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ONSOZ

Yiiksek sicakliklarda galigan termik tesislerin ve
fabrikalarda kullanilan her tiirlid makinanin i1si hesaplari-
nin yapilmasindan sonra belirli 6zelliklere sahip, daya-
nikli ve uygun 1s1i iletim katsayili malzeme segilmesi ge-

rekir.

Bu tip tesislerde genellikle sicak gazlarin etkileri-
ne kargi dayanikli gelikler aranir. Bu galigmada her ge-
lik gegidi icin ayri ayri egitlikler vermek yerine diigiik
alagimli, ferritik ve ostenit ¢elik gruplari igin elde

edilmig 0zel 1s1i iletim katsayisi ifadeleri verilmektedir.

Caligsmalarimda bana yol gosteren, yardimlarini ve
yakin ilgisini esirgemeyen Sayin Hocam Prof.Dr. Alpin
Kemal DAGSOZ'e tesgekkiirii bir borg bilirim.

Haziran, 1994 Buket YARDIMCI

11



IGINDEKILER

SEKIL LISTEST ..c.vvvvinnnrinennnnnn. Ceeecenaieaas cons v
TABLO LISTEST .......cvvvenennn.. et cicereee e v
OZET eeeeveeeencnonns et esananeae ceceercans ceceessauns vii
SUMMARY ..ot viieriianenenes .o e eeeecar ettt viii
BOLUM 1. GIRIS ....evven.... ceetenan Ceeeticieieaaane 1
BOLUM 2. ALASIMLI VE ALASIMSIZ GCELIKLER...:.eiveeuecsnn 2
2.1. Genel Olarak Alagimli ve Alagsimsiz Celikler o
2.2. Alagimli Geliklerin Ozellikleri .seeeeeeeesss 3
2.3, Alagimli Geliklerin Ana Gruplari .......ee. 5§
2.4, Alagim Cinsleri eeeeeeeecs.n... .. ...... .o 7
BOLUM 3. ISI ILETiMi KiMYASAL BILESENLERIN VE SICAKLI-
GIN ISI ILETIM KATSAYISINA ETKISI ........... 13
3.1. Tletim weeveereonennn 5o oo o o N 13
3.2, Celigi Olusturan Kimyasal Bilesenlerin Isi
Iletim Katsayisina Etkisi seeeeeseeceenccanan 14
3.3. Sicakligin Isi Iletim Katsayisina Etkisi... 14
BOLUM 4. HER GRUP CELIK IGIN YAPILAN HESAPLAMALAR VE
ELDE EDILEN IFADELER 19
4.1. Hesap Yontemi ...... ceereccanncnnn ceieseene 19
4,1.1. Alagimsiz ve Hafif Alagimli Celikler Igin
Yapilan Hesaplar ve Bilgisayar Programlari 24
4,1.2, Ferritik Gelikler Igin Yapilan Hesaplar ve
Bilgisayar Programlarl .eeceececoecsocesos . 50
4.1.3, Ostenit Gelikler Igin Yapilan Hesaplar ve
Bilgisayar Programlari ........cee0.. ceses 62
4,2, Elde Edilen Ifadeler ............. P 79
4.3, Gercek Ifade Ile Elde Edilen ifadelerin
Karg1lagtirilmasSl eeeeeveeececncssan crenenens 74
SONUGLAR VE ONERILER .........ccicivnenen.. coseeesanas 75
KAYNAKLAR ..e.vieceennns Cherert et cesecnsansenss 77
EK-A Cr ve Mo Igeren Alasimsiz ve Hafif Alasimli Celik
Gruplarina Ait Grafikler seeeeeveeseececeoeoonses 78



EK-B- Cr ve-veya Mo Icermeyen Alagimsiz ve Hafif Alasim-

11 Gelik Gruplarina Ait Grafikler ........ S - 1
ER-C—- Ferritik Gelik Gruplarina Ait Grafikler .......... 90
EK-D- Ostenit (elik Gruplarina Ait Grafikler ......ee... 96
OZGEGMIS vvvevveivnnnnnnns ceerreaas Ceerecetasaesecnnne . 102

1iv



SEKIL

LISTESI

Sekil No Aciklama Sayfa No
Jekil: 2.1. Nikel g¢eliklerin alasim grafigi 7
Sekil: 2.2. Volfram geliklerin alagim grafigi 8
Sekil: 2.3. Krom ¢geliklerinin alagim grafigi 9
Sekil: 4.1. En kiigiik kareler metodu 19



TABLO LISTESI

Tablo No Aciklama Savfa No

Tablo: 4.1. Alasimsiz ve hafif alasimli cgelikler
(Cr ve Mo igeren) igin yilizde bilesgen
miktarlara 27

Tablo: 4.2, Alasimsiz ve hafif alagimli gelikler
(Cr ve Mo igeren) igin verilen A,B,C
degerleri 27

Tablo: 4.3. Alagimsiz ve hafif aia§1m11 celikler
(Cr ve Mo igeren) igin hesaplanan top-
lamlar 28

Tablo: 4.4. Alasimsiz ve hafif alagimli gelikler
' (Cr ve-veya Mo icermeyen)icgin yiizde
bilegsen miktarlari 38

Tablo: 4.5. Alasimsiz ve hafif alagimli celikler
(Cr ve-veya Mo igermeyen) igin verilen
A, B,C, degerleri 39

Tablo: 4.6. Alasimsiz ve hafif alagimli gelikler
(Cr ve-veya Mo igermeyen) igin hesap-
lanan toplamlar 40

Tablo: 4.7. Ferritik gelikler igin yiizde bilegen
miktarlari 51

Tablo: 4.8. Ferritik gelikler igin verilen A,B,C
degerleri 51

Tablo: 4.9. Ferritik g¢elikler ig¢in hesaplanan top-
lamlar 52

Tablo: 4.10.0stenit c¢elikler igin yiizde bilesgen
miktarlari 63

Tablo: 4.11.0stenit gelikler ig¢in verilen A,B de-
gerleri 64

Tablo: 4.12.0stenit gelikler igcin hesaplanan top-
lamlar 65

Vi



OZET

Geliklerin 1s1i iletim katsayilari onlarin kimyasal
bilegimlerine yani o ¢eligi olusturan elementlerin yiizde
miktarlarina bagli olarak degisir. Her bir ilave element
igeriginin 1si iletim katsayisini ne sekilde etkiledigi
gimdiye kadar birgok arastirmaci tarafindan yapilan gegit-
1i deneyler sonucu tespit edilmigstir. Ayni gekilde sicak-
11k da geliklerin 1si iletim katsayisini etkiler.

Bu konuda F. Richter, geliklerin 1si iletim katsayi-
larini o geligi olusturan elementlerin yiizde bilesgimine
ve sicakliga bagli olarak veren genel ifadeler vermigtir.
Burada yapilan galigmada da ¢elikler ii¢ ana grup altinda
toplanmig ve her bir grup igin kendilerine ozgii Gzel egit-
likler elde edilmistir. Bu gruplar sirasiyla alagimsiz -
ve hafif alagimli gelikler, ferritik c¢elikler ve ostenit
celiklerdir. Ayrica daha dogru sonuglar elde etmek agi-
sindan alasimsiz ve hafif alagimly gelikler de kendi ara-
larinda krom ve molibden igerenler, krom ve (veya) molib-
den igermeyenler gseklinde ayrilarak incelenmistir.

Bu ifadelerin belirlenmesinde Richter'in her iig grup
gelik icin derledigi tablolardan yararlanilmigtir. Ilk
once her g¢elik grubunu olugturan c¢eliklerin isi iletim
katsayilarini veren k=A+BT+CT? veya k=A+BT geklindeki ifa-
delerdeki A, B, C katsayilarini, ayri ayri g¢eligi olustu-
ran ylizde bilegenlerine gore veren ifadeler elde edilmigtir.
Daha sonra bu A, B ve C ifadeleri birlestirilerek aranan
181 iletim katsayisi (k) ifadesi olusturulmusgtur. En son
olarak bulunan ifade ile gercek ifade, diigey eksen 1si
iletim katsayisi k[W/mK], yatay eksen sicaklik T[°C] olmak
tizere grafik halinde g¢izdirilerek kargilagtirilmigtir.

Sonugta elde edilen ifadelerin Richter'in galigmala-
riyla oldukga iyi bir uygunluk gbsterdigi belirlenmigtir.
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DETERMINATION OF THE THERMAL CONDUCTIVITIES OF THE STEELS

SUMMARY

Following the calculations of the mechanism of heat
transfering it is required that specific kind of materials
should be used on the machines, which are operated at high
temperatures in the factories or in thermic installations.
The most important fact is that these materials should
have special characteristics, durable nature and thermal
conductivities. In this kind of installations, usually
resistant steelsare used against the harmful effects of
hot gases.

Thermal conductivities of steels depend on their
chemical compositions. Effects of specific alloying ele-
ments in steel have been determined by many researchers
throughout the world up to now.

On this subject, F.Richter has formulated a system
to the fact that the thermal conductivity equation of
steels depend on their alloying element percentages and
temperatures.

In this study, which is named "Determination of the
Thermal Conductivities of Steels" some new equations are
offered. These equations determine the thermal conduc-
tivities of low alloy, ferritic and austenitic steels
depending in their components and temperatures. Instead
of formulating many equations of many kind of steels,
it has been preferred to use three kind of equations
which are on low alloy, ferritic and austenitic groups
of steel. 1In comparring the curves of the graphich of
F. Richter and those in this study shows that the new
equations offered are in good agreement with Richter's
work .

The mechanical properties attained in the heat-trea-
ted steel depend mainly on its chemical composition.
Steel is a combination of iron and carbon. Apart from
these, it contains varying amounts of other elements,
principally Mn, P, S and Si, which are always present,
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even if only in trace amounts. The steel containing car-
bon alone may not possess the desired mechanical proper-
ties. Addition of alloying elements, such as Mn, Ni, Cr,
Mo, V, W, etc., individually and in various combinations,
helps in attaining the ultimate properties and characte-
ristics of the particular steel.

In the development of chemical compositions to obta-
in the desired properties in steels, it was, of course,
imperative that strength be given first consideration.
Since increased strength can be obtained with various
combinations of alloying elements, a number of different
compositions have been produced which offer interesting
combinations of other properties and characteristics in
addition to the required minimum strength.

The mechanical properties of all steels are determi-
ned primarily by their microstructures. High-strength
low dlloy steels generally have ferrite-pearlite microst-
ructures and their properties are affected by changes in
the microstructure. The effects of commonly specified
chemical elements on the properties of the steel are
discussed hereby, considering each element individually.

Carbon is the principal hardening element in steels.
It combines with iron to from iron carbide or cementite
which is hard in nature. Carbon, which markedly increases
pearlite content, is one of the more potent and economical
strengthening elements. Further addition of carbon increa-
ses the hardness and tensile strength of steel with a
corresponding reduction in impact strength. As the car-
bon content increases above 0,85%,tleads to a lowering of
strength, and the hardness remain almost constant. Upon
quenching, the maximum hardness attainable also increases
with the increasing carbon content, but above a value of
0,6%, the rate of increase is very small. Commonly used
constructional steel has a carbon content ranging from
0,1 to 0,6% The carbon content varies from 0,5 to 1,4%
in plain carbon tool steels. Case hardening steels have
a carbon content varying from 0,5 to 0,025%. The thermal
conductivity on the steels with element of carbon in the
amount of 0,2% increases very rapidly.

Manganese is present in all commercial steels. It
contributes significantly to increase the strength and
hardness in the same manner as carbon, but to a lesser
extent. It reduces the critical rate of cooling, thereby
increasing the hardenability of the steel, and also incre-
‘ases considerably the resistance to abrasion. A steel
with a higher manganese content, i.e. above 0,8%, is
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called a manganese-alloyed steel. High-strength low alloy
steels generally have higher manganese contents than
structurel carbon steels.

Manganese is added to high-strength low alloy steels
to counteract an impairment of this property caused by
some other alloying element that is present. In steel
for welding applications, this element should be kept
below some maximum value that depends on the over-all
composition but mainly on the carbon content.

Manganese—-alloyed steels are sensitive as far as over-
heating is concerned. They tend to become coarse-grained.
The presence of manganese in steel also helps to obtain
a better surface quality because it combines with sulphur,
thereby minimizing the formation of sulphide which is
responsible for the hot-shortness or susceptibility to
cracking and tearing at rolling temperatures. Manganese
steels are used for springs, crossing rails, crusher and
dredger parts. The presence of manganese in non-distor-
ting steels is 12%. In rust-proof steels manganese is
in combination with chromium and nickel.

Silicon and manganese are companions in steels and
may be present up to 0,35% in almost all constructional
steels. Silicon is used in greater amounts in some steels
such as the silico-manganese steels. Silicon develops
hardness and elasticity in steel, but diminishes tensile
strength and ductility. When hardened and tempered,
silicon steels possess high strength combined with good
ductility and shock resistance. They are used in low
hysteresis steels, spring steels and in acid-resisting
plants.

Chromium, after carbon, is perhaps the most important
element in steels. It forms several carbides, depending
on the treatment and the amount of chromium present.
Chromium is present in most constructional steels and in
high-grade tool steels. It is one of the main elements
in high-speed steels.

Chromium increases the austeinitizing temperature.
It increases the corrosion resistance in steel conside-
rably by creating a tenacious chromium-rich oxide film
on the surface in stainless steels and heat resisting
steels.



Chromium is used primarily to increase the hardenabi-
lity of steels. It increases the tensile strength, tough-
ness and resistance to abrasion.

Nickel is one of the most important alloys for inc-
reasing the strength and toughness of steel, influencing
to a great extent its structural transformation. When
present in appreciable amounts, it improves the mechanical
properties. The presence of sufficiently large amounts
of nickel renders the steel austenitic even at room tem-
perature.

Nickel lowers the eutectoid temperature of steel.
Lowering of the temperature leads to a suitable alloy for
effective quenching. Nickel does not form carbides and
does not have a marked effect on hardenability. It impro-
ves corrosion resistance. Nickel alloyed steels are used
for structural and engineering purposes (2-4%) in bridges,
machine parts, case hardening steels, etc. Nickel is
added in amounts up to about 1.0 percent in a number of
high-strength low alloy steels. This element provides
a moderate increase in strength by solution hardening
of the ferrite. In the case steel containing nickel the
thermal conductivity shows the parabolic variation and
with the amount of 30%ZNi the thermal conductivity is at
minimum.

Molybdenum exhibits a greater effect on hardenability
per unit added than any other commonly specified alloying
elements except manganese. As a result of this, it incre-
ases the ‘depth of hardening by reducing the critical
cooling rate. Molybdenum, in combination with other
elements, increases toughness. The presence of molybde-
num reduces the susceptibility of steel to temper brittle-
ness asapparent in nickel-chrome steels, when rapid coo-
ling from temering temperature is desired.

In tool steels, molybdenum like tungsten is mainly
used in the hot work and high speed steel grades. It
forms carbides and improves the resistance to wear, tough-
ness and hot strength.

Molybdenum alloyed steels are used in constructional
steels for case-hardening, in direct hardening steels,
hot-working tool and constructional steels, high speed
rust-proof steels and in combination with chromium and
nickel.
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Tungsten and molybdenum are related elements. Tungs-
ten forms complex carbides. Tungsten alloyed steel is
distinguished by high cutting hardness, resistance to
abrasion, good hot strength and high red hardness.
Tungsten renders the transformation of austenite to
martensite very sluggish. It also inhibits the grain
growth. Tungsten alloy steels are insensitive to over-
heating. 1In austenitic chromium nickel steels, the
addition of tungsten increases the yield point.

Tungsten alloyed steels are used in high speed steels,
tool steels, hot work steels, magnet steels, valve steels,
rust-proof steels, etc.

In constructional steels vanadium increases the
tensile strength and the yield point. It improves the
ratio between them. It is a strong carbide-former, and
its carbides are very stable. Hardenability of medium
carbon steels is increased with .vanadium additions up
to 0,04-0,05%. Above this value, the hardenability
decreases with normal quenching temperature due to the
formation of insoluble carbides.

Vanadium is useful when a higher austenitizing tem-—
perature is needed. Due to its carbide-forming properties
vanadium is used in tool steel. It increases the hot
hardness and, when present in sufficient amount in tool
steels, increases the wear resistance of tools.

Vanadium with chromium, nickel and molybdeum is often
used in constructional steels which are likely to be sub-
jected to high stresses. Vanadium is a widely used
strengthening agent in high-strength low alloy steels.

Vanadium-bearing steels are strengthened both by
precipitation hardening of the ferrite and by refining
the ferrite grain size. Precipitation of vanadium carbide
and nitride particles in the ferrite can provide a marked
increase in strength that is dependent on not only the
thermal processing, for example, the rolling process
used, but also on the base composition.

An important group of present-day high-strength low
alloy steels have phosphorus contents in the range of 0,01
to 0,18 percent. Additions of phosphorus markedly incre-
ase the strength properties of steel by entering into
solid solution in the ferrite, but this increase is accom-
panied by a decrease in ductility. The atmospheric-
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corrosion resistance of steel is considerably increased
by the addition of phosphorus. Also, when small amounts
of copper are present in the steel, the effect of phosp-
horus is greatly enhanced so that a given amount of phosp-
horus and copper together provide a greater beneficial
effect on corrosion resistance than that produced by the
corresponding amount either of the individual elements.
The thermal conductivity varies very little, when the
phosphorus content increases in the steel.

Copper in limited quantities is beneficial to steels
of the high-strength low alloy type. Many present-day
high-strength low alloy steels contain copper in amounts
ranging from 0,20 to 1,50 percent. Copper increases the
strength properties of low-and medium-carbon steels to
a moderate extent by ferrite strengthening with only a
slight accompanying decrease in ductility. Copper up to

0,75 per cent is con$idered to have little effect on
notch toughness or welding performance. Steels containing
over about 0,60 percent copper are capable of exhibiting
precipitation hardening of the ferrite. Steels containing
about 0,50 percent or more of copper frequently exhibit
"hot shortness" during hot working, so that cracks or
extremely roughened surfaces, sometimes referred to as
"checking" may develop during hot deformation.

In the case of steel with alloying element of cobalt,
the thermal conductivity depends on the amount of cobalt.
According to the researches, when the amount of cobalt
decreases, the thermal conductivities change in multiple
quantities. (It increases or decreases). For example
if the amount of Co 10% or 90% the thermal conductivity
is at minimum, but if the amount of Co is between 50%-65%
the thermal conductivity is at maximum.

The elements of Si, W, Mn, Cr are effective in dec-
reasing of the thermal conductivity and addition of alu-
minium to the iron also lowered it.
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BOLUM 1. GIRiS

Yapilan bu caligmada sanayide kullanilan alasimsiz
ve diigiik alagimli, ferritik ve ostenit gelikler igin si-
cakliga ve kimyasal bilegim yilizdelerine bagli olarak isi

iletim katsayilarini veren yeni egitlikler onerilmektedir.

Her gelik cegidi igin ayri ayri ifade vermek yerine
disik alasimli, ferritik ve ostenit ¢elik gruplari igin
kendilerine 6zgli ozel egitlikler verilmigtir.



BOLUM 2. ALASIMLI VE ALASIMSIZ CELIKLER

2.1. Genel Olarak Alasimli ve Alagimsiz Gelikler
Alagimsiz Celikler (Xarbon Celikleri)

Bu cins ¢eliklerin fiziksel ve mekanik 6zellikleri,
esas olarak yalniz karbon muhtevasina ve kismen de mangan
muhtevasi ile izabe gartlarina bagli oludugundan, g¢ok si-~
nirlidir, Normlanmis makina gelikleri, makina yapimi ha-
ricinde pens, ege, kerpeten, tahta igleme aletleri, orak-
lar gibi gok kullanilan pargalarin imalinde kullanilir.
Yiiksek vasi1fli karbon gelikleri iki ayri islah ve 4-6
sertlik derecesinde piyasaya glkarlilr. Sertlik derecesi,
esas olarak 7%0,6...1,4 arasinda deg§isen karbon muhtevasi-
na; islah derecesi, sertlegtirme hassasiyetine baglidir,
Karbon geliklerinin kullanilma alanlari, gosterdikleri
zararli ozelliklerden dolaya (kesit boyunca sertlegmeme,
korozyona karsi koyamama, 150°C iizerindeki igleme sicak-
liklarinda sertlik kayiplari, karigik gekilli parcalarda
sertlestirme zorluklari), sinirlidir. [1]

Fakat biitiin bunlara ragmen, karbon celiklerinin yeri,
yvilksek akigkanligi dolayisiyla, bircok durumlarda alasimlz
geliklerle doldurulamaz. Korozyon dayanikliligi birgok
hallerde krom ile kaplayafak onlenir. Sert krom kaplama
ile karbon celiklerinin aginma mukavemetleri de arttirila-
bilir.

Mangan, krom, nikel, molibden, wolfram, vanadyum,
kobalt gibi alagim metalleri ilavesi ile, karbon ¢eliginin
yetersizlikleri azaltilir hatta ortadan kaldirilabilir.

Ayrica bu ilaveler sayesinde istenilebilecek her islah

durumu  {Sekil tutma , aginma mukavemeti vs.) elde



edilebilir ve gelife yeni ©zellikler kazandirilabilir.

(Korozyona ve 1siya kargi mukavemet gibi).
Alagimli gelikler dort ayri gekilde siniflandirailair:

1- Alasim metallerine gore: Cr-Gelikleri, W gelikle-
ri gibi

2- Alasim metali muhtevalaraina gore: Yiiksek, orta ve
disik alasimli geklinde

3- Yapildigi maksada gore: Bilyala yatak geligi, ege
celigi, dovme geligi gibi

4- Kullanma sahalarlna_gﬂmz Yapi geligi, takim cgeli-

i, paslanmaz ve i1siya mukavim gelikler vs. gibi.

