 22,2274 | 18,7653 0
171 70607 | 83728 | 99076 | 11,7140 | 13,8090 | 16,1431 | 18,4386 | 19,7392 | 16,9789 0
18 | 52719 | 62645 | 74439 | 88531 | 10,5219 | 12,4344 | 14,4129 | 15,7455 | 13,9308 0
19 | 20427 | 35061 | 41865 | 50122 | 60121 | 7,1961 | 84947 | 9,5404 | 88283 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.32 Deformasyon sonrast boyutsuz basing degerleri (L/Ry = 1/2, hy/d = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 0,1684 | 03339 | 05050 | 0,6884 | 0,8903 | 1,1173 | 13759 | 1.6698 | 2,0070
3 0 02679 | 05458 | 08408 | 1,1611 | 15154 | 19139 | 23647 | 2.8735 | 34539
4 0 03381 | 0,6974 | 1,0850 | 1,5097 | 19816 | 2,5129 | 3,1115 | 3,7854 | 4,5508
5 0 03935 | 08167 | 12775 | 1,854 | 23517 | 29902 | 3,7073 | 45146 | 54289
6 0 04406 | 09177 | 14399 | 20175 | 26631 | 3,3919 | 42088 | 5,1292 | 6,1702
7 0 04831 | 1,0081 | 15843 | 22232 | 29383 | 3,7464 | 4,6513 | 56720 | 68257
§D 8 0 05229 | 1,0922 | 1,7180 | 24126 | 3,1908 | 40704 | 50548 | 6,1659 | 74212
é 9 0 05611 | 1,723 | 1,8442 | 255804 | 34235 | 43652 | 54176 | 6,6045 | 7.9440
S 10 0 05977 | 12471 | 19587 | 27457 | 3.6242 | 46142 | 57190 | 69639 | 83675
g 11 0 06298 | 13102 | 2,0522 | 2.8697 | 3,7795 | 4.8021 | 59415 | 72233 | 86663
§ 12 0 06546 | 13566 | 2,1172 | 29507 | 3,.8747 | 49102 | 6,0618 | 73551 | 88088
o 13 0 06693 | 1,3800 | 2,1438 | 2,9754 | 3,8931 | 49182 | 6,0559 | 7.3311 | 87622
14 0 06706 | 13735 | 2,1211 | 29291 | 3,8159 | 48036 | 58972 | 7.1210 | 84922
15 0 06543 | 13286 | 20367 | 27950 | 36228 | 45420 | 55575 | 6.6921 | 7.9613
16 0 06154 | 12351 | 18753 | 2,5539 | 32906 | 4,1066 | 50062 | 6,0094 | 7,1293
17 0 05468 | 1,0794 | 16183 | 2,1831 | 2,7932 | 34681 | 42099 | 50349 | 59521
18 0 04375 | 08424 | 12417 | 1,6556 | 2,1010 | 2,5940 | 3,1327 | 3.7277 | 44310
19 0 02682 | 04965 | 07150 | 09397 | 1,1815 | 14498 | 1,7368 | 20729 | 24683
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2| 23963 | 258477 | 33713 | 39760 | 4,6632 | 54102 | 6,1232 | 64968 | 5.5570 0
3 ] 41181 | 48796 | 57511 | 6,7400 | 7.8372 | 8.9883 | 10,0155 | 10,4018 | 8,6354 0
4 | 54218 | 64132 | 7,5373 | 87984 | 10,1768 | 11,5917 | 12,8042 | 13,1533 | 10,7737 0
5 ] 64660 | 7.6409 | 89656 | 10,4412 | 12,0396 | 13,6596 | 15,0154 | 15,3358 | 12,4781 0
6 | 73486 | 86803 | 10,1767 | 11,8367 | 13,6254 | 15,4252 | 16,9116 | 17,2194 | 13,9626 0
7| 81306 | 9,6033 | 11,2555 | 13,0841 | 15,0488 | 17,0181 | 18,6328 | 18,9421 | 15,3324 0
§D 8 | 88396 | 10,4384 | 12,2280 | 14,2058 | 16,3225 | 18,4321 | 20,1393 | 20,4042 | 16,3805 0
= 9 | 94555 | 11,1565 | 13,0572 | 15,1492 | 17,3784 | 19,5806 | 21,3219 | 21,4706 | 17,3429 0
:3) 1001 99491 | 11,7254 | 13,7049 | 15,8747 | 18,1721 | 20,4153 | 22,1330 | 22,5030 | 18,2438 0
g 11 ] 10,2893 | 12,1080 | 14,1284 | 16,3334 | 18,6524 | 20,8889 | 22,9411 | 23,4181 | 19,0380 0
& 12 ] 10,4407 | 12,2649 | 14,2851 | 16,4808 | 18,7763 | 21,3641 | 23,5345 | 24,0776 | 19,6316 0
g 131 10,3659 | 12,1547 | 14,1302 | 16,2707 | 18,8702 | 21,4906 | 23,7319 | 24,3894 | 19,9894 0
141 10,0260 | 11,7335 | 13,6154 | 15,9612 | 18,4940 | 21,1433 | 23,4817 | 24,2836 | 20,0374 0
15 ] 93785 | 10,9529 | 12,9130 | 15,1253 | 17,6096 | 20,2466 | 22,6446 | 23,6150 | 19,6685 0
16 | 83765 | 99050 | 11,6898 | 13,7466 | 16,0925 | 18,6410 | 21,0399 | 22,1848 | 18,7189 0
171 70544 | 83648 | 9,8972 | 11,7005 | 13,7913 | 16,1198 | 18,4080 | 19,7005 | 16,9361 0
18 | 52672 | 62584 | 7.4360 | 8,8427 | 10,5082 | 12,4162 | 14,3886 | 15,7143 | 13,8955 0
19 ] 29400 | 3,5026 | 4,1820 | 50062 | 6,0041 | 7.1854 | 84802 | 95213 | 88057 0
20 0 0 0 0 0 0 0 0 0 0
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= 1/3, ho/5 = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
2 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
3 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
4 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
5 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
6 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
7 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
:t:}\l) 8 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
é 9 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
S 10 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
g 11 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
§ 12 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
; 13 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
14 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
15 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
16 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
17 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
18 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
19 1,2500 1,2000 1,1500 1,1000 1,0500 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000
20 1,2500 | 1,2000 | 1,1500 1,1000 | 1,0500 | 1,0000 | 0,9500 | 0,9000 | 0,8500 | 0,8000

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
2 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
3 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
4 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
5 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
6 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
7 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
:(::5\0 8 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
% 9 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S 10 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
g 11 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
‘% 12 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
S’ 13 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
14 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
15 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
16 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
17 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
18 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
19 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
20 0,7500 | 0,7000 | 0,6500 | 0,6000 | 0,5500 | 0,5000 | 0,4500 | 0,4000 | 0,3500 | 0,3000
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Cizelge 6.34 Deformasyon sonrasi boyutsuz yag filmi kalinligi (L/Ry = 1/3, hy/d = 1/4)

L (Lokma Genisligi)

1 2 3 4 5 6 7 8 9 10
1 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
2 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
3 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
4 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
5 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
6 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
7 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
:t:}\l) 8 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
é 9 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
S 10 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
g 11 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
§ 12 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
; 13 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
14 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
15 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
16 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
17 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
18 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002
19 1,2502 1,2002 1,1502 1,1002 1,0502 1,0002 0,9502 | 0,9002 | 0,8502 | 0,8002
20 1,2502 | 1,2002 | 1,1502 1,1002 | 1,0502 | 1,0002 | 0,9502 | 0,9002 | 0,8502 | 0,8002

L (Lokma Genisligi)

