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OZET

Bu ¢alisma; konkav-konveks (egri) dislere sahip silindirik bir disli ile kremayerinin
literatiirde bulunan yontemlerden farkli olan bir yontemle CATIA CAD-CAM programi
kullanilarak, modellenmesinin yapilip, imalat kodlarinin ¢ikarilmasi ve ¢ikarilan bu
kodlarin 5 eksenli CNC freze tezgahina yiiklenerek agilmasi igin yapilmistir.

Bu dislilerin performans karakteristiklerinin tayini i¢in de ayni Olgiilere sahip diiz
ve ok disliler imal edilerek, hata analizleri, giiriiltii analizleri dayanim ve gerilme analizleri
yapilmis ve bu analiz sonuglar1 karsilastirilip, birbirlerine gore avantaj ve dezavantajlarinin
tespitine ¢aligilmistir.

Bu tip dislilerin imalatina 1970’ 1i yillarda baglanmis ancak daha sonraki yillarda
lizerinde fazla arastirma yapildigi gozlenmemistir. Endiistride mevcut imalat
yontemlerinde dis profilinin evolvent olarak istenilen sekilde elde edilememesi ve bu
dislilerin imalat1 i¢in ayr1 bir 6zel tezgah, her bir dis i¢in ayr1 ayr takim tutucular ve
cakilarin kullanilmasi zorunluluklart bu dislilerin endiistride kullanilmasimin Oniine
gecmistir.

Bu tip dislilerin performans 6zellikleri agisindan en 6nemli tasarim parametresinin
dis egrilik yar1 capt oldugu saptanmis ve buna bagli olarak gelistirilen bilgisayar
programlar1 ile de bu tip dislilerin tiim modiillerinin ve dis sayilarinin acilabilecegi
gosterilmistir.

Yapilmis olan performans deney sonuglarina gore, bu disliler i¢in grubunda 6n
goriilen diiz dislilerden daha 1yi ancak ok dislilerden daha kotii sonuclar elde edilmistir. Bu
tip dislilerin imalatlariin basitlestirilmesi sonucu, yag pompalari basta olmak {izere

endiistride 6nemli pek ¢ok kullanim alanlar1 olabilecegi ortaya ¢ikmustir.

Anahtar Kelimeler: Egrisel evolvent profilli disliler, imalat yontemleri, CNC freze
tezgahlari, sonlu elemanlar, CATIA, ANSYS.
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ABSTRACT
INVESTIGATION OF PERFORMANCE CHARACTERS OF TOOTH SURFACES
WITH INVOLUTE PROFILE CONCAVE-CONVEX CYLINDRICAL AND
RACKS GEAR

This study has been made in order to model a cylindrical gear with concave-convex
threads and its rack by a method different from the ones included in the literature by using
CATIA CAD-CAM software and then to set manufacturing codes and enter these codes
into 5-axis CNC milling machine.

For the purpose of determining the performance characteristics of these gears, spur
gears and herringbone gears of the same size have been manufactured and compared and
thus their advantages and disadvantages to each other have been determined.

This type of gears started to be manufactured in 1970s. However, it has been
observed that little research was conducted on them later on. In existing manufacturing
methods in the industry, thread profile can not be obtained as evolving as required.
Furthermore, a separate special machine is used for manufacturing these gears and separate
tool holders and cutters are used for each thread. Such imperatives have prevented the use
of these gears in the industry.

It has been determined that the most important design parameter of this type of
gears in terms of performance characteristics is radius of thread curvature and it has been
demonstrated that all modules and thread numbers of this type of gears can be threaded by
the computer software which has been developed accordingly.

The results obtained from the performance test conducted for these gears are better
than the spur gears but worse than the herringbone gears projected in the group. It has been
revealed that this type of gears may have many significant areas of use in the industry,

especially oil pumps, if their manufacturing is simplified.

Keywords: Curved involute profile gears, manufacturing methods, CNC milling machines,
finite element, CATIA, ANSYS.
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1.GIRIS

Endiistride giic ve hareket iletiminde diiz, helisel, konik, sonsuz vidali disliler,
sikloidv.b. disliler yaygin bir sekilde kullanilmaktadir. Evolventprofilli dairesel kavisli
dislilere (konkav-konveks evolvent profilli disliler) yonelik olarak giinlimiize kadar pek
¢ok arastirma yapilmistir. Ancak bu konkav-konveks profilli evolvent disliler endiistride
yeterince taninmamakta ve kullanilmamaktadir. Bu dislileri ilk olarak, 1970°1i yillarda
Italyan bilim adami olan Forster kendi adini verdigi bir makine gelistirerek imal etmeyi
basarmistir. Gergeklestirdigi bu imalat sonucunda; bu dislilerin ok dislilere kiyasla eksenel
yikleri daha iyi dengeledigi ve dolayisi ile bu dislilerin ok dislilerden daha sessiz
calistigimibelirtmistir. Yine bu dislilerin diiz dislilere kiyasla yiik tagima kabiliyetlerinin
daha iyi oldugu vurgulanmis ve bu dislilerin diiz ve ok dislilerin kullanildig1 yerlerde
kullanilabilecegi belirtilmistir [1].

