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Miller, makina ristemleri icinde giig ve hareket iletmek
amaciyla, binlerce tonluk tarbinlerden kogtk el aletlerine kadar
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NOTASYON LISTESI

alan

uzunluk

atalet momenti
kutupsal atalet momemti
elestiste modult
kayma modulo

¢ap

enmiyet katsayisi
kayma cokme faktoro
kuvvet

moment

degigken moment
sabit moment

tork

degigken fork

sabit tork

egilmede gercek gerilme y1gilma faktorn
burulmada " " " "
egilmede teorik gerilme yigilma faktora
burulmada " " " "

sirekli mukavemet gerilmesi (gekmede)
sorekli mukavemet gerilmesi (burulmada)
¢ekme mukavemeti

akma mukavemeti

yozey fakiorn

boyut faktéro
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yiuk faktora
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gergek gerilme yigilmasi dozeltme faki6ra
dinamik normal gerilme

statik ortalalma normal gerilme
asal gerilmeler

dinamik kayma gerilmesi

statik ortalama kayma gerilmesi
acisal gekil degigtirme

sehim

egim
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OZET

Digli kutulari, pompalar, elektrik motorlar1 gib: makina-
larda mekanik gtc ileten makina elamanlarinin tasarimi zor ve
zaman ahcidir. Ozellikle takim tezgahlarinin hareket iletim
sistemi veya hassas galigan aletler 6z konusu oldugunda da-
ha ciddi analiz ve tasarim gerekir. Gergek makina elamanlarn-
na ait mukavemet hesaplarini bilinen mukavemet ydntemleriy-
le hassas olarak yapmak genellikle imkansiz oldugu i¢in ba-
sitlegtirme yapilarak ¢ozimler elde edilir. Bu basitlegtirmede
yapilan hata defer olarak tasarlanan mekanik sistemim amaglanan
hassasiyetinden baytk ise, yapilan hesaplamayla amaglanan ¢&zi-
me ulagilamayaca) agiktir. Bu tez galigmasinda Sonlu Elamanlar
Yontemini kullanarak milleri modelleyip deplasmanlar, statik ve
dinamik zorlanmalar agisindan kontrol edebilen Quick Basic di-
inde yazilmig bir bilgisayar programi ve kullanilmas: anlatilmak-
tadir. Donen yada donmeyen milleri analiz etmede kullanilabi-
linen bu program iki bolimden olugmaktadir. Program, birinei
boltmde mil boyunca egim, sehim, a¢isal deplasmanlan ve statik
normal, kayma, ve asal gerilmelerini hesaplar. Ikinci bslomde
ise, mil 0zerinde istenen kritik noktalardaki emniyet katsayilarini
statik ve dinamik gartlar igin kontrol ederek verilen emniyet
katsayis: gartina gore gerekirse boyutlandirma yapar. Herhangi
bir gekle sahip ve 0zerinde bir veya daha ¢ok yerde dig kuvvet-
ler (kesme kuvvetleri, egilme momentleri, burulma momentleri)
bulunan miller modellenip analiz edilebilir. Caligmanin amaci
hesaplama kolayli§: igin yapilan basitlegtirmeden dolay: ortaya
¢ikan hatalar: ve zaman kaybimi 6nlemek ve tasarimcilara daha
hassas hesaplar yapabilecekleri bir ara¢ saglamaktir.

\'2!



SUMMARY

The desing work of mechanical power transmission compo-
nents in machines such as gear boxes, elektrik motors, etc. is
complicated and time consuming. Serious analysis is required
when drive system of machine tools or other accurate appliances
are considered. For a designer it may generally be difficult to
determine real deflections and stresses for real machine elements
using classical strenght of materials methods. So this designer
often simplifies the systems being analysed. And this simplifica-
tions can result in inaccurate calculations, and there is an error in
solutions. The aimed solutions cannot be obtained if the error is
greater than the desired sensitivity of the machine. This study
introduses a computer program which is written in Quick Basic.
The program can be used to analyse rotating or non-rotating
ghafts, and consists of two sub program. The first sub program
computes deflections and static siresses along a shaft. The second
sub program computes safety factors at selecied nodes and deter-
mines new dimemsions of sections in terms of given safety factors
if it is necessary. The prime aim of this study to supply an
accurate and quick calculation device for designers.
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1. THEORY

The finite element method used to determine deflections
an stafic stresses requires the shaft to be divided into a system of
elements. These elements are inter-connected and form the shaft
by means of nodes. A shaft can be considered as a one dimension-
al body and divided into a desiered quantity of simple elements.
It will be explained how to divide a shaft into a system of
elements as follows.

L ' . =

Figure 1 A shaft under a system of loading.
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Figure 2 The shaft divided into elements.

Fugure 1 shows a shaft having non-uniform configuration,
and under a system of loading. And Figure 2 illustrates the shaft
divided into elements. The parts with different cross-sections
must be defined as different elements because their stiffnesses
are different. Since in finite element method the external and
reaction forces are applied nodes, new nodes must be defined
at force application points. A shafi having a complex configura-
tion can be simply modelled using this method. The next step is
1o determine the element stiffness matrix of the individual ele-
ment. By assambling these elemental stiffness matrices The over-
all stiffness matrix is obtained.

IX
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2. FORMULATION
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Figure 3 Model of cantilevered beam used to
determine stiffness matrix in bending.
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Figure 4 Free body diagram of the cantilevered beam



The following can be written from Figure 3 and figure 4

(1)
My=M ; Mj;=-Mjp-FL =-M-Fl
then

r_' - o -

¥i 1 0

Myl {-L -1 F )
Fp | 0 1 M

M 1 0
L 2_1 L J

The deflection in consideration with the effect of shear can
be written by using the moment-area method.

F13 Mi2 Fkl

v - <= +
3E1 2EI AG 3)
FI2 Ml

e = —
2E1 El

where k 18 the shear factor. (k=1.18 for round sections)
The relaionship above can be arranged in matrix form as

L3 kL L2
+
v 3R1 AG 2FI F
= (4)
] L2 L M
| 2El El |

X1



v =v3-vy-61L

6 = 09 -0

Doing matrix operations and

(5)

substituting;

F1 ] 05L -1  05L |
L2 keI 12 KEI
M) 12AGE1 0,5L [— +—] -0,5L [—- — ]
= 3 AG 6 AG
F AGL3+12EIKL| 1 -05L 1 -0,5L
1?2 kEI L2 kEI
| My 05L [—- —]-0,5L [—+—]
- 6 AG 3 AG
(6)
obtained.
L
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Figure 5 External torque applied on cantilevered beam.

If there is exiernal torque applied on the cantilevered beam,

1t can be shown that

X
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(7)

The torque matrix can be combined with the matrix equation (6)

{Pe}

Where

|

-1-b 0 1-b O

1b50-1b0
bec0O-bdo
0 0e 0 O0-e

bdoOo-beco
0 0-e 0 0e

[K]

{Pe} is the external force matrix

[K]

{89}

1s the overall stiffness matrix

{5e} is te vector of displacement

12E1AG

a=

L2 kE
c=—+—

3

AG

AGL3+12EIKL

XII1

b=0,5L

(8)



The overall stiffness matrix is formed by adding each individual

matrix.

ajy 833 833 814 835 256 ] Yy ]

a3) 837 833 874 azs 826 9,

a3y 333 833 834 835 236 3

841 842 843 844Dy 845 Ty B+ by3 by bys by vz

85y 85y 853 a541byg 855+ by 856 thyg b b by 6,

26) 862 463 26413y 8gst b3y gt bz b b b 62
by by byste,; byste; b b V3
b b b b b b 03
b b b b b b ¢3-‘

The overall stiffness matrix is diogonal and symmetrical. It has
a bandwith of six elements. Since the overall sitiffness matrix has
three degrees of fredom (i.e v, 8, ¢ ), there must be at least three
end-conditions. The more information on how to impose the end-
conditions on the overall stiffness matrix can be seen in referance

(1].
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3 COMPUTER PROGRAM

The program was written in Quick Basic and divided into
three parts, i.e., input data, main processing ,and output.

3.1 Input data

First of all, the shaft to be analysed must be divided into a
system of elements. Then element lenght and outer diameter for
each element, and the external force application and bearing
points' node numbers, elasticity and shear moduluses, and exter-
nal forces must be ready for data input. As the program runs, the
user will be asked to input necessary inputs. If the cshaft has
hollow sections the inner diameters will be asked. If the shaft or
beam has a section different from round secion then the second
moments of area will be asked. The user can select the type of
sections from Shaft Menu. See page 15.

3.2 Main processing

When data inputing has finished, the program starts to run vp
to data output section. Firstly it forms elements’ stiffness matrices.
Then builts up the overall stiffness matrix by adding the element
stiffness matrices. After that the overall stiffness matrix is rearra-
nged in terms of end-conditions. Then its inverse is formed. And
new overall stiffness matrix is solved by multiplying with force
matrix to obtain displacement matrix. Finally, the overall stifness
matrix is rearranged and element stiffness matrices are multiplied

with deflections of each elements to obtain internal forces.

XV



3.3 Output

The main output menu gives the following options.
1. Displacement sub menu
deflections;
slopes;
angular deflections;
2. Force sub menu
shear forces;
bending moments;
torques;
siresses,
3. Drawing sub menu
loadig;
displacement diagrams;
shear force diagrams;
bending moment diagrams;

4 DESING AND FATIGUE ANALYSIS

Fatigue analysis needs some data such as ultimate strengt,
yielding point of material and some fatigue factors such as stress
concentration, size, load, surface finish, temperature and
miscellaneous-effects factor. Dynamic and static analysis are
done and if necessary new values of critical sections' diameter are
computed in ferms of given safaty factor. In this program
Max-shear stress and Distortion energy teorem are used to
determine safety factors.

XV1



BOLUM 1. TEORI

1.1 GIRI§

Sonlu elemanlar metodu kullanilarak deplasmanlan (egim,
sehim, agisal) ve statik gerilmeleri bulmak igin, mili elemanlardan
olugan bir sistem haline getirmek gerekir. Bu elemanlar ddgum-
lerle birbilerine baglanarak mili olugtururlar. Mili bir boyutlu
cigim gibi dogOnerek uzunlugu boyunca istenilen sayida sonlu
elemanlara ayirmak mOmkinddr. Herhangi bir milin nas:l sonlu
elamanlanna ayrilacag) 6rnek verilerek agagida agiklanacakir.

SEKIL 1.1.1 Herhangi bir mil
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SEKIL 1.1.2 Sekil 1.1.1 deki milin dagtmlerle
elemanlara ayrilmig durumu

Sekil 1.1.1'de 0zerinde farkli yerlerde kuvvetler olan ve
geometrisi finiform olmayan bir mil gérolmektedir. Sekil 1.1.2'de
de bu milin dogomlerle elamanlara ayrilmig hali gérolmektedir.
Sekil 1.1.1'de goroldogo gibi mil geometrisi farkli kesitlerden
olusmustur. Farkli kesitlerin ataletleri farkli olacagindan, kesitin-

_depigtifii yerler farkli elemanlar olarak dogtmlerle birbirilerinden
ayrilirlar. Sonlu elemanlar ydonteminde etki ve reksiyon kuv
vetleri dogomlere vygulandigindan, mil 08zerinde kuvvet etki
eden yerlere, kesit degigimi olmamasina ragmen dogom konul-
mugtur. lki dogom arasinda kalan kisim sonlu eleman olarak
adlandinhr. Kompleks bir gekle sahip bir mil, bu metod kulla-
nilarak modellenebilir. Bundan sonraki adim her elemanin diren-
genlik matrigini tayin etmektir. B0ton elemanlann direngenlik
matrisleri bir araya getirilerek botan mili temsil eden ana diren-
genlik matrisi olugturulur. Eleman direngenlik matrislerinin bu-
lunmasi ve ana matrisin olugturulmasi agagida anlatilacaktir.
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1.2 FORMULASYON

AAMHERIIRINANRNNNN
<

' /8
V

SEKIL 1.2.1 Egilmede direngenlik matrisini tayin
- etmek i¢in kullanilan konsol kirig.

Konsol,serbest cisim diyagrami igin mesnetten izole edilirse;

F1 Fe
L
19 o M8_
!
vi ve
-81 82

SEKIL 1.2.2 Konsol kirigin serbest cisim diyagram:



Sckil 1.2.1 ve Sekil 1.2.2'den

Fo=F ; F1=-F

(1.2.1)
M2=M ;, Mj=-Mjy-FL =-M-Fl}
elde edilir, ve bu iligkilerden
{Pe} = [N]{P} (1.2.2)
yazilabilir. Denklem (1.2.2) daha agik yazilirsa,
(Fy | (1 0]
My -L -1 F (1.2.2.1)
Fpl — | O 1 M
M, 1 0
oldugu godrolor. Ve buradan da,
~ =
Fy
M
{Pe} = (1.2.2.2)
)
M3
. ot
1 o
-1 -1 (1.2.2.3)
[N} = |
1 0
01




{P} = (1.2.2.4)

dir.

Sekil 1.2.1'deki konsol kirigin ucundaki ¢6kme, moment-
alan metodunu kullanarak ve kayma etkisinden meydana gelen
¢okmeyi de gdzbninde tutarak;

Fi3 Mi2 Fki
v= + + (1.2.3)
3F1 2E1 AG

FI2 Ml
0= — +
2E1 FI

seklinde yazilabilir. Burada k, kayma ¢6kme faktorodor.(k=1.18
dairesel kesitte)

Denk. (1.2.3) matris formunda yazilirsa,
{8} = [H] {P) (1.2.49)

elde edilir. Denklem (1.2.4)'de,

v
{8} = (1.2.4.1)
K



1.3 kL L2
—_—
3Bl AG 2EI
[H] = (1.2.4.2)
1.2 L
] 2K1 El |

{6}, {P} Denklem (1.2.4.1) ve (1.2.2.4)'de verilmigti. Rijit cisim
yer egistirmesinden

v1-v2-6iL

<
i

6 = 67-60) (1.2.5)
yazilabilir. Denklem (1.2.5) matris formunda yazilirsa,
{63 = [N]T {5e} (1.2.6)

denklem (1.2.6)'daki matris denklemi elde edilir.
{6} denklem (1.2.4.1)'de ve [N] denklem (1.2.2.3)'de

verilmigti.Ve

{5¢} = | vy (1.2.6.1)

dir.