Yiksek degerli takimlar ic¢in genel olarak yiiksek va-
s1fli gelikler kullanilir. Bu geliklerin Siemens-Martin
geliklerinden farki, kiigik firinlarda (™ 20 ton), taze
demirden ve ¢ok az hurda ilavesi, itinali olarak elde
edilmig olmalaridir. Bu geliklerin kimyasal bilegimi
gok dar sinirlar iginde oynar. ok az fosfor ve kiikiirt
ihtiva ederier. Ic¢lerinde miimkiin oldugu kadar az ciruf

ve gaz enkliizyonlari bulunmasina dikkat edilir. [1]

Yapi gelikleri, Siemens-Martin ve yiiksek vasifli ge-
likler arasinda kesin bir sinir g¢izilemez, ¢iinki bir ¢ok
yapi, yay, mikantis, yatak gelikleri vs. ayni zamanda yik-
sek hassasiyette takim pargalari, giyotin bicaklari, fre-

ze bigaklari vs. imalinde de kullanilir.

2.2. Alagimli Geliklerin Ozellikleri

Alagima katilan her metal ayri bir grup 6zellife te-
sir eder. Eger alasima sik sik yapildigi gibi, birkacg

metal ilave edilirse, bunlarin tesirleri bir dereceye



kadar birbirlerininkine ilave olur. Fakat metaller ara-
larinda da tesir gtstererek, yalniz o grubun tzelligi

olan, yeni bir karakter ortaya c¢ikarirlar.

Alagimda kullanilan biitiin metaller, ayni karbon gibi
(ostenit) , demir iginde g¢dziinebilir ve bdylece kati eri-
yikler meydana getirebilirler. Bu kati eriyikler optik
olarak «x~Ferrit kristallerinden ayirdedilemezler. Alagim
elemanlarindan bir kismi tane biiylikliigli ilizerinde tesir
gosterirler: W, V, Ni ve diger metaller tanelenmeyi in-

celtir, Si, P ve S kabalagtirir.

Coziinmiis halde bulunmalarinin bir neticesi olarak,
alasim metallerinin tesiri, ylizdeleri ile artar. Fakat
alagim metallerinin hepsi ferrit iginde ¢tzlinmiig durumda
degildir. Bu metaller kismen karbiir iginde de c¢tziinmiig
durumdadirlar, fakat perlitik yapi gosteren alagimli ge-
liklerin ig¢ yapisinin, karbon geliklerinin perlitik yapi-
sindan ayirdedilmesine imkan yoktur. Ayrica bazi alagim
metalleri, tzellikle (Cr, W, Mn, V) karban ile bzel kar-
biirler meydana getirerek metalleri, g¢eligin ozelliklerini
onemli miktarda degigtirirler.

Yiiksek alagimli Cr-W geliklerinde (yiksek hiz ¢elik-
leri) bilegik karbiirler de meydana gelir. Bilegik karbiir-
ler, kati eriyikten meydana gelen normal karbilirlerin aksi-
ne, katilagma ile beraber ortaya g¢ikarlar ve kati eriyi -
gin bir kismi ile bir otektik yaparlar. Bu otektik %1,75
karbonlu ham demirin gtsterdigi otektige benzer. Ham de-
mirin bu Otektigine ledeburit dendiginden, ayni goriiniigd
gbsteren alagimli geliklere de ledeburit gelikleri adz
verilir. Ayni sekilde bu geliklerin karbiirlerine de lede-
burit karbiirleri ismi verilir. Ledeburit karbiirlerinin
en Onemli ©zellikleri ¢ok sert olmalari ve ne kadar isiti-
lirsa 1sitilsin tamamen ¢&ziilmemeleridir. Bunun aksine,
alagim metali ihtiva eden kati eriyiklerden meydana gel-
mis karbiirler veya 0zel karbilirler isitma ile tamamen ¢o-

zeltiye gegerler.



Alagim metallerinin, alagimli geliklerin i¢ yapisin-
da gosterdikleri en ©Onemli tesir, g¢eligin doniigiimii iizerin-
dedir. Doniigiim noktalarinin degigmesi ile, kritik soZutma
hizi da degigir. Mn, Cr ve Ni kritik hizi disliriirler ve

bu sekilde geliklerin sertlegme kabiliyetini yiikseltirler.
2.3. Alasimli Celiklerin Ana Gruplari

Alasim metallerinin, geliklerin sertlegme kabiliyeti
lizerindeki tesirleri g&zoniine alinirsa, alagimli gelikler

dsrt ana gruba ayrilabilir:

a) Perlitik Celikler: Bu c¢elikler 1islah edilmeden
perlitik ic¢ yapiya sahiptirler, su verildikten sonra mar-
tenzite doniisiirler ve bu yiizden normal karbon celiklerin-
den ayirt edilemezler. Alasim metali az miktarda demirin

ve kismen karbiiriin iginde ¢oziilmis durumdadar.

Bu gruba, diigiik alasimli olduklarindan, asagi yukar:
biitiin yapi g¢elikleri girer. Ayrica V,Ni- ve krom gelikle-
ri, Cr-Ni, Cr-Mn cgelikleri ve bazi kompleks alagimli gelik-
ler de bu gruba dahildirler.

Digiik alagimli takim gelikleri de perlitiktir. Fakat
takim geliklerinde en ¢ok kullanilan Cr, W, Mo, V metalle-
rinin ylizdeleri yiikseldikge, perlit iginde biraz ©nce bah-

sedilen 6zel karbiirler de goriiniir.

Karbon ve alagim metallerinin yiizdelerinin artmasi
ile ¢elikler perlitik yapilarini bir miktar veya tamamen
kaybederek‘sorbit, trostit ve ayrica ledeburit i¢ yapiya
doniliglirler. Bu c¢elikler kismen havada sertlegebilirler.
Muhtelif gruplarin arasinda kesin bir sinir g¢izmeye imkan
yoktur. Aksine gruplar birbirlerinin iglerine dogru uzar-
lar.



b) Martenzit Gelikler: Bu gelikler, islenmemis hal-
de, yavag sofutmaya ragmen martenzitden meydana gelirler
ve serttirler. Bu ylzden bazen tabii sert veya havada

sertlegsen gelikler dismini alirlar.

Martenzit gelikleri orta alagimli celiklerdir. Ala-
sim metalleri olarak Cr, Mn, Ni, W, Mo veya bunlarin bir-
kagini birden ihtiva ederler. Alasim derecesi karbon yiiz-

desine baglidir.

c) Ostenit Gelikler: Bu gelikler oda sicakliginda
ostenit i¢ yapisi gosterirler. Adi karbon geliklerinde
ostenitin ancak 720°C iizerinde dayanikli olmasina karsi-
11k, bu gelikler, normal 1isi derecesinde de, ¥ -demiri,
karbon ve alagim metallerinden meydana gelen ostenitik ig
yapilarini degigtirmezler. Ostenitin dayanikli olmasina,

déniigimlere kargi koyan, alagim metalleri sebep olur.

Yiiksek karbonlu celiklere %2 Mangan, orta karbonlu
geliklere %10 Nikel ilavesi ve ¢ok hizli su verme ile os-
tenitik i¢ yapi elde edilebilir. Yiiksek Mn, Ni, veya Cr-
Ni ihtiva eden celiklerde yavag sogutma ile ostenit elde
edilebilir. Cr-Ni yiizdeleri yiksek olan c¢elikler manyetik
degillerdir, paslanmazlar ve korozyona kargi dayaniklidir-
lar.

d) Gift Karbiirlii Gelikler (Ledeburit Gelikleri) Bu
gelikler W,Cr veya her ikisinin de ilavesi ile elde edilir.
Alagim metalleri yiizdesi karbon muhtevasi diigtiikge yiiksek ,
ylikseldikge diigiik tutulur.

Ledeburit g¢eliklerin en 6nemli uygulama alanlari ta-
kim gelikleridir. Bazen &zel dokiim alagimli olarak da kul-
lanilair. Bu cins takim geliklerinin kritik hizlari diigiik-
tiir ve bu yiizden yag veya havada sertlegirler. Sertleg-
tirme ile meydana gelen martenzit ¢ok sert cift karbiirleri
de ihtiva etitginden, bu geliklerden yapilan takimlar kes-
kinlikleri uzun miiddet kaybetmezler



2.4, Alagim Cinsleri

Karbon, demir ve muhtelif alagim metallerinden meyda-

na gelen gegitli g¢elik cinslerini gdyle dzetleyebiliriz.

Nikel Celikleri: Ni-geliklerinin alagim grafigi Se-
kil 2.1'de verilmigtir. Muhtelif Ni ve C yiizdelerine g&-
re bu ¢elikler farkli, i¢ yapiya sahiptirler. Ara bolge-
lerde gec¢is i¢ yapilari meydana gelir.
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Sekil: 2.1. Nikel Geliklerinin Alagim Grafigi

Ni karbiir meydana getirmez, buna karsilik ana kiitle-
de (demir) ¢oOziilmis haldedir. Diigiik Ni yizdeleri ile
kopma kesiti tanelenmesi incelir, tane biiyiimesi onlenir
ve ¢celik agiri i1sitmaya kargi daha dayanikli olur. Ayrai-
ca kritik hiz ufaldigindan, kesit boyunca sertlesme imka-
ni ylikselir.

Perlitik g¢elikler esas olarak yapi c¢elikleridir ve
halen yerlerini Cr-Mo, Cr-Mn celiklerine terketmiglerdir.



Martenzit geliklerinin genel olarak bir kullanilma alanzi
yoktur. Sementasyona tabi tutulan, = %5 Nikelli gelikle-
re gereken miktarda karbon verildikten sonra meydana gelen
digs tabaka, martenzit i¢ yapisina sahiptir. Bu cins ge-

likler su verilmeden de ¢ok serttirler ve tavlanmadan gok
zor iglenebilirler.

Yiiksek sicakliklarda nikel hizli bir sekilde kikiirt
ile birlesir. Nikel ayni zamanda hidrojen de ¢ozebilir.
Gerek hidrojen, gerek kiiklirt, ostenitik geliklerin sicak

gekil verebilme kabiliyetlerine zararli tesirler gisterir-
ler.

Vol fram Gelikleri: $ekil 2.2'de bu geliklerin alasim
grafigi verilmigtir.
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Sekil: 2.2, Volfram Geliklerinin Alagim Grafigi



Normal su verme sicakliklarinda (760—850°C), volfram
geliklerinin kritik hizlari pek diisiik degildir. Bu yiizden
volfram geliklerine suda su verilir. Doniisiim noktalari
volfram ilavesi sonucunda pek degismezler. Bu geliklerde
volfram, gayet ince yayilmig 6zel karbir halindedir. Volf-
ram, geligi ince taneli, atese dayanikli yapar. Volfram
alagimli gelikler daha uzun miiddet keskin kalirlar, asgin-
maya kargi dayanikli. tavlanmaya kargsi daha az hassastir-
lar ve 1sil mukavemetleri yiiksektir. Bir dereceye kadar

ve 6zel hallerde volfram yerine molibden de kullanilabilir.

% 0,6...0,8 karbon, %0,6...0,8 volfram ihtiva eden
perlitik ¢elikler kompresdr pistonlari, silah namlusu vs.
imalinde kullanilir. %0,8...1,2 karbonlu, %0,8...2 volf-
ramli celikler ile talasg kaldirarak parga gekillendiren
takim tezgahlarinin kalemleri yapilir.

Krom Celikleri: Alagim grafigi Sekil 2.3.'de verilen
bu geliklerin ihtiva ettigi krom, gok dayanikli karbiirler
meydana getirir.
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Sekil: 2.3. Krom Geliklerinin Alasim Grafigi
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Digik alasimli perlitik celiklerde, demir karbiiri
icindeki demir, kismen krom ile yer degistirmistir. Ledeburit i¢ ya-
pisindaki krom g¢elikleri ¢ok zor ¢oziilen karbiirler ihtiva
ederler. Bu karbiirler ¢eligi tavlamaya kargi daha daya-
nikli yaparlar. Krom kritik sogutma hizini diisirdiigiinden,
kesit boyunca sertlegme daha iyi olur. Artan krom yizdesi
ile 1s1 iletim kabiliyeti diiger, pas, asit ve isiya kar-
g1 dayaniklilik yikselir. Kopma kesiti tanelenmesi, ¢ok
az krom muhtevalarinda bile, ¢ok incelir; uygun karbon
yizdesi ile asinma dayanikliligi artar. Krom, azot ile
birlegerek, asinmaya karsgi dayanikli nitriirler verir.
Ayrica doniiglimsiiz krom geliklerinde azot tanelenmeyi in-
celtir ve azot ylzdesi arttikga ¢elik doniisimli karaktere
sahip olur. Krom ilavesi ile her %1 igin, su verme ve
tavlama sicakliklari ortalama 10°C yikselir.

% 0,2 karbon, %25...30 krom ihtiva eden ferritik ce-
likler buji, 1siya dayanikli parcalar vs. imalinde kulla-
nilir. GCok diigiik karbonlu ferritik celiklerle paslanmaya
ve isliya kargi dayanikli pargalar yapilir.

Perlit iistii ve perlit alti cgelikleriyle kesici uglar
yapilamaz, c¢ilinkii bu geliklerden yapilan kalemler keskin-
liklerini uzun miiddet koruyamazlar. Bu cins gelikler,
daha ziyade, kesit boyunca sertlegmesi icap eden (vida
agma kalemleri gibi) veya sertlegme esnasinda gekil degig-
tirmemesi istenen pargalarda kullanilir. Bu cgeliklerin
en biiylik tatbikat sahasi bilyali veya silindirli yataklar-
dir. (%0,8...1,8 Cr). Ayrica olcii aletleri de yapilir.
%1,2...1,15C, %05...1,5 Cr ihtiva eden geliklerle zimba,

. ege gibi aletler, %2,5...3,8Cr'lu geliklerle kalici mikna-
tislar yapilir. %0,2...1 karbonlu, %12...17 kromlu pas-
lanmaz celikler cerrahi aletler, sofra takimlari, bazi

yapi elemanlari vs. imalinde kullanilair.
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Mangan Celikleri: Her ¢eligin iginde mangan vardir.
Mangan muhtevasi 7%0,8'i gegen geliklere mangan gelikleri

ad1l verilir.

Mangan yiizdesi arttikga doniigiim noktalari ve kritik
hiz algalir bunun sonucu olarak kesit boyunca sertlegme
yikselir. %0,1...1,1C, %0,8...3 Mn ihtiva eden perlitik
gelikler sertlegme hassasiyeti ve tavlama gevrekligi gts-
terirler. Akma sinirlari yiiksektir. Bu gelikler yapi ce-
1igi, yay, pres, zincir, pulluk demiri, kaynak teli, agin-

maya mukavim demir yolu makaslari vs. imalinde kullanilair,

Ce-Mn (Si-V) Gelikleri: Mangan, krom geliklerinin
kritik hizlarini dislirerek, kesit boyunca sertlegsmeyi des-
tekler, Silisyum akigkanlifi ve yaklagik %0,8'e kadar ke-
sit boyunca sertlegmeyi arttairir. Cr-Mn geliklerinin agi-
r1 1sitmaya kargi hassasiyetleri vanadyum ilavesi ile gi-
derilir veya azaltilabilir. Vanadyum agsinma dayaniklili-
gini1 ve keskin kalma kabiliyetini de yiikseltir. Bu gelik-
ler genellikle yapi c¢eligi olarak kullanilir. Ayrica ha-
va ¢ekici uglari, pres ayaklari, ventiller, biiyiik kesme

ve zimba. takimlari da bu ¢eliklerden imal edilir.

Kesme, zimbalama, talag kaldirma aletlerinin parcala-

ri %0,8...1,1 karbonlu Cr-Mn-V geliklerinden yapilair.

Cr-Ni Gelikleri: %0,45C, %#3...4,5Ni, %0,8...1,5 Cr
ve yaklagik %1 kadar W veya Mo ihtiva eden Cr-Ni-W celik-
leri aginmaya kargi ¢ok dayanlklldlrlar. Bu 6zellikleri
yliziinden genellikle gekil verici presler, zimbalarin vs.
galigma yizeylerinin imalinde kullanilir. Ostenitik Cr-
Ni ¢eliklerinin karbon ylizdesi daha diigiiktiir (%0,15), is1
gecirgenlikleri iyi degildir. Isil mukavemetleri yiiksek,
korozyona dayaniklidirlar ve yiiksek sicakliklarda bol mik-

tarda S ve C alirlar.
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Korozyon mukavemeti Mo, Ti ve benzerleri ile daha da
artar. %18/8'lik Cr-Ni ¢eligi, genellikle korozyona daya-
nikli olmasi gereken pargalarda kullanilir. %20...80 Ni
%15...20Cr"'"1u gelikler elektrik direngleri ve i1sitma di-
rengleri imalinde kullanilir.

Diigiik karbonlu (=~ %0,12 C) ferritik Cr-Al gelikleri
doniigiim gostermezler ve paslanmaya kargi dayanikli degil-
lerdir. Bu gelikler, Cr-Ni g¢eliklerin yerine, elektrik
ve 181 direncgleri imalinde kullanilir, ¢iinkii Al isiya kar-

g1 dayanikliligi epeyce yiikseltir.

Cr-Co-Mo celikleri kalici miknatis gelikleridir. (%1
c, %2...30 Co, %2....9 Cr, %0...2 W, %0...2 Mo). Bu gelik-
ler belirli manyetik 6zelliklere sahip parcgalarin imalin-
de kullanilir.

W-Cr—Co-V Celikleri: Bu cgeliklerdeki krom, g¢ok diigiik
ylizeylerde bile, ana kiitleye girerek, W-geliklerin tavla-
ma hassasiyetini giderir ve sertlegme kabiliyetini yiksel-
tir. Krom yiizdesinin 2...5'i agtigi durumlarda tavlama
dayanikliligi ve agsinma mukavemeti milhim miktarda artar.
Vanadyum karbiirler meydana getirir, kobalt ana kiitleye
girer. Her iki metal de tavlama dayanikliligini, keskin
kalma kabiliyetini, 1s1l mukavemeti yiikseltirler ve asgiri
1sitmaya kargi hassasiyeti diigiiriirler.

W-GCr- (V) geliklerinin. en biiylik uygulama sahalara,
talag kaldiran veya kaldirmayan takimlar, kesici takimlar,
tahta igleme takimlaridir. [1]



BOLUM 3. 1ISI ILETiMi, KIMYASAL BILESENLERIN VE SICAKLIGIN
ISI ILETIM KATSAYISINA ETKiSi

3.1. fletim

Isi1 Iletim Katsayisi -k- (A)

Metallerin 1s1i iletkenlikleri Drude ve Lorentz 1900,
tarafindan teklif edilen Klasik Serbest Elektronlar Teori-
si iie izah edilmektedir. Bu teoriye gére atomlarin valans
elektronlari madde iginde gazlarin mekanik kanunlarina uy-
gun gekilde ve yiiksiiz olarak serbest hareket ederler. Her-
hangi bir potansiyel farkinin tatbiki halinde bir.ﬁaraftan
diger tarafa akis ve bu.akig esnasinda da atomlara garpa-

rak direng sz konusudur.

Cesitli makina ve ve tesislerin projeksiyonunda belir-
1i oszelliklere sahip hammaddeler kullanilir. Fabrika ve
yiksek 1s1l1i termik tesis ya da makinalarin 1si bilangola-
rinin ¢ikarilmasindan sonra gerekli ozelliklere sahip,
yiksek dayanimli ve uygun 1si iletim katsayili hammadde
secimi cok dnemlidir. [2]

Bu gibi tesislerde siklikla sicak gazlarin etkilerine
karsi iyi dayaniklilik dzelliklerine sahip ferritik ve os-

tenit ¢elikler kullanilir.

Kaynak yaparken ortaya g¢ikan yapi degigiklikleri daya-
niklilik yoniinden ¢ok onemlidir. Bu yapi degisiklikleri
hammaddeyi olusturan yapi taglarina ve soguma hizina bag-
lidxir. Hammaddelerde bundan bagka erime ve soguma olayla-
r1 esnasinda 1sil gerilmeler meYdana gelir. Teorik ve pra-
tik sebeplerden bilindigi iizere 1si iletim katsayisi 1si
yayilaim hizi ve‘soguma hizi ¢elik konstrilksiyonlarda kay-

nak yapilan hammaddeden etkilenir.
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Celiklerde 1si iletim katsayisi, bilegimindeki kar-
bon ile diger alagim maddelerinin cins ve miktarlarina

gore degisir.

3.2. Celigi Olusturan Kimyasal Bilegenlerin Isi Iletim

Katsayisina Etkisi

Celiklerin 1si iletim katsayilari onlarin kimyasal
bilegsimlerine gore degisir. Ilave madde igeriginin celi-
gin 1s1 iletim katsayisina olan etkileri gimdiye kadar oda

sicakliginda yapilan birgok deneylerle arastirilmigtair.

% 0,2 ye kadar karbon igeren geliklerde 1si iletim
katsayisi gok hizli bir gekilde artar. Azalan kobalt ice-
rigine baglia olarak isi iletim katsayisi ¢ok katli olarak
degigiklik gosterir. (Azalir veya artar) %10 ve %90 kobalt
igeriginde minimal deferler ortaya c¢ikar. %50 ile %65
arasinda kobalt igeriginde en yiiksek degerlere ulasir.
Nikel iceren cgelikte 1si iletim katsayisi parabolik bir
degisim gosterir ve yaklasgik %30 nikel ile en diigik degeri-
ne ulagir. Fosfor igeriginin artmasiyla isi iletim katsa-

yisinin degisimi ¢ok kii¢ciik olur.

Silisyum, wolfram, mangan ve krom 1si1 iletim katsayi-
sini diiglirtirler. Saf demire katilan aliminyum ilavesi 1s1i

iletim katsayisini digiiriir.

Alagimsiz geliklerde 1s1i iletim katsayisi, W, Mn, Cr
ylizdesi arttikga azalmasina ragmen, Ni ylzdesi %35 olunca-
ya kadar azalir ve Ni yilizdesi %35 den sonra arttikga tek-
rar yikselir. (Takriben %95 Ni degeri %0 Ni degerine ya-—
kindir).