Daha sonraki yillarda bu dislilerle ilgili ¢alismalara literatiirde rastlanilamamustir.
Laurentia ve arkadaslar1 2000’1i yillarda bu dislileri endiistride kullanilabilir hale getirmek
amaci ile geleneksel freze tezgahlar icin, baz1 6zel ¢akilar ve c¢aki tutucularini imal
etmislerdir. Ancak yapmis olduklar1 bu ¢alismalarda; istenilen evolvent profilini tam
olarak elde edememigler ve bir dis profilinin yiiksekligi her noktada ayni olmamais, bu
durum dislilerin ¢aligmas1 esnasinda bir takim olumsuzluklarin ortaya ¢ikmasina sebep
olmustur. Ayrica farkl egrilik yaricapina sahip her bir disli i¢cin ayr1 ayr1 ¢akilarin imal
edilmesi zorunlulugu ortaya g¢ikmistir [2-4]. Bu olumsuzluklara ragmen imal etmis
olduklar1 dislileri bir takim deneylere tabi tutmuslardir. Bu deneyler sonucunda bu
dislilerin diiz digliler ve ok dislilere kiyasla, Forsterin belirtmis oldugu avantajlarinin
yaninda daha iyi yaglanma o6zelliklerinin de oldugu tespit edilmistir [5-6]. Baska bir
calismada bu disliler i¢in optimum egrilik yarigapmin tespiti yapilmistir [7].Yukarida
yapilan literatiir calismalar1 incelendiginde bu dislilerin imalati i¢in 6zel tezgah ve cakilar
ile takim tutucularinin kullanildig1 gortilmektedir.

Ancak son zamanlarda literatiirde bazi dislilerin geleneksel imalat yontemlerinden
farkli olarak CNC freze v.b. tezgahlarda imal edildikleri dikkat ¢ekmektedir [10-23]. Bu
calismada; evolvent profilli dairesel kavisli dislilerin geleneksel imalat yontemlerinden
farkli olarak genel amacli bes eksenli CNC freze tezgahlarinda imalatlar1 arastirildi. Bu

amac icin ilk once dislinin dis profillerievolvent egrisinin olusum prensipleri dikkate



alinarak CATIA ortaminda modellendi ve bu modele uygun olarak evolvent profilli bir
parmak freze ¢akisi tasarlandi. Daha sonra, ¢aki igin gelistirilen bu model dikkate alinarak
cakinin telerezyon CNC tezgahinda imalati1 icin CATIA CAD-CAM programinda imalat
kodlar tiiretildi ve bu kodlara gore ¢aki imal edildi. Bu ¢aki kullanilarak,bes eksenli CNC
freze tezgahindahem evolvent profilli dairesel kavisli silindirik disliler hem de kremayer
dislilerin imalatlar1 yapildi. Imal edilen bu dislilerin performanslarini mukayese etmek igin
yine CATIA programlar1 yazilarak ok ve diiz disliler bes eksenli CNC freze tezgahinda
imal edilerek; yiik tasima kabiliyetleri, gerilme analizleri ve giiriiltii analizleri yapilarak,

biri birleri ile karsilastirilip aragtirma tamamlandi.



2. GENEL BILGILER

Digli carklar endiistride hareket ve gii¢ iletiminde kullanilan en temel makine
elemanlanidir. Disli carklar kullanildiklar1 yere ve amacglarina goére farkli tiplerde
goriiliirler. Genel olarak bu disli c¢ark tipleri en temel sekilde asagidaki gibi
smiflandirilirlar [17].

2.1. Silindirik Alin Disli Carklar

Alin disli mekanizmalarinda disliler dis genisligi boyunca alin alina birbirine temas
etmektedir. Bu sinif disli ¢arklarin dis eksenleri birbirine paraleldir. Konstriiksiyon olarak
disliler, i¢ disliler ve dis digliler olarak da iki sinifta toplanmaktadirlar. Bu dislilerin dis

yanaklar1 birbirlerine ve disli ¢ark donme eksenlerine paraleldir (Sekil 2.1).