Denklem (1.2.4)'den {P} gekilerek, denklem (1.2.2)'de yerine
konulursa,

{P+} = [N] [H}"} {8}

(1.2.7)

elde edilir. Denk. (1.2.6)'deki {8} ifadesi denk. (1.2.7)'de verine
yazilirsa,

{Pe} = [N] [H])-1 [N]T {5e}

elde edilir. Matris iglemi yapilirsa,

{Pe} = [K] {30}

elde edilir. Burada,

(K] = [N] [(H]-] (NIT

dir. Denk. (1.2.9) agik yazilirsa,

12AGEI

AGL3+12EIKL

(1.2.8)
(1.2.9)
(1.2.9.1)

r - —l
1 05L -1 0,5L v
L2 keI L2 kEI
0,5L [—+—]-0,5L[—- — ]| | 6
3 AG 6 AG
1  -05L 1  -0,5L vy
1.2 kEI L2 kEI
0.5L [—- —]-0,5L[—+—1]] | 89
6 AG 3 AG
h— - L. e

(1.2.9.2)

denklem (1.2.9.2) elde edilir.
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SEKIL 1.2.3 Konsol kirigin burulmas.

Konsol kirtg'e Sekil (1.2.3)'de goroldogo gibi burulma
momenti de uygulaniyorsa, burulma deformasyonlar ile diger

deformasyonlar birbirinden bagimsiz oldugundan,burulma

momenti ile acisal yerdegigtirmeler arasindaki iligki,

GJ
T1 —
_iv
1 GJ
Ty -—
L
geklinde yazilabilir.

—

birlegtirilirse,

G|

L
GJ

L

-

$1

(1.2.10)
¢2

Denklem (1.2.9.2) ve (1.2.10)



Fi 1 b0-1b0 [vq ]

My bc0O-bdo 0

T1 = a 0 0e 0 0-e ¢ (1.2.11)
Fp -1-b 0 1-b 0 L)

M, bdoOo-bco D)

Ty 00-e 00ce 2

{Pe} = [K] {8e}

denklem (1.2.11) elde edilir.Burada,

12EIAG
a —
AGL3+12EIKL

b =0,5L

12 kE
= e
3 AG

1.2 kEI
d=—- —=0,5L2 - ¢
6 AG

1 GJ



10

dir. [K] matrisi elaman direngenlik matrisidir. Bdtdn elamanlar

temsil eden ana direngenlik matrisi, elaman matrislerinin belirli

bir dazen iginde yerlegtirilmeleriyle olugturulur.

211 83 333 834 215 8316 |
871 822 823 834 s 826
833 833 833 834 835 836
841 843 843 8447y 845 Tbyp 8, + by3 byy bys by
857 857 853 854by; 855+ byy a56Fby3 b b by
861 862 863 8647b3g agst b3y g6t b3z b b b
by by byytcyy bysteyy b b
b b b b b b
b b b b b b

Yukarnida gortilecefi 0zere elamanlar: birlegtiren ortak dogom-

lere kargilik gelen terimler toplanmakta ve difer ferimler

degigtirilmeden alinmaktadir. Burada her elaman iki dog0mden
olugtugu ve herdogdm igin 0¢ deplasman alindifs i¢in elaman

direngenlik matrisleri Gi¢ serbestlik derecesine sahiptir ve ana

direngenlik matrisi alt1 elaman genigliginde banth bir diagonal,

simetrik bir matristir. [1]

(1.2.12)



BOLUM 2 BILG1SAYAR FROGRAMI

2.1 AKIS SEMASI

GIRIZ

&

M1l MENUSU

h | [ v l
DAIRESEL DOLU KESiT DAIRESEL KARISIK KESIT HERHANGI BIR KESIT

i ¥

ELAMAN SAYISI ? ELEMAN SAYISI ? ELAMAN SAYISI 7

ELAMAN CAPI ? ELAMAN DIS CAPI 7 EL.ATALET MOM. 7

EL . UZUNLUGU ? ELAMAN 1C CAPI ? EL.UZUNLUGU ?
EL.UZUNLUGU ?

o <
* ' ~

DIS KUVVET UYGULANAN DUGUM SAYISI

" " " B NUMARALARI
YATAKLAMA SAYISI

YATAKLARIN UZERINDE BUL. DUGUM NUMARALARI

]

EVET BILGILER DOGRUMU E/H? HAYIR
I

W e e )
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2

VERILEN DUGUMLERDE
X YONUNDEK KUVVET
“ X MOMENT
Y . KUVVET
B " MOMENT
UYGULANAN  TORK
ELAST1S1TE MODULU
KAYMA MODULU

1

WG nd ) end e ) )

EVET BILGILER DOGRUMU E/H 7 HAYIR

1
1SLEM

i

ELAMAN MATRISLERINI OLUSTURMA

ANA MATR1St OLUSTURMA

SINIR SARTLARI

ANA MATRISIN TERSININ ALINMASI

DEPLASMAN VEKTORUNUN BULUNMASI

KUVVET VEKTORUNUN BULUNMASI

!




i

CIKTILAR
ANA MENU
—
—< ——

[ |

~ DEFLASMAN MENUSU KUVVET MENUSU C1ZiM MENUSU
i
SEHIM DEGERLER1 KUVVET DEGERLERI YUKLEME DURUMU
EGIM DEGERLERI MOMENT DEGERLERI DEPLARSMAN DIYAG.
ACISAL DEPLAS. TORK DEGERLERI MOMENT DIYAGRAMI
MILIN OZELLIKLERZ IC GERILMELER KESME KUV .DIYAG.
ANA MENUYE DONUS ANA MENUYE DONUS ANA MENUYE DONUS
]
- -
—5—
MUKAVEMET KONTROLU PROGRAM SONU
1SLEM
&
SONUCLAR
MUKAVEMET KONTROLUNA DEVAM ANA MENUYE DONUS

- T |

ey
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2.2 BILG! GIRIS1

Bolom 2.1 de verilen program akig gemasi basit olarak bir én
bilgi verebilir. Fakat programin nasil galigtirilacag: agagida
ayrintil1 olarak verilecektir.

I1k olarak kontrol edilecek olan milin bilgisayarda modellene
bilmesi igin Bélim 1.1 de verilen bilgiler dogrultusunda elaman-
larina ayrilmasi gerekir. Cinkd program galigtirildifinda milini-
ze ait gerekli bilgileri isteyecektir. Bu bilgiler mil menfisinden
segilen mil segenefine gore farkl: olmaktadir. Agagida mil menisi
ve gerekli bilgiler aciklanacaktir.

2.2.1 MiL MENUSU

1.Dairesel dolu kesit
2.Dairesel kansgik kesit
3.Herhangibir kesit

1. DAIRESEL DOLU KESIT
Gerekli bilgiler:
a. Elaman sayisi
b. Elamanlarin ¢aplari
c. Elamanlarin uzunluklan

2. DAIRESEL KARISIK KESIT
Gerekli bilgiler:
a. Elaman sayisi
b. Elamanlarin di§ ¢aplan
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c. Elamanlann i¢ ¢aplan
d. Elamanlarin uzunluklar:

3. HERHANGI! BIR KESIT

Gerekli bilgiler:
a. Elamanlarin atalet momentleri (alanin ikinci momen-

1i)

b. Elamanlarin uvzunluklan

———

MIL MENUSU ﬁH

DAIRESEL DOLU KESIT

DATIRESEL KARISIK KESIT
HERHANGIBIR KESIT

ﬂ SECIMINIZ>>>>>>> DAIRESEL DOLU KESIT ]]

Sekil 2.2.1 Mil mentsi

Kontrol edilecek her hangibir geometriye sahip mil veya kiri-
gc ait 1lgili bilgilerin dnceden hazirlanmas: gereklidir. Mil
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menidsOnden ($ekil 2.2.1) de anlagilacaf: Dzere programla sadece
yuvarlak ve dolu kesitli milleri degil, herhangibir kesite sahip
olan ve kesiti kirig boyunca degigebilen kirigler de modellenebi-
lir. Bu konudaki esneklik programin dnemini ortaya koymaktadur.

2.2.2 DI§ KUVVETLER VE YATAKLAMA DURUMU

Bilgisayar elamanlara ait yukaridaki bilgilerden sonra
kullaniciya kagtane dagdome dig kuvvet uygulandiini ve bu dogam
numaralarini ister. Bundan sonra milin kag verinden yataklandif
ve yataklamamn yapildigi dagdm numaralarini ister. (Sekil 2.2.2)
Yataklarin bulundufu ddgdm numaralarindaki sehim degerleri
sifir oldufu igin sinir gartlan olarak ¢6zomde bunlanin dikkate
alinmasi gerekir aksi durumda ¢06zom denklemleri tekil olur ve
beklenmeyen ¢ok byok anlamsiz degerler elde edilir.
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ELAMAN SAYISINI VERINIZ 0153
13 . ELAMAN CAPI MM VS
13 . ELAMAN UZUNLU ™M ¢ 15

KAC TANE DUGUME DIS KUVVET UYGULANIYOR 1

1 . DIS KUVVET UYGULANAN DUGUM NUMARASINI VERINIZ 8
MILINIZ KAC YERDEN YATAKLANMIS Z

2 . YATAGIN UZERINDE BULUNDUGU DUGUM NUMARASINI GIRINIZ 13

&

BU DEGERLER DOGRUMU ? (E/H)

Sekil 2.2.2 Bilgi ginsi
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8 DUGUMDE

X YONUNDEKI KUVVETI GIRINIZ (N) : -2500
X YONUNDEKI MOMENTI GIRINIZ (NmMm) : O

Y YONUNDEKT KUVVETI GIRINIZ ( N ) : 5000
Y YONUNDEKT MOMENTI GIRINIZ (Nmm) @ 47564
UYGULANAN TORKU GIRINIZ (NmMmM) @ 78654

MALZEME ST 60
ELASTISITE MODULUNU VERINIZ (N/MM2) 212000
KAYMA MODULUNU VERINIZ (N/MM2) 81200

BU DEGERLER DOGRUMU (E/H)

Sekil 2.2.3 Dig kuvvet girigi

Y ataklama bilgilerinden sonra daha &nce verilen digomkerdeki
digkuvvetleri ,elastisite modult ve kayma moduldnun de girilmesi
istenir. (Sekil 2.2.3) Bilgi girigi burada statik analiz igin

sona ermiglir.
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2.3 ANA ISLEM

Bilgi giriginden sonra program galigmaya devam eder.1lk dnce
elamanlann direngenlik matrisleri, ve bu matrislerden de milin
bitdnine ait ana direngenlik matrisi olugturulur. Ana matrisin
olugturulmasindan sonra sinir sartlar: bu matrise vygulanir. Iki
yerinden yataklanmig bir mil igin enaz ii¢ adet sinir garts
olmahidir. Bunlar iki yatagin tzerinde bulundugu dogtmlerde se-
himlerin sifir olmas: ve ayrica mil Gzerinde herhangi bir
dogimde agisal deplasmanin sifir oldugunun kabuliidor.Bu
dogom dagdm pozitif burulma momentinin oldugu ddgom
olarak bilgisayar tarafindan tayin edilir. Diger dogomlerdeki
acisal deplasmanlar bu referans defere gore hesaplanir. Ana
matrisie deplasmanlann sifira egit oldugu dogomlere karsilik
gelen satir ve sutunlardaki diagonal terim 1 (bir) ile , difer
terimler O (sifir) ile degistirilir.

Sinur sartlan uygulanan ana matrisin tersi alinir ve elde
edilen matris kuvvet vektoroyle ¢arpilarak yerdegigtirme vektoro
elde edilir. Yerdegigtirme vekidrtndeki terimler ayrigtinlarak
her elamana ait dogdmlerdeki deplasmanlar elde edilir.
Yerdegigtirmeler sehim, egim, ve agisal dénmedir. Bu noktadan
sonra geri dontlerek elamanlardaki yerdegigtirmeler ile elamanla-
rin direngenlik matrisleri ¢arpilarak i¢ kuvvetler elde edilir.I¢
kuvvetler kesme kuvveti, moment, ve burulma momenti (Tork) dir.
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2.4 SONUCLAR

1.

120 ]

Deplasmanlar
a. Sehim

b. Egim

c. Agisal dénme

. I¢ kuvvetler

a. Kesme kuvveti
b. Moment
c. Tork

d. Gerilme

3. Cizimler

a. Yokleme durumu

b. Deplasmanlar

c. Moment diyagrami

d. Kesme kuvveti diyagrami
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ﬁﬁ ANA MENU H

DEPLASMAN MENUSU
KUVVET MENUSU
CIZIM MENUSU
MUKAVEMET KONTROLU
PROGRAM SONU

H SECIMINIZ>>>>>>> LH

Sekil 2.4.1 Ana meni

Sonuglarin alinmasi mengler vasitasiyla kolaylagtinilmigtir.
Sekil 2.4.1 'de gortlecefi Gizere ana mend deplasman, kuvvet,
¢izim alt mentleriyle mukavemet kontrolu segeneginden olug-
mugtur. Anamentden ilgili altment segenekleri ile bu mentlerde
sunulan ¢ikig bilgileri bilgisayar ekranina veya yazicidan
alinabilinir. Sekil 2.4.2 'de deplasman, $ekil 2.4.3 'te kuvvet,
Sekil 2.4.4 ‘te ¢izim alt mentleri goriildyor.
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E DEPLASMAN MENUSU ]’

SEHIM

EGIM

ACISAL DEPLASMAN
MILINIZIN OZELLIGI
ANA MENUYE DONUS

ﬂ SECIMINIZ>>>>>>»> SEHIM

Sekil 2.4.2 Deplasman alt mentsd
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" KUVVET  MENUSU J

KUVVET DEGERLERI
MOMENT DEGERLERI
TORK DEGERLERI
IC GERILMELER

ANA MENUYE DONUS

SECIMINIZ>>>>>>> KUVVET DEGERLERI J

Sekil 2.4.3 Kuvvet alt menisd
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ﬂ CIZIM MENUSU H

YUKLEME DURUMU
DEPLASMAN DIYAGRAM
MOMENT DIYAGRAMI
KESME KUV.DIYAGRAMI
ANA MENUYE DONUS

ﬂ SECIMINIZ>>>>>>> MOMENT DIYAGRAMI

Sekil 2.4.4 Cizim alt mennsd



BOLUM 3 MUKAVEMET KOTROLU

3.1 STATIK YOKLEME

Egilme, burulma ve eksenel yokleme halinde d ¢apindaki
dolu bir milin dig yozeyindeki bir noktada olugan gerilmeler,
Oy ,normal gerilmesi Tyy kayma gerilmesi ;

32M 4F
ox = + (3.1.1)
xd3 xd2
16T
xXy= —— (3.1.2)
=d3

dir. Burada M efilme momenti, F eksenel kuvvet ve T tork tur.
Mohr dairesini kullanarak sifir olmayan iki asal gerilme ;