3.3. Sicakligin Isi Iletim Katsayisina Etkisi

Yikselen sicaklikla 1s1i iletim katsayisi bilesim ve

imal tipine bagimli olarak azalar, artar veya sabit kalair.
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Franz , Bollenrath ve Walter Bungardt, yaptiklari
deneylerle Donaldson, Eucken, Griineisen, Kannulik, Powell,
Shelton, Simidu, Jaeger, Lorenz ve Lees'in deney neticele-
rini derlemiglerdir. Bu galigsmalardan saf demirin 1si
iletim katsayisinin 0°C sicaklikta 0,14-0,20 "cal/cm.sn®C"
degerleri arasindan, 800 °C sicaklikta 0,08 degerine kadar
diistiigii, benzer gekilde 20°C oda sicakliginda %0,2 karbon
ihtiva eden alagimsiz celiklerde 0,13-0,18 "cal/cm.sn.°C"
degerleri arasinda ve %1l,4 karbon ihtiva eden alasimsiz

celiklerde de 0,09 degerinde oldugu anlasilmaktadir. [3]
Simidu; geligin gdrdiigi 1s1l iglemler ile, ihtiva et-
tigi maddelerin cinsinin tesirlerini incelemig ve 1s1i ile-
tim katsayisini ampirik ifadelerle vermigtir. Simidu,
dovme c¢elik icin 30°¢ sicaklikta,
k= 0,1335-0,0194C - 0,0323 Mn-0,0646 Si (3.1)
900°¢C de tavlanmig ¢elik igin 30°¢ sicaklikta,

k= 0,1217-0,0185C~-0,0199 Mn-0,0398 Si (3.2)

900°C de yag banyosunda su #erilmig gelik igin 30°C sicak-
likta,

k=0,1284-0,0308C - 0,0310 Mn-0,062 Si (3.3)

Benedicks, Baeckstrom ve Sederholm, haddelenmig gelik igin
40°C sicaklikta

1 _ 4,4+8,7 [C+ 12 g, 12 Mn] (3.4)

k 28,4 55

Masumato, haddelenmis g¢elik igin 34°¢ sicaklikta,

~ |-

= 5,733+2,432C +5,087Si+2,461 Mn (3.5)
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ifadelerini verirler. Bu ifadelerde, C, Si ve Mn agirlik

yilizdeleri cinsinden olmaktadir.

F. Bollenrath-W., Burgardt, muhtelif aragtiricilar ta-
rafindan 8l¢ld sonucu bulunmug degerlerle, Masumoto' nun
verdigi formiile gtre hesabedilmis deferler arasinda +%8
ile - %7 kadar fark oldugunu belirtmiglerdir.

Shelton ve Swanger'in tecriibelerine gore 1s1i iletim
katsayisi, sicaklik arttikga Cr-Ni veya C-Cr ihtiva eden
celiklerde yiikselir. C-Mn ihtiva eden geliklerde azalir.

Eduard Maurer muhtelif arastirmacilar tarafindan ya-
pilan 1s1 iletim katsayisini 6lgme usullerini izah ile ve-
rilen formiillerin kullanma sinirlarini sdyler. 7% 20'ye
kadar Cr ve %20 ye kadar C-Ni ihtiva eden ¢eliklerin C, Si,
Mn, W, Mo, V, Co yiizdelerine gdre 30,50,100 ila 1200°C
sicakliklar arasindaki 1s1i iletim katsayilarini tablo ola-
rak verir. Degigsimler F. Bollenrath ve W. Bungardt'ain da
belirttikleri §ekilde olmakta ve Cr-Ni ihtiva eden cgelik-
lerde sicaklikla ylikseldigi goriilmektedir. [3]

N.N. Rykalin muhtelif arastiricilarin muhtelif malze-
meler igin 30°c-1200°C sicaklik araliginda 1si iletim kat-
sayilarini toplu olarak vermektedir.

Is1 iletim katsayisinin sicaklikla dogrusal degisti-
gi kabul edilerek;

k= 23+ (k -23) 2906 (3.6)
0 900

ko= 64-14C-30Si-20Mn

ifadeleri verilir. Ancak goriildiigi gibi bu ifadelerde ¢e-~

likteki sadece C, Si, Mn bilegimleri gdzoniine alinmigtair.
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Bungart, Spyra, Chu, Ho, Powell cgeliklerin isi ile-
tim katsayilarini, elektrik ©zgil direncinden faydalana-

rak -W/mK- cinsinden,

1

k=A' —I_ +p' (3.7)

$

ifadesiyle verirler. Burada;

7' : Sicaklik [K]
9 = Ozgiil elektrik direnci [ .m]
A,B': Sabitler

olmaktadir.

F; Richter yaptigi c¢ok geni§ calismada agagidaki ge-
nel ifadeleri bulmustur.

Aia§1m51z, az alagimli ve ferritik geliklerde (%5-26
Cr)

k= Ay+ By.T+Cq.T? (3.8)

Oétenit geliklerde

k= A,+B,T (3.9)
Bu ifadelerde;

T : Sicaklik [°C]
k : Is1 iletim katsayisi [W/mK]
A,B,C: Sabitler

olmaktadir. F.Richter ostenit gelikler igin ayrica agagi-
daki genel ifadeyi verir.

2

k=14,6+12.10 “T ¥ 3 ¥ 0,3 (3.10)
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Bu ifade + %20 sapma ile beraber pratikte kullanila-
cak glizel bir ifadedir.

Richter A,B,C sabitlerini 41 cins alagimsiz veya
hafif alagimli, 13 cins ferritik ve 14 cins ostenit g¢elik

ig¢in bilegimleri ile beraber ayri ayri vermektedir. [4]



BOLUM 4. HER GRUP GELiK IGCIN YAPILAN HESAPLAMALAR VE
ELDE EDILEN iFADELER

4.1. Hesap Yontemi
En Kiigiik Kareler Metodu

Sekil 4.1'de goriilen m adet noktaya uygun y=a+bx for-
munda birinci dereceden bir polinom elde etmek istersek,

J=a+bx (4.1)

Sekil: 4.1,

yapilacak sey m adet noktanin Yys¥gseee Yo ile gosterilen
gergek y degerleri ile 91,92,...?m ile gtsterilen ortalama
y degerleri arasindaki farklarin minimumunun bulunmasidir.
Yani;

m
I= E:; (§i-yi)2 —»~  minimum (4.2)
l:

olmalidzir.
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(4.2) nolu ifadenin a ve b ye gore alinan kismi tii-
revleri sifira egitlenerek minimum degerler elde edilir.
Burada $i yerine (a+bxi) konulursa

m
31 2 {m (atbx;-y;)?

= 0= = D 2(atbx,-y,)=0
9a da 71
m
9Z (a+bx:~y.)?2
21 =0 = =1 117 - z:2(a+bxi—yi)xi=0
2b ab
(4.3)
Her iki ifade 2 ile boiliniip diizenlenirse,
m.a + bei = Zyi (4.4)
2 s ‘
a Z:Xi+ bZ:xi Z:xiyi (4.5)

(4.4), (4.5) nolu ifadeler elde edilir. Bu denklemlerden
a ve b katsayilari c¢oziilerek istenilen § ifadesi eldzs edi-
lir. [5]

Benzer gekilde bizim elde etmek istedigimiz ifadenin
celigin icerdigi bilegenlere gore su gekilde oldufunu

farzedelim.

~
1l

A+ BT + CT?2 (4.6)

P
|

= (al+azc+a381+a4Mn+a5Mo)+(b1+bzc+b3Si+b4Mn+ bSMo)*
* 2
T+(cl+c20+c381+c4Mn+c5Mo) * T (4.7)

(4.7) nolu denklemde parantez iclerindeki ifadeler
sirasiyla A, B ve C'ye egitlenirse;

A=a1+a2C+a3Si+a4Mn+a5Mo (4.8)
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B= bl+b2C+bBSi+b4Mn+b5Mo (4.9)

C= cl+c2C+CSSi+c4Mn+CsMo (4.10)
(4.8, 4.9, 4.10) ifadeleri elde edilir. Burada C,Si,
Mn, Mo c¢eligin agirlik yilizdesi olarak icerdigi madde mik-

tarlarini belirtmektedir.

(4.8,4.9,4.10) nolu ifadeler teker teker ele alinip
sirasiyla (4.8) nolu denklemde,

I= Z:(ﬁi—Ai)2 —» minimum olmak iizere

91 0
E)al

oI

aaz

= 0

o1
9a5

al'den as‘e kadar olan bilinmeyenlere gdre alinan kismi
tiirevler sifira egitlenirse (4.4) ve &.5) nolu ifadelere
benzer gsekilde ifadeler elde edilir.
ma;+a, ZC+a3 ESi+a4Z'Mn+a5):Mo= ﬂAi (4.11)
a;LC+a,l C?+ajl Si*C+a,l Mn*C+a) Mo*C= A, *C (4.12)
a;lSi+a lC*Si+ag) Si?+a,]l Mn*Si+af Mo*Si=) A *Si (4.13)

ag:Mn+a£:C*Mn+a9:Si*Mn+a4[Mn2+aSEMo*Mm=Z}iﬂml (4.14)

81[Mo+a22b*Mo+a3ZSi*Mo+a4ZMn*Mo+ aSZM02=§:Ai*Mo (4.15)
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Sonu¢ olarak problem beg adet bilinmeyen ve bes adet
denkleme doniigsmliis olur. Gauss-Eliminasyon ytntemine gtre
a;, a,5a3, 8, Ve ag goziilerek (4.8) nolu denklemde yerle-
rine konursa A katsayisi elde edilmis olur. Benzer gekil-
de (4.9) nolu denklemden bl"" b5 katsayilari, (4.10)
nolu denklemden Cl’ ...05 katsayilari ¢tziilerek B ve C
de elde edilir. En son olarak (4.6) nolu denklemde
yerlerine konan A,B ve C katsayilari ile 1si iletim katsa-

yis1 ifadesi
k= A+BT+CT? (4. 6)

geligin igerdigi bilesgim ylizdelerine ve sicakliga bagli

olarak bulunmus olur.

ifadeyi daha da genellegtirmek istersek Xl’XZ”'X13
geligin icerdigi agirlik yiizdesi olarak bilegsenlerini, m
data sayisini, y ise A, B veya C katsayilarindan herhangi

birini temsil etmek {lizere
m.a+blz:x1+bzz:x2+ AR . bl3Z:x13=Z:y

Y xq-avby Ixd +by g exp*es byg ey oxqg= Loty oy

.

Z:X13(a)+blz:(x13.x1)+b22:(x13.x2)+ ...+b13z:(xl3)2=

Z:CX13-Y)

denklemleri yazilabilir.
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Gauss-Eliminasyon Metodu

Ornek olarak;

1
a21X1 + a22X2 + a23X3+ ces + aan =C2
aan1+an2X2+an3X3+...+anan= Cn

lineer denklem sistemini ele alalim. Bu sistemi matris

gsekline doniligtiiriirsek;

811 %12 @13°°° @i i ¢1
821 %22 %23 cc fan | | | *2 | - |2
an1 anZ an3 ann Xn cn
- . L = - o

veya AxX=C sgeklinde yazilabilir. Burada

A
X

C= (nx1l) boyutunda "sabitler siitunu" dur.

]

(nxn) boyutunda "katsayilar matrisi”

]

(nxl) boyutunda "bilinmeyenler siitunu"

Bilindigi gibi satir-siitun carpimi olarak sistem bu-

lunur. Gauss uygulamasi igin sistemi agagidaki tablo ile

belirleyelim.
Xl Xz X3 s e s s s nasa . Xn Cl
811 812 813 et 8n | G
8.21 8.22 8,23 ......... azn CZ
anl anz an3 ........ ann Cn
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Gauss-Eliminasyon metodu dahil diger eliminasyon me-
todlarinda ama¢ bilinmeyen adedini her seferinde bir azal-
tarak sistemi "ig¢gen form "a getirebilmektir. Yani 1.denk-
lem aj ile boliniip a . ile c¢arpilarak n. denklemden g¢i-
kartilir. Boylece (n-1) bilinmeyenli (n-1) denklem elde
edilir. 2. bilinmeyen ayni gsekilde yok edilerek xn'e ka-

dar gelinir. Buna gére sistem gu hale gelir:

Xq X, Xg eeeccees xn ki
]- t12 tlB"...Q.‘ tln kl
l t23‘.'....' tzn kz

1 k

n

Xn bulunduktan sonra bir evvelki denklemde yerine

konarak diger bilinmeyenlere gegilir. [6]

Benzer sekilde bizim her gelik grubu ig¢in en kiigik
kareler metoduna godre olusturdugumuz n bilinmeyenli n adet
denklemden olusan lineer denklem sistemi yukarida belir-
tilen islemleri yaparak bilinmeyenleri ¢Gzen bir bilgisa-
yar programina aktarilarak her ¢elik grubu ig¢in ayri, kim-
yasal bilegen yiizdesine gore A, B ve C'yi veren katsayilar

elde edilir.

4.1.1. Alagimsiz ve Hafif Alagimli Gelikler Ig¢in Yapilan
Hesaplar ve Bilgisayar Programlari

.Richter'in alagimsiz ve hafif alagimli gelikler igin
derledigi tabloda 41 adet celik ¢esidi bulunmaktadir. Ya-
pilan hesaplamalarda daha dogru sonucglar elde edebilmek
acisindan bu gruptaki gelikler krom ve molibden igerenler,
krom ve (veya) molibden igermeyenler olmak iizere ikiye
ayrilarak incelenmiglerdir. Yani ilk gruptaki gelikler

hem krom hem de molibden igermekte, ikinci gruptaki gelikler
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ise krom ve molibden den ya yalnizca birini igermekte yada
ikisini de icermemektedir.

Buna gtre ilk grupta yalnizca ondort adet g¢elik yer
almaktadir. Hesaplar bu ondort adet c¢elige ve bunlarin
igerdigi on adet bilegim elemanlarina bagli olarak yapil-
mistir. Tablo 4.l'de hesapta kullanilan, krom ve molibden
igeren hafif alagimli gelikler ve bunlarin igerdikleri
ylizde bilegen miktarlari verilmigtir. Tablo 4.2'de ise
yine bu geliklerin daha ©nceden hesaplanmis A, B, C defer-

leri verilmigtir.

Yapilan iglem, b&lim 4.l'de anlatilan hesap ydntemine
uygun olarak siitunlari birbirleriyle ve sirasiyla A,B,C
den olugan siitunlarla carptirarak toplatmak ve elde edilen
degerleri kullanarak sistemi A,B, ve C igin n bilinmeyenli
n adet denkleme doniigtiirmekten ibarettir. Krom ve molib-
den igeren alagimli ¢gelikler igin yapilan hesaplar Tablo
4.3'de verilmigtir.

Bundan sonra yapilacak gey, n bilinmeyenli n adet
denklemin Gauss-Eliminasyon metodunu kullanarak ¢oziimiini
bulmaktir. Bilgisayar programi n bilinmeyenli n adet denk-
lemi ¢ozmek lizere Boliim 4.l'de anlatilan Gauss-Eliminasyon

yontemini uygulamaktadir.

Programin kullanilmasi oldukga basittir. Program
galistirildiginda kullanicidan ilk olarak denklem sayisi-
nin girilmesini ister. Denklem sayisi bilegim elemanlari
sayisina bir ilave edilerek verilir. Bunun sebebi baglan-
gictaki sabit terimdir. Ornegin krom ve molibden igeren
hafif alasimli gelikler ic¢in denklem sayisi onbirdir.
Ekranda X;' den baglamak lizere denklem sayisi kadar hesap-
lanan x degeri gelir. Bunlardan ilk x degeri yani x; sa-
bit terimdir. Daha sonraki x'ler sirasina gore c¢elik
igindeki bilegim elemanlarina kargilik gelen katsayilar-

dir. Program yapilirken denklem sayilarinin ¢ok oldugu
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digiinlilerek katsayilarin data olarak programin icine ka=
tilmasi uygun goriilmiistiir. Datalar programin ic¢ine kati-
lirken once katsayilarin en son olarak sabit deferin ya-
z11 masi onemlidir. Programin 300 incii satirindaki “"Read
A (I,J)" komutu "Input A(I,J) haline getirilir ve 755'.ci
satirdan itibaren girilmig olan "data" lar kaldirilirsa
denklem sisteminin katsayilarinin ekrandan girilmesi de

miimkiin olur. [7]

Program A,B ve C ig¢in uygun datalar girilerek ayri
ayri galigtirilir. Sonugta A, B ve C ig¢in ayri katsayi-
lar bulunur ve bu katsayilar k=A+BT+CT2? denkleminde vyer-
lerine yazilarak istenen ifadeler elde edilmig olur.

Krom ve (veya) molibden igermeyen 27 adet hafif ala-
gimli gelik ve bu geliklerin igerdikleri yiizde bilegen
miktarlari Tablo 4.4'de verilmistir. Tablo 4.5'de bu ge-
liklerin daha tnceden hesaplanmig A,B ve C degerleri mev-
cuttur. Hesaplamalar yukarida anlatilan tarzda yapilair.
Tablo 4.6'de krom ve (veya) molibden igermeyen hafif ala-~
gimli ¢celikler icin yapilan hesaplar verilmistir.
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Tablo 4-1. Alagimsiz ve hafif alagimli gelikler (Cr ve Mo igeren) igin yiizde bilegen miktarlan

NO Q?,LiK %C |%Si |%Mn (%P |%S |%Al {%Cri%Mo|%Ni %V
2110CrMo 910 0141 023| 052| 0015| 0016] 0007 252 1.08 0 0
3 110 CrSiMoV 7 006] 096| 056| 0021 0.007] 0025| 19| 031 0] 036
4 |11 NiMaCrMo 5 5 014 037 131| 0011| 001| 0007] 053} 028{ 128 0
SA |13CrMo 44 013 019 06| 0016| 0016 004} 083 | 046 0 0
5B {13CtMo 4 4 015 025| 062| 0011 0.011| 0025 087 0.51 0 0
6|14MoV 63 015| 026 051} 0024] 0009| 002 052] 0.53 0f 026
11 |17 CtMoV 10 0.156 02! 046 0011} 0.02]| 0019 267 041 0 012
16 |20CrtMoV 135 0.19 03| 045( 0.003| 0017} 0.005| 275| 057 0] 054
18 125 CrtMo 4 0.253 03] 065{ 0014| 0.02] 0019 1.28) 0.24 0 0
19 128 CrMoNiV 49 026 018) 044} 0016} 0.013 0} 114} 091| 059f 028
20 {30 CrNiMo 8 03{ 032} 043 0011} 0013| 0.044| 1.82( 031 18 0
21A[34 CrtMo 4 03| 023| 073} 0007} 0.012]| 0018] 1.02}| 0.16 0 0
21B{34 CrMo 4 03] 026| 073| 0017} 0.014] 0035} 0.99| 027 0 0
25 |42CrMo 4 0.39 03| 058] 0011 0023] 0004 ] 1.11| 027 0 0

Tablo 4-2, Alagimsiz ve hafif alagimli gelikler (Cr ve Mo igeren)
icin verilen A, B, C degerleri

NO |GELIK Tmax A 100xB 100000xC
°c WimK) | W(mK) | WimK)
2 {10CrMo 910 600 353 214 -43
3 |10 CrSiMoV 7 600 2% 3.57 -4,55
4 |11 NiMnCrMo S § 650 37.8 1.7 -3.67
SA [13CtMo 44 650 46.6 -0.29 -2.65
SB |13 CrMo 4 4 600 445 0.31 -3.48
6|14 MoV 63 600 47 0.0 -3.39
11 [17CrtMoV 10 650 35.1 1.54 3.22
16 {20 CrMoV 13 5 650 25.6 1.93 -2.89
18 |25 CeMo 4 650 41.6 1.06 343
19 |28 CrMoNiV 49 600 477 -0.58 . 238
20 {30 CerNiMo 8 600 338 2.67 -5.14
21A |34 CtMo 4 600 442 0.66 -3.98
21B |34 CrMo 4 600 40.2 141 -4.36
25 |42 CtMo 4 600 44 -0.16 278
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Tablo 4-3. Alagimsiz ve hafif alagimli gelikler (Cr ve Mo igeren)
icin hesaplanan toplamlar.