A

Sekil 2.1. Silindirik alin disli ¢ifti

Silindirik alin disli mekanizmalar1, calistiklar1 ortamda yeterli miktarda alan
olmamasit durumunda, hacimden tasarruf etmek amaci ile i¢ disli ¢ifti olarak da
diizenlenmektedir. Icten tahrikli dislilerde, tahrik dislisi ile i¢ disli ¢ark aym ydnde
donmektedir ve bu disli ¢iftinde tahvil orani i<8 degerindedir (Sekil 2.2).



Sekil 2. 2. I¢ten tahrikli silindirik alin disli ¢ifti

Kremayer diiz alin dislilere ihtiyag oldugunda, kremayer diiz alin digli
mekanizmalart kullanilmaktadir. Degisik yonde tahrik edilen diiz alin disli yardimi ile
kremayer ileri geri hareket ettirilmektedir. Kremayer disli mekanizmasinda tahvil orani
i=oo alinmaktadir (Sekil 2.3).

Sekil 2.3.Kremayer alin digli ¢ifti

2.2. Helis Alin Disli Carklar

Helis disli mekanizmalarinda disli eksenleri ile dis alin yiizeyi dogrultusu arsinda
sabit egim agis1 mevcuttur. Helis disler diiz alin dislilere gore birbiri ile daha fazla temas
etmektedir. Boylece daha fazla gii¢ tasimakta ve daha fazla sessiz ¢alismaktadir(Sekil 2.4).
Bu disli ciftinde tahvil oran1 i= 10 degerindedir. Helis disli mekanizmalarda meydana
gelen eksenel kuvvetleri dengelemek ve daha biiylik giigler iletmek icin disler ¢ift helis ve
ok seklinde imal edilmektedirler (Sekil 2.5).



Sekil 2.4. Helis disli ¢ifti

Sekil 2.5. Ok disli cifti

Cift helis disliler, helisel disli ile ayn1 karakteristik 6zellikleri tagimakla birlikte, zit
yondeki helisler nedeniyle eksenel yondeki kuvvetler birbirlerini dengelemekte ve bdylece
eksenel kuvvet meydana gelmemektedir.Sag ve sol helis arasinda yiv varsa bu takdirde ¢ift
helis disli olarak adlandirilir. Arada yivin olmadigi ok dislilerde ise yiiksek hizlarda

helislerin birlestigi uglarda giiriiltiiye sebebiyet veren yag sikismasit meydana gelmektedir.



Ayn1 zamanda yiiksek hizlarda bu bdlgede sicaklik artmaktadir. Yivin diger bir faydasi da

eksenel yiike bagli olarak meydana gelen dis kirilmasini minimize etmesidir.
2.3. Konik Disli Carklar

Konik disliler donme hareketinin veya momentinin ¢apraz ve dik eksenlere
taginmasinda kullanilirlar. Konik dislilerin ¢alisma prensibi genelde eksenleri bir noktada
kesisen iki koninin birbiri {izerinde yuvarlanmasi gibidir. Bu koniler, konik dislilerin
taksimat veya yuvarlanma konileri olarak diisliniiliir. Bu disli carklarin birinin radyal
kuvveti digerinin eksenel kuvveti olup; hareketin ag¢1 altinda yon ve siddet degistirmesi
disli cark eksenleri arasindaki acgiya bagli olarak degismektedir. Konik disli cark

mekanizmalarinda disler; diiz, helis ve spiral olarak siniflandirilmaktadir. Bunlar sirasiyla;

2.3.1.Diiz Konik Disli Carklar

Diiz dislili bir ¢ift konik dislide, dis yan yiizey diizleminden gecen dogrular esit ag1
altinda dislilerin merkezinde kesismektedir. Ayrica dis yanagi boyunca da egim agis1

sabittir(Sekil 2.6). Bu tip disli giftinde tahvil oran1 i=6 degerine kadar ¢ikmaktadir.

%
=z

J

Sekil 2.6. Diiz dislili konik disli cifti



2.3.1.2. Konik Helis Disli Carklar

Kavrama oranlarinin daha biiyiik olmasi diiz konik dislilerden daha sessiz ve
darbesiz ¢alismalarindan dolayr hizli dénen ve biiyiikk momentler tasiyan kademelerde
kullanilirlar. Bunlara tiniversal rediiktorler ve takim tezgahlarirediiktorleri 6rnek olarak

verilebilir.