11 12 13 14 15 16 17 18 19 20
1 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
2 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3002
3 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
4 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3002
5 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
6 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3002
7 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
ED 8 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
% 9 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3002
:3) 10 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
g 11 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3003
% 12 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3003
g 13 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 04002 | 0,3502 | 0,3003
14 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3003
15 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3003
16 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3003
17 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 04502 | 0,4002 | 0,3502 | 0,3002
18 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 | 0,4502 | 0,4002 | 0,3502 | 0,3002
19 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
20 0,7502 | 0,7002 | 0,6502 | 0,6002 | 0,5502 | 0,5002 0,4502 | 0,4002 | 0,3502 | 0,3002
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Cizelge 6.35 Deformasyon 6ncesi boyutsuz basing degerleri (L/Ry = 1/3, h,/6 = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 03454 | 0,6515 | 09511 | 1,2628 | 16007 | 1,9789 | 24130 | 29211 | 35236
3 0 05837 | 1,1360 | 16888 | 22674 | 2.8950 | 3,5957 | 43972 | 53309 | 64309
4 0 07620 | 1,5109 | 22741 | 3,0789 | 39536 | 4,9296 | 6,0434 | 7,3355 | 88504
5 0 09029 | 1,8112 | 27495 | 3,7457 | 48313 | 6,0428 | 7.4231 | 9,0193 | 10,8838
6 0 1,0188 | 2,0593 | 3,1448 | 4,3037 | 55699 | 6,9838 | 85928 | 10,4493 | 12,6118
7 0 11171 | 22686 | 34769 | 47701 | 6,1832 | 7,7590 | 9,5487 | 11,6079 | 14,0006
§D 8 0 1,1999 | 2,4406 | 3,7439 | 51395 | 6,6646 | 83650 | 10,2937 | 12,5089 | 15,0772
é 9 0 12652 | 2,5730 | 39468 | 54170 | 70220 | 8,8095 | 10,8341 | 13,1559 | 15,8435
S 10 0 13131 | 2,6667 | 40848 | 55997 | 7.2513 | 9,0885 | 11,1666 | 13,5463 | 16,2969
g 11 0 13423 | 27184 | 41541 | 56829 | 73465 | 9,1945 | 11,2824 | 13,6709 | 16,4281
§ 12 0 13506 | 27241 | 4,1484 | 56590 | 7.2986 | 9,1173 | 11,1702 | 13,5169 | 16,2231
o 13 0 13354 | 2,6784 | 40600 | 55180 | 70961 | 88443 | 10,8160 | 13,0688 | 15,6648
14 0 12931 | 25743 | 3.8793 | 52482 | 6,7257 | 83605 | 10,2034 | 12,3087 | 13,4053
15 0 12189 | 24032 | 3,5944 | 48357 | 6,1719 | 7.6491 | 93144 | 11,2165 | 14,7331
16 0 1,1067 | 2,1536 | 3,1910 | 42646 | 54175 | 6,6919 | 81289 | 9,7702 | 11,6564
17 0 09473 | 18111 | 26521 | 35167 | 44438 | 54692 | 6,6259 | 7.9462 | 94748
18 0 07271 | 13563 | 19571 | 25715 | 32305 | 3.9603 | 47834 | 57276 | 6,8285
19 0 04241 | 0,7636 | 1,820 | 14070 | 1,7563 | 2,1437 | 2,5822 | 3.0884 | 3,6825
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 42435 | 51093 | 6,1525 | 7.4060 | 8,8938 | 10,6008 | 12,3790 | 13,6433 | 12,2746 0
30 77372 | 92962 | 11,1578 | 13,3687 | 15,9509 | 18,8412 | 21,7153 | 23,4556 | 20,4051 0
4 | 10,6400 | 12,7628 | 15,2786 | 18,2380 | 21,6500 | 25,3956 | 28,9889 | 30,8880 | 26,3459 0
5 1 13,0775 | 15,6665 | 18,7166 | 22,2774 | 26,3415 | 30,7372 | 34,8430 | 36,7839 | 30,9953 0
6 | 15,1482 | 18,1298 | 21,6261 | 25,6841 | 30,2803 | 35,1972 | 39,7009 | 41,6491 | 34,8229 0
7 ] 16,7986 | 20,0762 | 23,9023 | 283165 | 33,2741 | 38,5076 | 43,1706 | 44,8666 | 36,7671 0
§D 8 | 18,0721 | 21,5682 | 25,6313 | 30,2914 | 35,4810 | 40,8835 | 45,5485 | 46,8525 | 38,9636 0
= 9 | 18,9703 | 22,6095 | 26,8214 | 31,6246 | 36,9280 | 42,3689 | 46,9054 | 48,9669 | 40,6698 0
:3) 10| 19,4906 | 23,1978 | 27,4720 | 32,3193 | 37.6261 | 42,9894 | 48,2806 | 50,3220 | 41,8155 0
g 11| 19,6238 | 23,3240 | 27,5747 | 32,3693 | 37.5741 | 43,4719 | 48,7679 | 50,9580 | 42,4705 0
& 12 1 193550 | 22,9725 | 27,1133 | 31,7584 | 37,2201 | 43,0940 | 48,5034 | 50,8650 | 42,5828 0
g 13 | 18,6649 | 22,1220 | 26,0639 | 30,7246 | 36,1096 | 41,9272 | 47,3920 | 49,9650 | 42,0861 0
14 1 175308 | 20,7458 | 24,5329 | 29,0271 | 34,2026 | 39,8865 | 45,3288 | 48,1217 | 40,8712 0
15 | 159263 | 18,8802 | 22,3993 | 26,5782 | 31,4315 | 36,8452 | 42,1584 | 45,1506 | 38,7744 0
16 | 13,8543 | 16,4587 | 19,5826 | 23,3054 | 27,6860 | 32,6516 | 37,6706 | 40,7953 | 35,5567 0
17| 112718 | 13,4208 | 16,0105 | 19,1215 | 22,8327 | 27,1174 | 31,5954 | 34,6987 | 30,8583 0
18 | 81337 | 9,7057 | 11,6102 | 13,9222 | 16,7186 | 20,0150 | 23,5905 | 26,3654 | 24,1131 0
19| 43925 | 52528 | 63022 | 7,5906 | 9,1713 | 11,0770 | 13,2298 | 15,1096 | 14,3811 0
20 0 0 0 0 0 0 0 0 0 0
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Cizelge 6.36 Deformasyon sonrast boyutsuz basing degerleri (L/Ry = 1/3, hy/d = 1/4)

L (Lokma Genisligi)
1 2 3 4 5 6 7 8 9 10
1 0 0 0 0 0 0 0 0 0 0
2 0 03452 | 0,6511 | 09506 | 12621 | 15998 | 1,9777 | 24114 | 29191 | 35211
3 0 05834 | 1,1354 | 16879 | 22662 | 28933 | 3,5935 | 43944 | 53273 | 64264
4 0 07616 | 1,5101 | 22729 | 3,0772 | 39513 | 49266 | 6,0395 | 7,3306 | 88442
5 0 09024 | 1,8103 | 27481 | 3,7437 | 4.8285 | 6,0392 | 7.4184 | 9,0133 | 10,8762
6 0 1,0183 | 2,0582 | 3,1431 | 43014 | 55667 | 69796 | 85874 | 104424 | 12,6031
7 0 11165 | 22675 | 34751 | 47675 | 6,1796 | 77544 | 95426 | 11,6003 | 13,9909
§D 8 0 1,1993 | 24393 | 3,7420 | 51367 | 6,6607 | 83599 | 10,2873 | 12,5007 | 15,0668
é 9 0 12646 | 25717 | 39447 | 54140 | 70180 | 8,8042 | 10,8273 | 13,1473 | 15,8326
S 10 0 13125 | 2,6653 | 40827 | 5596 | 7.2472 | 9,0830 | 11,1596 | 13,5375 | 16,2857
g 11 0 13416 | 2,7170 | 4,1519 | 56798 | 7,3422 | 9,1890 | 11,2753 | 13,6620 | 16,4168
§ 12 0 13499 | 27227 | 41462 | 56558 | 7.2944 | 9,1119 | 11,1632 | 13,5080 | 16,2120
o 13 0 13347 | 2,6770 | 40578 | 55149 | 7,0920 | 8,8390 | 10,8092 | 13,0603 | 15,6541
14 0 12924 | 25730 | 3.8772 | 52453 | 6,7218 | 8,3555 | 10,1971 | 12,3007 | 14,7230
15 0 12183 | 24019 | 35924 | 48330 | 6,1683 | 7,6446 | 93085 | 11,2092 | 13,3961
16 0 1,1062 | 2,1525 | 3,1893 | 42623 | 54144 | 6,6879 | 8,1238 | 9,7638 | 11,6483
17 0 09469 | 1,8102 | 2,6507 | 3,5147 | 44412 | 54659 | 66218 | 7,9410 | 94682
18 0 0,7268 | 1,3556 | 19561 | 2,5701 | 32286 | 3,9579 | 4,7803 | 5,7238 | 6,8238
19 0 04239 | 0,7633 | 1,0815 | 14062 | 1,7553 | 2,1424 | 2,5805 | 3,0863 | 3,679
20 0 0 0 0 0 0 0 0 0 0
L (Lokma Genisligi)
11 12 13 14 15 16 17 18 19 20
1 0 0 0 0 0 0 0 0 0 0
2 | 42403 | 51052 | 6,1473 | 7,3993 | 88851 | 10,5894 | 12,3642 | 13,6247 | 12,2549 0
3 | 77314 | 92889 | 11,1485 | 13,3567 | 15,9355 | 18,8212 | 21,6896 | 23,4240 | 20,3725 0
41 10,6322 | 12,7528 | 15,2659 | 18,2218 | 21,6293 | 25,3689 | 28,9549 | 30,8467 | 26,3039 0
5| 13,0680 | 15,6544 | 18,7012 | 22,2577 | 26,3164 | 30,7051 | 34,8023 | 36,7348 | 30,9458 0
6 | 15,1371 | 18,1158 | 21,6084 | 25,6616 | 30,2515 | 35,1606 | 39,6548 | 41,5937 | 34,7672 0
7T | 16,7864 | 20,0608 | 23,8828 | 28,2918 | 332427 | 38,4678 | 43,1207 | 44,8071 | 36,7082 0
§D 8 | 18,0590 | 21,5518 | 25,6105 | 30,2651 | 354477 | 40,8413 | 454959 | 46,7902 | 38,9003 0
= 9 | 18,9566 | 22,5923 | 26,7998 | 31,5972 | 36,8934 | 42,3251 | 46,8509 | 48,9010 | 40,6029 0
:3) 101 194766 | 23,1802 | 27,4499 | 32,2914 | 37,5908 | 42,9448 | 48,2239 | 50,2535 | 41,7458 0
g 11 119,6097 | 23,3063 | 27,5524 | 32,3412 | 37,5386 | 43,4262 | 48,7100 | 50,8879 | 42,3988 0
& 121193411 | 22,9551 | 27,0913 | 31,7307 | 37,1845 | 43,0483 | 48,4452 | 50,7942 | 42,5099 0
g 131 18,6515 | 22,1051 | 26,0427 | 30,6975 | 36,0747 | 41,8822 | 47,3345 | 49,8947 | 42,0131 0
141 175182 | 20,7299 | 24,5127 | 29,0012 | 34,1692 | 39,8432 | 45,2731 | 48,0532 | 40,7994 0
15 1 15,9147 | 18,8656 | 22,3807 | 26,5543 | 31,4004 | 36,8048 | 42,1059 | 45,0855 | 38,7054 0
16 | 13,8442 | 16,4459 | 19,5662 | 23,2842 | 27,6584 | 32,6153 | 37,6232 | 40,7358 | 35,4928 0
171 11,2635 | 13,4103 | 15,9970 | 19,1039 | 22,8096 | 27,0870 | 31,5552 | 34,6476 | 30,8025 0
18 | 81277 | 9,6980 | 11,6003 | 13,9092 | 16,7015 | 19,9922 | 23,5602 | 26,3262 | 24,0691 0
19 1 43892 | 52486 | 62968 | 7,5835 | 9,1619 | 11,0643 | 13,2126 | 15,0869 | 14,3542 0
20 0 0 0 0 0 0 0 0 0 0
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50,958