X1=2919 X1*X1=0.71885 |X1*A=117.463 X1*B=2.85802E-02 | X1*C=-10.43E-05
X2=4.35 X2*X2=1.8429 X2*A=159,664 X2*B=7.0196E-02 X2*C=-16.466B-05
X3=8.59 X3*X3=5.9219 X3*A=339.314 X3*B=99802E-02 X3*C=-31.037B-05
X4=0.188 X4*X4=0.0029 X4 A=7.5115 X4*B=0.21119B-02 | X4*C=-0.6818E-05
X5=0.201 X5*X5=0.00316 |XS5*A=79168  |X5*B=021177E-02 |X5*C=-0.7012E-05
X6=0.268 X6*X6=0.0076 X6*A=10.5293 X6"B=0.3512E-02 X6*C=-1.0327E-05
X7=19.95 X7X7=361519 |XT*A=T27.204 X7*B=30.0184E-02 | X7*C=-72881E-05
X8=6.31 X8*X8=3,7397 X8*A=248.467 X8*B=6.6952B-02 X8*C=-21.987E-05
X9=3.67 X9*X9=5.2265 X9 A=137.367 X9*B=6.6398B-02 X9*C=-15.354B-05
X10=1.56 X10*X10=0.5816 |X10*A=52972 X10*B=23732B-02 |} X10*C=-5.1328E-05
X1*X2=0.8137 X9*X10=0.1652 |X8°X9=1.4533 X7*X8=9.8613 X6*X7=0.36053
X1*X3=1.76661 |X2*X3=2.714 X8*X10=0.8612 |X7*X9=4.627 X6*X8=010127
X1°X4=003701 |[X2*X4=006274 [X3°X4=011381 |X7*X10=29438 X6°X9=0.08816
X1*X5=0.0446 X2*X5=0.05713 |X3*X5=011983 |X4*X5=0.00257 X6*X10=0.01918
X1°X6=0.05479 |X2*X6=0.08677 |X3°X6=0.15978 |X4*X6=0.00384 X5*X6=0.00367
XI*X7=3.99856 |X2°X7=64657 |XI'XT=11.0643 |X4*X7=0.24884 X5*X7=0.30231
X1°X8=1.22168 |X2*°X8=1.7783 X3*X8=3.5698 X4*X8=0.08771 X5°X8=0.09045
X1*X9=0.8726 X2*X9=1.1558 X3*X9=2.7104 X4*X9=0.04332 X5*X9=0.04387
X1*X10=0.25472 |X2*X10=0.6496 |X3"X10=0.7556 |X4*X10=0.02122 X5*X10=0.02008
A=5494 B=16.05E-02 C=-50.22B-05
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100
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120
130
140
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160
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180
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160
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280
290
360
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350
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REX
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AR NIRRT IR NIRRT LIRIRIRYIRINSIPRELILIRPOIROIYRYR R ORRRYIYRY
R R E R R R R R R R R R R R R R A E R R R R R R  E R R R R R R R R R R R R R R R R R R R 2R 22 R B )
TIY 3 KAFSAYILARI teas
I R R R R R R R R R R R R R R R R R R R R R R R R X R R E R E R E R R S R R R R R R R R R R R R R R}
tate ALAGIMSIT VE HAPIP ALAGIMLI (RLIXLER teee
rrey {Cr ve ¥o igeren) tire
rree GAUSS-ZLININASYON METODU rrua

R R R R R A R R R R R R R R R R R R R E R R E R R R R R R E R R R E T E RN R |

DIN A{100,100),X(100)
INPUY *DENKLEY SATISINI GiRINIZI™:X

(1§

PRINT "KATSAYILARI GiRIMiZ®
F=60/0+1:L=CINE(X)

§al

FOR N=1 70 ¥+1
LOCATR 4,8

PRINT *T(";4;")"
§e§+L

IF M=K THRN 220
¥EIT -

LOCATE 4,8

PRINT '1°

£=4

FOR I=1 70 § STEP 1

3=1

K=K+1 -

POR J=1 YO N+#1 §TEP 1
LOCATE K,S

READ A{I,J)

Sa§+L

HRIT J

NEXT I

H=0

Hal+1

IF

M= THER 580

B=A (X, X}

FOR I=H 10 X

IF ABS(B)>ABS(A(I,H}) THER 420
B=a(I,H)

(=1

IBIT I

17

(= THRX 490

FOR J=H 10 N+l

§=A(K,7)

A(K,T)=A(C,T)

A(C,T)=8

NEIT |

R=H+1

L=A(K,¥)

FOR J=H T0 H+#1 STEP 1
AK,J)=3(K,J)-((L/R(K,X))*R(K,T)]
HEXT 4

183

K=§ THER 370

Fak+1
G0T0 500
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570 17 d<i THEN 350

580 T(H)=A(¥,¥¢1)/8(4,)

590 708 I=d-1 70 1 STRR -1

500 Ja1+t

§10 P=A(I,1)*1(J)

620 IF J=3 THEH 660

630 Jaitl

540 P=2+(A(1,7)*1(J))

650 GOT0 620

660 X{I)=(A(I.8+1)-P}/A(1,1)

670 NBIT I

680 PRINY

§90 PRINT

700 PRIAT "GAUSS-ELINPWASYON YONTEMI 1L SLDE EDILRN A EATSATILARI °

710 PRINT "$OROUGLAR®

720 PRINY

730 POR I=1 10 ¥ STEP 1

740 PRIFT "I°;I;%=";2(I)

750 NBIf I

755 DATA 14,2.919,4.35,8.59,0.188,0.201,0.268,19,95,6.31,3.67,1.56,549.4

756 DATA 2.919,0.71885,0.8137,1.76661,0,03701,0.0446,0.05479,3.99856,1.22168,0.8
726,0.25472,117.463

757 DATA 4.35,0.8137,1,8429,2.714,0.06274,0,05713,0.08677,6,4657,1.7783,1,1558,0
.6496,159.664

758 DATA 8.59,1.76661,2,714,5.9219,0.11381,0.11983,0.15978,11,0643,3.5698,2.7104
,0.7556,339.314

759 DATA 0.188,0.03701,0.06274,0.11381,0.0029,0.00257,0,00384,0.24884,0.08771,0,
04332,0.02122,7.5115

760 DATA 0,201,0.0446,0.05713,0,11983,0.00257,0.00316,0.00367,0.30231,0.09045,0.
04387,0.02008,7.9168

761 DATA 0.268,0.05479,0.08677,0.15978,0.00384,0.00367,0.0076,0.36053,0.10127,0.
08816,0.01918,10,5293

762 DATA 19.95,3.99856,6.4657,11.0643,0.24884,0.30231,0.36053,36,1519,9.8613,4.6
17,2.9438,727.204

763 DATA 6.31,1.22168,1,7783,3.5698,0.08771,0,09045,0,10127,9.8613,3.7397,1,4533
,0.8612,248.467

764 DATA 3.67,0.8726,1.1558,2,7104,0.04332,0.04387,0,08816,4.627,1.4533,5.2265,0
.16§2,137.387

765 DATA 1.56,0.25472,0.5496,0.7556,0,02122,0,02008,0.01918,2.9438,0.8612,0,1652
,0.5816,52,972

770 BAD
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GAUSS-3LIMINASTON 7ON?E4I IL2 RLDE ZDILEN A XATSAYILARI
SORUCLAR

1= 7464201
2 =-12.67734
3 =-15,25481
4 =-17.50482
§ = 110.4123
§ =-32.157583
7 =-181,1363
8 =-8,069163
§ =-3.421179
10 =-,5945643%
{1 =-14,66939

bt B B B B B DS S b3 g B
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30
40
50
50
70
80
99
100
110
120
130
140
150
160
170
180
190
200

220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
180
390
400
410
420
130
140
450
460
470
130
490
500
510
520
530
540
550
560

REK
REH
REY
REN
REY
REY
REX
REM
CLs
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X R R R R R E R R R R R R R R R R R R R 2R R R R 2 2 R E R R R R R R R R R R R S 2 2 R E R R R RS R ER R R & 1
£22LAXTTAI AT LLRLILE AR RN RRLIRRRIRRRIRRR R R PR YR RYR2IROYEY
1ere B KATSAYILARI Tire
IR R R E R R R R E R R R R R R R R R R R R R R R R R E R R R X S R R E R R R R R R E R R Z R R R R R 2 !
prry ALAGINSIZ VE HAPLF ALASIMLI CELIXLER kraz
112z {Cr 7e Ho igeren) 1ee
rrra GAUSS-BLININASYON HETODU reas

R R R R R R R R E R R R R R R R R R R R A R R R R R R R R R R R R E R A R R R R R R R R ] ]

DIN A(160,100),X(100)
INPUT "DENKLEM SATISINI GIRIRIZ °;¥

(L

PRINT "KATSATILARI GIRINIZ *
K=80/8+1:L=CIRT(K)

§=1

FOR H=1 70 H+1
LOCATE 4,5

PRINT "I{";¥;")°"
§2§+L

IF ¥=% THEW 220
210 XBIT X

LOCATE 4,8

PRINT °Y"

=4

FOR I=1 70 N STEP 1 °

§at

K=K+

POR J=1 7O H+1 STEP 1
LOCATE X,§

READ A({I,V)

§=8+L

NRIT §

NBIT I

s

K=+l

IF ¥=1 THER 530

B=A{¥, ¥}

FOR I=§ T0O K

IF ABS(B)>ABS(A(I,N)) THER 420
B=A{I N}

=1

RBIT I

IF ¢=H THEY 490

FOR J=X TO H+1
§=4(H,7)
A(X,J)=4(C,J)
A(C,3)=8

BB J

K=H+1

L=A{K, ¥} -

FOR J=H TO R+1 STEP 1
A(E,J)=R{K,d)-({L/A(M,¥))*A(X,T})
REXT J

IF

R=§ THEN 570

K=K+l
60T0 500
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570 I7 ¥<t THEN 330

580 I{¥)=A{¥,q+1)/A(H.Y)

530 70R I=N-1 70O 1 STEP -1

600 J=I+l

610 P=3(I,J}*I{J)

§20 I? J=N THER 660

830 J=0+!

640 F=R+{A(I,1)*2{1})

6350 GOTO 620

660 I(I)=(A{I,5+1}-P}/A(I,I)

67¢ HEXT I

680 PRINT

§90 PRINY

700 PRINT "GAUSS-ELIMINASTON VOHTRN! ILE BLDE EDILEN B KATSAYILARI ~

710 PRINT "SONUGLAR® '

720 PRINT

730 EOR I=1 O K STEP !

740 PRIRY "XI";I37="3X{I)

730 RBIT I

755 Darh 14,2.919,4.35,8.59,0.188,0.201,0.268,19.95,6,31,3.67,1.56,16.05E-02

756 DATA 2.919,0.71885,0.8137,1,7666¢,0.03741,0,0446,0.05479,3,39856,1.,22168,4.8
726,0.25472,2.858028-02

757 DATA 4.35,0.8137,1.8429,2.714,0.06274,0,05713,0.08677,6.4657,1.7783,1,15588,0
.6496,7.01968-02

798 DATA 8.59,1,76661,2.714,5.9219,0,11381,0,11983,0,15978,11.0643,3.5698,2,7104
,0.73868,9.98028-02

753 DATA 0.188,0.03701,0.06274,0.11381,0.0029,0.00257,0.00384,0.24884,¢.08771,0.
04332,0.02122,0.211198-02

760 DATA 0,201,0.0446,0.05713,0,.11983,0.00257,0.00316,0.00367,0.30231,0.09045,0,
04387,0.02008,0,211778-02

761 DATA 0.268,0.05479,0,08677,0.15978,0.00384,0.00367,0,0076,0.36053,0.10127,0,
08816,0.01918,0,35128-02

762 DATA 19,95,3.99856,6,4657,11.0643,0,24884,0.30231,0.360583,36.1519,9.8613,4.¢
27,2.9438,30.01848-42

163 DATA 6,31,1.22168,1,7783,3,5698,0.08771,0.09045,0.10127,9.8613,3.7397,1.4533
,0.8612,6,69528-42

764 DAYA 3.67,0.8726,1.1538,2.7104,0.04332,0.04387,0,008816,4.627,1.4533,5.2265,0
.1652,6,63988-02

765 DATA 1.56,0.25472,0.6496,0.7556,0.02122,0.02008,0.01918,2.9438,0.8612,0.1652
,0.5816,2,37328-02 '

770 ERD
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GAUSS-BLIMINASTON YONTEYI 1LI ZLDE ZDILEX B RATSAYILARI
SONUCLAR

§ =-1.9782118-03
10 = 1.8477928-03
i1 =-. 0030211

11 =-4,2393268-02
12-=3,3129128-02
I3=2.0152478-02
I4=2,9112538-12
1§ = 4770317

16 =-.3806362

I7 = 2220707

I8 = 1.7935098-402
i

1

i
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24

30

40

30

&0

]

a0

90

104
114
120
130
140
150
160
174
1840
190
200
114
120
230
240
2580
1840
170
280
290
300
£
320
330
340
350
360
370
380
180
400
410
120
430
440
450
460
470
480
490
500
510
520
53¢
544
550
560
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Rgx R R R R R R R R R R R R R R R R R R R R R R R R R R R E R E R R R E R R R R R E R E R EEEEEEE R}
RSH IR RS R s R R R R R R E R R R R R R R R R R R R R R R R R R R R R E E E R K E R R R SRR R RS ER R R R 2
REH **2¢ { KATSATILARI prea
REH IR E RS R R R R R R R R R R R R A R R R R R R R S A R R R R E R R R EE R R EE R E R EE R E R R E SRR E
REY #xr? ALAGINSIZ VE HARIZ ALAGIMLI (SLIKLER rree
REY *xre {Cr ve Mo igaran) rrix
REY t**? GAUSS-ZLININASYON METODY rree
RHH IR R R R A R R R R S R R R E R R R R R R R R R R R R R R R R R X E R R R R R F R R R R E R EESEERERE 2
CLS

DIN A{106¢,100),X{104)

INPUT *DEHKLEM SAYISINI GIRINIZI®;¥

CL§ :

PRINT "KATSATILARI GIRINIZ®

R=80/8+1:L=CIRT(K)

§=1

FOR ¥=1 70 N+

LOCATE 4,§

BRINT "X{":H;")"

§=5+¢L

IF H=§ THEN 220

HEXT ¥

LOCATE 4,§

BRIRT °T'

£=4

POR I=1 7O ¥ STEP

§=1

K=K+l

FOR 7=1 10 H+1 STEP 1

LOCATE K,§

READ A{1,J)

§=28+L

NEIT J

NRIT I

H=0

.5.C31

IF M=H THRN 580

B=A(N,¥)

FOR I=H TO N

IF ABS(B)>ABS({A(I,H)) THEX 420

B=4({I,4)

€=

1BIT I

IF C=H THER 494

FOR J=H 70 R+!

§=A(N,0)

A(¥,J¥)=2{C,T)

A{C,J)=5

RBIT 7

K=+l

L=A(K,H)

POR J=H ¥0 H+1 STEP |

NEIT

IF K=0 THER §70

K=K+

GOT0 500
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570 IF H< PHEN 350

580 1(K)=A(N,N+1)/R(X,¥)

590 POR I=M-1 70 1 STEP -t

600 J=I+#1

§10 9=3(1,3)13(J)

§20 17 = TEEN 660

§30 =741

640 P=R+(A({I,1)*1())

650 GOTO §20

§60 I(I)=(A(I,H+1)-2)/A(L,1)

670 HEIT I

§80 PRINY

§90 PRINY

700 PRIRY "GAUSS-ZLIXIYASYON YONTRMt 1LE ELDE EDILEN C KATSAVILARI®

710 PRINF "SORUCLAR"

720 PRINY

730 FOR I=1 %0 H STRP 1

740 BRINT "1%;1;7="3X(I)

750 §EIT I

755 DATA 14,2.919,4.35,8.59,0.188,0.201,0.268,19.95,6.31,3.67,1.56,-50,228-05
756 DATA 2.919,0.71885,0.8137,1.76661,0.03701,0.0446,0.05479,3.99856,1,22168,0.8
- 726,0.25472,~10. 43805

757 DATA 4.35,0.8137,1.8429,2.714,0.06274,0.05713,0.08677,6.4657,1.7783,1.1558,0
(6496,-16. 466805

758 DATA 8.59,1.76661,2.714,5.9219,0,11381,0,11983,0.15978,11,0643,3.5698,2,7104
,0.7556,-31,037E-05

759 DATA 0.188,0,03701,0.06274,0.11381,0.0029,0.00257,0.00384,0.24884,0.08771,0.
" 04332,0.02122,-0. 6818805

760 DATA 0.201,0.0446,0.05713,0,11983,0,00257,0.00316,0.00367,0.30231,0.09045,0.
04387,0.02008,-0, 7012E-05

761 DATA 0.268,0.05479,0.08677,0.15978,0,00384,0,00367,0.0076,0,36053,0.10127,0,
08816,0.01918,-1,03278-05

762 DATA 19.95,3.99856,6.4657,11.0643,0,24884,0.30231,0.,36053,36.1519,9.8613,4.6
27,2.9438,-72,881E-05

" 763 DATA 6.31,1,22168,1.7783,3.5698,0.08771,0.09045,0.10127,9.8613,3.7397,1. 4533
,0.8612,-21,987E-05

764 DATA 3.67,0.8726,1,1558,2.7104,0,04332,0,04387,0.08816,4.627,1.4533,5.2265,0
.1652,-15.3548-05

765 DATA 1.56,0.25472,0.6496,0,7556,0.02122,0.02008,0,01918,2,9438,0,8612,0,1652
,0.5816,-5,1328E-05

770 280
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GAUSS-3LININASYON TONTRHI 1LE BLDE IDILZN ¢ XATSATILARI
SONUCLAR

1 =-1.5832498-93
1 =-5.2446378-08
3 2-4,1770328-06
4 =-1,1875988-05
§ =-5.0613048-04
§ = 1,57833E-03
1
8
9
{
1

a-1,444548-04

=-1,1887198-03

= 3.126795E-06
¢ = 4.64958-07
1= 2.3703068-08

el B bt B3 el Bl B B BT B
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Tablo 4-4. Alagimsiz ve hafif alagimh gelikler (Cr ve-veya Mo igermeyen) igin yuizde bilegen miktarlan

NO | GELIK %C (%St (%Mo |%P %S {(BAl |%Cc|%CulBMIJ%BNb%BNi|%Ti|%V
1{8SiTi4 0058 087| 073]| 0.006| 0009 008 0 0 0 0] 0] 055 0
7115MaNi63 0155] 029 1.44) 0008) 0.004| 0.036 0 0 0 0| 0.73 0 0
8A115Mo 3 02] 028 077} 0014} 0018| 0032 0 0] 035 0 0 0 0
8B|15Mo3 016 029) 057{ 0007} 0015) 0066 0 0| 03 0 0 0 0

9 |15NiCuMoNb S 014| 033 098 00i1] 0.016| 0.026 01069| 118 003 03 0 0
10 |16 Mo S 016 025] 086 0016 0.018] 0.013 0 0] 033 0 0 0 0
12 {17Mn 4 0187 032 116| 001} 0.017] 0.06 0 0 0 0 0 0 0
13 [17MoMoV 64 | 0157] 035| 121| 001} 0.019] 0.014 0 0] 04 0 0 0] 0153
14 |19Mn 5 022] 052 112| 0.022| 0017} 0.065 0 0 0 0 0 0 0
15)19Mn 6 0.21 05| 1341 001| 0017| 005 0 0 0 0 0 0 0
17 |20MnMoNi45| 0185 025 1.2} 0006} 0008 0.024 0 0| 0.54 0| 0.65 0 0
22 |36 Mn 4 034 028] 1.04| 0023| 001 0.036 0 0 0 0 0 0 0
23 {36Mn 6 035| 022} 147] 0009| 0.013| 0.006 0 0 | 0 0 ol o 0
24 {40Mn 4 036] 039 104} 002| 0024} 0.033 0 0 0 0 0 0 0
26 |46Mn S 0411 032| 131 0009} 0.021] 0.048 0 0 0 0 0 0 0
27 {HI 0.16 02 067 001 0.022| 0.036 0 0 0 0 0 0 0
28 |HII 019} 029| 083 0.018| 0.019| 001 0 0 0 0 0 0 0
29 1M2 002 001f 002 001 0006{ 0.003| 0.01| 0.01 0 0] 002 0! 0.042
30 |St35-8 01| 026{ 059| 0.019| 0.018| 0.008 0 0 0 0 0 0 0
31 |St45-8 015 027 065( 002} 0013 0009 0 0 0 0 0 0 0
32 | StB 285 014| 024] 073 0014 0029 008 0 0 0 0 0 0 0
33 |StB 315 0.14 03] 078 0012 0.015| 0.099 0 0 0 0 0 0 0
34 | StE 355 021{ 038 133{ 0012 0018| 0.04 0 0 0 0 Y 0 0
35 | StE 380 012 032 1.28| 0012| 0014 0.014 0] 045 0 01 0.56 0 0
36 | SEE 415-7T™ 011 025 131{ 0012}0.00341 0.036 0 0 0 0 Y 0 0
37 |StE 420 0131 034} 129{ 001| 0014] 0006 0] 047 0 0| 0.56 0 0
38 | TStE 460 011 035 131 0013} 0014 001 0( 05 0{ 022 06 0f 013
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Tablo 4-5. Alagimsiz ve hafif alagiml gelikler (Cr ve-veya Mo igermeyen)

i¢in verilen A, B, C degerleri

NO CEL:K Tmax A 100xB 100000xC
°c WimK) | WimK) | wink)
1{8SiTi4 650 337 1.99 -3.58
7 |15 MaNi 63 600 431 018 -2.89
8A [15Mo 3 650 523 -1.81 1.7
8B |15 Mo 3 600 488 -0.59 -3.02
9 |15 NiCuMoNb 5 400 381 2.98 -6.79
10 [16Mo 5 650 488 -1.49 -1.65
12 |17 Mn 4 600 474 -0.38 -2.88
13 {17 MaMoV 6 4 600 413 0.66 -3.31
14 [19Mn 5 650 40 0.97 -3.43
15 {19Mn 6 650 402 113 -3.54
17 |20 MnMoNi 4 5 600 438 .75 -1.84
22 |36 Mn 4 600 491 -0.45 3.2
23{36Mn 6 600 417 0.07 353
24 | 40 Mn 4 600 45.8 03 373
26 |46MnS 600 425 0.93 -4.04
27 |HI 650 58.8 3.62 -0.27
28 |HII 650 521 -1.59 -1.86
29 |M2 650 75.5 -7.14 15
30 |St35-8 600 58.4 221 -2.33
31 |St45-8 600 54.6 -1.89 -2.09
32 | StE 285 650 s5 217 -1.62
33 |StB 315 650 50.4 -1.09 -237
34 | StB 355 650 4238 0.41' 31
35 | StE 380 650 419 0.91 -3.57
36 | StB 415-7'TM 500 47.8 0.25 334
37 | StE 420 650 4 1 -3.53
38 650 40.1 1.01

TStE 460

-3.44
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Tablo 4-6. Alaymsiz ve hafif alagimh gelikler (Cr ve-veya Mo igermeyen)
i¢in hesaplanan toplamiar.