Sekil 2.7. Helis konik disli ¢ifti

2.3.1.3. Spiral Konik Helis Disli Carklar

Ozel yerlerde biiyiik kuvvet ve moment veya devir sayis1 iletimi ile cok giiriiltiisiiz
calisan ve dis dibi mukavemetinin yiiksek olmasi istenilen yerlerde kullanilirlar. Bunlara

yiiksek giiclii rediiktorler, kamyon ve is makineleri rediiktorleri 6rnek olarak verilebilir.



Sekil 2.8. Spiral konik disli ¢ifti

2.4. Sonsuz Vidah Disliler

Spiral disli mekanizmasidirlar. Kiiciik dislinin ¢ap1 dis boyuna gore daha az
oldugundan kii¢iik digli bir vida halini almistir ve vidanin agiz sayisi, kiiglik dislinin dis
sayis1 kadardir (Sekil 2.9). Eksenleri uzayda kesismeyen miller arasinda gii¢ veya moment
iletmek i¢in kullanilirlar. Miller arasindaki a¢1 genellikle 90°'dir. Vida geometrisine gore;
silindirik veya globoid fonksiyon yiizeyli sonsuz vida ve bu vidaya uygun kars: silindirik
veya globoid disli cark olmak tizere iki tiirii vardir. Globoid sonsuz vida mekanizmalarinda
vida, silindirik sonsuz vida mekanizmalarmin aksine, disli ¢arkin iizerine sarilir (Sekil

2.10).



Sekil 2.11. Silindirik helezon disli sonsuz vida mekanizmasi

Sekil 2.12. Globoid sonsuz vida mekanizmasi



2.5. Disli Carklarin Geleneksel imalat Yontemleri

Disli imalat yontemi segilirken,temelde dislilerin hassasiyetine, standartlarina ve
aynt zamanda digli diizeninin caligmasinda istenen sartlara yani dislinin kullanilma
amacina gore secilir. Bu temel esaslar1 6zetleyecek olursak; yliksek giic degerleri ve hizlar
olan gii¢ iletim dislileri ki burada aranan ana sart yiiksek verim katsayisinin saglanmasidir.
Orta hizlarda calisan agir endiistri ve nakliyat dislilerinde ise giivenirlilik ve diizgiin
caligma sart1 aranir. Takim tezgahlarindaki gii¢ iletim diglileri, sabit disli oranina sahip
olmali ve diizglin calismalilardir. Bunlarin yaninda otomotiv endiistrisinde ve hassas
aletlerde kullanilan hareket iletim dislileri de siralanabilir. Bu amaglar dogrultusunda disli
carklarin imalatinda baslica iki temel yontem kullanilmaktadir[25]. Bu yontemler form
caki ve yuvarlanma yontemleridir. Bu yontemler sirasiyla asagidaki boliimlerde

agiklanmustir.

2.5.1. Form Caki Kullamlarak Disli Carklarin imalat Yéntemi

Bu yontemde dis profilleri, dis boslugunun sekli verilmis olan bir c¢aki ile imal
edilmektedir. Bu imalat yonteminde ¢aki profili islenen yiizey tizerinde olusmaktadir. Bu
sekilde bir dis profili olusturulduktan sonra ardisik olarak ayni1 islemler takip edilerek diger
disler de imal edilir. Boylece dis boslugu biiyiikliigiinde istenilen modiilde disliler elde
edilmis olur. Teorik olarak farkli dis sayilarina sahip ayn1 modiilde disliler i¢in farkli
cakilar kullanilmasi gerekir. Ancak uygulamada ortaya g¢ikabilecek kiigiik hatalar ihmal
edilerek bir diziye gore tek bir ¢aki kullanilmaktadir [11]. Bu da belirli modiile sahip biitiin
disliler i¢cin gerekli olan ¢aki sayisini azaltir. Bu yontemde disli carklar Sekil 2.12°de
goriildiigii gibi liniversal freze tezgahlarina baglanan evolvent profilli parmak freze veya
disk seklindeki form ¢aki ile imal edilirler [11].
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Form cala —

Calomn Diinme
Form gala Hareketi
Parmak freze
— Eksenel ilerleme
- .
Disli taslaga
Freze tablas:
(a) (b) ()

Sekil 2.13. Form ¢aki ve parmak freze ile digli imalati[11]

Endiistride genellikle parmak freze tipi ¢akilar ile biiyiik modiile sahip disli ¢arklar
islenebilmektedir. Disk tipi ¢akilarin kullanilabilmesi i¢in ¢ok giiclii tezgahlara ihtiyag
duyulmaktadir. Parmak freze ¢akilar1 Ozellikle ok digslilerin  imalatinda da

kullanilmaktadirlar [11].