w Y
i=1 f=]

P YATAK BASINCI
n
=1

=
(=1

n
(==}

L LOKMA GENISLIGI B LOKMA UZUNLUGU

Sekil 6.35 Deformasyon oncesi boyutsuz basing degerleri (/R4 = 1/3, hy/d = 1/4)

50,8879

50
45
40

=35

P YATAK BASINCI

L LOKMA GENISLIGI B LOKMA UZUNLUGU

Sekil 6.36 Deformasyon sonrasi boyutsuz basing degerleri (L/Rq = 1/3, hy/d = 1/4)
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Cizelge 6.37 Deformasyonlarin grafiksel degerleri

L/R4q=1, hy/d =1

-0.002

0,004

-0.006..

0,008

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R4=1/2 , ho/d =1

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

x10°

095

105

L/R4=1/3 , hy/d =1

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R4=1, hy/d =1/2

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R¢=1/2 , hy/d =1/2

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

x10°
-45
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Cizelge 6.37 (Devam) Deformasyonlarin grafiksel degerleri

L/R¢=1/3 , hy/d =1/2

W YATAK DEFORMASYONU
/ PR i
\

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R¢=1, hy/d =1/4

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R¢=1/2 , hy/d =1/4

W YATAK DEFORMASYONU
/ T4 %
{
|
X g
\ >
\
\ ;
5
2N
" ¥
| ;
|
\
LA
3\
\
\
!

L LOKMA GENISLIGI B LOKMA UZUNLUGU

L/R4q=1/3 , hyo/6 =1/4

W YATAK DEFORMASYONU

L LOKMA GENISLIGI B LOKMA UZUNLUGU
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EK-2

Heaviside fonksiyonu, ayni zamanda birim basamak fonksiyonu olarak da

bilinen siireksiz bir fonksiyondur. Heaviside fonksiyonu,

0 x=0
Hix) = % x=0
1 x=0

seklinde tanimlanmaktadir (Sekil 6.37).

HiD Hix)
o 1
0.8 0.8
0.6 0.6
.
0.4 u-
0.2 0.2
1 0.5 9 os 1f -1 -0.5 0.5 17

Sekil 6.37 Heaviside fonksiyonu

Fonksiyonun tanimi yukarida gosterildigi gibi olmakla birlikte H(0) degeri icin
genellikle H(0)=1/2 yerine H(0)=1 almir. Sekil 6.37°de soldaki resim fonksiyonu
tanimlamakta, sagdaki resim ise bir osiloskopta nasil goriintiilenecegini gdstermektedir.

Heaviside fonksiyonu, kontrol teorisi ve sinyal isleme matematiginde, belirli bir

anda devreye giren ve o degerde kalan bir sinyali tanimlamak i¢in kullanilir.
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EK-3

MATLAB programinda hesaplamalarin yapilabilmesi icin yazilan program

metni  asagidadir.

LR2=1;
H2DELTA=1;
ACI=30;
BETA=ACT*pi/180;
M=20;
N=20;
S=20;
DR=LR2/M;
DTETA=BETA/N,;
WR=1.7;
SEPS=0.01;
ITMAX=1000;
for I=1:M;
TETA=-DTETA;
for J=1:N;
TETA=TETA+DTETA;
H(,J))=H2DELTA+(1-TETA/BETA);
end;
end;
figure
ClZ=size(H);
surf(1:1:CIZ(2),1:1:CIZ(1),H);
axis([1 CIZ(2) 1 CIZ(1) 0 max(max(H))]);
xlabel('B LOKMA UZUNLUGU");
ylabel('L LOKMA GENISLIGI);
zlabel('h YAG FILMI KALINLIGT');
colorbar(‘vert’);
for I=1:M;
for J=1:N;
P(1,J)=0;
end;
end;
for I=1:M;
R(I)=1-LR2+(LR2*I/M);
end;
for ITER=1:ITMAX;
TOP=0;
HATA=0;
for I=2:M-1;
for J=2:N-1;
PESKI=P(1L,J));
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PAY 1=12%pi*R(I)*((1/LR2)A2)*(H(L,J-1)-H(I,J+1))/DTETA;
PAY2=P(I+1,J)*(H(LI)*3)*R(I+1)/(DR"2);
PAY3=P(I-1,))*(H(L,J)"3)*R(I-1)/(DR"2):
PAY4=P(LJ+1)*(H(LJ+1)*3)/(R(I)*(DTETA2));
PAY5=P(LJ-1)*(H(L,J-1)*3)/(R(I)*(DTETA"2));

PAYDA I=(H(LJ)*3)*R(I+1)/(DR"2);
PAYDA2=(H(LJ))*3)*R(I-1)/(DR"2);
PAYDA3=(H(LJ+1)"3)/(R(I)*(DTETA2));
PAYDA4=(H(LJ-1)"3)/(R()*(DTETA2));