X1=4.865 X1*X1=1.09116 X1*A=226.511 X1*B=-1.0514B-02 | X1*C=-14.648E-05
X2=8.67 X2°X2=3.3237 X2*A=388.281 X2*B=0,8698E-02 X2*C=-26.879E-05
X3=27.08 X3*X3=30.2034 X3*A=1230.69 X3*B=-0.2997TE-02 | X3*C=-83.387B-05
X4=0.343 X4*X4=0.00496 X4°A=16.4941 X4*B=-0.1963E-02 | X4*C=-0.9493E-05
X5=0.4114 X5°X5=0.00717 X5*A=19.5556 X5*B=-0.1938E-02 | X5*C=-1.154E-05
X6=054 X6*X6=0.05072 X6*A=43.3585 X6*B=-0.1948E-02 | X6*C=-27341E-05
X7=0.01 X7*X7=0.0001 XM™A=0755 X7*B=-0.0714E-02 | X7*C=0.015E-05
X8=212 X8*X8=1.1496 X8*A=85219 X8*B=3.3693B-02 X8*C=-9.6557B-05
X9=33 X9*X9=2.3374 X9*A=144.479 X9*B=1.7752B-02 X9*C=-12.705B-05
X10=0.252 X10°X10=0.04942 | X10°A=10.0412 X10°B=0.31756E-02 | X10°C=-0.9741B-05
X11=3.42 X11*X11=2.033 X11*A=144.007 X11*B=20707E-02 | X11*C=-11.353E-05
X12=0.55 X12*X12=0.3025 X12"A=18.535 X12°B=1.0945E-02 | X12*C=-1.969E-05
X13=0.325 X13*X13=0.04207 |X13*A=14.7029 X13*B=-0,0676E-02 | X13*C=-0.8906E-05
X1*X2=1.56381 [X12°X13=0 X11*X12=0  |x10°X11=01416 X9*X10-=0.03776
X1*X3=5.24521 |X2*X3=9.0256 X11*X13=0.07884 |X10°X12=0 X9X11=0.705
X1°X4=0.06466 |X2*X4=0.10883 X3*X4=0.33739 X10°X13=0.0286 X9*X12=0
X1*X5=0.07865 |X2*X5=0.13278 X3*X5=0.40824 X4*X5=0.00543 X9"X13=0.0612
X1*X6=0.17189 |X2*X6=0.34626 X3"X6=0.92605 X4*X6=0.01144 X5*X6=0.01508
X1*X7=0.0002 X2*X7=0.0001 X3°X7=0.0002 X4*X7=0.0001 X5*X7=6E-05
X1°X8=0.2669 X2*X8=0.7066 X3*X8=25137 X4*X8=0.02429 X5*X8=0.03098
X1*X9=0.5307 X2*X9=0.9819 X3*X9=3.1847 X4*X9=0,0357 X5*X9=0.05114
X1*X10=0.02868 |X2*X10=0.08756 |X3"X10=031956 |X4*X10=0.00321 X5"X10=0.00359
X1*X11=04818 |X2*X11=1.053 X3*X11=4.3508 X4*X11=0.03336 X5*X11=0.03712
X1*X12=0.0319 |X2*X12=04785 X3*X12=0.4015 X4*X12=0.0033 X5*X12=0.00495
X1*X13=0.03916 |X2*X13=0.09947 |[X3*X13=035627 |X4*X13=0.00364 X5*X13=0.00498
X6*X7=3E-05 X6*X11=0.06694 | X7*X9=0 X7*X13=0.00042 X8"X12=0
X6"X8=0.03209 |X6°X12=0.044 X7 X10=0 X8*X9=0.8142 X8*X13=0.06542
X6*X9=0.08713 |X6°X13=0.00357 |X7*X11=0.0002 X8*X10=0.13208

X6*X10==0.00303 | X7*X8=0.0001 X7*X12=0 X8*X11=1.0224

A=1282 B=-13.03B-02 C=-75.15B-05
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30
4
59
60
70
30
30
100
11
120
130
140
150
160
170
134
194
200
110
220
230
240
2580
260
AL
280
290
300
310
30
330
340
350
360
T
380
3%0
400
410
420
130
440
450
460
470
481
490
500
510
520
530
540
550
560

REY
REH
REK
REY
REM
REY
REY
REY
CLS
DIN
INp
1§
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IR R AR A R R R R R R R R R R R 2 R R R R R R R R R R R R R E R R R 2 R R R R R R R R R R
2R R R R R R R R R R R R R R R R R R R R R R R R R R E R R R R R R R R S R E R R R R R R R R R R R R R R R |
teee A KATSATILARI reed
X R R AR R R R R R R RS2 R 222 R R R R R R S KR R R R R R R R R R R R R R R R R AR R R AR R K
rres ALASIHSIZ Y& HAPIZ ALAGIMLI (BLIKLER rrra
rrar {Ct ve {veya) Ho igeraeyen) teer
ren GAUSS-3LININASYON YETODU prea

X R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R E R R R R R R R R R R R SRR R R

A(100,100),2{100)
U% "DENKLRM SAYISINI GIRINIZ®;X

PRINT "LATSATILARI GIRINIZ®

£=6
§=1
FOR

0/8+1:L=CINT(X)

i=1 10 N+!

LOCATE 4,8

BRI

HT lx(';u;l)l

§=8+L

17
]3¢

¥=§ PHEN 220
TH

LOCATE 4,5
PRINT *T°

=4
FOR
§=1
K=k
FOR

I=1 70 ¥ SFEP 1

+1 .
J=1 T0 N+l STEP 1

LOCATE K,§
READ A(I,V)

§=§
(134
NEX
=0

+L
T
I

N=¥+1

It

B=4

¥=H THEH 380
(X,4)

FOR I=H 10 R}

14

ABS(B)>ABS(A{I, X)) THER 420

B=A(I,¥)

=1
18X
17

Tl
(=4 THEN 490

FOR J=H %0 N+l
§=A{N,J)
A(N,J)=A{C,T)

A(C

RALH

§EXY 3§
k=K1
L=A(K,H)

TOR

J=d 10 B+1 STEP 1

ME,3)=R(K,7)-((L/A(H,H))*2{H,7))
RBIY U

17
K=K

=0 THRN 570
+1

G0to 500
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§7¢ 17 ¥<@ 7THEN 350

580 X{M)=3(M,A+1)/A(H,3)

590 FOR I=d-1 7O 1 STRP -1

800 J=I+l

610 2=A{I,J)*Y{J)

§20 IF J=% TIEN 660

830 J=J+l

640 P=P+(A(I,d}*X(J})

650 G0F0 62t

660 T(I}={A{I,N+1)-P)/A(I,I)

870 ¥BXT I

§80 PRIEY

§30 PRINT

700 PRIRT "GAUSS-BLIMIRASYON YGNTRM! ILE BLDE EDILEN A KATSAYILARI *

7104 PRINT "SONUQLAR™

720 PRIRY

730 POR I=1 T0 ¥ §TBP 1

740 PRIN® "I°;I;%=";X(I}

730 NEIY I

755 DATA 27,4.865,8.67,27.08,0.343,0.4114,0.94,0.01,2.12,3.3,0.252,3.42,0.558,0.3
25,1282

756 DATA 4.865,1.09116,1.56381,5.24521,0,06466,0.07865,0,17189,0.0002,0.2669,0.5
307,0.02868,0.4818,0.0319,0,03916,226.511

757 DATA 8.67,1.56381,3.3237,9,0256,0.10883,0.13278,0,34626,0.0001,0.7066,0.9819
+,0.,08756,1.0583,0,4785,0,09947,388,281

758 DATA 27.08,5.24521,9.0256,30.2034,0.33739,0.40824,0.92605,0.0002,2,5137,3.18
47,0.31956,4.3508,0.4015,0,35627,1230.69

759 DATA 0.343,0.06466,0.10883,0.33739,0.00496,0.00543,0.01144,0.0001,0.02429,4.
0357,0,00321,0.03336,0,0033,0.00364,16.4941

760 DATA 0.4114,0.07865,0,13278,0,40824,0,00543,0.00737,0.01508,6E-05,0.03098,¢.
05114,0.00359,0.03712,0,00495,0.00498,19.5556

761 DATA 0.94,0.17189,0.34626,0.92605,0.01144,0.01508,0.,05072,38-05,0.03209,0.08
713,0.00303,0.06694,0.044,0.00357,43,3585

762 DATA ¢.01,0,0002,0.0001,0.0002,0,0001,68-05,38-05,0.0001,0.,0001,0,0,0.0002,¢
,0.00042,0.755

763 DAt 2.12,0.2669,0.7066,2.5137,0.02429,0.03099,0.03209,0.0001,1.1496,0.8142,
0.13208,1,0224,0,0.06542,85.219

764 DATA 3.3,0.8307,0.9819,3.1847,0.0357,0.05114,0.08713,0,0.8142,2.3374,0.0377¢
,0.705,0,0.0612,144.479

765 DATA 0.252,0.02868,0.08756,0.31956,0,00321,0.003539,0.00303,0,0.13208,0.0377¢
,8.04942,0.1416,0,0,0286,10,0412

746 DATY 3.42,0.4818,1.053,4,3508,0.03336,0.03712,0.06694,0.0002,1,0224,4,705,3.
1416,2,033,0,0.07884,144.007 ‘

767 DATA 0.3%,0.0319,0.4785,0.4015,0.0033,0.00495,0.044,0,0,0,0,0,0.3025,0,18.53
§

768 DATA 0.325,0.03916,0,09947,0.35627,0.00364,0.00498,0,00357,0.00042,0.06542,0
.0612,0.0286,0.07884,0,0.04207,14.7029

769 DAIA

770 END
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GAUS3-3ILININASTON YO4TEHY iL3 3LDE 3DILEN A XATSAVILARI

SORUCLAR

11 = §9.46283
12 =-11,07024
13 =-36.6967
14 =-8,575287
¥ 5 = 7633203
I§ = 1213461
17 =-29,1842
T4 = 657,627
%9 =-8,083256
T 10 =-5.343349
T 11 = 11.32058
112 =-2,517098
113 = 5.986298
1 14 =-25,23519



10
20
10
40
50
50
14
84
0
100
1149
124
130
140
150
164

170

139
130
100
210
220
230
240
150
260
270
280
190
300
310
320
33
340
350
380
kYA
380
180
400
410
420
130
440
450
460
470
480
430
500
510
520
530
540
550
580
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Rgx IR R R R R R R R R R R R S R R R A R R R R R R R R R R R R R R R R R A R R R R R R R R R X ]
REH A R R R R R R R R R R R R R R R R R R R R R R S R R S R R R R R R R R R R R RS R AR RS R S
REM e 3 FATSATILARI prae
REH I R R A R R R R S R R R R R R R S R R R R R R R R R R X
REY *rrt ALASIHSIZ VB HAPIF ALAJINLI (BLIKLER T
REY ¢ (Cr ve (veya) Mo igeraeyen) rres
REY *o2 GAUSS-BLIMINASTON NETODU rrae
REH at?tt!ttt!tttttt&ttttt!tittttttttttt!!ttttit&ttt!tttt!tti*!
CL§

DIM A{100,100),X(100)

INPUT "DEHKLEM SAYISINI GIRIR1Z™;N

CL$

PRINT "KATSAYILARI GIRiNIZ®

K=60/8+1:L=CIRT(K)

§a1

2OR H=1 TO N+t

LOCATR 4,8

PRINT "I(%:4;7)°

§25+L

IF N=§ THEN 220

HEIT

LOCATE 4,8

PRINY "Y°

K=4

POR I=1 7O § STEP I

§=1

K=+l

FOR J=1 TO R+l STEP !

LOCATE K,8

READ A(I,J)

§25+1

REXT J

NEIT I

¥=0

Nal+1

IF K=§ THEN 580

B=A(H,H)

EOR I=H 70 X

IF ABS(B)>ABS({A(I,H)) THER 420

B=3(I,H)

C=1

JRIT I

I7 C=4 THEN 49¢

EQR J=H 70 N+1

§=a(H,7)

A{d,7)=R(C,7)

2(C,7)=8

BEXT J

K=H+1

L=2(K,H)

FOR J=H TO N+l STEP !

A(K,J)=R(K,3)-{{L/A{H,K})*A{K,0})

REIT §

IF K= THEN 870

K=K+l

GOT0 500
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§70 IF ¥<§ PEEN 350
580 T(M)=A{¥,R+1)/A(¥, 1)

590 POR I=H-1 70 1 $TEP -1

500 J=TI+1

§10 P=a(I,7)%1{J}

§20 TF J=K PAEK 660

§30 J=+1

640 P=2+(A(1,1)*2(1))

650 GOTQ 62¢

660 X(I)=(A(L,¥¢1)-P)/A(L,I)

§70 NBIT I

680 PRINT

§90 PRINT

700 PRINT *GAUSS-RLIMNASYON YONTRHP {LE BLDE BDiLEN B KATSATILARI °

710 PRINT "SONUCLAR®

720 PRIET

730 POR I=1 0 ¥ STEP |

740 BRIRT "I';1;%=";1(I)

750 §RIT I

755 DATA 27,4.865,8.67,27.08,0.343,0.4114,0,94,0.01,2.12,3.3,0.252,3.42,0.55,0.3
28,-13.038-02 |

786 DATA 4.865,1.09116,1.56381,5.24521,0.06466,0.07865,0,17189,0,0002,0.2669,0.5
307,0.02868,0.4818,0,0319,0,03916,-1,05148-02

757 DATA 8.67,1.56381,3.3237,9.0256,0,10883,0.13278,0,34626,0,0001,0,7066,0.9819
,0.08756,1,053,0.4785,0.09947,0.86988-02

758 DATA 27.08,5.24521,9,0256,30.2034,0.33739,0.40824,0,92605,0,0002,2.5137,3.18
47,0.31956,4.3508,0.4015,0,35627,-0,29978-02

789 DATA 0.343,0.06466,0.10883,0,33739,0,00496,0.00543,0,01144,0,0001,0,02429,0.
0357,0.00321,0.03336,0.0033,0,00364,-0.1963E-02

760 DATA 0.4114,0.07865,0.13278,0,40824,0,00543,0,00717,0.01508,68-05,0,03098,0.
05114,0.00359,0,03712,0,00495,0.00498,-0,19388-02

761 DATA 0.94,0,17189,0.34626,0.92605,0,01144,0.01508,0.05072,38-05,0.03209,0.08
713,0.00303,0.06694,0,044,0,00357,-0,19488-02

762 DATA 0.01,0.0002,0.0001,0.0002,0.0001,6E-05,38-05,0,0001,0.0001,0,0,0.0002,0
,0,00042,-0,07148-02

763 DATA 2.12,0.2669,0.7066,2.5137,0.02429,0.03098,0,03209,0.0001,1.1496,0.8142,
0.13208,1.0224,0,0.06542,3,36938-02

764 DATA 3.3,0.5307,0.9819,3.1847,0,0357,0,05114,0.08713,0,0.8142,2.3374,0.03776
,0.705,0,0.0612,1,77528-02

765 DATA 0.252,0.02868,0.08756,0.31956,0,00321,0.00359,0.00303,0,0.13208,0.03775
,0.04942,0.1416,0,0,9286,0,31756E-02

766 DATA 3.42,0,4818,1.083,4.3508,0.03336,0.03712,0.06694,0,0002,1.0224,4.705,9.
1416,2.033,0,0.07884,2,0707E-02

767 DATA 0.55,0,0319,0,4785,0.4015,0,0033,0,00495,0.044,0,0,0,0,0,9,3025,0,1.094
5E-02

768 DATA 0.325,0.03916,0.09947,0.35627,0.00364,0.00498,0,00357,0,00042,0.06542,0
.0612,0.0286,0.07884,0,0.04207,-0. 0676802

769 DATA

170 EAD
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GAUSS-3LIMINASYON 7ONTRHD ILE RLDE BDILEN B RATSAYILARI
SONUCLAR

=-4,9327778-02
= §,3909328-02
= 7.8228488-12
= 1.6537718-02
=-,1324421
=-,9901383

= §,3308678-02
=-2,2192388

9 = 4,3964498-02
10 = 9.7981878-03
11 =-4,583893298-02
12 =-7.229874E-03
13 =-.023471

14 = 5,8328958-92

OO 3 O N e LD PO

o R A T o B B I B - I I I I



1t

20

10

40

30

69

1

84

30

140
110
120
130
140
150
164
170
1840
190
200
210
220
230
240
250
180
AL
280
290
300
3
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
§20
530
540
550
560
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qu PR XL RPN XL 2R RN RIRRRRRRLRRIRRIRRRRRRRRRRRRRRQLIOYR IR SRR RS
REH IS R R A R R R R R R R E R R R R R R R A R R R R R E R R R R R R R R R R R R R R ZE R E R R EE SR R E R R R R R E ]
REY 1ttt C KATSAYILARI rere
RBH 2L IR XILLLILLYLIARRL IR RIIRIRLILRIRRLIRYRRPROPILIORRRRLIR QKRR QLYY
REY *rre ALAGIMSIT YE HAPIR ALASINLI ¢RLIKLER rera
REY #te* {Cr ve {veya) Mo igeraeyen) rrre
REY rre2 Ga08S-3LININASYON HETODU Traa
RSH IS R R R R R R R R R R R R R R R R R R R R R R R E R R R X R R R X R R R E R R E R R R R RS R R R X2 K]
CLS

DIM A(100,100),2{100)

[HPOT "DENKLEM SAYISIHI GIRINIZ®:H

CLs

PRINT "FATSAYILARI GIRINiZ"

£=60/0+1:L=CINT(K)

§=1

FOR ¥=1 70 ¥+t

LOCATE 4,8

PRINT "I(";¥;")"

§=8+¢L

IF M=H THEX 220

HEIT X

LOCATE 4,8

PRINT 'Y°

£=4

POR I=1 TQ § STEP 1

§a1 ’

K=K+l

FOR J=1 F0 R+1 SPEP |

LOCATE K,§

READ A{I,J)

S=3+l

NBXY J

NEIT I

¥={

K=K+l

IF M=% THEN 3584

B=A(H,H)

POR I=N TO X

IF ABS(B)>ABS({A{I,X)) THEX 420

B=3(I,¥)

(=l

{BIT I

IF (=# THRY 49¢

BOR J=N TO N+l

§eh(X,7)

A(N,7)=A(C,T)

R{C,T}=$

KEIT &

E=H+1

L=a(X.N)

POR J=H PO N+l SYEP 1

R(E,7)=R(K,J)-({L/A(H,H))*A(N,T})

NEXIT

IF K=§ THER 570

Eaf+l

G0T0 500
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870
580
§90

17 Hd

i

F
600 J

?

1

i THER 350
A

(4, 3+1)/3(K,¥)
-1 10 1 STEP -1

810
620
830 J=J
§40 PaP#{A(I,1)*X(J))

650 GOTO 62C

660 I{I)={A(I,8+1)-B)/8(I,I}

670 REIT I

880 PRINT

690 PRIRT

760 PRIAT °GAUSS-ELIAIHASTON 7OHTEND {LE BLDE EDILEN C KATSAYILARI °

T10 PRINT "SCHUCLAR®

720 PRIND?

730 EOR I=! TO ¥ STEP |

740 PRINT "1%;I;%=";X(I}

750 HEIT I

755 DATA 27,4.865,8.67,27.08,0.343,0.4114,0.94,0.01,2.12,3,3,0.252,3.42,0.55,0.3
25,-78.15E-03

756 DAPA 4.865,1.09116,1,56381,5,24521,0.06466,0.07865,0.17185,0.0002,0.2669,0.5
307,0.02868,0.4818,0.0319,0.03916,~14.6488-03

757 DATA 8.67,1.56381,3.3237,9.0256,0.10883,0.13278,0,34626,0.0001,0.7066,0.9819
,0.08756,1.053,0,4785,0.09947,-26.8798-0§

758 DATA 27.08,5,24521,9.0256,30,2034,0.33739,0.40824,0.92605,0.0002,2.5137,3.18
47,0.31956,4,3508,0.4015,0,35627,-83.3878-05

759 DATA 0.343,0,06466,0,10883,0,33739,0,00496,0.00543,0,01144,0.0001,0.02429,0.
0387,0.00321,0.03336,0,0033,0.00364,-0.94938-0¢8

760 DATA 0.4114,0.07865,0.13278,0.40824,0.00543,0.00717,0.01508,68-05,0.03098,¢.
05114,0.00359,0.03712,0.00495,0,00498,-1.1548-05

761 DATA 0.94,0.17189,0.34626,0.92605,0.01144,0.01508,0,05072,38-05,0.03209,0.08
713,0.00303,0.06694,0,044,0,00357,-2.73418-05

762 DATR 0.01,0.0002,0.0001,0,0002,0.0001,68-08,38-05,0.0001,0.000¢,0,0,0.0002,0
,0.00042,0,0158-05

763 DATA 2.12,0.2669,0.7066,2,5137,0.02429,0.03098,0¢.03209,0.0001,1.1496,0.8142,
0.13208,1.0224,0,0.06542,-9.6557E-0%

764 DATA 3.3,0.3307,0.9819,3,1847,0.0357,0.05114,0,08713,0,0.8142,2,3374,0.0377¢
,8.708,0,0,0612,-12,7058-05

765 DATA 0.252,0.02868,0.08756,0,31956,0.00321,0.00359,0,00303,0,0.13208,0.0377¢
o0.04942,0.1416,0,0.0286,-0.3741E-05

766 DATA 3.42,0.4818,1,053,4.3508,0.03336,0.03712,0,06694,0.0002,1,0224,¢,705,90,
1416,2.033,0,0.07884,-11,35838-18

767 DATA (.85,0.0319,0.4785,0.4015,0,0033,0.00495,¢,044,0,0,0,0,0,0.3025,0,-1.96
9E-45

768 DATA 0.325,0.03316,0,09947,0.35627,0.00364,0.00498,0.00357,0,00042,0.06542,0
.0612,0.0286,0,07884,0,0.04207,-0,8906E-05

769 DATA

110 BED

) '1(J)
i THEN 660
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GAUSS-ZLINtYASTON YONTEMI LR SLDE I01LEA ¢ ZATSATILARI
SONUCLAR

1 =-4,9317958-26
2-5,079828E-05
2-3,9263778-05
2-8,079468-16
= 1,5172148-05
a 7,4083678-04
=-7,956298-05
= 1,8861358-03
§ =-5,3267098-05
10 =-8,7262618-06
11 = 4,539963E-05
12 = 1,882864E-05
13 = 2.1348538-05
14 =-3,717789E-05

CO ~3 O LN e D D

Pt B Pt Pl B P B g B<d B P b B B3
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4.1.2. Ferritik Celikler Ig¢in Yapilan Hesaplar Ve Bilgi-
sayar Programlari

Richter'in ferritik celikler ic¢in derledigi tabloda
ondsrt (l4) adet celik ¢egidi mevcuttur. Yapilan hesap-
lara bu ondort adet gelik gegidinin igerdigi yizde bile-
gen miktarlari ve daha Onceden hesaplanmig A,B,C degerle-

ri katilmisgtir.