2.5.2.Yuvarlanma Metodu ile Disli Carklarin imalati

Glinlimiizde iretilen disli c¢arklarin hemen hepsi yuvarlanma metoduyla calisan
tezgahlarda imal edilmektedir[25-26]. Orta ve biiyiik boylardaki disli ¢arklarin dis
profillerinin evolvent egrisinin olusum prensiplerine goére baska tiirli acgilmasi zor
oldugundan bu metot olduk¢a 6nem tagimaktadir [27]. Yuvarlanma metodu ile imalat
yonteminde ii¢ farkli yontem kullanilmaktadir. Bunlar; sonsuz vida seklindeki freze ile
dis agma, disli ¢ark seklindeki caki ile dis agma, kremayer seklindeki kesici caki ile dis

agma seklindedir.

2.5.2.1. Disli Azdirma Metodu

Diiz ve helis dislilerin disli azdirma ¢akisiyla islenmeleri en yaygin olarak
kullanilan metotlardan biridir. Disli azdirma ¢akisi bir doner kesici takimdir, bunun disleri
bir sonsuz vidanin disi gibi helezonik bir yol izleyerek dizilmistir; eksen boyunca kesit
alindiginda bu disler bir kremayer goriintiisti verirler. Kesici agizlar, helezonik vida disine

dik olarak ag¢ilmis helezonik oluklar serisiyle meydana getirilmislerdir.
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Bir kremayer, dis sayis1 ne olursa olsun ayn1 modiille islenmis bir disliye tam olarak
oturabilir. O halde bir disli azdirma cakisi da istenilen sayida dise sahip dislileri ayni
hassasiyetle igleyebilir. Bu disli azdirma usuliiniin en biiyiik avantajlarindan biridir. Disli
azdirma isleminde, disli azdirma cakisi ve disli taslagi, sonsuz vida disli diizeninin asagida

verilen disli oranina gdre ayn1 anda donerler:
I=—=_ (2.1)

Burada; n, ve n, disli azdirma cakisinin ve disli taslaginin devridir.  Zpdisli

azdirma cakisinin vida agzi sayisi, Zg ise dislinin dis sayisidir. Yuvarlanma metoduna gore
dis acan azdirma tezgahlar1 planya hareketi yaparlar; yani asagiya dogru kesis hareketinden
sonra yukariya bos bir geri hareketi yaparlar. Bu kesik ileri geri hareketi siirekli bir kesme
hareketine g¢evirmek icin kesici bigak sonsuz vida sekline sokularak azdirma frezeleri
olusturulmustur (Sekil 2.13.). Frezenin helis acisinin degeri frezelerin

tizerinde vyazili olup frezeler sol agizli ise frezenin helis acis1

cikarilacak yerde eklenir veya eklenecek yerde cikarilir.

W

Sekil 2.14. Azdirma yolu ile diiz disli imalati
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2.5.2.2. Disli Cark Seklindeki Caki ile Dis A¢cma(FellowCutter)

Disli planya tezgahinda diiz ve helis dislilerin islenme metodu: Disli taslagi, aym
modillii ve planya kesici takimi olarak kullanilan bir bagka disliye oturtularak dondiiriilen
diglinin islenmesi esasina dayanmaktadir. Kesme hareketini saglamak igineslenik
dislilerden birinin eksenel yonde gidip gelme hareketi yapmasi bdylece kesicinin sirti

taglanmig kesici agizlarinin talaslart kaldirmasi disliyi agmasi gerekir. Bu sistemde
kesici bicak yukariya bos olarak c¢ikarken gerek kendisi ve gerek kesilen
disli cark ufak bir déniis yaparlar, ondan sonra bicak tekrar keserek

asagiya iner. Bu islem disli cark imal edilinceye kadar devam eder.

Dig]iltaslagi

Kesme !
_¥yind

Sekil 2.15.Disli cark seklindeki caki ile disli imalati
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2.2.2.3.Kremayer Seklindeki Caki ile Dis A¢cma

Bu yontemin sematik olarak calisma prensibi = ‘Sekil 2.16° da

gorilmektedir.