P(L)=(PAY1+PAY2+PAY3+PAY4+PAY5)/(PAYDAI1+PAYDA2+PAYDA3+PAYD
Ad);
P(LJ)=PESKI+WR*(P(I,J)-PESKI);
if P(1,J)<0;
P(1,J)=0;
end;
HATA=HATA+abs(PESKI-P(1,)));
TOP=TOP+abs(P(1,)));
end;
end;
EPS=HATA/TOP;
if EPS<SEPS;
break;
end;
end;
EPS
max(max(P))
P(,:)
figure
ClZ=size(P);
surf(1:1:CIZ(2),1:1:CIZ(1),P);
axis([1 CIZ(2) 1 CIZ(1) 0 max(max(P))]);
xlabel('B LOKMA UZUNLUGU");
ylabel('L LOKMA GENISLIGI);
zlabel('P YATAK BASINCI);
colorbar(‘vert’);
%Y ATAGIN KALDIRMA KUVVETININ HESABI
XTP=0;
GTP=0;
for J=1:N;
XTOP=0;
L=1;
while L<=M-2
L=L+2;
TER1=4*P(J,L);
TER2=2*P(J,L+1);
XTOP=XTOP+TER1+TER2;
end;
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XTP=XTOP+P({,1)+P(J,M);
XINT(J)=DR*XTP/3;
end;
GTOP=0;
I=1;
while I<=N-2
I=1+2;
TER1=4*XINT(I);
TER2=2*XINT(I+1);
GTOP=GTOP+TERI1+TER2;
end;
GTP=GTOP+XINT(1)+XINT(N);
PINTEG=DTETA*GTP/3
%
R2=60;
L=LR2*R2;
R1=R2-L;
H2=0.005+0.0002*R1;
DELTA=H2/H2DELTA;
T=20;
VISK=0.033e-6;
DEVIR=3000*pi/30;
BOYUT_KAT=VISK*DEVIR*((L/DELTA)"2);
DR=L/M;
EY=90000;
NUY=0.33;
LAMDAY=NUY*EY/((1+NUY)*(1-2*NUY));
MUY=EY/2*(1+NUY));
SEPS=0.0001;
WR=0.01;
for I=1:M;
for J=1:N;
P(LI)=P(LJ)*BOYUT_KAT;
end;
end;
for I=1:M;
R(I)=R()*R2;
end;
for J=1:N;
DZ(J)=(T-DELTA+((J-1)/(N-1)*DELTA))/S;
end;
for I=1:M+2;
for J=1:N+2;
for K=1:S+2;
UY(I,J,K)=0.00001;
VY(,]J,K)=0.00001;
WY(L,J,K)=0.00001;
end;
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end;

end;

for ITER=1:4
ITER
HATAUY=0;
HATAVY=0;
HATAWY=0;
TOPUY=0;
TOPVY=0;
TOPWY=0;
for I=1:M+2;

for J=1:N+2;
for K=1:S+2;

UYESKI(ILJ,LK)=UY(LJ,K);

VYESKI(I,J,LK)=VY(LJ,K);

WYESKI(LJ,K)=WY(LJ,K);

end;
end;
end;
for K=2:S-1;
for I=2:M-1;
for J=2:N-1;
PAY71=UY(+1,J,K)*((LAMDAY+2*MUY)/(DR"2))+((LAMDAY+2*MUY)/(R(I)*
2*DR)));
PAY72=UY(I-1,J, K)*((LAMDAY+2*MUY)/(DR"2))-
(LAMDAY+2*MUY)/(R(I)*2*DR)));

PAY73=UY(L,J+1,K)*MUY/((R(D"2)*(DTETA"2));

PAY74=UY(L,J-1,K)*MUY/(R(D"2)*(DTETA"2));

PAY75=UY(L,J,K+1)*MUY/(DZ(J)"2);

PAY76=UY (L], K-1)*MUY/(DZ(1)"2);

PAY77=-VY(LJ+1,K)*3*MUY/((R(D)"2)*2*DTETA);,

PAY78=VY(LJ-1,K)*3*MUY/(R(D"2)*2*DTETA);

PAY79=VY(I+1,J+1,K)*(LAMDAY+MUY)/(R(I)*4*DR*DTETA);

PAY710=VY(-1,J-1,K)*(LAMDAY+MUY)/(R(I)*4*DR*DTETA);

PAY711=-VY(-1,J+1,K)*(LAMDAY+MUY)/(R(I)*4*DR*DTETA);

PAY712=-VY{+1,J-1, K)*(LAMDAY+MUY)/(R()*4*DR*DTETA);

PAY713=WY(I+1,],LK+1)*(LAMDAY+MUY)/(4*DR*DZ(J));

PAY714=WY(-1,J, K-1)*(LAMDAY+MUY)/(4*DR*DZ(]));

PAY715=-WY(I-1,].LK+1)*(LAMDAY+MUY)/(4*DR*DZ(J));

PAY716=-WY(1+1,], K-1)*(LAMDAY+MUY)/(4*DR*DZ(J));

PAYDA71=-2*(LAMDAY+2*MUY )/(DR"2);

PAYDA72=-2*MUY/((R(D"2)*(DTETA"2));

PAYDA73=-2*MUY/(DZ(J)"2);

PAYDA74=-2*MUY/(R(D"2);
UY(LJ,K)=(-PAY71-PAY72-PAY73-PAY74-PAY75-PAY76-PAY77-PAY78-PAY79-
PAY710-PAY711-PAY712-PAY713-PAY714-PAY715-
PAY716)/(PAYDA71+4PAYDA724+PAYDA73+PAYDA74);

PAY81=UY(I,J+1,K)*(LAMDAY+4*MUY)/(R(D"2)*2*DTETA);
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PAY82=-UY(L,J-1, K)*(LAMDAY+4*MUY)/(R(D"2)*2*DTETA);
PAY83=UY(I+1,J+1,K)*(LAMDAY+MUY)/(R(I)*4*DR*DTETA);
PAY84=UY(-1,J-1, K)Y*(LAMDAY+MUY)/(R()*4*DR*DTETA);
PAY85=-UY(-1,J+1,K)*(LAMDAY+MUY)/(R(I)*4*DR*DTETA);
PAY86=-UY(I+1,J-1, K)*(LAMDAY+MUY)/(R(1)*4*DR*DTETA);
PAY87=VY(I+1,J, K)*(MUY/(DR"2))+(MUY/(R()*2*DR)));
PAY88=VY(-1,], K)*(MUY/(DR"2))-(MUY/(R(I)*2*DR)));
PAY89=VY(L,J+1,K)*(LAMDAY+2*MUY)/(R()"2)*(DTETA"2));
PAY810=VY(LJ-1, K)*(LAMDAY+2*MUY)/(R(D"2)*(DTETA"2));
PAY811=VY(LJ,K+1)*MUY/(DZ(J)"2),
PAY812=VY(LJ,K-1)*MUY/(DZ)"2);
PAY813=WY(LJ+1,K+1)*(LAMDAY+MUY)/(R(I)*4*DTETA*DZ(J));
PAY814=WY(1,J-1,K-1)*(LAMDAY+MUY)/(R()*4*DTETA*DZ()));
PAY815=-WY(L,J+1,K-1)*(LAMDAY+MUY)/(R(D)*4*DTETA*DZ(J));
PAY816=-WY(1J-1,K+1)*(LAMDAY+MUY)/(R(I)*4*DTETA*DZ(J)));
PAYDAS81=-2*MUY/(DR"2);,
PAYDAR2=-2*(LAMDAY+2*MUY)/(R(D"2)*(DTETA"2));
PAYDAS83=-2*MUY/(DZ(J)"2);

PAYDA84=-2*MUY/(R(D"2);
VY(LJ,K)=(-PAY81-PAY82-PAY83-PAY84-PAY85-PAY86-PAY87-PAY88-PAYS89-
PAY810-PAY811-PAY812-PAY813-PAY814-PAYS815-
PAYS816)/(PAYDAS1+PAYDAS2+PAYDAS3+PAYDAR®4);

PAY91=UY(,J, K+1)*(LAMDAY+MUY)/(R(D)*2*DZ());

PAY92=-UY(LJ,K-1)*(LAMDAY+MUY)/(R(I)*2*DZ(J));

PAY93=UY(I+1,J, K+1)*(LAMDAY+MUY)/(4*DR*DZ(]));

PAY94=UY(I-1,J.K-1)*(LAMDAY+MUY)/(4*DR*DZ(J));

PAY95=-UY({I+1,J,K-1)*(LAMDAY+MUY)/(4*DR*DZ(]));

PAY96=-UY (-1, K+1)*(LAMDAY+MUY)/(4*DR*DZ(]));

PAY97=VY(L,J+1,K+1)*(LAMDAY+MUY)/(R(I)*4*DTETA*DZ(J));

PAY98=VY(LJ-1,K-1)*(LAMDAY+MUY)/(R(I)*4*DTETA*DZ(J));

PAY99=-VY(LJ+1,K-1)*(LAMDAY+MUY)/(R()*4*DTETA*DZ(J));

PAY910=-VY(LJ-1,K+1)*(LAMDAY+MUY)/(R()*4*DTETA*DZ(J));

PAY911=WY(I+1,J],K)*(MUY/(DR"2))+(MUY/(R(I)*2*DR)));

PAY912=WY(-1,J],K)*(MUY/(DR"2))-MUY/(R(I)*2*DR)));

PAY913=WY(LJ+1,K)*MUY/((R(D"2)*(DTETA”2));

PAY914=WY(1,J-1,K)*MUY/(R(D*2)*(DTETA"2));

PAY915=WY(LJ,K+1)*(LAMDAY+2*MUY)/(DZ(J)"2);