Ox Ox

G, = ———+\, (—— )2 +1xy2 (3.1.3)
2 2

dir. Bu asal gerilmeler, Max-kayma gerilmesi (Tmax) ve Max-gekil
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degigtirme gerilmesi (O') ni elde etmek igin birlegtirilirse;

Gl- 02 Ox
= '\J( —— ) +Txy2 (3.1.4)
2 2

o'= V(Glz - 00, 022)= V(ze‘*‘ 3‘txy2) (3.1.5)

Denklem (3.1.1) ve (3.1.2), denklem (3.1.4 ) ve ( 3.1.5) de
yerine konarak ,

2
Tmax = '\/(SM + Fd)2 + 872 (3.1.6)
xd3
4
o'= '\/(SM + Fd)2 + 48T2 (3.1.7)
xd3

elde edilir. Maksimum kayma gerilmesi igin

Sy
(3.1.8)

Tem =
2.n

yazihir. Burada Sy ekma mukavemeti , n emniyet katsayisidir.
F eksenel kuvveti gok kiigik oldugu i¢in ithmal edilsin, boylece
Mak kay.gerilmesi teoremi igin,

1 32
'J M2 + T2) 3.1.9

]

n zd3 Sy
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Maksimum gekil degigtirme teoremi igin,

Sy
Cem =
n
1 16
= \/ ( 4M2+3T2)
n =d3 Sy

elde edilir. [2]

(3.1.10)

(3.1.11)
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3.2 DINAMIK YUKLEME

Egilme gerilmesi milin donmesi sebebiyle tam degigken-
dir. Burulma gerilmesi ise sabit kalmaktadir. Bu halde (3.1.1)
ve (3.1.2) denklemleri ;

32.Ma
Oxa = 3.2.1)
= d3
16.Tm
TXym = (3.2.2)
n.d3

haline gelir.
Eger Max-kayma gerilmesi teoremi kullanilir ise iki

mohr dairesiyle ayn ayr1 Oa ve Tm gerilmeleri bulunur.
Ca=2Ta ; Om=2Tm (3.2.3)

Eger Max-Distorsion-Enerji teoremi kullanilirsa ;

Ca= Oxa ; Om = "j 3Txym (3.2.4)

bulunur.
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Tablo 5.2.1 Miller igin yorulma mukavemeti bagitilar

Soderberg a + — =
Se Sy
nCa nOm
Goodman b + =1
Se Sut
n.Ca n.Cm
Gerber c +( 2 =1
Se Sut
n.Ca n.Om
ASME elliptic d ( X+ (— )2=1
Se Sy
n.Ca n.Cm
Bagci e + ( =1
Se Sy

Maksimum kayma gerilmesi teoremi ile Soderberg bagintisina uy-
gulanirsa;

1 32 Mm KfMa Tm KggTa
—_— [(—+ 32 + ( + )210.5  (3.2.5)
n zd3 Sy Se Sy Se
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elde edilir. Diger bagintilar ve ayrintih bilgiler igin referans [2]
ye bakilabilir. Burada ;

Sy
Sut
Se
Se’

Mm
Ma
Tm
Ta
Kf
Kt
Kfs
Kis

: akma mukavemeti

: gekme mukavameti

: strekli mukavemet gerilmesi

: ¢entiksiz ve yizeyleri parlatilmig deney m alzemesinin |

stirekli mukavemet gerilmesi.

: sabit egilme momenti

: degigen egilme momenti

: sabit burulma momenti

: defigen burulma moment:

: gergek gerilme yi1gi1lma faktoro (egilmede)

: teorik " " " Z
: gergek gerilme yigilmasi faktdrd (burulmada)
: teorik . " . "

: gentik hassasiyeti faktori

K¢ = 1+q (Kt -1) (3.2.6)

Centiksiz gerilme genligi
Kg= (3.2.7)
Centikli gerilme genligi)

KeKt>1 ; Kt>Ky
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Gergek gerilme bilydmesi

q:
Teorik gerilme boyiimesi
Kf-1

q =
Kt -1

Se = Ka.Kb.Kc.Kd.Ke.Kh.Se’

Ka : Yozey faktort
Kb : Boyut faktért
Kc : Yok faktoro

Kd : Sicaklik faktorn

(3.2.8)

(3.2.9)

(3.2.10)

Ke : Gerilme y1§1lmasi igin dizeltilmig faktor.
Kh : Diger etklerin (korozyon vs.)fakidr

Yozey faktord Ka = a.Sutb

Y0zey durumu

Taglanmig

Talag kal.dinnlmig ve soguk ¢ekilmiy
Sicak haddelenmig

Dovilmag

1.58
4.51
57.7
222

-0.085

-265
-0.718
-0.995
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Boyut faktéria Kb;

1
1.189 d-0.097

d< 8mm

8mm < d < 250mm

Yok fakktérit Kc;

0.923 eksenel ydkleme Sut < 1520 MPa

1 " " Sut > 1520 MPa
1 egilme

0.577 burulma ve kesme

Sicaklik faktéro Kd,

1 T < 350°C
0.5 350°C < T < 500°C
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Gerilme yigilmas: dozeltme faktora Ke;

Ke =
Ky

Deney malzemesinin stirekli mukavemet gerilmesi

0.540 Sut Sut < 1400 MPa
700 MPa Sut > 1400 MPa

Se’

Bilgisayarda Mukavemet kontrolu yapilirken bilgi girisi

i¢in yukarida verilen yardimci tablolar kullamlabilinir. [2]



MALZEME

ELASTISITE MODULU
KAYMA MODULU

6 DUGUMDE
X YONUNDEKI
Y YONUNDEKI®
X YONUNDEK1
Y YONUNDEK1I
TORK

10 DUGUMDE
X YONUNDEK1
Y YONUNDEK1Z
X YONUNDEK1
Y YONUNDEK1
TORK

WO U D QN -

KUVVET
KUVVET
MOMENT
MOMENT

KUVVET
KUVVET
MOMENT
MOMENT

38

MALZEME OZELLIKLERI

YUKLEME DURUMU

{N)
(N)
(N.mm)
(N.mm)
(N.mm)

(N)
(N)
(N.mm)
(N.mm)
(N.mm)

BOYUTLAR

ELAMAN CAPI

1 .YATAKLAMA
2 .YATAKLAMA

20
20
25
30
45
45
55
46
40
40
35
30
25
20
20

ST 52
208000
78200

-1250
2000
35650

50000

—2000
1250

32323
-50000

ELAMAN UZUNLUGU
12
12
15
20
50
30
10
15
20
50
12
15
20
12
12

YATAKLAMA DURUMU

2 .DUGUMDE
15 .DUGUMDE

N/mm?2
N/mm2
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SONUCLAR VE ONERILER

Sonlu elamanlar yontemini kullanan program, millerin kolay,
hizl: ve gergek gartlarda modellenebilmesini saglamaktadir.
Guntmizde artik boyut olarak gok kigik dlgtler bile gok dnemli-
dir. Conkid teknoloji ilerlemistir, ok kompleks ve hassas makina-
lar imal edilmektedir. Stiphesiz bu makinalarin tasarim hesaplar
karmagiktir ve yapilirken cok titizlik gosterilmesi gerekir. Ancak,
bu karmasgik ve hassas hesaplari klasik ydntemlerle yapmak imkan-
sizdir. lgte burada bilgisayarlarin ve geligtirilen hesaplama
yontemlerinin 6nemi anlagihir.

I1gili bolomlerde anlatildif: gibi burada anlatilan bilgisayar
programi kullanicilar igin kullanma kolaylig: dikkate alinarak,
yazilmigiir ve kullanim esnasinda kullaniciya yardimei olacak
yazilimlarla kullanimi zevkli hale getirilmigtir. Ekte verilen uy-
gulama drneklerinden de gérolecefi Gzere analiz edilen mile ait
analiz sonuglar tasarimcilar igin ¢ok boyok kolaylik olugtur.
Kontrol edilen milin uzunlufu boyunca deplasmanlar, i¢kuvvetler,
deplasman ve igckuvvet diyagramlarinin tablo ve grafik olarak
sunulmasi da ¢ok Snemli tasarin kolaylifi saglar. Dinamik gartlar
igin de mukavemet kontrolu ve boyutlandirma yapilabilinir.
Mukavemet kontrolu igin Maksimum Kayma gerilmesi ve Maksi-
mum $ekil Degigtime Enerjisi teoremleriyle Soderberg ve
Goodman bagintilarinin kullanimi iyi sonuglar vermektedir.

Esasen program ¢ok daha kapsaml olabilrdi,6rnefin yorulma
analizi i1¢in gerekli tablolar veya bu tablolarin formullegtirilmig
halleri programa eklenebilirdi. Fakat boyle kapsamli1 bir program
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i¢in fazla zaman gereksinimi vardir; ve ancak belirli dillerde yazi-
labilir. Ozellikle bellek ihiiyac: bu tdr programlan simirlamakia-
dir. Pekgok derleyici derleyici belleginden bagka bir bellegi
kullanamamaktadir. Bu sebebten programin yazildig: dil de 6nem-
lidir. Bu program kigisel bilgisayarlarin esas bellegini kullanabil-
me imkanini saglayabilen bir dil olan Quick Basic dilinde yazl-
migtir. Fakat programin kapsamli olarak diger dillerde ( C , Pas-
cal vb. ) vyazilmasi bir doktora (;éhqmam olabilir,
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EKLER

1. UYGULAMA
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SEHIM (mm)

DUGUM SEHIM-X SEHIM-Y MAX.SEHIM
1 0.008352 —0.008316 0.011786
2 0.000000 0.000000 0.000000
3 -0.009041 0.008988 0.012748
4 -0.018311 0.018242 0.025847
5 -0.027523 0.027509 0.038913
6 —-0.042064 0.042391 0.059719
7 -0.046494 0.046618 0.065841
8 ~0.047373 0.047395 0.067012
9 -0.048217 0.048061 0.068079
10 —-0.047634 0.047353 0.067166
11 -0.035097 0.035199 0.049707
12 -0.030298 0.030443 0.042951
13 —-0.022838 0.022997 0.032411
14 —0.009636 0.008725 0.013690
15 0.000000 0.000000 0.000000
16 0.009024 —0.009097 0.012814



DUGUM

voNOUbNQNR

4

EGIM-X

. 000696
.000696
.000620
.000494
.000340
.000192
.000093
.000077
. 000027
.000097
.000343
.000406
.000516
.000685
.000752
.000752

EGIM (rad)

EGIM-Y

0O000O000C0OO0

.000693
. 000693
.000619
. 000496
.000346
.000201
.000088
.000072
.000023
.000086
.000338
.000403

.000516
.000689
.000758
.000758

MAX.EGIM

.000982
.000982
.000876
.000700
.000485
.000278
.000128
.000105
.000035
.000130
.000481
.000572
.000729
.000971
.001068
.001068

O000000O0O0C0DO0O0O0OOO00



ACISAL YERDEGISTIRME

RADYAN

.000000
.000000
.000000
.000000
.000000
.000000
.000048
.000055
.000077
.000127
.000127
.000127
.000127
.000127
.000127
.000127



ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN

BOOONNOOUULDWONNE

DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
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KESME KUVVET1 (N)
KUVVET ~———— X KUVVET ———-Y

1 0 -1

2 0 -1

2 1721 -1680
3 1721 -1680
3 1721 -1680
4 1721 —-1680
4 1721 ~1680
S 1721 —1680
5 1721 -1680
6 1721 —1680
6 471 -321
7 471 -321
7 471 -321
8 471 -321
8 471 -321
9 471 -321
9 471 —-321
10 471 -321
10 -1529 1570
11 -1529 1570
11 -1529 1570
12 -1529 1570
12 -1529 1570
13 -1529 1570
13 -1529 1570
14 -1529 1870
14 -1529 1570
15 -1529 1570
15 -1 0

le -1 0

MAX .KUVVET

0

0
2404
2404
2404
2404
2404
2404
2404
2404
569
569
569
569
569
369
569
569
2191
2191
2191
2191
2191
2191
2191
2191
2191
2191



ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN

VOOONNOOULULDNNWRNNEP

[UEGUC RN
00

-
[y

[l B = =
NAONDNMDWWONN

DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUHM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
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EGILME MOMENTI (N.mm)

VOOONNOOOAULDWONNP

O W o o
DU UDMNDLQWNNEFEFPLOO

MOMENT-——X

0

0

0
20653
20653
46470
46470
80893
80893
166950
131300
145434
145433
150147
150146
157214
157214
166638
166637
50198
50198
71852
71852
48821
48921
18345
18345
0

0

0

MOMENT——-Y

-162904
—-162905
—153287
-153286
—-150082
-150082
—-145273
—-145274
—-138863
-171186
—-92660
~-92660
—-73814
-73814
-50257
-50257
-18846
-18847

MAX.MOMENT

0

0

0
28856
28856
64927
64928
113022
113023
233259
209231
211300
211299
212293
212293
214057
214057
216912
238898
129312
129311
103010
103010
70135
70135
26300
26300
0

0

0
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TORK (N.mm)
ELEMEAN 1 DUGUM 1
ELEMAN 1 DUGUM 2
ELEMAN 2 DUGUM 2
ELEMAN 2 DUGUM 3
ELEMAN 3 DUGUM 3
ELEMAN 3 DUGUM 4
ELEMAN 4 DUGUM 4
ELEMAN 4 DUGUM 5
ELEMAN 5 DUGUM 5
ELEMAN 5 DUGUM 6
ELEMAN 6 DUGUM 6
ELEMAN 6 DUGUM 7
ELEMAN 7 DUGUM 7
ELEMAN 7 DUGUM 8
ELEMAN 8 DUGUM 8
ELEMAN 8 DUGUM 9
ELEMAN 9 DUGUM 9
ELEMAN 9 DUGUM 10
ELEMAN 10 DUGUM 10
ELEMAN 10 DUGUM 11
ELEMAN 11 DUGUM 11
ELEMAN 11 DUGUM 12
ELEMAN 12 DUGUM 12
ELEMAN 12 DUGUM 13
ELEMAN 13 DUGUM 13
ELEMAN 13 DUGUM 14
ELEMAN 14 DUGUM 14
ELEMAN 14 DUGUM 15
ELEMAN 15 DUGUM 15
ELEMAN 15 DUGUM 16



EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.

WOOONNOOYOOUULDWWNNE

DUG .
DUG .
DUG .
DUG .
DUG .
DUG .
DUG.
DUG .
DUG.
DUG.
DUG .
DUG.
DUG .
DUG.
DUG .
DUG .
DUG .
DUG .
DUG .
DUG.
DUG .
DUG .
DUG .
DUG .
DUG..
DUG .
DUG .
DUG.
DUG .
DUG .