Digli taslafy

'-——-""F"

a) by)

Sekil 2.16. Kremayer seklindeki kesici ¢cakiyla dis acma sisteminin sematik gdsterimi

Bu yéntemde kremayer seklindeki kesici yukaridan asagiya bir planya
hareketi vyapip tekrar yukariya ciktiktan, yani kesmekte oldugu disli
carktan ayrildiktan sonra, disli cark ekseni etrafinda ufak bir donis
yapar ve hem de bicak eksenine paralel olarak biraz ilerler. Sonra bicak
ikinci bir kesme hareketi yapar. Bu dénme ve ilerleme hareketleri ne
kadar ufak olurlarsa islenen disin vyiizeyi de o derece kaliteli olur.

Kremayer seklindeki kesici bicagin dis sayisi sinirli oldugundan, tezgah
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ara sira otomatik olarak kesme gérevine ara verir ve cark doniis yapmadan
bicagin baslangic noktasina geri gelir. Sonra bu calisma hareketleri
tekrar eder ve disli imal edilir.

Yukarida verilen iki temel yontemin yaninda disli imalatinda sik kullanilmayan

baska imalat yontemleri de mevcuttur. Bunlar;

2.6. Sablon Metodu

Sablona gore dis acan tezgahlar genelde konik disli imalinde
kullanirlardi. Yuvarlanma metoduna gdre dis acan tezgahlar ve metotlar
gelistikten sonra bunlar onemlerini kaybetmislerdir. Bu sistemle imalat
basit oldugundan ve yerel olarak tiniversal

tezgahlarlagerceklestirilmektedir.

2.6.1. Haddeleme Veya Ovalama Metodu

Dolu malzemeden ovalama metoduyla cesitli vida ve civatalarin
imalinde alinmis olan iyi sonu¢, ayni metotla disli carklarin imal
edilmesine vyol acmistir. Yiksek seri {iretimde imal edilen otomobil
dislerinde haddeleme ile imalata ilk olarak baslanmistir. Sistem civata

imalinin aynisidir.

2.6.2. Zimbalama Metodu

Zimbalanarak disli cark imali, saat, sayag¢, aparat, oyuncak v. b.
cok kiictik giicler ileten disliler icin uygulanir. Oldukc¢a ince saclardan

kesilerek elde edilen bu disliler kesici kalibin hassasligina goére hayli
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diizgiin yapilabilirler. Kesici kalibin imalinin c¢ok pahali1 olmasi yiiziinden

ancak yiksek seri tiretim seklinde yapilirlar.

2.6.3. Piiskiirtme Dokiim Metodu

Puskiirtmeli doktmle disli cark imali ufak glicler ileten ve biiytk
serilerle imal edilen sayag¢, aparat ve benzeri yerlerde uygulanirlar.
Bunlar 1sitilarak madeni kaliplara basincla piiskiirtiiliirler ve kalipta cok
kisa bir stirede sogurlar. Sogurken btiziilme paylarini da hesaplamak ve
kaliplar1i ona gore boyutlandirmak gereklidir. Puskiirtmeli dékimle imal
edilen carklarin, dokim sirasinda milin kaliba yerlestirilmesiyle, mil
ile disli carkin birbirine bagli olarak doktilmesi saglanir. Plastik
disliler de genel olarak ptiskirtmeli dokimle imal edilirler. Puskiirtme
ile daha kalin parcalar da dokiilebilir, ancakbunlarin sogumasi icin uzun
zaman kalipta bekletmek gereklidir.

2.6.4. Sinterleme Metodu

Sinterleme ile disli imalati icin toz seklindeki malzeme, 6zel
preslerde disli kalip icerisinde preslendikten sonra sinterleme islemine
tabi tutulur ve béylelikle disli imal edilir. Bu yontemle imal edilen
dislilerde  g&zenekli bir yapi1 goriliir, fakat bu yapi dislileri daha

saglam yapar.

2.6.5.Broslama Metodu

Broslama ile disli imalinde genel olarak uzun bir cubuk (bros)
kullanilir. Bu c¢ubugun {iizerinde arka arkaya yerlestirilmis bicaklar

vardir. Bicaklar kademeli bir sekilde islenmislerdir ve c¢ubugun bir
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cekilisinde disli imal edilmis olur. Bu ydntem yiiksek seri lretim disli
imalatinda kullanilir. Broslar oldukca pahalidir. TI¢ disliye giren
bosaltma cubugunun kesici orta kismi {i¢c kisma ayrilir: Kaba talas, ince
talas ve kalibreleme kismi. Kesici orta kisimdan evvelki kisim
silindiriktir ve bu kisim bosaltma cubugunu kilavuzlayarak merkezler.
Kesici orta kismin sonunda da tam profilli bir kilavuz bulunur; bunun
gborevi son kesiste merkezlemeyi saglamaktir. 5...8 pum ylizey kaliteli
disli imal edilebilen bosaltma metodu ile normal olarak 6 ... 80 mm
capindaki disliler gayet kolay imal edilir. Bu tezgahlarin 200 mm capina
kadar disli imal edenleri vardir. Bosaltma ile disli imal eden tezgahlar
az vyapildigindan ve kesici bosaltma takiminin c¢ok pahali olusundan,
imalattaki biiyiik randimanlarina ragmen bunlar fazla vyayilmamislardir
[15].