PAY916=WY(1,J,K-1)*(LAMDAY+2*MUY)/(DZ(J])"2);

PAYDA91=-2*MUY/(DR"2);,

PAYDAO92=-2*MUY/((R(D"2)*(DTETA"2));

PAYDA93=-2*(LAMDAY+2*MUY)/(DZ(J)"2);

WY (LJ,K)=(-PAY91-PAY92-PAY93-PAY94-PAY95-PAY96-PAY97-PA Y9S-
PAY99-PAY910-PAY911-PAY912-PAY913-PAY914-PAY915-
PAY916)/(PAYDA91+PAYDA92+PAYDA93);
end;
end;
end;
for I=1:M;
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for J=1:N;
for K=1:S;

UY(M+1,J,8)=UY(M,J,S)+(UY(M.,J,S)-UY(M-1,1,S));
UY(M+2.,J,8)=UY(M,J,$)+2*(UY(M,J,S)-UY(M-1,J,9));
VY(ILN+1,8)=VY(IN,S)+(VY(,N,S)-VY(IN-1,S));
VY(I,N+2,8)=VY(LN,S)+2*(VY(LN,S)-VY(LN-1,9));
WY(IN+1,8)=WY(LN,S)+HWY(LN,S)-WY(,N-1,9));
WY(ILN+2,8)=WY(LN,S)+2*(WY(LN,S)-WY(IN-1,9));
WY(1,J,S+1D)=WY(1,J,9)+WY(1,J,8)-WY(1,J,S-1));
WY(1,J,8+2)=WY(1,J,9)+2*(WY(1,J,8)-WY(1,J,S-1));
VY(1,N+1,K)=VY(1,N,K)+(VY(1,N,K)-VY(1,N-1,K));
VY(1,N+2,K)=VY(1,N,K)+2*(VY(1,N,K)-VY(1,N-1,K));
UY(1,N+1,K)=UY(1,N,K)+(UY(1,N,K)-UY(1,N-1,K));
UY(1,N+2,K)=UY(1,N,K)+2*(UY(1,N,K)-UY(1,N-1,K));
UY(1,J,8+1)=UY(1,J,9)+UY(1,J,8)-UY(1,J,S-1));
UY(1,J,5+2)=UY(1,J,9)+2*(UY(1,J,5)-UY(1,J,S-1));
WY(M,J,S+1)=WY(M,J,S)+H(WY(M,J,S)-WY(M,J,S-1));
WY(M.,J,S+2)=WY(M,J,S)+2*(WY(M,J,S)-WY(M,J,S-1));
VY(M,N+1,K)=VY(M,N,K)+(VY(M,N.K)-VY(M,N-1,K)):
VY (M, N+2,.K)=VY(M,N,K)+2*(VY(M,N,K)-VY(M,N-1,K)):
UY(M,N+1,K)=UY(M,N,K)+(UY(M,N,K)-UY(M,N-1,K));
UYM,N+2,K)=UY(M,N,K)+2*(UY(M,N,K)-UY(M,N-1,K)):
UY(M.J,S+1)=UY(M,J,S)+(UY(M.,J,S)-UY(M.J,S-1));
UY(M,J,S+2)=UY(M,J,$)+2*(UY(M,J,S)-UY(M,J,S-1));
UY(M+1,1,K)=UY(M,1,K)+(UY(M,1,K)-UY(M-1,1,K));
UY(M+2,1,K)=UY(M,1,K)+2*(UY(M, 1,LK)-UY(M-1,1,K));
WY11,8+D)=WY(1,S)+(WY(L1,S)-WY(L1,S-1));
WY(11,842)=WY(1,8)+2*(WY(L,1,S)-WY(L1,S-1));
VY(M+1,J, K)=VY(M.J,K)+(VY(M,J,K)-VY(M-1,J,K));
VY(M+2,J.K)=VY(M,J,K)+2*(VY(M,J,K)-VY(M-1,] K));
VY(1,1,8+D)=VY(T1,8)+(VY(L1,S)-VY(1,S-1));
VY(L1,542)=VY(,1,8)+2*(VY(L1,S)-VY(L,1,S-1));
UYM+1,N,K)=UY(M,N,K)+(UY(M,N,K)-UY(M-1,N,K));
UY(M+2,N,K)=UY(M,N,K)+2*(UY(M,N,K)-UY(M-1,N,K)):
WYIN,S+1)=WY(LN,S)+(WY(LN,S)-WY(N,S-1));
WY(IN,S+2)=WY(N,S)+2*(WY(L,N,S)-WY(L,N,S-1));
VYM+1,N,K)=VY(M,N,K)+(VY(M,N,K)-VY(M-1,N,K));
VY(M+2,N,K)=VY(M,N,K)+2*(VY(M,N,K)-VY(M-1,N,K));
VY(IN,S+1)=VY(N,S)+(VY(LN,S)-VY(N,S-1));
VY(LN,S+2)=VY(LN,S)+2*(VY(LN,S)-VY(LN,S-1));

end;

end;
end;

for I=1:M;
for J=1:N;
UY(,J,1)=0;
VY(LJ,1)=0;
WY(,J,1)=0;
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PAY11=(LAMDAY+2*MUY)/2*DZ(1)))*(3*WY(1,J,S)-4*WY(1,J,S-1)+WY(LJ,S-
2));

PAY12=(LAMDAY/(2*DR))*(-3*UY(L,J,S)+4*UY (I+1,1,5)-UY(1+2,],S));

PAY13=LAMDAY*UY(LJ,S)/R(]);

VY (LJ,S)=(((-P(LL)*DR*DTETA)-PAY11-PAY 12-
PAY13)*2*DTETA*R(I)/LAMDAY-4*VY(LJ+1,S)+VY(LJ+2,S))/-3;

PAY14=3*VY(J,S9)-4*VY(LJ,S-1)+VY(1,J,S-2))/(2*DZ(J)));

WY(1J,S)=(-PAY14*R(I)*2*DTETA-4*WY(LJ+1,S)+WY(LJ+2,5))/-3;
PAY15=(-3*WY(LJ,S)+4*WY(I+1,],S)-WY(I+2,],S))/(2*DR);

UY(LJ,S)=(-PAY 15*2*DZJ)+4*UY(1,J,S-1)-UY(LJ,S-2))/3;

end;

end;

for J=1:N;
for K=1:S;

PAY21=(LAMDAY+2*MUY)/(2*DR))*(-UY(3,],K)+4*UY(2,],K)-
3*UY(1,],K));

PAY22=LAMDAY/2*DZ))*(-WY(1,], K+2)+4*WY(1,], K+1)-3*WY(1,],K));

PAY23=LAMDAY*UY(1,J,K)/R(1);
VY(1,],K)=((-PAY21-PAY22-PAY23)*2*DTETA*R(1)/LAMDAY+VY(1,J]+2,K)-
4*VY(1,J+1,K))/-3;

VY(1,],1)=0;

PAY24=-VY(1,].LK)/R(1);

PAY25=(-VY(@3,], K)+4*VY(2,],K)-3*VY(1,],K))/(2*DR);
UY(1,J,K)=((-PAY24-PAY25)*R(1)*2*DTETA+UY(1,J+2,K)-4*UY(1,J+1,K))/-3;

UuY(1,],1)=0;

PAY26=(-UY(1,],K+2)+4*UY(1,J,LK+1)-3*UY(1,],K))/(2*DZ(J));

WY(1,],K)=(-PAY26*2*DR+WY(3,],K)-4*WY(2,],K))/-3;

WY(1,],1)=0;
PAY31=(LAMDAY+2*MUY)/(2*DR))*(3*UY(M,J,K)-4*UY(M-1,],K)+UY (M-
2,J.K));

PAY32=LAMDAY*UY(M,J,K)/R(M);

PAY33=LAMDAY/2*DZ))*(-3*WYM,J,K)+4*WY(M,J,K+1)-

WY (M,J,K+2));
VY(M,J,K)=((-PAY31-PAY32-PAY33)*2*DTETA*R(M)/LAMDAY -
4*VY(M,J+1,K)+VY(M,J+2,K))/-3;

VY(M,J,1)=0;

PAY34=-VY(M,J,K)/R(M);

PAY35=(-3*VY(M,J,K)-4*VY(M-1,], K)+VY(M-2,],K))/(2*DR);
UYM,J,K)=((-PAY34-PAY35)*RM)*2*DTETA-4*UY(M,J+1,K)+UY(M,J+2,K))/-3;

UY(M,J,1)=0;

PAY36=(-3*UY(M,J,K)+4*UY(M,J,K+1)-UY(M,J,K+2))/(2*DZ(J));

WY(M,J,K)=(-PAY36*2*DR+4*WY(M-1,J,K)-WY(M-2,],K))/3;