Tablo 4.7, Tablo 4.8 ve Tablo 4.9 ferritik c¢elikler-
le ilgili calismalari igermektedir.
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Tablo 4-7. Ferritik ¢elikler igin yazde bilegen miktarlan

NO GELIK %P | %S | BAL| %Cr| BMo| % Ni| % Ti| %V
39 [12CeMo 19§ 0021 |0.0025 | 0.08| S527{ 066 Of oOf O
40 |X1CrMo 261 0012| 0005} 0003| 261| 118] 0 0
41 {X10Cr13 0112| 029| 046| 0019| 0.004| 0.008| 11.93 ojost] of 0
42 |X10CrAl 7 0.075| 0.74| 066| 0006 0.009| 0.89| 66 0] 02{032] o
43 | X 10 CrAl 13 006 1| 078] 0031 0009| 1.09| 1275 o| os|] of o
44 |X10CeAl 18 006| 0.88| 069| 0.02| 0.005| 098] 1735 o04|011| o O
45A | X 10 CrAl 24 0069 13| 079] 0.016] 0.006| 1.23] 2287 0j014] o] o
45B | X 10 CrAl 24 0083 | 146| 063] 0021 0006| 1.25| 23.24| 011| 02} 014| ©
46 [X12CeMo 7 01(074| 044 0017| 0007| 0024 7.01| 056021 O] 0
47 |X12CeMo 91 01036 037| 0018| 0039(00035| 901 096 of o o
48A |X20Cr13 0191 | 049| 05 13.78 of ol ol o
48B |X20Cr13 0112} 0.29| 046 11.93 ojosi| o] o
49 [X20CtMoV121| 019 026 047 11.8| 107| 08| 0
S0 | X 40 CrMoV S 1 0.4 0] o
m ........

Tablo 4-8. Ferritik gelikler icin verilen A, B, C dejerleri

NO GELIK Tmax A 100xB 100000xC

°c W/(m.K) W/(mKY) | WimK
39 [12CrMo 195 650 20 2.98 -2.8
40 |X1CtMo 261 400 26.6 -1.87 3.4
41 [X10Cr13 650 25.8 -3.6 0.65
42 |X10CrAl 7 750 |- 20.2 1.74 -14
43 [X10Cral 13 850 15.5 1.61 -0.54
44 |X10CrAl 18 1000 159 1.27 0.07
45A | X 10 CrAl 24 500 134 1.68 0.61
45B | X 10 CrA1 24 1000 14 136 0,03
46 |X12CrMo 7 700 19 3.07 -2.36
47 |[X12CrMo 91 700 209 198" -1.19
48A [X20Cr13 600 245 0.18 0.12
488 [X20Cr13 600 24.5 0.18 012
49 [X 20 CrMoV 1211 600 23.9 0.41 0.01
50 |X40CrMoV s 1 600 243 115 -1.57
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Tablo 4-9. Ferritik gelikler i¢in hesaplanan toplamlar.

X1=1.678 X1*X1=032858  |XI1"A=366953 |X1*B=00153612 |X1*C=-1.34912E-05
X2=9.61 X2'X2=85839  |X2'A=178276 |X2*B=0128284 |X2"C=-6.6855E-05
X3=171 X3X3=40414  |X3'A=138157 |X3°B=0073794 |X3*C=-3.9741E-05
X4=0.244 XA°X4=0004732 |X4°A=4.8876  |X4*B=0002357 |X4°C=_0.13359E-05
X5=0.1175 X5°X5=00020533 [XS°A=24078  |X5*B=0.001513 |XS*C=-0.08463E-05
X6=5.5742 X6°X6=6.0241 X6*A=87.21 X6°B=0086187 | X6°C=-297604E-05
X7=185.24 XTXT=30547  |XT*A=3715576 |XT"B=1.032899 |X7*C=16.8968E-05
X8=638 X8°X8=64538  |XS"A=143757 |X8"B=0061325 |X8"C=-25814E-05
X9=3.18 X9*X9=1.566 XPA=66978  |X9"B=0010284 | X9°C=-0.T44E-05
X10=046 X10°X10=0122  |X10°A=8424  |X10°B=0007472 |X10°C=-0.4522E-05
X11=131 X11°X11=1.0441 |X11"A=31.693 |X11°B=0012475 |X11*C=-1.5037E-05
XI*X2=1.14069 |X10*X11=0 X9°X10=0097 |X8°X9=1.0396  |X7*X8=T7.0378
X1"X3=081318 |X2°X3=551 XPX11=028  |X8°X10=00154 |X7"X9=40.534
X1°X4=0029484 |X2°X4=017809  |X3*X4=01271 |X8°X11=17569 |X7°X10=53656
XI*X5=00143  |X2*X5=007412 |X3*X5=00S7075 |X4*X5=00020575 |X7*X11=9.506
X1°X6=03031  |X2*X6=6115313 |X3*X6=3.920145 |X4*X6=01072923 |X5*X6=0.0382121
XI*XT=17992 |X2°X7=1369328 |X3°X7=963384 |X4*X7=320119 |XS5*X7=1384975
XI°X8=10663  |X2"X8=3.576 X3"X8=23956  |X4*X8=011035  |X5*X8=0.06881
X1°X9=03651 |X2'X9=1.878 X3"X9=17721 |X4*X9=00599 |X5°X9=0.01764
X1°X10=00356 [X2°X10=04412  |X3'X10=02994 |X4*X10=000486 |X5*X10=0.00372
X1*X11=04697 |X2*X11=0955  |X3°X11=05485 |X4*X11=002506 |X5*X11=0.01004
X6*X7=94.9002 |X6°X8=06066  |X6*X9=12662 |X6°X10=04598  |X6"X11=0
A=2885 B=1214E-02 C=-627E-05 '
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130
140
150
160
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260
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kL4
350
380
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REY
REH
1§

53

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R X R R E R EE N EE R X
I E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S E R R R R R SR X RS RS

rees A KATSATILARI rare

I A R R R R R R R R R R R A R R R R R R R R R R R R E R R R R R E R E R R R R R R E R R R ]

reae ZERRITIX  (3LIKLER rary

IR R R IS RS

raee GAUSS-ELIMINASYOR ¥RTODU raee

R R R e R R R R S R R R R R R E R R R R R R R R R R R R R R R S R R E R E R R K T

DI¥ A(100,100),X(100)
IAPUT "DENKLEM SAYISINI GIRINIZ®;N

LS

PRINT "XATSAVILARI GIRIRtZ®
E=60/0+1:L=CIRY(K)

§=1

FOR =1 70 H+!
LOCATE 4,5

BRINT *I(";4;°)°
§=3+L

IF M= THER 220
HBIT o

LOCATE 4,5

FRIRT 'T°

k=4

EOR I=1 70 ¥ STEP |

§=1

K=K+l

FOR J=1 O N+l §TBP !
LOCATE §%,§

RBAD A{I,J)

§=9+L

NEIT J

RBIT I

K=

H=H+1

IF ¥=¥ THEN 584

B=4(K,H)

FOR I=X 10 X

IZ ABS(B)»ABS{A(I,¥)) THEN 42¢
B=A{I,4)

=1

3BXT I

IF Cad THEN 430

FOR J=H 70 N+l
§=4(K, 7}
A(¥,T)=A(C,7)
A(C,J)=8

REX?

Kali+1

L=a(K,¥)

FOR J=K 70 H+1 STEP 1
MK, 3)=R(K,J)-({L/A(X,H))*A(K,T})
REXT

IF E=H YHEM 370

F=K+1

G0T0 504
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§70 17 M<i TPHEN 350

580 Z(M)=A{K,¥+1}/R(¥,1)

590 POR I=d-1 %0 1 §PEP -1

600 J=I+1

§10 P=A(I,J)*Y(J}

§20 I J=0 TREN 660

§30 J=J+1

§40 PaP+{A{1,J)*1(J))

6§50 60TO 620

§60 I{I)=(A(I,8+1)-P)/A(L,1)

§70 NEIP I

6§30 PRINT

§90 PRINT

700 PRINT "GAUSS-ELIMIRASYON Y8HTEM! fLE ELDE EDILEN A RAPSATILARI *

710 PRINT "SONU(LAR®

720 PRINT ,

730 7OR I=1 %0 X STEP 1

740 PRIET "X*;1;%=";2({I)

750 EBIT I

7585 DATA 14,1.678,9.61,7.1,0.244,0.1175,5,5742,185.24,6.38,3.18,0.46,1.31,288.5

756 DATA 1.678,0.32858,1.14069,0.81318,0.,029484,0.0143,0.3931,17.992,1.0663,0.36
§1,0,0356,0,4697,36.6953

757 DATA 9.61,1.14069,3.9839,5.51,0,17809,0.07412,6.115313,136.9328,3.576,1.878,
0.4412,0,955,178.27¢

758 DATA 7.1,0.81318,5.51,4,0414,0.1271,0.057075,3.920145,96.3384,2.3956,1.7721,
0.2994,0.5485,138,157

759 DATA 0.244,0.029484,0.17809,0.1271,0.004732,0,0020575,0.1072923,3.20119,0.11
0435,0.05949,0.00486,0.02506,4.887¢

760 DATA 0.1175,0.0143,0.07412,0.057075,0.0020575,0.0020533,0.0382121,1,384975,0
.06881,0.01764,0.00372,0,01004,2.4078

761 DATA 5.5742,0.3931,6.115313,3.920145,0.1072923,0.0382121,6.024124,94.900201,
0.6066,1.2662,0,4598,0,87.21 '

762 DATA 185.24,17.992,136,9328,96.3384,3.20119,1.384975,94,900201,3054,72,77.03
78,40.534,5.3656,9.506,3715.576

763 DATA 6.38,1.0663,3.576,2.3956,0.11035,0.06881,0.6066,77.0378,6.4538,1.0396,0
.0154,1,7569,143.757 '

764 DATA 3.18,0.3651,1.878,1.7721,0,05949,0.01764,1.2662,40,534,1,0396,1.566,0.0
92,0.28,66.978

765 DAYA 0.46,0.0356,0.4412,0.2994,0.00486,0.00372,0.4598,5,3656,0.0154,0.092,0.
122,0,8.424

766 DATA 1,31,0.4697,0,955,0.5485,0.02506,0,01004,0,9.506,1.7569,0.28,0,1.0441,3
1.693

770 31D
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GAUSS-3Li41YA$704 7ONPSHL 1LZ ILDE 3DILAN & KATSAYILARI
SOXUCLAR

1= 24,58873
1 =-5.3817

3 =-3,693129
1= 1,585487
§ = 127.818%6
§ 2-41,93389
7 =-6,259178
§ = 2512421
9 2-3,392828
10 =-3.603619
11 = 17.74439
12 = 11,25804

1 a4 b G bd b b G ] Pd B
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CL

DIY A{100,100),3(100)
IAPUT "DERKLEN SAYISINI GIRINIZ*;N
CLS

PRINT "XATSAYILARI &fRfutzt
K=60/8+1:L=CIRT{K)
§=1

FOR ¥s1 %0 ¥+l

LOCATR 4,5

PRINT "I(";#;°)"
S=§+L

IF ¥=H THEN 220

§RIT X

LOCATE 4,5

PRIRY "¥°

K=4

POR I=1 70 ¥ §YEP |
§=ti

f=K+l

POR J=1 TC N+l §TEP 1
LOCAYTE K,$

RRAD A(I,J)

§=5+L

HBIT J

HEIT I

Ya{

K=l+1

IF H=% THER 580
B=A(K,H¥)

POR I=¥ TO X

I¥ ABS(B)>ABS(A(L,H)) THER 420
B=A(I H)

C=1

1BIT 1

1P C=¥ THEN 49¢

FOR J=X TO 3+
S=A(N,V)
A(H,T)=8(C,7)
k{C,J)=8§

REXY ¢

all+}

L=A{K,H}

POR J=¥ 70 X+1 STRP 1
B(E,J)=A(K,J)-{{L/A{H,H}}*R(K,J})
REIY I

TP k=% THER ST{

K=K+1

GOTO 500

IR R R R R R R R R R R R R R R R R R R R R R A 2 R R R A R R R R R R R R R A R R RS R R R R EEE S REEE S 21

ER AR

rre?
2222

re22

REY

REM PPt r e e a e e RN RN N IR IR TINENY
REN 222t 3 TAYSAYILARI

BB Y24t r et RTINS
REN *r#? PBRRI7IR QRLIKLIR

REH *ret

R3Y rrx? GAUSS-2LINIZASTON EFODU

REN Y4202 7000 00000000 anarearratest s s et aasetaadatenssatasaesny
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570 I¥ <3 THEN 350

580 I{H)=A{¥,3+1)/4(4,1)

890 POR I=K-! TO { STBP -1

600 Jalst

610 B=A{I,d}%1(3)

6§20 I? J=H TEEN 660

630 JaJ+l

§40 P=P+{A(I,1)*1{1})

650 GOTO 620

660 I{I}=(A(1,8+1)-2}/A(I,1)

670 SBIT I

680 PRINT

690 PRIARY

700 PRIRY °GAUSS-BLIMINASYON YOWTEMI tLE ELDE EDILEN B XAFSATILARI °

71¢ PRINT "SONUCLAR®

720 PRIXY

730 7OR I=t TO ¥ §TEP 1

740 PRIRY *I";1;"="3I(I)

750 HRIT I

755 DATA 14,1.678,9.61,7.1,0,244,0,1175,5.5742,185,24,6.38,3.18,0.46,1.31,12.14E
-42

756 DATA 1.678,0.32858,1.14069,0.81318,0.029484,0,0143,0.3931,17.992,1.0663,0.36
§1,0.0356,0,4697,1.536128-02 .

757 DATA 9.61,1.14069,8.5839,5.51,0.17809,0.07412,6.115313,136.9328,3.576,1.878,
0.4412,0,955,12,8284E8-02

758 DATA 7.1,0.81318,5.51,4.0414,0,1271,0.057075,3.920145,96.3384,2.39586,1.7721,
$,2994,0.5485,7.37948-02

759 DATA 0.244,0.029484,0.17809,0.1271,0.004732,0,0020575,0.1072923,3,20118%,0.11
035,0.05949,0.00486,0.02506,0.235378-02

760 DATA 0.1175,0.0143,0.07412,0.087075,0.0020575,0.0020533,0.0382121,1,384975,0
.06881,0.01764,0.00372,0.01004,0.15138-02

761 DATA 5.5742,0.3931,6.115313,3,920145,0.1072923,0.0382121,6.024124,94.,900201,
0.6066,1,2662,0.4598,0,8.61878~02

762 DATA 185.24,17.992,136.9328,96.3384,3.20119,1.384975,94,900201,3054.72,77.403
78,40.534,5,3656,9.506,103,2899E-02

763 DATA §.38,1.0663,3.576,2.3956,0.11035,0.06881,0,6066,77.0378,6.4538,1.0396,0
.0154,1.75869,6.13258-02

764 DATA 3.18,0.3651,1.878,1.7721,0.05949,0.01764,1,2662,40.534,1.0396,1.566,0.0
92,0.28,1.0284E-02

765 DATA 0.46,0.0356,0.4412,0,2994,0,00486,0.00372,0.4598,5.3656,0.0154,0.092,40,
122,0,0.74728-02

766 DATA 1.31,0.4697,0.955,0.5485,0.02506,0.01004,0,9.506,1.7569,0,28,0,1.0441,1
L247588-02 '

710 BRD
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GAUSS-3LIXIYASTON YOATEML LR 3LDB 3D1L3¥ 3 TATSATILARI
SORUCLAR

13 9,4773378-03

2= 9,1646278-92

3= 4,1995:28-02

4 =-8.4130998-43

§=-1.09842

§ = .028823

7= 2.0081578-92

8 =-2.4469268-93

§ = 3,1515378-02

10 = 1.1671248-02
{1 =-7,0400838-42
12 =-8,298253E-02

3 ad P P P Ped D - B B B b
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A R R R R R R A R R R R A R R R R R A R R R R R R R R R R R R R E R R S R R R R R R R E R R R R ]
R R R R R R R R A R R R R E R R R R R R R R R R R R R R R R R R R E R R R R R R

reer ¢ FATSATILARI rees

S R R R R R R R R R R R R R R R R R R R R R R R R R R R E E E R E R R R R R R R E R R X

I ZERRITIX  (ELIKLER ther

IR R X 1222

rery GAUSS-BLININASTON HEYQDU rree

TRREIRARICRORNIRIOORONPOTIEIRRRROSIRACRIRISSRORRPRORSRRCRRRREROSOR YOS Y

DId A(100,100},2(100)
I5P0F "DBHKLEM SAYISINI GIRINIZI";H

CLs

PRIZT "EATSAYILARI GIR1N1Z®
R=60/0+1:L=CIRT(X)

=1

FOR H=1 7O H+1
LOCATE 4,5

PRIET “I{"i¥;")"
§=8+L

I? ¥=§ THEN 220
§EIT ¥

LOCATE 4,5

PRIRY *1°

f=4

FOR I=1 70 § §7EP 1

§al

K=K+l

FOR J=1 70 E+1 §FRP |
LOCATE K,§

READ A(I,V)

§=§+L

EEXT J

HBI? I

Y=0

N=H+1

T¥ ¥=§ THEM 580

B=A(X, ¥}

FOR I=H TO H

17 4BS{B)>ABS{A(I,#}) THER 420
B=A{I,H)

Cal

¥EIT 1

17 C=H THEN 490

FOR J= 70 ¥+l
§=4(K,J)
A(K,7)=4(C,J)
A{C,7)=8

HEIY §

R=l+1

L=A{E,¥)

POR J=H 70 N+l STEP 1
A, d)=A(K,3)-({L/2{N,¥))*A(K,J))
NEIT J

I7 %=§ THEH 570

E=K+1

§0T0 500
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570 I7 <1 THRY 3840

580 I(M)=A(¥,8+1)/A(X, 1)

§90 FOR I=H-. TO ! §T3P -1

600 J=1+1

810 P=3(I,1)*1{J)

620 IF J=H THRY 464

630 J=J+l

640 P=P+{A{I,1)%1(J))

650 GOTO 620

660 I(I)=(A(I,8+1)-P)/A(I,1)

670 KBIT I

630 PRIAY

630 PRIRT

700 PRINT "GAUSS-ELIMINASYON YQHTSM: 1LE BLDE EDILEN € EATSAVILARI °

710 PRINT "SONUCLAR"

720 PRIRY

730 P0R I=1 %0 X STRP |

T40 PRINT "Y";I;%=";1(1)

750 HEIT I

755 DATA 14,1.678,9.61,7.1,0.244,0.1175,5.5742,185.24,6.,38,3.18,0.46,1.31,-6,278
-4 .

756 DATA 1.678,0,32858,1.14069,0.31318,0.029434,0.0143,0,3931,17.992,1.0663,0.3¢
51,0.0356,0,4697,-1,349128-45

757 DATA 9.61,1,14069,8,5839,5,51,0.17809,0.07412,6.115313,136.9328,3.576,1.878,
0.4412,0,955,-6.6855E-05 '

758 DATA 7.1,0.81318,5.51,4.0414,0.1271,0.057075,3.920145,96,3384,2,3956,1,7721,
0.2994,0,5485,-3.97418-05-

759 DATA 0.,244,0.029484,0,17809,0.1271,0.004732,0.0020575,0.,1072923,3.20119,0.11
035,0.05949,0.00486,0.02506,-0,133598-45§

760 DATA 0.1175,0.0143,0.07412,0,087075,0.0020975,0,0020533,0.0382121,1.384975,4
,06881,0.01764,0.00372,0.01004,-0.08463E-05 ‘

761 DATA §5.5742,0.3931,6.115313,3.9201458,0.1072923,0.0382121,6.024124,34.9¢040201,
0.6066,1.2662,0,4598,0,-2,9760418-95

762 DAYA 185.24,17.992,136,9328,96,3384,3,20119,1.384975,94,300201,3054.72,77.03
78,40,534,5.3656,9.506,16.89688-45

763 DATA 6.38,1,0663,3.576,2,3956,0.11035,0.06881,0.6066,77.0378,6.4538,1.0396,¢
J0154,1.7569,-2.5814E-05

764 DAYA 3.18,0,3651,1.878,1,7721,2,05949,0.01764,1.2662,40,534,1.0396,1.566,0.0
92,0.28,-0, 744805

765 DATA 0.46,0,0356,0.4412,0.2994,0.00486,0,00372,0.4598,5,3656,0,0154,0.092,0.
122,0,-0.45228-05

766 DATA 1.31,0,4697,0.958,0,5485,1,02506,0.01004,0,9.506,1.7569,0,28,0,1.0441,-
1.50378-08% '

170 END
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GAUSS-BLININASTON VANTENY fLZ ZLDE BDILEX C KATSATILARI
SORUCLAR

12-9,4336378-03
2 2-3,87960%E8-08
3 =-3.8355048-48
4 = 1,1347868-04
5= 1,8968928-03
§ =-3,7061758-04
T 2-4,6348198-05
8 = 3.52891B-06

§ = 7,128688-06
10 =-2,7306658-05
11 = 1.3699958-04
12 = 1.6237828-05

B3 Pt B3 ped Bt D=3 b b BT B3 BT B
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4.1.3. Ostenit CQelikler icin Yapilan Hesaplar ve Bilgisa-
yar Programlari

Ostenit gelikler icin de alagsimsiz ve hafif alagimla
geliklerde ve ferritik c¢eliklerde uygulanan, benzer y&n-
tem uygulanir. Onsekiz adet ostenit gelik ig¢in deger
tablolari ve yapilan hesaplar Tablo 4,10, Tahlo 4.11 ve
Tablo 4.12'de verilmistir.
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Tablo 4-11. Ostenit gelikler i¢in verilen A, B degerleri