Yukarida bahsedilen tiim bu imalat yontemleri veya benzeri yoéntemler
kullanilarak disli tiplerinin tamami endiistride imal edilmektedir. Ancak
yapilan bu tez calismasinda evolvent profilli dairesel kavisli disliler
bes eksenli CNC freze tezgahlarinda imal edilecegi icin bu dislilere
yonelik olarak mevcut literatiirdeki geleneksel imalat yéntemleri asagida

detayli olarak anlatilmistir.

2.7. Evolvent Profilli Dairesel Kavisli Dislilerin Geleneksel imalat Yontemleri

Dairesel Kkavisli (konkav-konveks) dislileri, ilk olarak 1970’li yillarda italyan
arastirmact Forster kendi adim1 verdigi bir makina gelistirerek (Sekil 2.16) bu dislilerin
aciminit bagarmistir. Forster makinasinda dis acilacak taslak ortaya yerlestirilmekte ve
acilacak disli modiiliine uygun olarak imal edilen iki farkli yonde donen kesici kafa

arasinda donerek konkav-konveks disliler agilmaktadir [2] (Sekil 2.18).
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Sekil 2.17.Forster makinasi

§ : i taslagi

Caki Tutucu

~ |
i

Sekil 2.18.Forster makinasinda disli taslagi ve takim tutucunun hareket yonleri

Yukaridaki sekillerden de goriildiigii gibi bu tiir dislilerin imalatinda 6zel tezgah,
takim ve takim tutuculara ihtiyag duyulmasi, endiistride bu dislilerin imalatini
giiclestirmekte ve yeterince yaygilagsmasinin Oniinde biiylik bir engel olusturmaktadir.
Ancak sonraki yillarda bu dislilerin imalatina katkida bulunmak icin bir takim imalat

yontemleri uygulanmustir.

Bu yontemlerden biri lazerle sinterleme metodudur. Bu yontemde plastik tozlarinin

sinterlenmesinden bu disliler imal edilmistir. Bu yontemde, silindirik bir kabin igine ¢ok
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ince bir tabaka seklinde tozlar serilmekte ve lazer ile tozlar erime noktasina yakimn bir
noktaya kadar isitilmakta ve sinterleme yolu ile tozlar birbirine yapismaktadir. Yapisan bu

tozlar bir piston yardimiyla sikistirilarak disli ¢ark elde edilmektedir[4].

Bu dislilerin diger bir acim sekli de, konkav ve konveks profile uygun hazirlanmis
iki caki ile talas alarak agma metodudur. Bu ¢alismada, her bir dis ylizeyini (sag ve sol)
elde etmek igin ¢anak seklinde konik iki farkli ¢aki tasarlanmigtir (Sekil 2.18). Bu
cakilardan biri konkav yiizeyi digeri ise konveks yiizeyi elde etmek amact ile
kullanmilmistir. Her bir egrilik yarigap1 igin ayr1 ayri iiretilen bu cakilar belli bir ac1 ile
tezgaha baglanmakta ve parca ise divizor benzeri donen bir aparata baglanmaktadir.
Cakilar donerek parcayi islemekte, evolventin olusabilmesi i¢in ise parca da kendi ekseni
etrafinda dondiiriilmekte ve bir dogru boyunca ilerleyerek donme ve Oteleme hareketi
yapmaktadir. Ancak bu yontemde de dis uzunlugu boyunca esit dis yiiksekligi elde

edilememekte ve evolvent egri profili tam olarak olusturulamamaktadir.