NOR.GER.
1 0
2 0
2 0
3 36
3 18
4 42
4 24
5 42
5 12
6 26
6 23
7 23
7 12
8 12
8 22
9 22
9 34
10 34
10 38
11 20
11 30
12 24
12 38
13 26
13 45
14 17
14 33
15 0
15 0
16 0

46

GERILME ANALIZI (N/mm2)

BUR.GER.

MAX.KAY.GER. SAL GER.1

Vo000

-1
-1
-1
0
0
0
0
0
0
0
-1
-1
-1
-1
-1
~1
-1
-1
0
0
0
0
0
0
0
0
0
-1
-1
-1

ASAL GEF

0

0

0]

36
18
42
24
42
12
26
23
23
13
13
22
22
34
34
38
20
30
24
38
26
45
17
33
¢

0

0
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MUKAVEMET KONTROLU VE YORULMA ANALIZI

GIRIS
Dugum numarasi 10
Malzemenin cekme mukavemeti 520 N/mm2
Malzemenin akma mukavemeti 370 N/mm?2
FEgilmede surekli mukavemet gerimesi 220 N/mm2
Burulmada surekli mukavemet gerilmesi 200 N/mm2
Maksimum egilme gerilmesi 34 N/mm2
Minumum egilme gerilmesi -34 N/mm2
Maksimum burulma gerilmesi 4 N/mm?2
Minumum burulma gerilmesi 4 N/mm2
Istedigininiz emniyet katsayisi 3
Centik hassasiyeti faktoru .9
Egilmede gerilme yigilma faktoru 1.9
Burulmada gerilme yigilma faktoru 1.82
Yuzey duzeltme fakioru .91
Boyut duzeltme faktoru .8089601
Gerilme yigilmasi duzelme faktoru .5524862
Scaklik duzelime faktoru 1
Diger etkiler icin duzelime faktoru 1

CIKIS
STATIK YUKLEMEDE EMNIYET KATSAYILARI:
Teoriler:
Maksimum kayma gerilmesi teoremi 107.5869
Maksimum sekil degistirme enerjisi teoremi 124.2306

DINAMIK YUKLEMEDE SUREKLI MUK.ICIN EMNIYET KATSAYILARI

Maksimum kayma gerilmesi teoremi uygulanarak:

Soderberg bagintisi 3.042786
Goodman bagintisi 3.043387
Maksimum sekil degistirme teoremi uygulanarak:

Soderberg bagintisi 2.971201
Goodman bagintisi 2.991842
Emniyet katsayisi sartiniz 3

Eski cap 40 mm

Emniyet sartinizi saglayan cap 53 mm
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2. UYGULAMA



MALZEME

ELASTISITE MODULU
KAYMA MODULU

1 DUGUMDE
X YONUNDEK1
Y YONUNDEK1
X YONUNDEK1
Y YONUNDEK1
TORK

8 DUGUMDE
X YONUNDEK1
Y YONUNDEK1?
X YONUNDEK1
Y YONUNDEK1
TORK

VCONOUDWN-

52

MALZEME OZELLIKLER1

YUKLEME DURUMU

KUVVET (N)
KUVVET {N)
MOMENT (N.mm)
MOMENT {N.mm)
{N.mm)
KUVVET (N)
KUVVET (N)
MOMENT {N.mm)
MOMENT (N.mm)
{N.mm)
BOYUTLAR
ELAMAN CAPI
25
25
28
28
35
40
48
48
58
40
35
25
25

1 .YATAKLAMA
2 .YATAKLAMA

ST 60
212000
81200

SO0 0O

~-78654

-2500
5000

42564
78654

ELAMAN UZUNLUGU
20
20
15
15
25
58
65
30
10
60
20
15
15

YATAKLAMA DURUMU

4 .DUGUMDE
13 .DUGUMDE
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SEHIM (mm)

DUGUM SEHIM~-X SEHIM-Y MAX.SEHIM
1 0.020583 ~0.039849 0.044851
2 0.013098 -0.025358 0.028541
3 0.005614 -0.010868 0.012232
4 0.000000 0.000000 0.000000
5 -0.005918 0.011438 0.012879
6 -0.014669 0.028417 0.031980
7 ~-0.028314 0.055265 0.062096
8 -0.033188 0.065910 0.073794
9 -0.030661 0.061476 0.06B8698
10 -0.029371 0.059056 0.065956
11 -0.013929 0.028303 0.031545
12 -0.006514 0.013276 0.014788
13 0.000000 0.000000 0.000000
14 0.006099 ~0.012403 0.013822



DUGUM

VoNOTUAWNPE
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EGIM (rad)

EGIM-X EGIM-Y
~0.000374 0.000725
-0.000374 0.000725
-0.000374 0.000725
-0.000374 0.000725
-0.000354 0.000687
~0.000304 0.000562
-0.000144 0.000294

0.000027 -0.000028

0.000116 -0.000214

0.000127 -0.000238

0.000326 ~-0.000656

0.000369 —-0.000748

0.000407 ~0.000827

0.000407 -0.000827

MAX.EGIM

.000815
.000815
.000815
.000815
.000773
.000666
.000327
.000039
.000243
.000270
.000733
.000834
.000921
.0005821

O00000000O0O00QO
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ACISAL YERDEGISTIRME

DUGUM RADYAN
1 0.000000
2 0.000505
3 0.001010
4 0.001251
S 0.001492
6 0.001656
7 0.001868
8 0.001989
S 0.001989
10 0.001989
-11 0.001989
12 0.001989
13 0.001989
14 0.001989



ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN

ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN

VWOOONNOATOOOALADWWNN R

DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM

COUOBNINNOOOOUDDAMNBWUNNP

o
OO0

[y
[

S e R e
D WOWNNN
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KESME KUVVETT (N)
KUVVET-X KUVVET-Y

0 -1

0 ~1

0 -1

0 -1

0 -1

0 -1

1144 ~2144

1144 -2144

1144 -2144

1144 -2144

1144 -2144

1144 ~2144

1144 -2144

1144 ~2144
-1356 2856
-1356 2856
-1356 2855
-1356 2855
-1356 2856
-1356 2856
~1356 2856
-1356 2856
-1356 2856
-1356 2856
-1 0
~1 0

MAX.KUVVET

OCOO0OQOO0OO

2429
2429
2429
2429
2429
2429
24289
2429
3161
3161
3161
3161
3161
3161
3161
3161
3161
3161



ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN
ELEMAN

COCONNOOOUBADMLODWNNRERE

(MO
0o

S A
WWwNnNe

DUGUM
DUGUM
DUGUM
DUGUM
DUSUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM
DUGUM

57

EGILME MOMENT1 (N.mm)

VWOOONNOTOAUADL_A,WDWNNN-

MOMENT-X

OCOO0OO0OODOOO

17160
17160
45761
45761
108683
108683
183046
183046
142368
142367
128809
128809
47455
47455
20338
20338
0

0

0

-85752
-203661
—-203661
—-343008
-385573
—-299886
-299886
-271327
-271326
-99962
-99962
—42841
—-42841

MAX .MOMENT

OCOO0OO0DDO0OO

364495
36449
97198
57198
230845
230846
388793
426816
331964
331963
300349
300348
110654
110654
47423
47423
o

0

0
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TORK (N.mm)
ELEMAN 1 DUGUM 1 78652
ELEMAN 1 DUGUM 2 78652
ELEMAN 2 DUGUM 2 78652
ELEMAN 2 DUGUM 3 78652
ELEMAN 3 DUGUM 3 78652
ELEMAN 3 DUGUM 4 78652
ELEMAN 4 DUGUM 4 78652
ELEMAN 4 DUGUM 5 78652
ELEMAN 5 DUGUM 5 78652
ELEMAN 5 DUGUM 6 78652
ELEMAN 6 DUGUM 6 78652
ELEMAN 6 DUGUM 7 78652
ELEMAN 7 DUGUM 7 78652
ELEMAN 7 DUGUM 8 78652
ELEMAN 8 DUGUM B 1
ELEMAN 8 DUGUM 9 1
ELEMAN 9 DUGUM S 0
ELEMAN 9 DUGUM 10 4]
ELEMAN 10 DUGUM 10 0
ELEMAN 10 DUGUM 11 0
ELEMAN 11 DUGUM 11 0
ELEMAN 11 DUGUM 12 0
ELEMAN 12 DUGUM 12 0
ELEMAN 12 DUGUM 13 o
ELEMAN 13 DUGUM 13 0
ELEMAN 13 DUGUM 14 0



EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.
EL.

WOODONNOOVMOUADWBWNNE -

DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.
DUG.

NOR.GER.
1 0
2 0
2 0
3 0
3 0
4 0
4 0
5 16
5 8
6 23
6 15
7 36
7 21
8 35
8 39
9 30
9 17
10 15
10 47
11 17
11 26
12 11
12 30
13 ]
13 0
14 0
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GERILME ANALIZI (N/mm2)

BUR.GER.

25
25
25
25
18
18
18
18

QOO0 O0O0O0O000OO0OWWLHOhWW

MAX.KAY.GER. SAL GER.1

25
25
25
25
18
i8
18
20
10
14
9
19
11
i8
19
15
8
7
23
8
13
5
15
0
0
0

~26
-26
-26
-26
-19
-19
-19

~12
-6
-4
-3
-2
-1
-1
0
0
0
0
0
0
0
0
0
-1
-1
-1

ASAL GER.2

25
25
25
25
18
is
18
28
14
26
17
37
21
36
39
30
17
15
47
17
26
11
30
0

0

0



60

MUKAVEMET KONTROLU VE YORULMA ANALIZI

GIRIS

Dugum numarasi

Maslzemenin cekme mukavemeti
Malzemenin akma mukavemeti

Egilmede surekli mukavemet gerimesi
Burulmada surekli mukavemet gerilmesi
Maksimum egilme gerilmesi

Minumum egilme gerilmesi

Maksimum burulma gerilmesi

Minumum burulma gerilmesi
Istedigininiz emniyet katsayisi
Centik hassasiyeti faktoru

Egilmede gerilme yigilma faktoru
Burulmada gerilme yigilma faktoru
Yuzey duzeltme faktoru

Boyut duzeltme faktoru

Gerilme vigilmasi duzelme faktoru
Scaklik duzeltme faktoru

Diger etkiler icin duzeltme faktoru

CIKIS

STATIK YUKLEMEDE EMNIYET KATSAYILARI:

Teoriler:
Maksimum kayma gerilmesi teoremi

Maksimum sekil degistirme enerjisi teoremi

600
400
300
250

.9

1.8

1.6

.87
.8032708
.5813954
1

1

111.6374
128.9077

DINAMIK YUKLEMEDE SUREKLI MUK.ICIN EMNIYET KATSAYILARI

Maksimum kayma gerilmesi teoremi uygulanarak:

Soderberg bagintisi
Goodman bagintisi

Maksimum sekil degistirme teoremi uygulanarak:

Soderberg bagintisi
Goodman bagintisi

Emniyet katsayisi sartiniz
Eski cap
Emniyet sartinizi saglayan cap

3.084282
3.084936

3.013335
3.036999

3
48
57

N/mm2
N/mm2
N/mm2
N/mm2
N/mm2
N/mm2
N/mm?2
N/mm?2

mn
mm



ZINISPE UNASNL FOUdS NIDI HAWNOQ ANNSANIW WIZID

—T .M/{ ' e B B s ey xbl.IH

K
=

TNTTHNA ANNNOA-A !
i LANSEH Y7
- ywtning (@
i + YWININE ()
+ INTWOW,
7 :O | | wﬂ@ -h.sp:xq
EFTIT BT 6 8 m 9 GHEZ T

IWITANA TANNNOA-X



62

ZINISYUE UHNSNL FOWdS NIDI HAWNOA

e & s
B * ", ¢
» —— e —— ¢
ey llf-lill f}).. o
- o= lll)z.
e Mo L
. ey "%, B
. . - L
K - -
-
Codll RN o
I~ . - P
. ~
L~
>,
~
s -
-, b e
'
.y ......-
" \\...
- o
", o
t'l-
' Lo
- -

THUHIUA I JRHILSIOAA HAA

ANNSNNIN WIZID

NTNENG — — =
ERT) (7 (- —
X—WIHIS—



63

—-Illl..nll:llttu'-cll-ll"a‘luj

[

ZINISYE UNNSNL T0UdS NIDI HIWNOQ INNSANIW WIZID

A-LANOMT ™
R N m X=-LInand. ...

faseemsd o S e M. S Gm R e mmdsy e b G Y S ¢ S @ Mo —— -

....................................

THOHIVATA ILANANE TWNSIA



64

ZINISUH UNNSNL JOUdS NIDI HIWNOQ INMSNNIN WIZID

O A-INAWOW
X-INAWOM............