WY(M,J,1)=0;

end;
end;
for I=1:M;
for K=1:S;
PAY41=(-UYI+2,1,K)+4*UY{+1,1,K)-3*UY(,1,K))/(2*DR);
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PAY42=(-WY(11,K+2)+4*WY(L1,K+1)-3*WY(L1,K))/(2*DZ(1)):
PAY43=(LAMDAY+2*MUY)*UY(1,1,K)/R(D);
VY(L1,K)=((LAMDAY*(PAY41+PAY42)-
PAY43)*R(1)*2*DTETA/(LAMDAY+2*MUY)+VY(1,3,K)-4*VY(L,2,K))/-3;
VY(L1,1)=0;
PAY44=-VY(I,1,K)/R(D);
PAY45=(-VY(I+2,1,K)+4*VY(I+1,1,K)-3*VY(11,K))/(2*DR);
UY(1,1,K)=((-PAY44-PAY45)*R(1)*2*DTETA+UY(I,3,K)-4*UY(I,2,.K))/-3;
UY(,1,1)=0;
PAY46=(-VY(I,1,K+2)+4*VY(I,1,K+1)-3*VY(I,1,K))/(2*DZ(1));
WY(1,1,K)=(-PAY46*R(I)*2*DTETA+WY(1,3,K)-4*WY (1,2,K))/-3;
WY(,1,1)=0;
PAY51=(-3*UY(LN,K)+4*UY(I+1,N,K)-UY(I+2,N,K))/(2*DR);
PAY52=(-3*WY (LN, K)+4*WY (I N,K+1)-WY (I, N,K+2))/(2¥DZ(N));
PAY53=(LAMDAY+2*MUY)*UY (IN,K)/R(]);
VY(IN,K)=(((LAMDAY*(PAY51+PAY52)-
PAY53)*R(I)*2*DTETA/LAMDAY+2*MUY)+4*VY(I,N-1,K)-VY(I,N-2,K))/3;
VYN, 1)=0;
PAY54=-VY(I,N,K)/R(D);
PAY55=(-3*VY(LN,K)+4*VY(I+1,N,K)-VY(I+2,N,K))/(2*DR);
UY(IN,K)=((-PAY54-PAY55)*R(1)*2*DTETA+4*UY(I,N-1,K)-UY(I,N-2,K))/3;
UY(N,1)=0;
PAY56=(-3*VY(LN,K)+4*VY(IN,K+1)-VY(I,N,K+2))/(2*DZ(N));
WY(IN,K)=(-PAY56*R(I)*2*DTETA+4*WY(IN-1,K)-WY(I,N-2,K))/3;

WY(,N,1)=0;
end;
end;
for I=1:M;
for J=1:N;
for K=1:S;
if UY(1LJ,K)<O0;
UY(,]J,K)=0;
end;
if VY(I,J,K)<O0;
VY(LJ,K)=0;
end;
if WY(1,J,K)<O;
WY (,J,K)=0;
end;
end;
end;
end;
for I=1:M;
for J=1:N;
for K=1:S;

UY(1,J,K)=UYESKI(L,J,K)+WR*(UY(LJ,K)-UYESKI(LJ.,K));
VY(1L,J,K)=VYESKI(LJ,K)+WR*(VY(LJ,K)-VYESKI(LJ.,K));
WY(LJ,K)=WYESKI(LJ,K)+WR*(WY(LJ,K)-WYESKI(L,J,K));
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UY(,J,1)=0;
VY(J,1)=0;
WY(,J,1)=0;
HATAUY=HATAUY+abs(UYESKI(LJ,K)-UY (LJ,K));
HATAVY=HATAVY+abs(VYESKI(I,J,K)-VY(I,J,K));
HATAWY=HATAWY+abs(WYESKI(LJ,K)-WY(LJ,K));
TOPUY=TOPUY+abs(UY(LJ,K));
TOPVY=TOPVY+abs(VY(LJ,K));
TOPWY=TOPWY+abs(WY(1,J,K));
end;
end;
end;
% HATA
% TOP
EPS=(HATAUY+HATAVY+HATAWY)/(TOPUY+TOPVY+TOPWY)
if EPS<SEPS;
break;
end;
end;
for I=1:M;
for J=1:N;
H@L))=H(LL))+WY(,J,20)/DELTA;
end;
end;
R2=60;
L=LR2*R2;
R1=R2-L;
DELTA=H2/H2DELTA;
M=20;
N=20;
S=20;
T=20;
RMIL=30;
AMIL=pi*(RMIL"2);
DR=L/M;
ES=90000;
NUS=0.33;
LAMDAS=NUS*ES/((1+NUS)*(1-2*NUS));
MUS=ES/(2*(1+NUY));
SEPS=0.0001;
WR=0.01;
XTP=0;
GTP=0;
for J=1:N;
XTOP=0;
L=1;
while L<=M-2
L=L+2;
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TER1=4*P(J,L);
TER2=2*P(J,L+1);
XTOP=XTOP+TER1+TER2;
end;
XTP=XTOP+P(J,1)+P(J,M);
XINT(J)=DR*XTP/3;
end;
GTOP=0;
I=1;
while I<=N-2
I=1+2;
TER1=4*XINT(I);
TER2=2*XINTI+1);
GTOP=GTOP+TERI1+TER2;
end;
GTP=GTOP+XINT(1)+XINT(N);
PINTEG=DTETA*GTP/3
SB=PINTEG/AMIL,;
for J=1:N;
DZ(J)=T/S;
end;
for I=1:M+2;
for J=1:N+2;
for K=1:S+2;
US(1,J,K)=0.00001;
VS(1,J,K)=0.00001;
WS(,J,K)=0.00001;
end;
end;
end;
for ITER=1:4
ITER
HATAUS=0;
HATAVS=0;
HATAWS=0;
TOPUS=0;
TOPVS=0;
TOPWS=0;
for I=1:M+2;
for J=1:N+2;
for K=1:S+2;
USESKI(I,J,K)=US(LJ,K);
VSESKI(L,J,K)=VS(LJ,K);
WSESKI(L,J,K)=WS(I,],K);
end;
end;
end;
for K=2:S-1;
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for I=2:M-1;
for J=2:N-1;
PAYS71=US(I+1,J,K)*((ILAMDAY+2*MUS)/(DR"2))+((LAMDAS+2*MUS)/(R(I)*
2*DR)));
PAYS72=US(I-1,],K)*(((LAMDAS+2*MUS)/(DR”2))-
((LAMDAS+2*MUS)/(R(I)*2*DR)));

PAYS73=US(I,J+1,K)*MUS/((R(D"2)*(DTETA”"2));

PAYS74=US(LJ-1,K)*MUS/((R(D"2)*(DTETA"2));

PAYS75=US(I,J],LK+1)*MUS/(DZ(1)"2);

PAYS76=US(LJ,K-1)*MUS/(DZ(J)"2);

PAYS77=-VS(I,J+1,K)*3*MUS/((R(1)"2)*2*DTETA);

PAYS78=VS(LJ-1,K)*3*MUS/((R(D"2)*2*DTETA);

PAYS79=VS(I+1,J+1,K)*(LAMDAS+MUS)/(R()*4*DR*DTETA);

PAYS710=VS(-1,J-1,K)*(LAMDAS+MUS)/(R(I)*4*DR*DTETA);

PAYS711=-VS(-1,J+1,K)*(LAMDAS+MUS)/(R()*4*DR*DTETA);

PAYS712=-VS(I+1,J-1, K)*(LAMDAS+MUS)/(R(1)*4*DR*DTETA);

PAYS713=WS{+1,J,K+1)*(LAMDAS+MUS)/(4*DR*DZ(J));

PAYS714=WS(-1,J,K-1)*(LAMDAS+MUS)/(4*DR*DZ(J)));

PAYS715=-WS(-1,J, K+1)*(LAMDAS+MUS)/(4*DR*DZ(]));

PAYS716=-WS{+1,J,K-1)*(LAMDAS+MUS)/(4*DR*DZ(J));

PAYDAS71=-2*(LAMDAS+2*MUS)/(DR”"2);

PAYDAS72=-2*MUS/((R(D"2)*(DTETA"2));

PAYDAS73=-2*MUS/(DZ()"2);

PAYDAS74=-2*MUS/(R(D"2);
US(LJ,K)=(-PAYS71-PAYS72-PAYS73-PAYS74-PAYS75-PAYS76-PAYS77-
PAYS78-PAYS79-PAYS710-PAYS711-PAYS712-PAYS713-PAYS714-PAYS715-
PAYS716)/(PAYDAS71+PAYDAS72+PAYDAS73+PAYDAS74);