NO CELIK Tmax A 100xB
°cC W/(m.K) W/(m.KY
51 [X2CiNi 189 1000 16.1 1.15
52 | X2 CrtNiMo 1812 1000 153 1.23
53 |X2CeNiMo 25222 1000 13.4 1.41
54 |XSCeNi189 1000 17 1.09
S5 | X S NiCrMoCuTi 2018 650 13.7 136
56 | X 6CeNi 1811 1000 16.6 111
57 | X 8 CtNiMoNb 16 16 800 15.4 1.21
58 | X 8 CtNiMoVNb 1613 800 15.1 1.2
59 | X 8 CtNiNb 1613 161 1.14
60A | X 10 NiCrAlTi 32 20 1000 12 1.45
61 | X 12NiCrSi 3616 1000 11.7 1.45
62A | X 15 CrNiSi 2012 1000 13.7 13
62B | X 15 CeNiSi 2012 1000 13.7 13
62C | X 15 CeNiSi 2012 1000 13.7 13
63A | X 15 CeNiSi 25 20 1000 12.5 135
63B | X 15 CeNiSi 25 20 1000 12.5 135
63C | X 15 CeNiSi 25 20 1000 12.5 1.35
63D

1000

12.5

X 15 CrNiSi 25 20




Tablo 4-12. Ostenit gelikler i¢in hesaplanan toplamlar.
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X1=1.097 X1*X1=0.08574 X1*A=15.2751 X1*B=1.40866B-02 |X1*X2=1.53339
X2=19.76 X2*X2=33.5598 X2*A=262.404 X2*B=26.1106E-02 |X1*X3=1.39304
X3=23.5 X3*X3=32.2988 X3*A=332791 X3*B=30.112E-02 X1*X4=0,01311
X4=0.221 X4*X4=0.0043 X4*A=3.2154 X4*B=027921E-02 | X1*X5=0.00639
X5=0.1055 X5°X5=0.00103 X5*A=1.55875 X5*B=0.13154E-02 | X1*X6=0.01318
X6=0.405 X6*X6=0.11233 X6*A=5.05 X6*B=0.57528B-02 |X1*X7=221222
=357.1 X7PX7=727274 X7*A=4973.02 X7B=461.723E-02 | X1*X8=01
X8=2 X8*X8=4 X8*A=274 X8*B=2.72B-02 X1*X9=0,37336
X9=10.26 X9*X9=21.0172 X9*A=149.65 X9*B=13.1842B-02 | X1*X10=0.1035
X10=2.07 X10°X10=14577 |X10"A=32.182 X10°B=2.4439E-02 | X1*X11=17.909
X11=312.27 X11*X11=635215 [X11°A=4235.29 X11*°B=412.373E-02 | X1*X12=0.0392
X12=1.04 X12*X12=0.5696 |X12*A=13.16 X12*B=1.472E-02 X1*X13=0.0425
X13=0.85 X13*X13=07225 |X13*A=12.835 X13*B=1.02E-02 X8*X9=4.42
X2*X3=24.7548 |X12°X13=0 X11°X12=28.768 | X10°X11 =29.3625 X8*X10=0
X2*X4=0.16769 |X3*X4=029938 X11*°X13=12.0275 |X10*X12=0 X8*X11=38.88
|xmxs=007768 | X3*X5=014593 X4*X5=0.00197 X10°X13=0.646 X8*X12=0.8
X2*X6=0.2016 X3*X6=0.36732 X4*X6=0.00477 X5*X6=0.00269 X8*X13=0
X2*X7=413.031 |X3*X7=460.484 X4*XT7=4.17592 X5°X7=1.92226 X6*X7=8.80658
X2°X8=0.7 X3*X8=3.3 X4*X8=0.046 . X5*X8=0.024 X6*X8=0.078
X2*X9=3.4065 X3*X9=15.9101 X4*X9=0.20943 X5°X9=0.08437 X6°X9=0.14858
X2*X10=20.8482 | X3*X10=2.6221 X4*X10=0.04268 | X5°X10=0.0202 X6*X10=0
X2"X11=359.293 [X3*X11=402.361 X4*X11=3.74841 X5°X11=1.7195 X6°X11=12.0891
X2*X12=04792 |X3°X12=1.14 X4*X12=0.0156 X5*X12=0.00864 X6°X12=0.22808
X2*X13=0.425 X3*X13=1.0625 X4*X13=0.0119 X5*X13=0.00425 X6*X13=0
X7*X8=34.2 X7*X11=6301.64 |X9°X10=1.9458 X9"X13=1.1305
X7*X9=191.301 |X7*X12=21.3424 |X9*Xi1=174.603 |A=253.5 B=23.1E-02
X7"X10=33,183 |X7X13=13.6 X9*X12=0.834
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rarx 3 RATSATILDARI raee

LR R R R R R R R R R R R R R E R R R R R E R R R R R R R R R R R F R X R R R R R X ]

rare 0STENITIX  ¢BLIKLER rres

1t IRR R

reee GAUSS-BLININASTON YETODU r1e

I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R K}

3(100,100},3(100})
UT "DERELEM SATISINI GIRISiZ";¥

PRIAT "XATSAYILARI GIRINIZ"

=6
§=1
FOR

0/8+1:L=CIRT(K]}

H={ 70 8+1

LOCATR 4,5
PRINT "X(";¥4;")"
S=§+L

IF

¥=§ THER 229

NEIT M
LOCATE 4,5
PRINT *Y*

£=4
FOR
§s1

I=1 70 § STEP 1

K=K+l

FOR

J=1 10 R+l STRP |

LOCATE K,$
READ A(I,7)
§eS+L

HEIT J

.13 ¢ 8

k=0

Hsl+1
17 ¥=§ THBE 584

B=d
EOR

(X,K)
1=K 10 ¥

I? ABS(B)>ABS(A{I,X)} THER 420
B=A(I,H) ’

=1
1B

TI

17 C=¥ THRY 490

EOR
§=2

= 10 H+1
(.9}

A(K,1}=R(C,T}

A(C
]3¢

1728
|

K=l¢1
L=A(K, X}

EOR
A(K

= %0 B+1 STEP 1
1) =R (K, 3)-({L/A(H, X)) 1A (X,T})

NRI? §

I K= PHEN 37¢
K=K+l

60T0 500
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570 127 <N THENW 380

580 I{M)=A{¥,B+1}/A0K, 1)

590 2OR I=#-1 TO 1 §TEP -1

600 J=1+1

6§10 P=a(I,J)*I(J)

§20 I? J=H THER 660

§30 J=d+l

6§40 P=P+(A(I,J)*I(J})

650 GOTO 620

660 I(I}=(A(I,8+1)-2)/A(I,I)

§70 ¥BIY I

680 PRINT

690 PRINT

700 PRINT "GAUSS-3LINIXASYON TONTEM! fLE RLDE EDILER A KATSAYILARI °

710 PRINT "SORUCLAR"

720 PRINY

730 POR I=! §0 H STEP 1

740 PRIRY "X";I;%=";X(I)

750 FRIT I

755 DATA 18,1.097,19.76,23.5,0.221,0.10585,0.405,3587.1,2,10.,26,2.07,312.27,1.04,0
.85,253.5 '

756 DATA 1,097,0.08574,1.53339,1.39304,0.01311,0,00639,0.01318,22.1222,0.1,0.373
36,0,1035,17,909,0.0392,0.0425,15,2751

757 DATA 19.76,1.53339,33.5598,24,7548,0.16769,0.07768,0,2016,413,031,0.7,3,4065
,0.8482,359,293,0,4792,0.425,262.404

758 DATA 23,5,1.39304,24.7548,32.2988,0.29938,0.14593,0.36732,460.484,3.3,15.91¢
1,2.6221,402.361,1.14,1.0625,332.791

759 DATA 0.221,0,01311,0,.16769,0.29938,0.0043,0.00197,0.00477,4.17592,0,046,0.20
943,0.04268,3.74841,0.01586,0.0119,3.2154

760 DATA 0.1055,0.00639,0,07768,0.14593,0.00197,0.00103,0.00269,1.92226,0.024,0.
08437,0.0202,1,7195,0.00864,0,00425,1,55875

761 DAYA 0.405,0.01318,0,2016,0,36732,0.00477,0.00269,0.11233,8.80658,0,078,0.14
858,0,12.0891,0.22808,0,5,05

762 DATA-357.1,22.1222,413.031,460.484,4.17592,1,92226,8.80658,7272.74,34.2,191.
301,33.183,6301.64,21.3424,13.6,4973.02

763 DATA 2,0.1,0.7,3.3,0.046,0,024,0.078,34,2,4,4.42,0,38.88,0.8,0,27.4

764 DATA 10.26,0.37336,3.4065,15.9101,0.20943,0.08437,0.14858,191.301,4.42,21.01
72,1.9458,174,603,0.884,1,1305,149.65

765 DATA 2.07,0.1035,0.8482,2.6221,0.04268,0.0202,0,33.183,0,1,9458,1.45877,29.3¢
25,0,0.646,32.182

766 DATA 312.27,17.90
§03,29.3625,6352.15,12
767 DATA 1.04,08.0382,
68,0.5696,0,13.16

768 DATA 0.85,0.0425,0.425,1,0625,0.0119,0.00425,0,13.6,0,1.1305,0.646,12.0275,0
,0.7225,12.835

170 BND

9,359,293,402.361,3.74841,1,7195,12.0891,6301.64,38,88,174.
8.768,12.0275,42358,29
0.4792,1.14,0.0156,0,00864,0,22808,21.3424,0.8,0.884,0,28.7



68

GAUSS-3LINTFASTON TONP84: fLZ ZLDE BDILZR A RATSATILARI
SORUCLAR

1= 19,34275

2% 2.256314

3 =-1.431254

§ ==, 4332745

5 2-7.002064

§ = 45,96377

7= 21,22521

§ =-3.5204218-02
9 = 2,364436

10 =-.468085

11 =-.4513406

12 =-,1032405

13 =-16.76242

14 = 9,9446358-02

P g B3 =3 b 2 ] P2 bd B T b B3 PO
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IR R R R R R R R R R R E R R R R R R R R A R R R R R R R R R R R R R R E R R E R R AR R R X

I TI I IIYE e ERERR A R NI NI I IR R T RN AR RANERIRIRIEIRIISY
1eree B XATSAYILARI reee
T RN R YR T R RN RN AN TR R IR PRI IIRRRRRI RN RN INNELIIIERSY
pree 0STERITIK  (ELIXLER reed
112 tey
reer GAUSS-RLIMIZASTON HETODU tere
PR AR TN R R AR R R PRI R IIRRNIRANRANNLAIIRIRIRIIINSY

DIH 3(100,100},2{100)
IHPUT "DBARLEM SATISINI GIRIRIZ":H

CLs

PRINY "KATSAYILARI GIRINIZ®
F=80/H+1:L=CIRT(K)

§=1

POR ¥=1 TO H+1
LOCATE 4,3

PRINT "I{";H;")"
§25+L

I7 ¥=% THEH 220
HEXY H

LOCATE 4,5

PRINT "1°

K=4

POR I=1 70 ¥ STEP I

§=1

E=k+1

FOR J=1 TC N+l STEP I
LOCATE K,S

READ A(I,J)

§=§+1L

ERIT J

REXT I

=0

K=l+

I? ¥=K THEN 580
BaA (N, )

FOR I=¥ 0

i?

ABS(B)>ABS{A(I,¥}) THEW 420

B=A(I,¥)

=1

IBIT I

IF (=4 THEN 490
BOR J=K 10 R+t
§=4{X,7)
A(K,J})=0(C,7)
A{C,J)=8

HEIT ¥

E=l+l

L=l

(K.}

FOR J=K Y0 K+l STEP 1
AR, J)=A(K,d)-{{L/B(K,H))*A{H,3})
HEIT J

¥

E=R PHER 570

Eaf+!
G0T0 500
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570 I7 ¥<§ THEN 330

580 I{M)=a{Y,B+1)/2(4, %)

890 FOR I=¥-i TO 1 STEP -!

§00 Jal+i

§10 P=A{I,d}*1({J)

§20 IF J=§ ?HER 4640

§30 JaJ+!

840 P=P+(A(I,3)*1(J})

650 GOT0 620

660 I({I)={A{I,¥+1}-2)/8(I,I}

§70 HBI? I

§80 PRINT

§90 PRIAT

700 PRINT "GAUSS-ELIMINASYON TONTEMD ILZ ZLDE BDILEN B ZATSAYILARI '

710 PRINT "SONUCLAR®

720 PRINT

730 FOR I=1 70 ¥ SYEP 1

740 PRIKY "YI"3I¢"="31(I}

750 REIT I

755 DATA 18,1.097,19,76,23,5,0.221,0.10585,0.405,387.1,2,10,26,2.47,312,27,1.04,0
.85,23.18-82 .

756 DATA 1.097,0,08574,1,53339,1,39304,0.01311,0,00639,0.01318,22,1222,0.1,0.373
36,0.1035,17.909,0.0392,0.0425,1,408668-02 '

757 DATA 19.76,1,53339,33,5598,24.7948,0,16769,0.07768,0.2016,413.031,0.7,3.4065
,0.8482,359,293,0,4792,0.425,26.11068-02

758 DAYA 23.5,1.39304,24,7548,32.2988,0.29938,0.,14593,0,36732,460.484,3.3,15,910
1,2.6221,402,361,1.14,1.0625,30.1128-02

759 DAYA 0.221,0.01311,0.16769,0.29938,0.0043,0.00197,0.00477,4,17592,0.046,0.2¢
943,0.04268,3.74841,0.0156,0.0119,0,279218-42

760 DATX 0.1085,0.00639,0.07768,0.14593,0.00197,0.00103,0.00269,1.92226,0.024,40.
08437,0.0202,1.7195,0.00864,0.00425,0,131548-02

761 DATA 0.405,0.01318,0,2016,0.36732,0.00477,0.00269,0.11233,8.80658,0.078,0.14
$58,0,12.0891,0.22808,0,0.575288-42

762 DATA 357.1,22.1222,413.031,460.484,4,17592,1.92226,8.80658,7272.74,34.2,191.
301,33.183,6301.64,21,3424,13.6,461,7238-02

763 DATA 2,0.1,0,7,3.3,0.046,0.024,0.078,34.2,4,4.42,0,38,88,0.8,0,2,728-02

764 DATA 10.26,0.37336,3.4065,15.9101,0.20943,0.08437,0.14858,191.301,4,42,21.01
72,1.9458,174,603,0,884,1,1305,13.18428-02

765 DATA 2.07,0.1035,0.8482,2.6221,0.04268,0.0202,0,33.183,0,1.9458,1.4577,29.13¢
25,0,0.646,2.44398-02

766 DAYA 312.27,17.909,359.293,402.361,3,74841,1,7195,12.0891,6301.464,38.38,174,
603,29.2625,8352.15,28,768,12,02758,412.3738-92

767 DATA 1.04,0.0392,0.4792,1,14,0.0156,0.00864,0,22808,21,3424,0.8,0.884,0,28.7
68,0.5696,0,1.4728-42

768 DAYA 0.85,0,0425,0.425,1,0625,0.0119,0,00425,0,13.6,0,1.1305,0.646,12.0275,¢
,0.7225,1,02E-02

770 ERD
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6AUSS-2LI1IASTON YOXTEYL L ZLDE 3IDILEN B KATSAVILARI
SOHUCLAR

JA1T491E8-493
,3812018-04
.4320238-04
J2795238-04
,1852228-42
=-7,9732458-42
=-4,5625928-02
= 1,7944528-03
§ =-4,176343E-03
10 = 4.9703898-04
11 =-1.4033988-04
12 = §.3985728-{3%
13 = 2.6360598-02
14 =-5,1873038-04

CO —~3 v k¥ o LD B
(TR I TR )
[X Ry Y ARV}

P bd P-3 Bal BI pd B D Pt el B b BT B
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4.2. Elde Edilen Ifadeler

Bslim 4.1'de anlatilan hesap yontemi uygulanarak el-
de edilen ifadeler gu tarzdadair.

k= a1+a2C+a3Si+a4Mn+ s e s esens s et s ensse e o
+(bl+b2C+bBSi+b4Mn+ S 8 & & 5 0 & ¢ P O S S e B O s 9 s )T

*(cqtcyCregSite, Mnt...e..... ceesan ]

Her ¢elik grubu igin elde edilen 1si iletim katsayi-

s1 ifadeleri goyledir:

Cr ve Mo igeren alagimsiz ve hafif alagimli cgelikler
igin;
k=74,644-12,677C-15,25581~17,505Mn+110,412P
~32,1575-181,136 A1-8,069Cr-3,421M0-0,595N1
~14,669V+(-4,239+3,313C+2,01551+2,911Mn
+47,704P-88,0685+22,207A1+1,7935Cc-0,197Mo
+0,1848Ni-0,302 V) T.1072
+(-1,668-5,245C-0,4177Si-1,187Mn-50,618P
+157,833 S-14,445 A1-1,1887 Cr+0,3127Mn

+0,0465Ni+2,37 V) 151077

Cr ve (veya) Mo igermeyen alagimsiz ve hafif alagim-

11 gelikler igin;

k=69,463-11,07C-36,6975i-8,575Mn+76,832P+
121,8465~29,184A1+657,627Cr-8,083Cu~-5,343Mo
+11,32Nb-2,517Ni+6,986Ti-25,235V
+(~4,933+4,391C+7,823Si+1,654Mn~-13,244P

-59,0145+8,331A1-221,928Cr+4,396Cu +0,9798Mo-
4,689Nb-0,723Ni~2,547Ti+5,8326V)T.1072
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+(-0,493-5,0795C~3,9268i-0,8079Mn+1,517P
+74,0855-7,956A1+188,6135Cr~5,327 Cu
~0,8726 Mo+4,5999Nb+1,883Ni+2,135 Ti
3,718 V) 121077

Ferritik Gelikler Ig¢in;

k=24 ,556-6,382C~8,693Si+1,586Mn+127,8186P
~41,9845-6,259 A1+0,251Cr-3,393Mo-3,6036Ni
+17,744 Ti+11,258 V
+(0,9477+9,165C+4,199551-0,8419Mn-109,842 P
+2,8525+2,008 A1-0,2445Cr+3,1515M0+1,167N1
~7,04 Ti-8,295 V) T.10”2
+(~9,484~3,8796C~3,555951+11,347 Mn+189,689 P
~37,062S-4,635 Al+ 0,3529 Cr+0,7128 Mo

~2,7506Ni+15,6999 Ti+l,624 V) T-10°

Ostenit Gelikler Igin;

k=19,843+2,257C-1,4818i-0,433Mn-7,002 P
+45,9645+27,225 A1-0,0852Cr+2,364 Cu
~0,468 Mo-0,451 Nb-0,1032Ni-16,762Ti
+0,0994 V
+(941,749+33,812C+74,338i+72,795Mn
+2185,22P-7973,245-4562,59 Al+l,794 Cr
~417,63 Cu+k9,704Mo-14,034Nb+6,898 Ni

+2636,06 Ti-51,873 V) T.107°
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4.3, Gercek ifade ile Elde Edilen Ifadelerin Kargilasti-

rilmasi

Bu galigmada ortaya atilan egitlikler F.Richter'in
vermis oldugu herbir esitlik ile kargilagtirildiginda, i1si
iletim katsayisinin sicakliga bagli olarak degigimi gra-

fikler halinde sunulmusgtur.

Grafiklerde yatay eksen °C cinsinden sicakligi diigey
eksen ise W/mK cinsinden 1s1i iletim katsayisini gdstermek-
tedir. Herbir grafikte Richter'in calismasi ve bu galig-
ma ig¢in bulunan egriler birlikte goriilmektedir. $Sekiller-
den de goriildiigii iizere her iki ortaya ¢ikan egitliklerde
iyi bir uyum varidr. Bu grafikleri olusturan noktalarda
hesaplanmis k-~bulunan ve k-verilen degerleri ile agagida-
ki formiile gore hesaplanan yiizde hata degerleri de tablo

halinde ilgili grafiklerle beraber sunulmusgtur.

1< verilen—kbulunan * 100 (4.6 )

K

% Hata =

verilen



SONUGLAR VE ONERILER

Is1 iletim katsayisi Gzellikle 1sitma, sofutma ve
benzeri tesislerin tasariminda sistem yiklerini dogrudan
etkileyen parametrelerden biridir. Dolayisiyla tasarim
miihendislerinin malzemelerin 1si iletim katsayilarini,
uygulamadaki kogullara bagli olarak gergek deferleriyle
sec¢melerinin biiyiikk bir onemi vardir.

Ote yandan malzemelerin imalat ydntemlerindeki, ham-
maddelerin deki degigiklikler 1s1 iletim katsayilarinin
degigmesine neden'olmaktadlr. Ayrica iilkemizde kullanil-
mayan veya digalim yoluyla temin edilen pek ¢ok malzeme
yerli endistrimiz tarafindan yapilmaya baglanmis ve kulla-
nima sunulmustur. Bu nedenle malzemelerin 1si iletim kat-
sayilarinin gercek degerlerinin giincel olarak saptanmaél
ve bu degerlerin tasarimcilarin bilgisine sunulmasi gere-
kir.

Malzemelerin 1si iletim katsayilarai ile ilgili yapi-
lan galigmalar sonucunda kullanim alanindaki malzemelerin
1s1 iletim katsayilarinin olgim degerleri ile ayni malze-
melerin literatiirde verilen degerleri arasinda oldukga
biyiik farklarin ortaya c¢ikmasi da bir hayli diisiindiriicii-
dir.

Bu durumda yapilmasi gereken gey gergek degerlere da-
ha yakin, pratik kullanima ag¢ik ampirik ifadeler elde et-
mektir. BOylece tasarimi etkileyen bu farklar bir miktar
daha kiiciilmiig olup tasarimlarinin iyilegtirilmesi yotniinde

iyi bir adim atilmis olur.

Endistriyel malzeme ireten kuruluglar, iriinlerini

bu galismanin konusu alaninda siirekli kalite kontrol
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deneylerine tutmali ve tespit edilen degisikler tasarimci-
lara siirekli iletilmelidir.
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Tablo A.1. Cr ve Mo igeren alagimsiz ve hafif alagimli (10CrSiMoV7) g¢elik igin
sicakhiga bagli 1s1 iletim katsayisi degigimi.