+

THUHIBATT LNIWOMW



65

PROGRAM LISTES!
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180 KKK = 1.18: PI = 3.1416

CLS : SCREEN 9

ES = 13

REM $DYNAMIC

REDIM CP(14) AS SINGLE, OL(14) AS SINGLE, BK(14) AS SINGLE
REDIM AK(14) AS SINGLE, TK(14) AS SINGLE

FOR I = 1 TO ES: READ CP(I), OL(I): NEXT I

FOR I = 1 TO ES: BK(I) = BK(I - 1) + OL(I): NEXT I
FOR I = 1 TO ES: AK(I) = BK(I) - OL(I): NEXT 1
AK(ES + 1) = BK(ES)

FOR I =1 TO ES

TK(I) = (CP(I})) / 2:

LINE (135 + AK(1), 167 + TK(I))-(135 + BK(I), (167 + TK(I) -
CP(I))), . B

NEXT I

DATA 28,20,28,20,30,15,30,15,35,25,40,55,45,70,45,30,55,10
DATA 40,60,35,25,30,15,30,15

LINE (70, 30)-(640, 330}, 2, B

LINE (90, 50)-(620, 303), 4, B

LINE (190, 110)-(300, 70), 2, B

LINE (180, 290)-(500, 225), 4, B

PAINT (100, 100), CHR$(120)

LOCATE 7, 23: PRINT " BILGISAYAR DESTEKLI MIL TASARIMI"
LOCATE 18, 23: PRINT " I.T.U. FEN BILIMLERI ENSTITUSU"
LOCATE 19, 28: PRINT " MASTIR TEZI"

LOCATE 20, 30: PRINT " ISMAIL ESEN"

LOCATE 23, 22: PRINT "PROGRAMA GIRMEK ICIN (SPACE) TUSUNA
BASINIZ"

186 Z$ = INKEY$: IF Z¢ = "" THEN 186

187 1IF Zg = " " THEN 189

GOTO 186

189 GOSUB 11500 -

LOCATE 4, 30: COLOR 15, 0: PRINT "MIL MENUSU": COLOR 7,
0

LOCATE 8, 25: PRINT N STRING$ (25, "="); "g"
FOR N = 9 TO 15

LOCATE N. 25: PRINT ”" t : SPACE$ (25) : n“ "
NEXT
LOCATE 16 ’ 25: PRINT L : S'I'RINGs (25 s u=n) ; ngp o

LOCATE 10, 27: PRINT "DAIRESEL DOLU KESIT "
LOCATE 12, 27: PRINT "DAtRESEL KARISIK KES1T
LOCATE 14, 27: PRINT "HERHANGIB1R KESIT "
LOCATE 19, 15: PRINT "g":; STRING$(44, "="); "g"
LOCATE 20, 15: PRINT "[“; SPACES (44); "||\"
LOCATE 21, 15: PRINT "B"; STRING$(44, '"="); "4"
LOCATE 20, 20: COLOR 15, 0: PRINT "SECIMINIZ>>>>>>>": COLOR 7,
0

P =10

200 MENg = "¢

FOR N = 26 TO 50



DSAY = ESAY + 1: MN = DSAY * 3: XZ = ESAY * 6: AV = XZ / 3 + 2
REM $DYNAMIC

REDIM L(DSAY) AS SINGLE, DCAP(DSAY) AS SINGLE, ICAP(DSAY) AS
SINGLE

REDIM CAP(DSAY) AS SINGLE

REDIM ALAN(DSAY) AS SINGLE, II(DSAY) AS SINGLE, JJ(DSAY) AS
SINGLE

FOR I = 1 TO ESAY

FOR J = 6 TO 8: LOCATE J, 30: PRINT SPACE$(10): NEXT J
LOCATE 6, 10: PRINT I: ".": LOCATE 6, 15: INPUT " EL.DIS CAPI
mm : ", DCAP(I)

LOCATE 7, 10: PRINT I; ".": LOCATE 7, 15: INPUT " EL.iIC CAPI
mm : ", ICAP(I)

LOCATE 8., 10: PRINT I; ".": LOCATE 8, 15: INPUT " EL. UZUNLU
mm : ", L{I)

IT(I) = (PI * (DCAP(I) ~ 4 -~ ICAP(I) "~ 4)) / 64: ALAN(I) = (PI
* (DCAP(I) =~ 2 - ICAP(I) -~ 2)) / 64

JI(I) = 2 * II(I): CAP(I) = DCAP(I): NEXT I

GOTO 278

260 GOSUB 11430

PO = 3: LOCATE 3, 10: COLOR 0O, 7: INPUT " ELAMAN SAYISINI
VERINIZ ', ESAY

DSAY = ESAY + 1: MN = DSAY * 3: XZ = ESAY * 6: AV = XZ / 3 + 2
REM $DYNAMIC

REDIM ALAN(DSAY) AS SINGLE, II(DSAY) AS SINGLE, JJ(DSAY) AS
SINGLE

REDIM L(DSAY) AS SINGLE

FOR I = 1 TO ESAY

FOR J = 53 TO 7: LOCATE J, 47: PRINT SPACE$(10): NEXT J
LOCATE 5, 10: PRINT I: ".": LOCATE 5, 15

INPUT “ELAMAN ATALET MOMENTI mm"4 -: ", II(I)

LOCATE 6, 10: PRINT I; “.": LOCATE 6, 15

INPUT "ELAMAN KESIT ALANI mm "2 : ", ALAN(I)
LOCATE 7, 10: PRINT I; ".": LOCATE 7, 15

INPUT "ELAMAN UZUNLUGU mm "L L)

JJ(I) = 2 * II(I): NEXT I

GOTO 278

278 LOCATE 10, 53: PRINT SPACE$(10)
LOCATE 10, 10: INPUT " KAC TANE DUGUME DIS KUVVET UYGULANIYOR

il‘ KW

AJJ =0

FOR I =1 TO KW

AdJJ = AJJ + 1

LOCATE 12, 10: PRINT AJ3J; ".": LOCATE 12, 15

INPUT " DIS KUVVET UYGULANAN DUGUM NUMARASINI VERINIZ ",
DN(I)

SAT(1) = 3

NEXT I

LOCATE 14. 45: PRINT SPACE$(10) .
LOCATE 14, 10: INPUT " MILINIZ KAC YERDEN YATAKLANMIS "
SAL



HY = O
FOR I =1 TO SAL: HY = HY + 1
LOCATE 16, 67: PRINT SPACE$(10)

LOCATE 16, 10: PRINT HY; ".": LOCATE 16, 15:

INPUT " YATAGIN UZERINDE BULUNDUGU DUGUM NUMARASINI GIRINIZ

", SSDN(I)

NEXT I

LOCATE 22, 10: PRINT " BU DEGERLER DOGRUMU ? (E/H) ": COLOR 7,
0

296 Z%$ = INKEYS$: IF 2% = "" THEN 266

IF 2% = "E" OR 2% = "e" THEN 303
IF 2¢ = "H" OR Z% = "h" THEN 299

GOTO 296

299 IF PO = 1 THEN 228

IF PO = 2 THEN 246

IF PO = 3 THEN 260

GOTO 296

303 GOSUB 11430

LOCATE 12, 60: PRINT SPACE$(10)

FOR I = 1 TO KW

FOR J = 4 TO 8: LOCATE J, 48: PRINT SPACE$(10): NEXT J
LOCATE 3, 10: COLOR 0, 7: PRINT DN(I); " DUGUMDE "

LOCATE 4, 10: INPUT " X YONUNDEKI KUVVETI GIRINIZ (N) : ",
FORX(I)

LOCATE 5, 10: INPUT " X YONUNDEKI MOMENTI GIRINIZ (Nmm) : ",
MOMX (1)

LOCATE 6, 10: INPUT " Y YONUNDEKI KUVVETI GIRINIZ ( N ) : ",
FORY (I)

LOCATE 7, 10: INPUT " Y YONUNDEKI MOMENTI GIRINIZ (Nmm) : ",
MOMY (I)

LOCATE 8, 10: INPUT
TORK(1)

NEXT 1

LOCATE 15, 10: INPUT "MALZEME

", MALZS$

LOCATE 16, 10: INPUT "ELASTISITE MODULUNU VERINIZ (N/mm2)

ll' E

LOCATE 17, 10: INPUT "KAYMA MODULUNU VERINIZ (N/mm2)

ll' G

LOCATE 22, 20: PRINT " BU DEGERLER DOGRUMU (E/H) ": COLOR
7, 0

318 Z$ = INKEY$: IF Z2$ = "" THEN 318

IF Z$ = "E" OR Z% = "e" THEN 330

IF 2¢ = "H" OR 2% = "h" THEN 303

* UYGULANAN TORKU GIRINIZ (Nmm) : ",

GOTO 318
330 CLS : LOCATE 10, 20: PRINT " LUTFEN BEKLEYIN1Z "
LOCATE 11, 20: PRINT “ HESAP YAPIYORUM "

REM $DYNAMIC
REDIM AA(DSAY) AS SINGLE, BB(DSAY) AS SINGLE, CC(DSAY) AS
SINGLE
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REDIM EX(MN} AS SINGLE, EY(MN) AS SINGLE
FOR I =1 TO KW

U(I) = DN(I) * 3 - 2

NEXT I

4408 FOR C = 1 TO KW

EX(U(C)) = FORX(C): EX(U(C) + 1) = MOMX(C): EX(U(C) + 2) =
TORK (C)

EY(U(C)) = FORY(C): EY(U(C) + 1) = MOMY(C): EY(U(C) + 2) =
TORK (C) ,

NEXT C

GG =0

FOR I =1 TO N: WX{I) = 0: WY(I) = 0: FOR 5 =1 TO N

WX(I) = WX(I) + EX(8) * DP(I, S)

WY (I) = WY(I) + EY(5) * DP(I, 5): NEXT 5, I

XX = 0: VW =0: LL = 0

FOR I = 1 TO MN STEP 3: VV = VV + 1: WSX(VV) = WX(I)
WSY(VV) = WY(I): NEXT I

FOR I = 2 TO MN STEP 3: XX = XX + 1: WEX(XX) = WX(I)
WEY(XX) = WY(I): NEXT I

FOR I = 3 TO MN STEP 3: LL = LL + 1: WBX(LL) = WX(I)
WBY(LL) = WY(I): NEXT I

WBX(1) = 0: WBY(1) =0

' KUVVET VEKTORU

D=20:T=20

FOR X = 1 TO ESAY

IF X >1 THEND =D - 3

FOR I =1 TO 6: D =D + 1

WXX(X, I, 1) = WX(D): WYY(X, I, 1) = WY(D): NEXT I, X
FOR X = 1 TO ESAY

FORI =1TO 6: T=T+ 1: FX(T) = 0: FY(T) = 0: FOR S = 1 TO
6

FX(T) = FX(T) + WXX(X, S, 1) * EL(X, I, S)

FY(T) = FY(T) + WYY(X. S, 1) * EL(X, I. S): NEXT 5, I, X

YY = 0: CC =0: 2Z = O
FOR I =1 TO XZ STEP 3: YY = YY + 1

FXF(YY) = FX(I): FYF(YY) = FY(I): NEXT I
FOR I = 2 TO XZ STEP 3: CC = CC + 1
FXM(CC) = FX(I): FYM(CC) = FY(I): NEXT 1
FOR I = 3 TO XZ STEP 3: 2Z = 22 + 1
FXT(ZZ) = FX(I): FYT(Z2Z) = FY(I): NEXT I

FOR C = 1 TO KW

V(C) = SGN(FORX(C)): Z(C) = SGN(FORY(C)): ' X(C) =

SGN (MOMX (C))

Y(C) = SGN(MOMY(C)): VA(C) = TORK(C) / 50: W(C) = SGN(TORK(C))
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FOR I = 1 TO (DN(C) - 1) * 2

IF V(C) < 0 THEN 473 ELSE 474

473 IF FXF(I) < O THEN FXF(I) = -1 * FXF(I)
474 1F V(C) > O THEN 476 ELSE 477

476 IF FXF(I) > 0 THEN FXF(I) = -1 * FXF(I)
477 NEXT I

FOR I = (DN(C) - 1) * 2 + 1 TO 2 * ESAY
IF V(C) < 0 THEN 478 ELSE 4785

478 IF FXF(I) > O THEN FXF(I) = -1 * FXF(I)
479 IF V(C) > 0 THEN 480 ELSE 482

480 IF FXF(I) < O THEN FXF(I) = -1 * FXF(I)
482 NEXT 1I

FOR I = 1 TO (DN(C) - 1) * 2
IF Z(C) < 0O THEN 483 ELSE 484

483 IF FYF(I) < O THEN FYF(I) = -1 * FYF(I)
484 IF Z(C) > O THEN 485 ELSE 487
485 IF FYF(I) > 0 THEN FYF(I) = -1 * FYF(I)

487 NEXT I

FOR I = (DN(C) - 1) * 2 + 1 TO 2 * ESAY
IF Z(C) < O THEN 488 ELSE 489

488 IF FYF(I) > 0 THEN FYF(I) = -1 * FYF(I)
489 IF Z(C) > 0 THEN 450 ELSE 492

490 IF FYF(I) < O THEN FYF(I) = -1 * FYF(I)
462 NEXT I

FOR I =1 TO 2 * ESAY
IF V(C) < 0 THEN 494 ELSE 483

494 IF FXM(I) < O THEN FXM(I) = -1 * FXM(I)
495 IF V(C) > O THEN 497 ELSE 498

497 IF FXM(I) > O THEN FXM(I) = -1 * FXM(I)
498 NEXT I

FOR I =1 TO 2 * ESAY
IF Z(C) < 0 THEN 500 ELSE 501

500 IF FYM(I) < 0 THEN FYM(I) = -1 * FYM(I)
501 IF Z(C) > O THEN 502 ELSE 503

502 IF FYM(I) > 0 THEN FYM(I) = -1 * FYM(I)
503 NEXT 1

FOR I = 1 TO 2 * ESAY

IF W(C) > O THEN 504 ELSE 505

504 IF FXT(I) < O THEN FXT(I) = -1 * FXT(I)
505 IF W(C) < 0 THEN 506 ELSE 507

506 IF FXT(I) > O THEN FXT(I) = -1 * FXT(I)
507 NEXT I

NEXT C

4900 C = O
FOR I = 1 TO ESAY + 1
FOR J = 1 TO 2



C=C+ 1

DUG(C - 1) =1

NEXT J, I

FOR I = 1 TO DSAY

WSM(I) = (WSX(I) =~ 2 + WSY(I) -~ 2) =~ .5
WEM(I) = (WEX(I) ~ 2 4+ WEY(I) =~ 2) - .5

NEXT I
FOR I = 1 TO ESAY * 2
FFM(I) = (FXF(I) °~ 2 + FYF(I) "~ 2) = .5

FMM(I) (FXM(I) = 2 + FYM(I) ~ 2) = .5
NEXT 1

' GERILMELER

RF = 0

FOR I = 1 TO ESAY: FOR J = 1 TO 2: RF = RF + 1

SIGMAX(RF) = (32 * FMM(RF)) / (PI * CAP(I) " 3)

TOXY(RF) = (16 * FXT(RF)) / (PI *» CAP(I) "~ 3)

TOMAX (RF) = ((SIGMAX(RF) / 2) ~ 2 + TOXY(RF) "~ 2)
SIGMAZ (RF) = (SIGMAX(RF) / 2) + TOMAX(RF)

SIGMAl (RF) = (SIGMAX(RF) / 2) - TOMAX(RF)

NEXT J, I

GOTO 9180'ANA MENUYE GIDIYOR

Xk xkkxkxkk** 20935 ' 5270 CLS

PRINT : PRINT

PRINT TAB(30): "MALZEME OZELLIKLER1": PRINT

PRINT TAB(10); "MALZEME "; TAB(52);
PRINT TAB(10); "ELAST1S1iTE MODULU "; TAB(50);
PRINT TAB(10); "KAYMA MODULU "; TAB(50});

PRINT : PRINT

PRINT TAB(30); "YUKLEME DURUMU": PRINT
FOR I =1 TO KW

PRINT TAB(10); DN(I); "DUGUMDE"

PRINT TAB(10): "X YONUNDEK1l KUVVET (N) ~
FORX (1)

PRINT TAB(10): "Y YONUNDEK1 KUVVET (N)
FORY (I)

PRINT TAB(10); "X YONUNDEK1l MOMENT (N.mm)
MOMX (I)

PRINT TAB(10): "Y YONUNDEK1 MOMENT (N.mm)
MOMY (1)