PAYS81=US(I,J+1,K)*(LAMDAS+4*MUS)/(R(1)"2)*2*DTETA);

PAYS82=-US(L,J-1,K)*(LAMDAS+4*MUS)/((R(D"2)*2*DTETA);,

PAYS83=US(I+1,J+1,K)*(LAMDAS+MUS)/(R()*4*DR*DTETA);

PAYS84=US(-1,J-1,K)*(LAMDAS+MUS)/(R()*4*DR*DTETA);

PAYS85=-US(I-1,J+1,K)*(LAMDAS+MUS)/(R(I)*4*DR*DTETA);

PAYS86=-US(I+1,J-1,K)*(LAMDAS+MUS)/(R(I)*4*DR*DTETA);

PAYS87=VS(I1+1,],K)*(MUS/(DR"2))+(MUS/(R(I)*2*DR)));

PAYS88=VS(-1,J,K)*(MUS/(DR”"2))-(MUS/(R(I)*2*DR)));

PAYS89=VS(I,J+1,K)*(LAMDAS+2*MUS)/(R(1)"2)*(DTETA"2));

PAYS810=VS(I,J-1,K)*(LAMDAS+2*MUS)/((R(D"2)*(DTETA"2));

PAYS811=VS(L,],LK+1)*MUS/(DZ(J)"2);

PAYS812=VS(I,J,K-1)*MUS/(DZ(J)"2);

PAYS813=WS(,J+1,K+1)*(LAMDAS+MUS)/(R(I)*4*DTETA*DZ(J));

PAYS814=WS(LJ-1,K-1)*(LAMDAS+MUS)/(R(1)*4*DTETA*DZ(J));

PAYS815=-WS(1,J+1,K-1)*(LAMDAS+MUS)/(R(I)*4*DTETA*DZ(J));

PAYS816=-WS(LJ-1,K+1)*(LAMDAS+MUS)/(R()*4*DTETA*DZ(J));

PAYDASS81=-2*MUS/(DR"2);

PAYDAS82=-2*(LAMDAS+2*MUS)/((R(D"2)*(DTETA"2));

PAYDAS83=-2*MUS/(DZ()"2);

PAYDAS84=-2*MUS/(R(D"2);
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VS(I,J,K)=(-PAYS81-PAYS82-PAYS83-PAYS84-PAYS85-PAYS86-PAYS87-

PAYS88-PAYS89-PAYS810-PAYS811-PAYS812-PAYS813-PAYS814-PAYS815-

PAYS816)/(PAYDAS81+PAYDAS82+PAYDAS83+PAYDAS84);
PAYS91=US(L,J,K+1)*(LAMDAS+MUS)/(R(D)*2*DZ(J));
PAYS92=-US(LJ,K-1)*(LAMDAS+MUS)/(R(I)*2*DZ(J));
PAYS93=US{+1,J,K+1)*(LAMDAS+MUS)/(4*DR*DZ(J));
PAYS94=US(-1,J,K-1)*(LAMDAS+MUS)/(4*DR*DZ(J));
PAYS95=-US(I+1,],K-1)*(LAMDAS+MUS)/(4*DR*DZ()));
PAYS96=-US(-1,J,K+1)*(LAMDAS+MUS)/(4*DR*DZ());
PAYS97=VS(LJ+1,K+1)*(LAMDAS+MUS)/(R(1)*4*DTETA*DZ(J));
PAYS98=VS(J-1,K-1)*(LAMDAS+MUS)/(R(D)*4*DTETA*DZ());
PAYS99=-VS(LJ+1,K-1)*(LAMDAS+MUS)/(R(I)*4*DTETA*DZ(J));
PAYS910=-VS(1,J-1,K+1)*(LAMDAS+MUS)/(R()*4*DTETA*DZ(J));
PAYS911=WS{I+1,J,K)*(MUS/(DR"2))+(MUS/(R()*2*DR)));
PAYS912=WS(-1,],K)*(MUS/(DR"2))-(MUS/(R(I)*2*DR)));
PAYS913=WS(LJ+1,K)*MUS/(R(D"2)*(DTETA"2));
PAYS914=WS(I,J-1,K)*MUS/(R(D"2)*(DTETA"2));
PAYS915=WS(LJ,K+1)*(LAMDAS+2*MUS)/(DZ(J)"2);
PAYS916=WS(L,J,K-1)*(LAMDAS+2*MUS)/(DZ(J)"2);
PAYDAS91=-2*MUS/(DR"2);
PAYDAS92=-2*MUS/(R(D"2)*(DTETA"2));
PAYDAS93=-2*(LAMDAS+2*MUS)/(DZ(J)"2);

WS(L,J,K)=(-PAYS91-PAYS92-PAYS93-PAYS94-PAYS95-PAYS96-PAYS97-

PAYS98-PAYS99-PAYS910-PAYS911-PAYS912-PAYS913-PAYS914-PAYS915-

PAYS916)/(PAYDAS91+PAYDAS92+PAYDAS93);

end;
end;
end;
for I=1:M;
for J=1:N;
for K=1:S;

US(M+1,J,S)=US(M,J,S)+(US(M,J,S)-US(M-1,1,S));
US(M+2,J,5)=US(M,J,S)+2*(US(M,],S)-US(M-1,1,5));
VS(I,LN+1,S)=VS(LN,S)+(VS(ILN,S)-VS(I,N-1,S));
VS(ILN+2,S)=VS(,N,S)+2*(VS(LLN,S)-VS(I,N-1,S));
WS(IN+1,5)=WS(N,S)+(WS(I,N,S)-WS(I,N-1,S));
WS(IN+2,S)=WS(LN,S)+2*(WS(L,N,S)-WS(I,N-1,S));
WS(1,],S+1)=WS(1,J,S)+(WS(1,J,S)-WS(1,],S-1));
WS(1,]J,S+2)=WS(1,],5)+2*(WS(1,],S)-WS(1,],S-1));
VS(1,N+1,K)=VS(1,N,K)+(VS(1,N,K)-VS(1,N-1,K));
VS(1,N+2,K)=VS(1,N,K)+2*(VS(1,N,K)-VS(1,N-1,K));
US(1,N+1,K)=US(1,N,K)+(US(1,N,K)-US(1,N-1,K));
US(1,N+2,K)=US(1,N,K)+2*(US(1,N,K)-US(1,N-1,K));
US(1,J,S+1)=US(1,],S)+(US(1,1,5)-US(1,],S-1));
US(1,J,S+2)=US(1,]1,5)+2*(US(1,]J,S)-US(1,],S-1));
WS(M,J,S+1)=WS(M,J,S)+(WS(M,J,S)-WS(M,J,S-1));
WS(M,J,S+2)=WS(M,J,S)+2*(WS(M,J,S)-WS(M,J,S-1));
VS(M,N+1,K)=VS(M,N,K)+(VS(M,N,K)-VS(M,N-1,K));
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VS(M,N+2,K)=VS(M,N,K)+2*(VS(M,N,K)-VS(M,N-1,K));
US(M,N+1,K)=US(M,N,K)+(US(M,N,K)-US(M,N-1,K));
US(M,N+2,K)=US(M,N,K)+2*(US(M,N,K)-US(M,N-1,K));
US(M,J,S+1)=US(M,J,S)+(US(M,J,S)-US(M.J,S-1)):
US(M,J,8+2)=US(M,],S)+2*(US(M,J,S)-US(M,J,S-1));
US(M+1,1,K)=US(M, 1,K)+(US(M, 1,K)-US(M-1,1,K));
US(M+2,1,K)=US(M, 1,K)+2*(US(M, 1,K)-US(M-1,1,K));
WS(L1,8+1)=WS(L,1,S)+(WS(I,1,8)-WS(,1,S-1));
WS(1,1,5+2)=WS(L,1,8)+2*(WS(I,1,5)-WS(,1,5-1));
VS(M+1,J,K)=VS(M.J,K)+(VS(M,J,K)-VS(M-1,J,K));
VS(M+2,J,K)=VS(M,J,K)+2*(VS(M,J,K)-VS(M-1,J,K));
VS(L1,5+1)=VS(L,1,8)+(VS(,1,8)-VS(,1,5-1));
VS(,1,8+2)=VS(L,1,8)+2*(VS(,1,8)-VS(L,1,S-1));
US(M+1,N,K)=US(M,N,K)+(US(M,N,K)-US(M-1,N,K));
US(M+2,N,K)=US(M,N,K)+2*(US(M,N,K)-US(M-1,N,K));
WS(LN,S+1)=WS(LN,S)+(WS(L,N,S)-WS(LN,S-1));
WS(LN,S+2)=WS(I,N,S)+2*(WS(LN,S)-WS(LN,S-1));
VS(M+1,N,K)=VS(M,N,K)+(VS(M,N,K)-VS(M-1,N,K));
VS(M+2,N,K)=VS(M,N,K)+2*(VS(M,N,K)-VS(M-1,N,K));
VS(LN,S+1)=VS(LN,S)+(VS(L,N,S)-VS(,N,S-1));
VS(LN,S+2)=VS(LN,S)+2*(VS(LN,S)-VS(LN,S-1));

end;

end;

end;

for I=1:M;
for J=1:N;