Sicakhk {k-bulunan |k-verilen |% Hata
€C) (WmK) | (W/mK)
0 25.328 26 | 2.58462

50 27.0605 | 27.67125 | 2.20716
100 28.558 29.1151 19131
150 29.8205 | 30.33125 | 1.68391
200 30.848 31.32 ) 1.50702
250 31.6405 | 32.08125 | 1.37386
300 32.198 32.615 | 1.27855
350 32.5205 | 3292125! 12173
400 32.608 33§ 1.18788
450 32.4605 | 32.85125 ] 1.18945
500 32.078 32,475 | 1.22248
550 31.4605 | 31.87125 | 1.28878

600 30.608 31.04 | 1.39175
10CrSiMoV7
335 35
///_‘._—"MN\%M\N
A/ )
= 30
25
20 : 20
0 100 200 300 400 500 600
T(C)
— k-theoretical —— k-actual

Sekil A.1. Cr ve Mo igeren alagimsiz ve hafif alagimli (10CrSiMoV7) celik igin
sicakliga bagl 1st letim katsayisi degigim grafigi.
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Tabic A.2. Cr ve Mo igeren alasimsiz ve hafif alagimli (11NiMnCrMo5 5) gelik igin
sicaklifa bagli 1s1 iletim katsayisi degigimi.

Sicaklik |k-bulunan|k-verilen |% Hata
°C) | (W/mK) | (W/mK)

0 37.92 3781 -0.31746

50 38.685 | 38.55825 | -0.328723
100 39.265 39.133 | -0.337311
150 39.66 | 39.52425 | -0.34346
200 39.87 39.732 | -0.347327
250 39.895 | 39.75625 | -0.349002
300 39.735 39.597 | -0.348511
350 39.39 | 39.25425 | -0.345822
400 38.86 38.728 | -0.340839
450 38.145 | 38.01825 | -0.333393
500 37.245 37.125 | -0.323232
550 36.16 | 36.04825 | -0.310001
600 34.89 34,788 | -0.293205
650 33.435 | 33.34425 | -0.272161

[11NiMnCrMo5 5|

45 45

40

k (W/mK)

30 - 30

[-:-—- k-theoretical —- k-actual —|

Sekil A.2. Cr ve Mo igeren alagtmsiz ve hafif alagimli (11INiMnCrMo5 5) ¢elik igin
sicakliga bagli1s1 iletim katsayist de@isim grafigi.
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Tablo A.3. Cr ve Mo igeren alagimsiz ve hafif alasimh (13CrMo4 4) ¢elik i¢in sicakhiga
bagli 1st iletim katsayis1 degisimi.

Sicaklik |k-bulunan {k-verilen |% Hata
(°C) (W/mK) | (W/mK)
0 45.33 46.6 | 2.72532

50 45.2405 | 46.38875 | 2.47528
100 45.011 46.045 | 2.24563
150 44,6415 | 45.56875 | 2.03484
200 44,132 4496 | 1.84164
250 43.4825 | 44.21875 | 1.66502
300 42.693 43.345 | 1.50421
350 41.7635 | 42.33875 | 1.35868
400 40.694 41.2 | 1.22816
450 39.4845 | 39.92875 | 1.11261
500 38.135 38.525 | 1.01233
550 36.6455 | 36.98875 | 0.92798
600 35.016 35.32 | 0.8607
650 33.2465 | 33.51875 | 0.81223

13CrMo4 4
50 50
W\\
45 45
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%\ | \\
= 40 BN- 40
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Sekil A.3. Cr ve Mo igeren alasimsiz ve hafif alagimli (13CrMo4 4) celik igin sicakliga
bagli 1s1 iletim katsayist degisim grafigi.
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Tablo A.4. Cr ve Mo igeren alagimsiz ve hafif alagimli (13CrMo4 4) ¢elik igin sicakliga
bagli 1s1 iletim katsayis1 degigimi.

Sicaklik  |k-bulunan |k-verilen |% Hata
«S) (W/mK) | (W/mK)
0 45.64 4451 -2.5618

50 45.6235 44.568 | -2.3683
100 45.437 44.462 | -2.1929
150 45.0805 44.182 | -2.0336
200 44.554 43.728 | -1.8889
250 43.8575 43.1 | -1.7575
300 42.991 42298 | -1.6384
350 41,9545 41.322 | -1.5307
400 40.748 40.172 | -1.4338
450 39.3715 38.848 | -1.3476
500 37.825 37.35} -1.2718
550 36.1085 35.678 | -1.2066
600 34.222 33.832 | -1.1528

13CrMo4 4

50 50

45 45
% \
s = 40
= \

35

30 30

0 100 200 300 400 500 600
T(C)
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Sekil A 4. Cr ve Mo igeren alagimsiz ve hafif alagimhi (13CrMo4 4) celik igin sicakhiga
bagli 1s1 iletim katsayist degisim grafigi.
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Table A.5. Cr ve Mo igeren alagimsiz ve hafif alagimh (14MoV6 3) ¢elik igin sicakhiga
bagli 1s1 tletim katsayis: degigimi.

Sicaklik  |k-bulunan |k-verilen |% Hata
©C) (WmK) | (W/mK)
0 48.76 47 | -3.7447

50 48.5885 | 46.96025 | -3.4673
100 48.262 46751 -3.232
150 47.7805 | 46.37225 | -3.0368
200 47.144 45.824 | -2.8806
250 46.3525 | 45.10625 | -2.7629
300 45.406 44219 | -2.6844
350 443045 | 43.16225 | -2.6464
400 43.048 41.936 | -2.6517
450 41.6365 | 40.54025 | -2.7041
500 40.07 38.975 | -2.8095
550 38.3485 | 37.24025 | -2.9759
600 36.472 35.336 | -3.2149

14MoV6 3
50 50
S r
_\\
\
45 B ~—] \ 45
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X
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30 30
0 100 200 - 300 400 560 600
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Sekil A.5. Cr ve Mo igeren alagimsiz ve hafif alagimli (14MoV6 3) ¢elik igin sicakliga
‘ bagl is1 iletim katsayist degisim grafigi.



EK-B- Cr ve-veya Mo Icermeyen Alasimsiz ve Hafif Alasimla
Gelik Gruplarina Ait Grafikler.
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Tablo B.1. Cr ve-veya Mo igermeyen alagimsiz ve hafif alasimli (8SiTi4) celik i¢in
sicakliga bagli 1s1 iletim katsayist degigimi.

Sicaklik  |k-bulunan |k-verilen |[% Hata
- (0) (W/mK) | (W/mK)

0 33.7 33.7 0
50 34.605 34.6055 | 0.00144
100 35.33 35.332 | 0.00566

150 35.875 | 35.8795 | 0.01254
200 36.24 36.248 | 0.02207
250 36.425 36.4375 | 0.03431

300 36.43 36.448 | 0.04939
350 36.255 36.2795 | 0.06753
400 35.9 35.932 | 0.08906
450 35.365 35.4055 | 0.11439
500 34.65 34.7 | 0.14409

550 33.755 33.8155 | 0.17891
600 32.68 32.752 | 0.21983
650 31.425 31.5095 | 0.26817

8SiTi4
40 40
"'—"——_" .
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35 / : ] 35
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Sekil B.1. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimli (8SiTi4) gelik igin
sicakhiga bagli 1s1 iletim katsayisi degigim grafigi.
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Tablo B.2. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimli (15MnNi6 3) gelik
1¢in sicakhia bagli 1s1 iletim katsayis1 degigimi.

Sicaklik  |k-bulunan |k-verilen |% Hata
°C) (W/mK) | (W/mK)
0 4297 43.1 0.30162

50 42.829 | 43.11775 | 0.66968
100 42.578 42.991 | 0.96067 |
150 42217 | 42.71975 | 1.17686
200 41.746 42.304 | 1.31902
250 41.165 | 41.74375 | 1.38644
300 40.474 41.039 | 1.37674
350 39.673 | 40.18975 | 1.28578
400 38.762 39.196 | 1.10726
450 37.741 | 38.05775 | 0.83229
500 36.61 36.775 | 0.44867
550 35.369 | 35.34775 | -0.0601
600 34.018 33.776 | -0.7165

15MnNi6 3
50 50
45 45
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g 40 . \ 40
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Sekil B.2. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimhi (15MnNi6 3) gelik igin
sicakliga bagl 1s1 iletim katsayist degisim grafigi.
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Tablo B.3. Cr ve-veya Mo igermeyen alagimsiz ve hafif alasgmmh (15Mo3) celik i¢in
sicakliga bagli 1si iletim katsayist degisimi.

Siceklik  {k-bulunan [k-verilen |% Hata
eC) (W/mK) | (W/mK)

0 50.835 52.3 | 2.80115
50 50.1605 51.3525 | 2.32121
100 49.366 50.32 | 1.89587
150 48.4515 49.2025 | 1.52635
200 47.417 48 | 1.21458
250 46.2625 46.7125 | 0.96334
300 44.988 45.34 | 0.77636

350 | 43.5935 43.8825 | 0.65858
400 42.079 42.34 | 0.61644
450 40.4445 40.7125 | 0.65827
500 38.69 39 | 0.79487
350 36.8155 | 37.2025 | 1.04025
600 34.821 35321 14128
650 | = 32.7065 33.3525 | 1.93689

-

15Mo3
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Sekil B.3. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimhi (15Mo3) ¢elik igin
sicakhga bagli 1s1 iletim katsayis1 degisim grafigi.
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Tablo B.4. Cr ve-veya Mo igermeyen alagimsiz ve hafif alasgimli (15Mo3) ¢elik igin
sicakliga baglt si iletim katsayist degisimi.

Sicaklik  lk-bulunan [k-verilen |9% Hata
{cC) (W/mK) | (W/mK)
0 50.99 48.8 | -4.4877

50 50.3485 48.4295 | -3.9625
100 49.577 47908 | -3.4838
150 48.6755 472355 | -3.0486
200 47.644 46.412 | -2.6545
250 46.4825 45.4375 | -2.2999
300 45,191 44312 | -1.9837
350 43,7695 43.0355 | -1.7056
400 42.218 41.608 | -1.4661
450 40.5365 40.0295 | -1.2666
500 38.725 383 -1.1097
550 36.7835 36.4195 | -0.9995
600 34.712 34.388 | -0.9422

15Mo3
55 35
P 50
]
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Sekil B.4. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimli (15Mo3) gelik igin
sicakliga bagli isiiletim katsayist degisim grafigi.
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Tablo B.5. Cr ve-veya Mo igermeyen alagimsiz ve hafif alagimh (15NiCuMoNb5) gelik
igin sicakliga bagli 1s1 iletim katsayist degisimi.

Sicaklik  |{k-bulunan [k-verilen |<% Hata
(°C) (WmK) | (W/mK)
0 37.159 38.1 | 2.46982

50 | 38.41835 | 39.42025 | 2.54159
100 | 39.3627 40.401 | 2.56999
150 | 39.99205 | 41.04225 | 2.55883
200 | 40.3064 41.344 | 2.50967
250 | 40.30575 | 41.30625 | 2.42215
300 | 39.9901 | 40.929 | 2.29397
350 | 39.35945 | 40.21225 | 2.12075
400 | 38.4138 39.156 | 1.89549

[{5NiCuMoNb3]|

50 50

45 45
<
g 40 ] 40
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Sekil B.5. Cr ve-veya Mo igermeyen alagimsiz ve hafif alasimli (15NiCuMoNb5) ¢elik
i¢in sicaklia bagli 1s1 iletim katsayisi degisim grafigi.



ERK~C—- Ferritik Celik Gruplarina Ait Grafikler



91

Tablo C.1. Ferritik (12CrMo19 5) ¢elik igin sicakliga bagl 1st iletim katsayist degisimi.

Swicakllk  |k-bulunan |k-verilen |% Hata
(°C) (W/mK) | (W/mK)

0 19.97 20 0.15
50 | 21.37725 21.42 | 0.19958
100 22.6445 22.7 1 0.24449

150 | 23.77175 23.84 1 0.28628
200 24.759 24.84 { 0.32609

250 | 25.60625 25.7 1 0.36479
300 26.3135 26.42 | 0.4031
350 26.88075 27 | 0.44167
400 27.308 27.44 | 0.48105
450 | 27.59525 27.74 | 0.52181
500 27.7425 27.9 4 0.56452
550 | 27.74975 27.92 | 0.60978
600 27.617 27.8 1 0.65827
650 | .27.34425 27.54 | 0.71078
. 12CrMo18 5
30 30
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Sekil C.1. Ferritik (12CrMo19 5)- gelik igin sicakhga bagh 1s1 iletim katsayisi degisim
grafigi.
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Tablo C.2. Ferritik (X1CrMo26 1) gelik igin sicakliga bagh is1 iletim katsayist degisimi.

Sicaklik |k-bulunanik-verilen {% Hata
O | (WmK) | (W/mK)
0 26.338 26.6 | 0.984962

50 | 25.42575 25.75 | 1.259223
100 24.678 25.07 | 1.563622
150 | 24.09475 24.56 | 1.89434
200 23.676 24.22 | 2.246078
250 | 23.42175 24.05 | 2.612266
300 23.332 24.05 | 2.985447
350 | 23.40675 24.22 | 3.357762
400 23.646 24.56 | 3.721498

X1CrMo26 1
30 30
| ——
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Sekil C.2. Ferritik (X1CrMo26 1) ¢elik igin sicaklia bagl s1 iletim katsayist degisim
grafigi.
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Tablo C.3. Ferritik (X20Cr13) g¢elik i¢in sicakliga bagh 1s1 iletim katsayist degisimi.

Sicakhik |k-bulunan |k-verilen |% Hata
C) (W/mK) | (W/mK)
0 24.136 24.5 | 1.48571

50 | 24.135712 24.593 | 1.85942
100 | 24.134074 24.692 | 2.25954
150 | 24.131086 24.797 | 2.68546
200 | 24.126748 24.908 | 3.13655

. 2501 24.12106 25.025 | 3.61215
300 | 24.114022 25.148 | 4.11157
350 | 24.105634 25.277 | 4.63412
400 | 24.095896 25.412 | 5.17907
450 | 24.084808 25.553 | 5.74567
500} 24.07237 25.7 1 6.33319
550 | 24.058582 25.853 | 6.94085
600 | 24.043444 26.012 | 7.56788

X20Cr13
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Sekil C.3. Ferritik (X20Cr13) ¢elik igin sicakli3a bagli 1s1 iletim katsayist degisim
grafigi.
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Tablo C.4. Ferritik (X10CrAl7) gelik igin sicakhiga bagh ist iletim katsayist degisimi.

Swaklik |k-bulunan|k-verilen |% Hata
(9] (W/mK) | (W/mK)
0 20.12 202 | 0.39604

50| 20.9383 21.035 | 0.45971
100 | 21.6866 21.8 | 0.520183
150 | 22.3649 22.495 | 0.578351
200 | 22.9732 23.12 | 0.634948
250} 23.5115 23.675 | 0.690602
3001 23.9798 24.16 | 0.745861
350 | 24.3781 24.575 | 0.801221
400 | 24.7064 24.92 | 0.857143
450 | 24.9647 25.195 | 0.91407
500 25.153 25.4 | 0.972441
550 25.2713 25.535 1.0327
600 | 25.3196 25.6 | 1.095312
650 | 25.2979 t 25595 | 1.160774
700 | 25.2062 25.52 | 1.229624
750 1 25.0445 25.375 | 1.302463

30 30

15 13

T¢C)

L'—' k-theoretical ~~ k-actual J

Sekil C.4. Ferritik (X10CrAl7) celik icin sicaklifa bagl 1s1 iletim katsayis1 degigim
grafigi.
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Tabic C.5. Ferritik (X10CrAlI24) gelik igin sicakliga bagli 1s1 iletim katsayist degisimi.

Swaklik  {k-bulunan |k-verilen |% Hata
©C) (WmK) | (W/mK)
0 13.4 13.4 0

50 14.2204 | 14.22475 | 0.03058
100 15.0103 15.019 | 0.05793
150 157697 | 15.78275 | 0.08269
200 16.4986 16.516 | 0.10535
250 17.197 | 17.21875 | 0.12632
300 17.8649 17.891 | 0.14588
350 18.5023 | 18.53275 | 0.1643
400 19.1092 19.144 | 0.18178
450 19.6856 | 19.72475 | 0.19848
500 20.2315 20.275 | 0.21455

X10CrAi24
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Sekil C.5. Ferritik (X10CrAl24) celik igin sicaklia bagl 1s1 iletim katsayisi degisim
grafigi.



EK-D- Ostenit Celik Gruplarina Ait Grafikler.
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Tablo D.1. Ostenitik (XSNiCrMoCuTi20 18) ¢elik igin sicakliga bagl: 1s1 iletim
katsayis1 degisimi.

Sicakhk |k-bulunan |k-verilen {% Hata
¢C) | (WmK) | (W/mK)
0 13.7 13.7 0
50 14.38 14.38 0
100 15.06 15.06 0
150 15.74 15.74 0
200. 16.42 16.42 0
250 17.1 171 0
300 17.78 17.718 0
350 18.46 18.46 0
400 19.14 19.14 0
450 19.82 19.82 0
500 20.5 20.5 0
550 21.18 21.18 0
600 21.86 21.86 | . 0
650 22.54 2254 | 0
X5NiCrMoCuTi20 18
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Sekil D.1. Ostenitik (XSNiCrMoCuTi20 18) celik igin sicakliga bagl: 1s1 iletim
katsayist degisim grafigi.
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Tablo D.2. Ostenitik (X8CrNiMoNb16 16) gelik igin sicakliga bagh 1s1 iletim katsayisi
degisimi.

Sicaklhik |k-bulunan |k-verilen |% Hata
€0) | (WmK) | (W/mK)
0 15.41 154 | -0.065

50| 16.0175 16.005 | -0.078

100 16.625 16.61 | -0.09

150 | 17.2325 17.215 | -0.102
17.84 17.82 | -0.112
18.4475 18.425 | -0.122
19.055 19.03 | -0.131
19.6625 19.635 | -0.14
20.27 2024 | -0.148
450 | 20.8775 20.845 | -0.156
500 21.485 2145 | -0.163
550 | 22.0925 22055 | -0.17
600 22.7 266 | -0.177
650 | 23.3075 23.265 | -0.183
700 23.915 23.87 | -0.189
750 | 24.5225 24475 | -0.194
800 25.13 25.08 | -0.199
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Sekil D.2. Ostenitik (X8CrNiMoNb16 16) celik igin sicaklifa baglt 1s1 iletim katsayist
degisim grafigi.
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Tablo D.3. Ostenitik (X8CrNiMoVNb16 13) celik i¢in swakhéa bégh 1s1 iletim
katsayist degisimi.

Sicakhik |k-bulunan {k-verilen |% Hata
¢C) | (WmK) | (W/mK)
0 15.1 15.1 0
50 15.7 15.7 0
100 16.3 16.3 0
150 16.9 16.9 0
200 17.5 17.5 0
250 18.1 18.1 0
300 18.7 18.7 0
350 19.3 19.3 0
400 19.9 19.9 0
450 20.5 20.5 0
500 21.1 21.1 0
550 21.7 21,7 0
600 22.3 223 0
650 229 229 0
700 23.5 .23.5 0
750 24.1 24.1 0
800 4.7 24.7 0
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Sekil D.3. Ostenitik (X8CrNiMoVNb16 13) ¢elik i¢in sicakliga bagh 1s1 iletim katsayisi
degisim grafigi. ‘
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Tablo D.4. Ostenitik (X8CrNiNb16 13) gelik i¢in sk:akhga bagli 1s1 iletim katsayisi
degisimi.

Sicaklik |k-bulunan |k-verilen |% Hata
©C) (W/mK) | (W/mK)

0 16.09 16.1 | 0.0621

50 16.6582 16.67 | 0.0708
100 17.2264 17.24 | 0.0789
150 17.7946 17.81 | 0.0865
200 18.3628 18.38 | 0.0936
250 18.931 18.95 | 0.1003
300 19.4992 19.52 | 0.1066
350 20.0674 20.09 | 0.1125
400 20.6356 20.66 | 0.1181
450 21.2038 21231 0.1234
500 21.772 21.8 | 0.1284
550 22.3402 22371 01332 |
600 | 22.9084 22.94 | 0.1378
650 23.4766 23.51 | 0.1421
700 24.0448 24.08 | 0.1462
750 24.613 24.65 | 0.1501
800 25.1812 25.22 | 0.1538
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Sekil D.4. Ostenitik (X8CrNiNb16 13) elik igin sicakliga bagl 1s1 iletim katsayisi
degisim grafigi.



101

Tablo D.5. Ostenitik (X15CrNiSi20 12) ¢elik igin sicakhiga bagli 1s1 iletim katsayist
degisimi.

Sicakhk |k-bulunan |k-verilen |% Hata
¢C) | (WmK) | (W/mK)
0 13.73 13.7 | -0.219
50 | 14.3754 1435 -0.177
100 | 15.0208 15| -0.139
150 | 15.6662 1565 | -0.104
200 | 16.3116 163 ] -0.071
250 |  16.957 16.95 | -0.041
300 | 17.6024 17.6 | -0.014
350 | 18.2478 18.25 | 0.0121
400 | 18.8932 189 | 0.036
450 | 19.5386 19.55 | 0.0583
500 | 20.184 20.2 | 0.0792
550 | 20.8294 20.85 | 0.0988
600 | 21.4748 215 | 01172
650 | 22.1202 2215 | 0.1345
700 | 22.7656 228 0.1509
750 | 23.411 23.45 | 0.1663
800 | 24.0564 24.1 | 0.1809
850 | 24.7018 24.75 | 0.1947
900 | 25.3472 25.4 | 02079
950 | 25.9926 26.05 | 0.2203
1000 | 26.638 26.7 | 02322
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Sekil D.5. Ostenitik (X15CrNiSi20 12) celik igin sicakliga bagl st ilqti@ katsayist
degisim grafigi. ‘ N @,ggge
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