PRINT TAB(10): "TORK (N.mm)
TORK (1)

NEXT 1

PRINT : PRINT

PRINT TAB(30): "BOYUTLAR'": PRINT

A$ = "ELAMAN CAPI": AB$ = "ELAMAN UZUNLUGU"
PRINT TAB(25): A$: TAB(45); ABS$

FOR I = 1 TO ESAY

PRINT TAB(10): I; "."; "ELAMAN"; TAB(30): CAP(I):

L(I)
NEXT 1

MALZS$
E

.9

; TAB(50);
: TAB(50);

: TAB(30);

TAB(50) ;

; TAB(50);

TAB(50):
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PRINT : PRINT

PRINT TAB(30); "YATAKLAMA DURUMU":. PRINT

FOR I = 1 TO SAL

PRINT TAB(10}; I:; ".": "YATAKLAMA'"; TAB(30); SSDN(I); ".":
"DUGUMDE"

NEXT I

GO5UB 11280

5400 LPRINT : LPRINT

LPRINT TAB(30); "MALZEME OZELLIKLERI'": LPRINT

LPRINT TAB(10);: "MALZEME "; TAB(52); MALZ$

LPRINT TAB(10); "ELASTISITE MODULU "; TAB(50); E

LPRINT TAB(10); "KAYMA MODULU "; TAB(50); G

LPRINT : LPRINT

LPRINT TAB{(30); "YUKLEME DURUMU": LPRINT

FOR I = 1 TO KW

LPRINT TAB(10); DN(I): "DUGUMDE"

LPRINT TAB(10):; "X YONUNDEK! KUVVET (N) "; TAB(30);
FORX(I)

LPRINT TAB(10); "Y YONUNDEK1 KUVVET (N) "; TAB(50);
FORY (I)

LPRINT TAB(10); "X YONUNDEK1 MOMENT (N .mm) "; TAB(30);
MOMX (1)

LPRINT TAB(10): "Y YONUNDEK1 MOMENT (N.mm) "; TAB(50);
MOMY (1)

LPRINT TAB(10); "TORK (N.mm) "; TAB(50):
TORK(I)

NEXT I

LPRINT : LPRINT

LPRINT TAB(30); "BOYUTLAR": LPRINT

LPRINT TAB(25);
FOR I = 1 TO ESRY
LPRINT TAB(10); I;
NEXT I

LPRINT : LPRINT
LPRINT TAB(30) ;-
FOR I = 1 TO SAL
LPRINT TAB(10); I;
"DUGUMDE"

NEXT 1

GOSUB 11280

5550 CLS : PRINT
Brg = "DUGUM": AC%
"MAX.SEHIM"

PRINT "

PRINT

PRINT

- PRINT TAB(10);
5600 PRINT
FOR I = 1 TO DSAY

"ELAMAN CAPI";

"YATAKLAMA DURUMU":

PRINT :

BAS;

TAB(45): "ELAMAN UZUNLUGU"

."; TAB(30); CAP(I); TAB(50); L(I)

LPRINT

.U "YATAKLAMA®"; TAB(30); SSDN(I): ".";

PRINT

"SEHIM-X'": AD$ = "SEHIM-Y": AE$ =

SEHIM ( mm )

TAB(26): AC$; TAB(46): AD$: TAB(63): AES$
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PRINT TAB(10); I1:
WSY(1); TAB(62);
NEXT I

PRINT : PRINT :
GOSUB 11280
5670 CLS

PRINT "

PRINT "

PRINT

TAB(25):
WSM(I)

USING

PRINT

PRINT TAB(10);
TAB(62) ;
PRINT
FOR 1 1 TO DSAY
PRINT TAB(10): I:
WEY(I); TAB(62):
GOSUB 11280
5770 CLS
PRINT "

nDUGU’Mu ;
"MAX.EGIM"

TAB(28) ;

TAB(25): USING
WEM(I): NEXT I
PRINT :

PRINT PRINT

U R

"EGIM-X";

U FEEERHE

WSX(I); TAB(45);

EGIM (rad)

TAB(47); "EGIM-Y";

WEX(I); TAB(45);

ACISAL YERDEGISTIRME"

PRINT ¢

PRINT

PRINT TAB(20); "DUGUM";
FOR I 1 TO DSAY
PRINT TAB(21); I;
GOSUB 11280
5850 CLS
PRINT "
PRINT "

TAB(46) ;

TAB(43); USING

PRINT : PRINT : PRINT

VAL EEEER

KESME KUVVETI

"RADYAN"

WBX(I): NEXT I

¥t

(N)

PRINT

PRINT TAB(30):
"MAX.KUVVET"
PRINT
RW =
FOR I 1 TO ESAY: FOR J
PRINT TAB(6); "ELEMAN";
INT(FXF(RW)): TAB(45);
NEXT J, 1

GOSUB 11330

5940 CLS : PRINT

PRINT "

“"KUVVET-X"; TAB(46);

6]

I; TAB(18);
INT(FYF(RW));

1 TO 2: RW =

"KUVVET-Y"; TAB(61);

RW + 1
"DUGUM"; DUG(RW): TAB(29):
TAB(60); INT(FFM(RW)):

EGILME MOMENT! (N.mm)"

PRINT "

PRINT

PRINT TAB(30):
"MAX.MOMENT"
PRINT

RT
FOR I 1 TO ESAY: FOR J
PRINT TAB(6): "ELEMAN";
INT(FXM(RT)): TAB(45):
NEXT J, T

GOSUB 11330

" MOMENT-X"; TAB(46):

0

= 1 TO 2:
I. TAB(18B);
INT(FYM(RT)):

RT

"MOMENT-Y"; TAB(61);

=

RT + 1
"DUGUM"; DUG(RT); TAB(29):
TAB(60); INT(FMM(RT)):



6030 CLS : PRINT : PRINT : PRINT

PRINT " TORK (N.mm)"

PRINT " — "

PRINT : PRINT

RD =0

FOR I =1 TO ESAY: FOR J = 1 TO 2: RD = RD + 1

PRINT TAB(20); "“ELEMAN'"; I; TAB(35); "DUGUM"; DUG(RD);
TAB(55); INT(FXT(RD))

NEXT J, I

GOSUB 11330

6120 CL5 : RD = O

PRINT TAB(33): "GERILME ANALIZI (N/mm2)"

PRINT TAB(30); " "

PRINT

PRINT TAB(17); "NOR.GER."; TAB(27): "BUR.GER.'"; TAB(37);
"MAX.KAY.GER."; TAB(50); "ASAL GER.1"; TAB(62); "ASAL GER.Z2"
PRINT

FOR I =1 TO ESAY: FOR J = 1 TO 2: RD = RD + 1

PRINT TAB(3); "EL."; I; TAB(11); "DUG."; DUG(RD); TAB(20);
CINT(SIGMAX(RD)): TAB(30): CINT(TOXY(RD)): TAB(43);
CINT(TOMAX(RD));: TAB(53); CINT(SIGMA1(RD)): TAB(63);
CINT(SIGMAZ(RD))

NEXT J, 1

GOSUB 11330

6220 '=sS==c====z=sss=msroo=z=o=s=====
6230 ' PRINTER CIKISI

6240 '========s===s=c=o=s=s=o=s=o==

6250 LPRINT : LPRINT : LPRINT

LPRINT TAB(37); “SEHIM (mm) "

LPRINT TAB(34); * !

LPRINT

LPRINT TAB(10): "DUGUM"; TAB(26); "SEHIM-X": TAB(46); "SEHIM-
Y"; TAB(63): "MAX.SEHIM"

LPRINT

FOR I = 1 TO DSRY

LPRINT TAB(10); I: TAB(25); USING "##.d##d#4"; WSX(I);
TAB(43); WSY(I); TAB(62); WSM(I)

NEXT I

GOSUB 11280

6360 LPRINT : LPRINT : LPRINT

LPRINT TAB(37): "EGIM (rad)"

LPRINT TAB(34):;: " "

LPRINT

LPRINT TAB(10); "DUGUM"; TAB(26); "EGIM-X"; TAB(46): "EGIM-Y'":
TAB(63); "MAX.EGIM"

LPRINT

FOR I = 1 TO ESAY + 1

LPRINT TAB(10); I; TAB(25): USING "##. #####4"; WEX(I);
TAB(45); WEY(I): TAB(62); WEM(I): NEXT I

GOSUB 11280

6450 LPRINT : LPRINT : LPRINT

LPRINT TAB(33): "ACISAL YERDEGISTIRME"
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LPRINT TAB(30); " "

LPRINT .

LPRINT TAB(20); "DUGUM": TAB(46):; "RADYAN"

FOR I = 1 TO ESAY + 1

LPRINT TAB(21); I: TRB(43): USING "## . ####4#": WBX(I): NEXT 1
GOSUB 11280

6530 CLS : LPRINT : LPRINT : LPRINT

LPRINT TAB(35); "KESME KUVVETT (N) "

LPRINT TAB(32); " "

LPRINT

LPRINT TAB(35); "KUVVET-X": TAB(50); "KUVVET-Y": TAB(65);
"MAX .KUVVET"

LPRINT

RW = 0

FOR I = 1 TO ESAY: FOR J = 1 TO 2: RW = RW + 1

LPRINT TAB(10):; "ELEMAN"; I; TAB(25): "DUGUM": DUG(RW):
TAB(335): INT(FXF(RW)):; TAB(53): INT(FYF(RW)); TAB(68);
INT(FFM(RW)): NEXT J, I

GOSUB 11330

6620 LPRINT : LPRINT : LPRINT

LPRINT TAB(33):; "EGILME MOMENTI (N.mm)"

LPRINT TAB(30): " "

LPRINT

LPRINT TAB(33):; " MOMENT-X"; TAB(50); "MOMENT-Y"; TAB(65):
"MAX.MOMENT"

LPRINT

RT =0

FOR I =1 TO ESAY: FOR J = 1 TO 2: RT = RT + 1

LPRINT TAB(10); "ELEMAN"; I; TAB(25); "DUGUM"; DUG(RT);
TAB(35): INT(FXM(RT)): TAB(53): INT(FYM(RT)): TAB(68):;
INT(FMM(RT)): NEXT J, I

GOSUB 11330

6710 LPRINT : LPRINT : LPRINT

LPRINT TAB(37); " TORK (N.mm)"

LPRINT TAB(34): " "

LPRINT : LPRINT

RD = 0

FOR I =1 TO ESAY: FOR J =1 TO 2: RD = RD + 1

LPRINT TAB(20); "ELEMAN"; I: TAB(35): "DUGUM"; DUG(RD):
TAB(55); INT(FXT(RD))

NEXT J, I

GOSUB 11330

6800 RD = O

LPRINT TAB(33); "GERILME ANALIZI (N/mm2)"

LPRINT TAB(30); '
LPRINT

LPRINT TAB(17):; "NOR.GER."; TAB(27): "BUR.GER."; TAB(37):
"MAX.KAY.GER."; TAB(50); "SAL GER.1'"; TAB(62): "ASAL GER.2Z"
LPRINT

FOR I =1 TO ESAY: FOR J = 1 TO 2: RD = RD + 1

LPRINT TAB(3): "EL."; I: TAB(11); "DUG.":; DUG(RD): TAB(20):
INT(SIGMAX(RD)); TAB(30): INT(TOXY(RD)): TAB(43):
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IF MOMX(I) > O AND MOMY(I) < O THEN GOSUB 12360

IF MOMX(I) < O AND MOMY(I) > O THEN GOSUB 12430

NEXT I

LINE (95, 150)-(97. 145): LINE -(93, 145): LINE -(95, 150)
LINE (670, 230)-(670, 170), 1, . &HFFEE

LINE (640, 200)-(700, 200)., 1, , &HFFEE

LOCATE 22, 13: PRINT "X": LOCATE 19, 9: PRINT "Y"

LOCATE 3, 35: PRINT "X-YONUNDE YUKLEME"

LOCATE 18, 35: PRINT "Y-YONUNDE YUKLEME"

LINE (75, 100)-(75, 120): LINE (75. 120)-(73, 115): LINE -(77,
115): LINE —(75, 120)

CIRCLE (75, 150), 20, 1, 0, PI

LINE (95, 150)-(97, 145): LINE —(93, 145): LINE -(95, 150)
CIRCLE (75, 170), 10: ' PAINT (75, 170). CHRS(&HFC) +

CHR$ (HFA)

CIRCLE (75, 180), 10: CIRCLE (75, 190), 3: ' PAINT (75, 190)
LINE (65, 220)-(75, 205): LINE —(85, 220): LINE —(65, 220)
LINE (65, 300)-(90, 300): LINE -(84, 298): LINE —(84, 302):
LINE —(90, 300)

LINE (65, 300)-(65, 275): LINE —(63, 281): LINE -(67, 281):
LINE ~(65, 275)

LOCATE 9, 13: PRINT "KUVVET —": LOCATE 11, 13: PRINT “MOMENT
+Il

LOCATE 13, 13: PRINT "BURULMA +": LOCATE 14, 13: PRINT
"BURULMA -": LOCATE 16, 13: PRINT “MESNET"

CIRCLE (AX(DN(1)) + 250, 120), 10: ' PAINT (AX(DN(1)) + 250,
120), CHR$(SHFC) + CHRS$ (HFA)

CIRCLE (AX(1) + 250, 120), 10: CIRCLE (AX(1) + 250, 120), 3
'PAINT (AX(1) + 250, 120)

LINE (240, 200)-(635, 200), 1, , &HFFEE

GOSUB 11380

7530 '====cr=sssssss==ocoss=ssssoomsxm
7540 ' YERDEGISTIRMELER CIKIS
7550 '====c==zscoccorscossscs=ssmosxm=sss

7560 CLS : SCREEN 9

LOCATE 4, 40: PRINT "YER DEGISTIRME DIYAGRAMI"

FOR I 1 TO ESAY

TT(I) (CAP(I)) / 2:

LINE (250 + AX(I), 150 + TT(I))~-(250 + BX(I)., (150 + TT(I) -
CAP(I))), 1, B: NEXT I

FOR I = 1 TO ESAY

LINE (250 + AX(I), -WSX(I) * 1000 + 150)-(250 + BX(I), -WSX(I
+ 1) * 1000 + 150): NEXT I

FOR I = 1 TO ESAY

LINE (250 + AX(I), -WSY(I) * 1000 + 150)-(250 + BX(I), —-WS5Y(I1
+ 1) * 1000 + 150), 1, , &H7777: NEXT I

FOR I = 1 TO ESAY

LINE (250 + AX(I), WBX(I) * 20000 + 150)~(250 + BX(I), WBX(I +
1) * 20000 + 150): NEXT I

LINE (240, 150)-(635, 150), 1, , &HEEFF

LINE (70, 200)-(130, 200): LOCATE 15, 16: PRINT "SEHIM-X"
LINE (70, 216)-(130, 216), 1, , &H7777: LOCATE 16, 16: PRINT

non



"SEHIM-Y"

LINE (70, 233)-(130, 233), 1, ., &HFFE4: LOCATE 17, 16: PRINT
"BURULMA "

CIRCLE (670, 150), 25: LINE (640, 150)-(700, 150), 1, .
S&HEEFF: LINE (670, 120)-(670, 180)

GOSUB 11380

7730 CLS : SCREEN 9

7740 ‘'s=s===scss=ss=s=s-===—os=coo==s=s====

7760 '====scs=s=ms=sssss==sss=sss=s====s=

LOCATE 4, 45: PRINT "MOMENT DIYAGRAMI"

LINE (240, 150)-(635, 150), 1, , S&HEEFF

FOR I = 1 TO ESRAY .