US(1,J,1)=0;

VS(1,J,1)=0;

WS(L,J,1)=0;
PAYS11=((LAMDAS+2*MUS)/(2*DZ)))*(3*WS(LJ,S)-4*WS(LJ,S-1)+WS(L,J,S-
2));

PAYS12=(LAMDAS/(2*DR))*(-3*US(L,J,S)+4*US(+1,J,S)-US(1+2,],S));

PAYS13=LAMDAS*US(LJ,S)/R(D);
VS(LJ,S)=(((-P(LLJ)*DR*DTETA)-PAYS11-PAYS12-
PAYS13)*2*DTETA*R(I)/LAMDAS-4*VS(I,J+1,5)+VS(1,J+2,5))/-3;

PAYS14=3*VS(LJ,S)-4*VS(L,J,S-1)+VS(L,J,S-2))/(2*DZ(J)));

WS(,J,S)=(-PAYS14*R(I)*2*DTETA-4*WS(LJ+1,S)+WS(LJ+2,5))/-3;

PAYS15=(-3*WS(L,J,S)+4*WS(I+1,],5)-WS1+2,],5))/(2*DR);

US(1,],S)=(-PAYS15*2*DZJ)+4*US(1,J,S-1)-US(1,],S-2))/3;

end;

end;

for J=1:N;
for K=1:S;

PAYS31=(LAMDAS+2*MUS)/(2*DR))*(3*US(M,J,K)-4*US(M-
1,J,K)+US(M-2,],K));

PAYS32=LAMDAS*US(M,J,K)/R(M);
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PAYS33=LAMDAS/(2*DZ(J))*(-3*WS(M.J,K)+4*WS(M,J,K+1)-
WS(M.J,K+2)):;
VS(M,J,K)=((-PAYS31-PAYS32-PAYS33)*2*DTETA*R(M)/LAMDAS-
4*¥VS(M,J+1,K)+VS(M,J+2,K))/-3;

VS(M,J,1)=0;

PAYS34=-VS(M,J,K)/R(M);

PAYS35=(-3*VS(M,J K)-4*VS(M-1,J,K)+VS(M-2,J,K))/(2*DR);

US(M,J,K)=((-PAYS34-PAYS35)*R(M)*2*DTETA-4*US(M,J+1,K)+US(M,J+2,K))/-

3;

US(MLJ,1)=0;

PAYS36=(-3*US(M,J,K)+4*US(M,J,K+1)-US(M,J,K+2))/(2*DZ(J));

WS(M,J,K)=(-PAYS36*2*DR+4*WS(M-1,J,K)-WS(M-2,J,K))/3;
WS(M,J,1)=0;

end;
end;

for I=1:M;
for J=1:N;
for K=1:S;

end;
end;
end;

if US(I,J,K)<O0;
US(LJ,K)=0;
end;

if VS(L,J,K)<O0;
VS(I,]J,K)=0;
end;

if WS(L,J,K)<0;
WS(1,J,K)=0;
end;

for I=1:M;
for J=1:N;
for K=1:S;

US(L,J,K)=USESKI(LJ,K)+WR*(US(LJ,K)-USESKI(LJ,K));
VS(L,J,K)=VSESKI(LJ,K)+WR*(VS(LJ,K)-VSESKI(LJ,K));
WS(L,J,K)=WSESKI(LJ,K)+WR*(WS(LJ,K)-WSESKI(LJ.,K));
US(LJ,1)=0;

VS(LJ,1)=0;

WS(LJ,1)=0;
HATAUS=HATAUS+abs(USESKI(LJ,K)-US(LJ,K));
HATAVS=HATAVS+abs(VSESKI(LJ,K)-VS(LJ.K));
HATAWS=HATAWS+abs(WSESKI(LJ,K)-WS(LJ,K));
TOPUS=TOPUS+abs(US(LJ,K));
TOPVS=TOPVS+abs(VS(LJ,K)):
TOPWS=TOPWS+abs(WS(LJ,K));

end;

end;
end;
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% HATA
% TOP
EPS=(HATAUS+HATAVS+HATAWS)/(TOPUS+TOPVS+TOPWS)
if EPS<SEPS;
break;
end;
end;
for I=1:M;
for J=1:N;
H(@LJ)=H(L,L))+WY(,J,20)/DELTA+WS(LJ,20);
end;
end;
figure
ClZ=size(H);
surf(1:1:CIZ(2),1:1:CIZ(1),H);
axis([1 CIZ(2) 1 CIZ(1) 0 max(max(H))]);
xlabel('B LOKMA UZUNLUGU");
ylabel('L LOKMA GENISLIGT');
zlabel('h YAG FILMI KALINLIGI');
colorbar(‘vert’);
for I=1:M;
for J=1:N;
P(L))=P(1,J)/BOYUT_KAT;
P(1,))=0;
end;
end;
for I=1:M;
R(ID)=R(I)/R2;
end;
DR=LR2/M;
DTETA=BETA/N,;
WR=1.7;
SEPS=0.01;
ITMAX=1000;
for ITER=1:ITMAX;
TOP=0;
HATA=0;
for I=2:M-1;
for J=2:N-1;
PESKI=P(1L,));
PAYS1=12*%pi*R(D*((1/LR2)*2)*(H(,J-1)-H(I,J+1))/DTETA;
PAYS2=P(I+1,))*(H(L,))*3)*R(I+1)/(DR"2);
PAYS3=P(I-1,))*(HLI)"3)*R(I-1)/(DR"2);
PAYS4=P(LJ+1)*(H(LJ+1)"3)/(R(1)*(DTETA"2));
PAYS5=P(LJ-1)*(HLJ-D)"3)/(R()*(DTETA"2));
PAYDAS1=H(L,))*3)*RI+1)/(DR"2);
PAYDAS2=(H(LJ)"3)*R(I-1)/(DR"2);,
PAYDAS3=H(LJ+1)"3)/(R(D)*(DTETA"2));



114

PAYDAS4=H(LJ-D"3)/(R(D*(DTETA"2));
P(L))=(PAYS1+PAYS2+PAYS3+PAYS4+PAYS5)/(PAYDAS1+PAYDAS2+PAYDA
S3+PAYDAS4);

P(LJ)=PESKI+WR*(P(I,J)-PESKI);

if P(1,J)<O0;

P(1,))=0;

end;

HATA=HATA+abs(PESKI-P(LJ));

TOP=TOP+abs(P(1,)));

end;
end;
EPS=HATA/TOP;
if EPS<SEPS;
break;
end;
end;
figure
ClZ=size(P);
surf(1:1:CIZ(2),1:1:CIZ(1),P);
axis([1 CIZ(2) 1 CIZ(1) 0 max(max(P))]);
xlabel('B LOKMA UZUNLUGU");
ylabel('L LOKMA GENISLIGI);
zlabel('P YATAK BASINCI);
colorbar(‘vert’);
% max(max(P))
%Y ATAGIN KALDIRMA KUVVETININ HESABI
XTP=0;
GTP=0;
for J=1:N;
XTOP=0;
L=1;
while L<=M-2
L=1L+2;
TER1=4*P(J,L);
TER2=2*P(J,L+1);
XTOP=XTOP+TER1+TER2;
end;
XTP=XTOP+P({,1)+P(J,M);
XINT(J)=DR*XTP/3;
end;
GTOP=0;
I=1;
while I<=N-2
I=1+2;
TER1=4*XINT(I);
TER2=2*XINTI+1);
GTOP=GTOP+TERI1+TER2;
end;
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GTP=GTOP+XINT(1)+XINT(N);
PINTEG=DTETA*GTP/3
for I=1:M
for J=1:N
WCL)H=-WY(LJ,S)/DELTA-WS(LJ,S);
end;
end;
figure
ClZ=size(WCO);
surf(1:1:CIZ(2),1:1:CIZ(1),WC);
axis([1 CIZ(2) 1 CIZ(1) min(min(WC)) 0]);
xlabel('B LOKMA UZUNLUGU");
ylabel('L LOKMA GENISLIGI);
zlabel('W YATAK DEFORMASYONU");
colorbar(‘vert’);
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