LINE (250 + AX(I), 150 + TT(I))-(250 + BX(I), (150 + TT(I) -
CAP(I})). 1, B: NEXT 1I

FOR I = 1 TO 2 * ESAY STEP 2: C = (I + 1) / 2

IF C = DN(1) OR C = DN(2) OR C = DN{(3) OR C = DN(4) OR C =
DN(5) THEN 7932 ELSE 7931

7931 LINE (250 + AX(C), -FXM(I) / 3000 + 150)—-(250 + BX(C),

FXM(I + 1) / 3000 + 150), , , &H2222: GOTO 7934

7932 LINE (250 + AX(C), -FXM(I - 1) / 3000 + 150)-(250 +
AX(C), (-FXM(I) / 3000 + 150)), ., , &H2222

7933 LINE (250 + AX(C), -FXM(I) / 3000 + 150)-(250 + BX(C), -
¥FXM(I + 1) , 3000 + 1850), , ., &H2222

7934 NEXT I

FOR I = 1 TO 2 * ESAY STEP 2: C = (I + 1} / 2

IF C = DN(1) OR C = DN(2) OR C = DN(3) OR C = DN(4) OR C =
DN(5) THEN 7938 ELSE 7937

7937 LINE (250 + RAX(C). -FYM(I) / 3000 + 150)-(230 + BX(C).
FYM(I + 1) / 3000 + 150): GOTO 7840

7938 LINE (250 + RX(C), -FYM(I - 1) / 3000 + 150)—-(250 +
AX(C). -FYM(I) / 3000 + 150}

7939 LINE (250 + AX(C), -FYM(I) / 3000 + 150)-(250 + BX(C), -
FYM(I + 1) / 3000 + 130)

7940 NEXT 1

LINE (70, 200)-(130, 200), , . &H2222

LOCATE 15, 16: PRINT “MOMENT-X"

LINE (70, 220)-(130. 220): LOCATE 16, 16: PRINT "MOMENT-Y"
CIRCLE (670, 150), 25: LINE (640, 150)-(700, 130), 1, .,
S&HEEFF: LINE (670, 120)-(670, 180)

GOSUB 11380

7Q4Q '=====s=scssooooozooosmroSsss=sSs=s

7060 '=======c==ss-ssSssooEsmoSoSSSE

7970 CLS : SCREEN 9

LOCATE 4., 40: PRINT "KESME KUVVETI DIYAGRAMI"

€8 = 0: CD =0

FOR I = 1 TO ESAY

LINE (250 + AX(I), 150 + TT(I))-(250 + BX(I), (150 + TI(I) -
CAP(I1))). 1, B: NEXT I
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=FXF(I) /

-FYF(I) /

PRINT

PRINT

FOR I =1 TO ESAY: FOR J =1 TO 2: CD = CD + 1

LINE (250 + AX(I + 1), -FXF(CD) / 40 + 150)-(250 + AX(I + 1),
~FXF(CD + 1) / 40 + 150), 1, &HFE66: NEXT J, I

FOR I = 1 TO ESRY: FOR J = 1 TO 2: CS = CS + 1

LINE (250 + AX(I + 1), -FYF(CS) / 40 + 150)-(250 + AX(I + 1),
-FYF(CS + 1) / 40 + 150), 1, &H2222: NEXT J, I

FORI =1TO 2 *ESAY STEP 2: C =1 /2 + 1 / 2

LINE (250 + RX(C), -FXF(I) / 40 + 150)-(250 + BX(C),

40 + 150), 1, , BHFE66: NEXT I

FOR I =1 TO 2 * ESAY STEP 2: C = (I + 1) / 2

LINE (250 + AX(C). -FYF(I) / 40 + 150)-(250 + BX(C),

40 + 150), 1, , &H2222: NEXT I

LINE (240. 150)-(635, 150), 1, SHEEFF

LINE (70, 200)-(130. 200), 1, , &H2222: LOCATE 16, 16:
"KUVVET-Y"

LINE (70, 220)-(130, 220), 1, , &HFE66: LOCATE 15, 16:
"KUVVET-X"

CIRCLE (670, 150), 25: LINE (640. 150)-(700, 130), 1.

&HEEFF: LINE (670, 120)-(670, 180)

GOSUB 11380

8160 PI
CLS
COLOR 0, 7
INPUT "
", 8UT
INPUT "

: ", 8Y
INPUT "

: ", SW
INPUT ¢

: ", 8SE
8162 INPUT
: ", KDN
INPUT "

: ", SIGMAX
INPUT "
:", SIGMIN
INPUT *

: ", TOMAX
INPUT "
:", TOMIN
NJ 0: RW
INPUT *
:", CE
INPUT "
:", KT
INPUT "
:", KTS

R Y i N Y 2 1T

3.1416: SCREEN O
PRINT :

PRINT : PRINT

MALZ .CEKME MUKAVEMETI

MALZ .AKMA MUKAVEMETI

MALZ.SUREKLI MUKAVEMET DAYANIMI,6 EGILMEDE,

MALZ.SUREKLI MUKAVEMET DAYANIMI, BURULMADA

" KONTROL EDILECEK DUGUM NUMARASI
MAKSIMUM CEKME GERILMESINI VERINIZ
MINUMUM CEKME GERILMESINI VERINIZ
MAKSIMUM BURULMA GERILMESINI VERINIZ
MINUMUM BURULMA GERILMESINI VERINIZ

=0
EMNIYET KATSAYISINI VERINIZ
GERILME YIGILMA FAKTORU,EGILMEDE, (Kt)

GERILME YIGILMA FAKTORU, BURULMADA, (Kts)

{(N/mm2)
(N/mm2)
(N/mm2)

., (N/mm2)

(N/mm2)
(N/mm2)
{N/mm2)

(N/mm2)
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INPUT * CENTIK HASSASIYETI KATSAYISI(q) <1
igéug " YUZEY (PRUZLULUK) DUZELTME FAKTORU (ka) <1
igéu?A" BOYUT DUZELME FAKTORU (kb) <1

iﬁéU?B" YUK FAKTORU(Ky) <=1

i§éu¥y" SICAKLIK FAKTORU (kc) <=1

fgéu?c" DIGER ETKILER ICIN DUZELTME FAKTORU (kd) <=1
éoiogD7, 0

PY = KDN - 1

KF =1+ Q* (KT - 1): KFS = 1 + Q * (KTS — 1)

8422 KE = 1 / KF: KB = 1.189 * CAP(PY) "~ (-.097)
SE SW * KA * KB * KC * KD * KY * KE

FD (PI * CAP(PY) ~ 3) / 32

NJ NJ + 1: IF NJ > 1 THEN 8421

o

SIGA = (SIGMAX — SIGMIN) / 2: SIGM = (SIGMAX + SIGMIN) / 2
Ma = SIGA * FD: Mm = SIGM * FD

TOA = (TOMAX - TOMIN) / 2: TOM = (TOMAX + TOMIN) / 2

Ta = TOAR * FD * 2: Tm = TOM * FD * 2

'"MAX. KAYMA

8421 O = 32 / (PI * CAP(PY) "~ 3): QR = Mm / SY: X = KF * Ma /
SE

XX = KFS * Ta / SE: QQ = Tm / SY:  H = Mm / SUT: HH = Tm / SUT
Nl = (0 * ((QR + X) = 2 + (RO + XX) =~ 2) *~ .5) ~ —1'SODERBERG
N2 = (0O* ((H+X) ~ 2+ (HH + XX) ~ 2) ~ .5) ~ -1'GOODMAN
'"MAX.SEK.DEG

N3 = (0O * (((X " 2) + .75 * (XX "~ 2)) ~ .5+ ((H "~ 2) + .75 *
(HH = 2)) ° .5)) "~ -1'MOD.GOODMAN

Ng = (O * (((X " 2) + .75 * (XX =~ 2)) ~ .5+ ((QR "~ 2) + .75 x
(QQ - 2)) ©~ .5)) ° -1

"STATIK

N51 = (PI * SY * CAP(PY) " 3) / (32 * (Mm ~ 2 4+ Tm "~ 2) ~ .5)
NS2 = (PI * SY * CAP(PY) "~ 3) / (32 * (Mm =~ 2 + .75 * Tm ~ 2)
*~ .5)

IF N1 < CE OR N2 < CE THEN 8600 ELSE 8630
8600 CLS : CAP(PY) = CAP(PY) + 1: RW = RW + 1
LOCATE 10, 15: COLOR 0, 7

PRINT " KONTROL EDILEN DUGUM CAPI EMNIYET SARTINIZI "
LOCATE 11, 15
PRINT SAGLAMIYOR CAPI ARTTIRARAK KONTROL EDIYORUM "

LOCATE 15, 30: PRINT KDN; ".DUGUM CAPI:": CAP(PY): COLOR 7, O:
GOTO 8422
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8630 LPRINT

LPRINT TAB(25); "MUKAVEMET KONTROLU VE YORULMA ANALIZI"
LPRINT : LPRINT

LPRINT TAB(37):; "“GIRIS": LPRINT : LPRINT

LPRINT TAB(10): "Dugum numarasi'; TAB(60): KDN

LPRINT TAB(10): '"Malzemenin cekme mukavemeti'; TAB(60); SUT:
TAB(70): "N/mm2"

LPRINT TAB(10); "Malzemenin akma mukavemeti"; TAB(60); SY:
TAB(70);: "N/mm2"

LPRINT TAB(10): "Egilmede surekli mukavemet gerimesi';:
TAB(60); SW; TAB(70); "N/mm2"

LPRINT TAB(10); "Burulmada surekli mukavemet gerilmesi";
TAB(60); SSE; TAB(70); "N/mm2"

LPRINT TAB(10); “Maksimum egilme gerilmesi"; TAB(60); SIGMAX;
TAB(70);: “"N/mm2"

LPRINT TAB(10); "Minumum egilme gerilmesi'; TAB(60); SIGMIN;
TAB(70); "N/mm2"

LPRINT TAB(10); "Maksimum burulma gerilmesi"; TAB(60); TOM:
TAB(70); -"Ny/mm2"

LPRINT TAB(10): "Minumum burulma gerilmesi"; TAB(60); TOMIN;
TAB(70): "N/mm2"

LPRINT TAB(10); "Istedigininiz emniyet katsayisi'"; TAB(60): CE
LPRINT TAB(10); "Centik hassasiyeti faktoru"; TAB(60): Q
LPRINT TAB(10); "Egilmede gerilme yigilma faktoru'; TAB(60):
KT

LPRINT TAB(10); "Burulmada gerilme yigilma faktoru'; TAB(60):;
KTS

LPRINT TAB(10): "Yuzey duzeltme faktoru'; TAB(60); KA

LPRINT TAB(10); "Boyut duzeltme faktoru"; TAB(60); KB

LPRINT TAB(10); "Gerilme yigilmasi duzelme faktoru "; TAB(60):
KE

LPRINT TAB(10):; "Scaklik duzeltme faktoru”; TAB(60); KC
LPRINT TAB(10)}: "Diger etkiler icin duzeltme faktoru';
TAB(60); KD

LPRINT : LPRINT : LPRINT

LPRINT TAB(37): "CIKIS"

LPRINT : LPRINT

8750 LPRINT TAB(10); "STATIK YUKLEMEDE EMNIYET KATSAYILARI:"
LPRINT

LPRINT TAB(10); "Teoriler:"

LPRINT TAB(10); "Makeimum kayma gerilmesi teoremi"; TAB(60):
NS1

LPRINT TAB(10);: "Maksimum sekil degistirme enerjisi teoremi';
TAB(60); NS2

LPRINT : LPRINT

LPRINT TAB(10); "DINAMIK YUKLEMEDE SUREKLI MUK.ICIN EMNIYET
KATSAYILARI :"

LPRINT : LPRINT TAB(10): "Maksimum kayma gerilmesi teoremi
uygulanarak;"

LPRINT TAB(10); "Soderberg bagintisi"; TAB(60); N1

LPRINT TAB(10); "Goodman bagintisi'"; TAB(60); N2

LPRINT



LPRINT TAB(10); '"Mak
uygulanarak; "

LPRINT TAB(10);
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simum sekil degistirme teoremi

"Soderberg bagintisi'; TAB(60); N4

LPRINT TAB(10): "Goodman bagintisi"; TAB(60); N3

LPRINT

LPRINT TAB(10); "Emniyet katsayisi sartiniz”: TAB(60): CE
LPRINT TAB(10): "Eski cap': TAB(60): CAP(PY) -~ RW: TAB(70);
Ilmll

LPRINT TAB(10): "Emniyet sartinizi saglayan cap"; TAB(60):
CAP(PY): TAB(70); "mm"

LOCATE 24, 10: PRINT "KONTROL ETMEK ISTEDIGINIZ BASKA DUGUM
VARMI E / H"

9140 Z¢$ = INKEY$: IF Z¢ = "" THEN 9140

IF 2% = "E" OR 2% = "e" THEN 8162

IF Z% = “"H" OR Z$ = "h" THEN 9180

GOTO 9140

9180 GOSUB 11500

LOCATE 4, 30: COLOR 15, 0: PRINT "A NA MENU": COLOR 7, O
LOCATE 7. 27: PRINT "g": STRING$(20, "="); "§"

FOR N = 8 TO 18

LOCATE N, 27: PRINT "f|"; SPACE$(20); “||"

NEXT

LOCATE 19, 27: PRINT "&"; STRING$(20, "="). "a&"

LOCATE 21, 30: PRINT SPACE$(21)

LOCATE 9, 29: PRINT “DEPLASMAN MENUSU *“

LOCATE 11, 29: PRINT "KUVVET MENUSU R

LOCATE 13, 29: PRINT "CIZIM MENUSU "

LOCATE 15, 28%: PRINT "MUKAVEMET KONTROLU"

LOCATE 17, 29: PRINT "PROGRAM SONU "

LOCATE 21, 15: PRINT "g"; STRING$(44, "="); "g3"

LOCATE 22, 15: PRINT ”["; SPACES (44); "

LOCATE 23, 15: PRINT "k&"; STRING$(44, "="); "a"

LOCATE 22, 20: COLOR 15, 0: PRINT “SECIMINIZ>>>>>>>": COLOR 7,
0

P=29

9360 MENg = ""

FOR N = 28 TO 47

MEN$ = MEN$ + CHRS$(S
NEXT

CREEN(P, N))

LOCATE P, 28: COLOR 0, 7: PRINT MEN$: COLOR 7, O
9410 S$ = INKEY$: IF S$ = "" THEN GOTO 9410

IF S$ = CHR$(0) + "H" THEN GOTO 9470

IF S$ = CHR%$(0) + "P" THEN GOTO 9500

IF S$ = CHR$(13) THEN SEC = (P - 7) / 2: GOTO 9530
IF S$ = CHR$(27) THEN END

GOTO 9410

9470 COLOR 7, 0: LOCATE P, 28B: PRINT MEN$

IF P=9 THEN P = 17 ELSE P = P - 2

GOTO 9360

9500 COLOR 7, 0: LOC
IF P 17 THEN P = 9
GOTO 9360

=

ATE P. 28: PRINT MEN$
ELSE P = P + 2



9530 ON SEC GOTO 9540, 9550,

9560, 9570, 9580
9540 LOCATE 22, 40: COLOR O, 7: PRINT " DEPLASMAN MENUSU “:
COLOR 7, O
I = INPUT$(1): GOTO 9390
9550 LOCATE 22, 40: COLOR 0O, 7: PRINT " KUVVET MENUSU ": COLOR
7, 0
I$ = INPUT$(1): GOTO 9990
9560 LOCATE 22, 40: COLOR O, 7: PRINT " CIZIM MENUSU ": COLOR
7, 0
I$ = INPUT$(1): GOTO 10390
9570 LOCATE 22. 40: COLOR O, 7: PRINT " MUKAVEMET KONTROLU ":
COLCR 7, O
I$ = INPUT$(1): GOTO 8160
9580 LOCATE 22, 40: COLOR O, 7: PRINT " PROGRAM SONU ": COLOR
7, 0
Is = INPUT$(1): CLS END
9590 GOSUB 11500
LOCATE 4, 30: COLOR 15, 0: PRINT "DEPLASMAN MENUSU": COLOR 7,
0
LOCATE 8, 27: PRINT "p"; STRING$(20, "="); "§"
FOR N = 9 TO 18
LOCATE N, 27: PRINT "||"; SPACE$(20): "||"
NEXT
LOCATE 19, 27: PRINT "k"; STRING$(20, "="); "&"
LOCATE 9, 29: PRINT "S EH I M 4
LOCATE 11, 29: PRINT "EG I M "
LOCATE 13, 29: PRINT "ACISAL DEPLASMAN "
LOCATE 15, 29: PRINT "MILINIZIN OZELLIGI"
LOCATE 17, 29: PRINT "ANA MENUYE DONUS "
LOCATE 21, 15: PRINT "g"; STRING$(44, "="); "g3"
LOCATE 22, 15: PRINT "[", SPACES (44); “||"
LOCATE 23, 15: PRINT "Bk";- STRINGS$ (44, "="); "#"
LOCATE 22, 20: COLOR 15, 0: PRINT "SECIMINIZ>>>>>>>": COLOR 7,
0
P =29
9760 MEN$ = "
FOR N = 28 TO 47
MEN$ = MEN$ + CHR$(SCREEN(P, N))
NEXT
LOCATE P, 28: COLOR O, 7: PRINT MEN$: COLOR 7, O
9810 5S¢ = INKEY$: IF S$ = "" THEN GOTO 9810
IF S$ = CHR$(0) + "H" THEN GOTO 9870
IF Sg$ = CHR$(0) + "P" THEN GOTO 9900
IF S$ = CHR$(13) THEN SEC = (P - 7) / 2: GOTO 9930
IF S$ = CHR$(27) THEN END
GOTO 9810
9870 COLOR 7, O: LOCATE P, 28: PRINT MENS
IF P=9 THEN P = 17 ELSE P = P - 2
GOTO 9760
9900 COLOR 7, 0: LOCATE P, 28: PRINT MENS$
IF P =17 THEN P = 9 ELSE P = P + 2

9760



11090 2% = INKEYS$: IF Z$ = "' THEN 11090
11100 IF 2% = "E" OR 2% = "e" THEN 7530

11110 GOTO 11090

11120 GOSUB 11590

11130 Z2$¢ = INKEY$: IF Z¢ = "" THEN 11130
11140 IF Z¢ = "E" OR 2% = "e" THEN 7730

11150 GOTO 11130 -

11160 GOSUB 11590

11170 Z$ = INKEY$: IF Z$ = "'" THEN 11170
11180 IF Z% = "E" OR Z% = "e'" THEN 7949

11190 GOTO 11170

11200 GOSUB 115890

11210 2% = INKEYS$: IF 2% = "' THEN 11210
11220 IF Z¢ = "E" OR Z$ "e"” THEN 5270

11230 IF Z$ = "P" OR Z$ "p" THEN 5400

|

GOTO 11210
11240 GOSUB 11590
11250 Z¢ = INKEY$: IF 2% = "' THEN 11250

11260 IF 2% = "E" OR Z$ = "e" THEN 6120

11270 IF 23 = "P" OR Z% = "p" THEN 6800

GOTO 11250

11280 LOCATE 23. 10: COLOR 0, 7: PRINT "DEPLASMAN MENUSUNE
DONMEK ICIN SPACE TUSUNA BASINIZ": COLOR 7, O

11290 Z$ = INKEY$: IF Z%$ = "" THEN 11280
IF Z¢ = " " THEN 8590
GOTO 11290

11320 RETURN
11330 LOCATE 23, 10: PRINT "KUVVET MENUSUNE DONMEK ICIN SPACE
TUSUNA BASINIZ"

11340 Z$ = INKEY$: IF 2% = "'" THEN 11340
IF Z2¢ = " " THEN 9950
GOTO 11340

11370 RETURN
11380 LOCATE 24, 10: PRINT "CIZIM MENUSUNE DONMEK ICIN SPACE
TUSUNA BASINIZ"

11390 Z$ = INKEY$: IF 2% = "' THEN 11390
IF Z$ = " " THEN 10390

GOTO 11390

RETURN

11430 CLS : SCREEN 0

LOCATE 2, 2: PRINT "g"; STRING$(75. "="): "3"
FOR I = 3 TO 23

LOCATE I, 2: PRINT "||": LOCATE I, 78: PRINT "f"
NEXT I

LOCATE 24, 2: PRINT “k*; STRING$(75, "="): "&"
RETURN

11500 CLS : SCREEN 0

10CATE 2, 10: PRINT "g": STRING$(55, "="); "g"

FOR I = 3 TO 23

LOCATE I, 10: PRINT "“": LOCATE I, 66: PRINT "u”: NEXT 1
LOCATE 24, 10: PRINT "k"; STRING$(55, "="): "#4

LOCATE 3. 22: PRINT "g": STRING$ (30, "="); "g"
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LOCATE 4, 22: PRINT "[”: SPACES(30): "|"
) ll=|l) :

LOCATE 5, 22: PRINT "&"; STRING$(30 e

RETURN

11590 CLS : SCREEN 0O

LOCATE 10, 20: COLOR O, 7: PRINT " EKRANA CIKIS ICIN
....... E "

LOCATE 12, 20: PRINT " PRINTRA CIKIS ICIN....... P
LOCATE 14, 20: PRINT " SECIMINIZ.............. E/P

": COLOR 7, O

RETURN

11640 LINE (AX(DN(I)) + 250, 100)-(AX(DN(I)) + 250, 60)
LINE (AX(DN(I)) + 250, 100)—(AX(DN(I)) - 2 + 250, 95)
LINE —(AX(DN(I)) + 2 + 250, 95): LINE —(AX(DN(I)) + 250,
LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 250, 260)

LINE (ARX(DN(I)) + 250, 260)-(AX(DN(I)) + 2 + 250, 265)
LINE —-(AX(DN(I)) - 2 + 250, 265): LINE —-(AX(DN(I)) + 250,
RETURN

11710 LINE (AX(DN(I)) + 250, 100)-(AX(DN(I)) + 250, 60)
LINE (AX(DN(I)) + 250, 60)—(AX(DN(I)) - 2 + 250, 65)

LINE —-(AX(DN(I)) + 2 + 250, 65): LINE - (AX(DN(I)) + 250,
LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 250, 260)

LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 2 + 250, 295)
LINE —(AX(DN(I)) - 2 + 250, 295): LINE - (AX(DN(I)) + 250,
RETURN

11780 LINE (AX(DN(I)) + 250, 200)—-(AX(DN(I)) + 250, 260)
LINE (AX(DN(I)) + 250, 260)-(AX(DN(I)) + 2 + 250, 265)
LINE -(AX(DN(I)) - 2 + 250, 265): LINE - (AX(DN(I)) + 250,
RETURN

11820 LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 250, 260)
LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 2 + 250, 295)
LINE —-(AX(DN(I)) - 2 + 250, 295): LINE —(AX(DN(I)) + 250,
RETURN

11850 LINE (AX(DN(I)) + 250, 100)-(AX(DN(I)) + 250. 60)
LINE (AX(DN(I)) + 250, 60)—(AX(DN(I)) - 2 + 250, 65)

LINE —-(AX(DN(I)) + 2 + 250, 65): LINE —(AX(DN(1)) + 250,
RETURN

11890 LINE (AX(DN(I)) + 250, 100)—-(AX(DN(I)} + 250. 60)
LINE (AX(DN(I)) + 250, 100)—-(AX(DN(I)) - 2 + 250, 95)
LINE - (AX(DN(I)) + 2 + 250, 95): LINE —-(AX(DN(I)) + 2530,
RETURN

11930 LINE (AX(DN(I)) + 250, 100)-(AX(DN(I)) + 230, 60)
LINE (AX(DN(I)) + 250, 100)—-(AX(DN(I)) - 2 + 250, 95)
LINE —(AX(DN(I)) + 2 + 250, 95): LINE - (AX(DN(I)) + 250,
LINE (RX(DN(I)) + 250, 300)—-(AX(DN(I)) + 250, 260)

LINE (AX(DN(I)) + 250, 300)-(AX(DN(I)) + 2 + 250, 295)
LINE —(AX(DN(I)) - 2 + 250, 295): LINE —(AX(DN(I)) + 250,
RETURN

12000 LINE (AX(DN(I)) + 250, 300)-(AX{(DN(I)) + 250, 260)
LINE (AX(DN(I)) + 250, 260)-(AX(DN(I)) + 2 + 250, 265)
LINE -(AX(DN(I)) — 2 + 250, 265): LINE - (AX(DN(I1)) + 250,
LINE (AX(DN(I)) + 250, 100)~(RX(DN(I)) + 250, 60)

100)

260)

60)

300)

260}

300)

60)

100)

100)

300)

260)
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LINE (AX(DN(I)) + 250, 60)-(AX(DN(I)) - 2 + 250, 65)

LINE —-(AX(DN(I)) + 2 + 250, 65): LINE ~(AX(DN(I)) + 250, 60)

RETURN

12070 CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0, PI

LINE (AX(DN(I)) + 280, 290)-(AX(DN(I)) + 282, 285)

LINE -(AX(DN(I)) + 278, 285): LINE —(AX(DN(I)) + 280, 290)
RETURN

12110 CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0, PI

LINE (AX(DN(I)) + 220, 290)-(AX(DN(I)) + 222, 285)

LINE -(AX(DN(I)) + 218, 285): LINE —(AX(DN(I)) + 220, 290)
RETURN

12150 CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0. PI

LINE (AX(DN(I)) + 280, 90)—(AX(DN(I)) + 282, 85)

LINE -(AX(DN(I)) + 278, 85): LINE —(AX(DN(I)) + 280, 90)
RETURN

12190 CIRCLE (AX(DN(I)) + 250, 90), 30, 1, 0, PI

LINE (AX(DN(I)) + 220, 90)-(AX(DN(I)) + 222, 85)

LINE —(AX(DN(I)) + 218, 85): LINE —(AX(DN(I)) + 220. 90)
RETURN

12220 CIRCLE (AX(DN(I)) + 250, 90), 30, 1, 0, PI

LINE (AX(DN(I)) + 220, 90)—(AX(DN(I)) + 222, B5)

LINE -(ARX(DN(I)) + 218, 85): LINE —(AX(DN(I)) + 220, 90)
CIRCLE (RX(DN(I)) + 250, 290), 30, 1. 0, PI

LINE (AX(DN(I))} + 220, 290)-(AX(DN(I)) + 222, 285)

LINE -(AX(DN(I)) + 218, 285): LINE - (AX(DN(I)) + 220, 290)
RETURN

12290 CIRCLE (AX(DN(I)) + 250, 90), 30, 1, 0, PI

LINE (AX(DN(I)) + 280, 90)-(AX(DN(I)) + 282, 85)

LINE -(AX(DN(I)) + 278, 85): LINE —-(AX(DN(I)) + 280, 90)
CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0, PI

LINE (AX(DN(I)) + 280, 290)—(AX(DN(I)) + 282, 285)

LINE —-(AX(DN(I)) + 278, 285): LINE —(AX(DN(I)) + 280, 290)
RETURN

12360 CIRCLE (AX(DN(I)) + 250, 90), 30, 1, 0, PI

LINE (AX(DN(I)) + 280, 90)—-(AX(DN(I)) + 282, 85)

LINE -(AX(DN(I)) + 278, 85): LINE -(AX(DN(I)) + 280. 90)
CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0, PI

LINE (AX(DN(I)) + 220, 290)-(AX(DN(I)) + 222, 285)

LINE —(AX(DN(I)) + 218, 285): LINE - (AX(DN(I)) + 220, 290)
RETURN

12430 CIRCLE (AX(DN(I)) + 250, 90), 30, 1, 0, PI

LINE (AX(DN(I)) + 220, 90)—(AX(DN(I)) + 222, 85)

LINE -(AX(DN(I)) + 218, 85): LINE —(AX(DN(I)) + 220, 90)
CIRCLE (AX(DN(I)) + 250, 290), 30, 1, 0, PI

LINE (AX(DN(I)) + 280, 290)-(AX(DN(I)) + 282, 285)

LINE —(AX(DN(I)) + 278, 285): LINE - (AX(DN(I)) + 280, 290)
RETURN
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