Sag yanak ¢akisi

\

Sol yanak g¢akisi

Disli taslagt

Sekil 2.19. Konik ¢akilarla konkav-konveks dislinin a¢ilmasi[3]

Literatiirde son olarak kullanilan yontemde ise, bir kesici kalem tasarlanmis (2) ve
bu kesici kalem belirli bir a¢1 () ile bir takim tutucuya (1) tespit civatalar1 (4) ile
baglanmistir (Sekil 2.19). Egrilik yarigapinin olugmasi icin belirli bir boyda olan bu takim
tutucu, kelemin tutucuya baglandigi ac1 ile tezgaha baglanarak takim tutucun donmesi ile
kalemin kesici agzinin (3) parcayr islemesi neticesinde disli imal edilmistir. Burada da

disliyi olusturabilmek i¢in her iki dis yanagi icin iki ayr1 ¢aki kullanilmistir (Sekil 2.19).
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Sekil 2.20. Ozel tasarlanmis takim tutucu ile konkav-konveks dislinin agilmasi[3]

Goriilen Ry, dis profili egrilik yari ¢api, R, ise temel dairesi yarigapim ifade

etmektedir.
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2.8. Silindirik ve Kremayer Dislilerin Temel Biiyiikliikleri

Bu calismada, konkav—-konveks silindirik ve kremayer disliler ile
diiz ve ok dislilerin bes eksenli CNC freze tezgahlarinda imalat
programlar1 CATIA v5 kullanilarak cikarilacagindan, bu dislilere ait

temel biiytiklikler sirasiyla asagidaki bslimlerde verilmistir.

2.8.1. Silindirik Diiz Disliler

Disli carklar imal edilirken, disli temel biyiklikleri ic¢in
baslica DIN, VSM, TS, ISO standartlarindan biri dikkate alinir. ISO 53-20
standardi dikkate alinarak, diiz ve helis disli cark buytiklikleri (Sekil

2.21) ve biiytikliklerin matematiksel ifadeleri asagida verildi.

Sekil 2.21. Disli ¢ark temel biiyiikliikleri

Yukarida verilmis olan disli ¢ark biiyiikliiklerini matematiksel olarak ifade edecek

olursak;

2.2)
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(2.3)
(2.4)
(2.5)
(2.6)
(2.7)
(2.8)
(2.9)
(2.10)
(2.11)

(2.12)

Sekil 2.20’dedttaksimat dairesi ¢api, b dis genisligi, Dadis stii ¢ap1, Ditaban dairesi
capi, h dis yiiksekligi, hadis tstii yiiksekligi, hidis dibi yiiksekligi, Sadis tistii kalinligi, sqdis
kalinligi, dip kavisi yarigapi, t taksimat, eqdis boslugudur.

2.8.2. Helis Disliler

Ok dislide dis profili iki adet helis dis profilinin birlesmesinden meydana geldigi
i¢cin bu boliimde helis disli temel biiytikliikleri verilmistir. Helis dislide dis profillerif agis1
kadar egime sahiplerdir (Sekil 2.22).
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.

Sekil 2.22. Helis disli dis profili

Sekil 2.21° de alin kesiti S-S de indis ” t 7 ile ve normal kesit
N-N de indis ” n 7 ile gdsterilmistir. Petek sekli ile tarali ficgen

dikkate alinirsa;

_ (2.13)
Bu formiilde, yerine koyarak denklemi
c¢ozdigimizde helis dislinin alin modiilini bulmus oluruz.
e (2.14)

Alin modiilii dikkate alinarak helis dislinin diger temel biiyiikliikleri matematiksel

olarak asagida ifade edilmistir.
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(2.15)

(2.16)

2.17)

(2.18)

(2.19)
(2.20)
(2.21)
(2.22)
(2.23)

(2.24)

2.8.3. Kremayer Disliler

Kremayer disli; silindirik dislinin ¢apmin sonsuza gitmesi olarak tanimlanir.
Ayrica, bir diizlemde dislerin uygun ve esit araliklarla dizilmesi olarak da ifade edilir.
Temel olarak donme hareketini 6telemehareketine ¢evirmek i¢in kullanilirlar. Kremayer

disliye ait biiytikliikler Sekil 2.22°de verilmistir.

Sekil 2.23. Kremayer disli biiytikliikleri
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(2.25)
(2.26)

Sekil 2.22°de A toplam disli yiiksekligi, mmodiil, t taksimat, o kavrama agisi, Ldisli
uzunlugu,b dis genisligi,H dis yiiksekligidir.

2.8.4. Konveks-Konkav Disliler

Bu disliler imal edilirken diiz silindirik disli temel biiyiikliikleri ve kremayer disli
temel biiyiikliikleri kullanilmistir. Bu dislilere ait biiyiikliikler Sekil 2.24 ve Sekil 2.25°te

verilmigtir.

Sekil 2.24.Konkav-konveks disli biiytikliikleri

Yukaridaki sekilde verilmis olan R, konkav-konveks dislinin egrilik yarigapini ifade

etmektedir.
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Sekil 2.25.Konkav-konvekskremayer disli bityiiklikleri

2.8.5. OK Disliler

Ok disliler olusturulurken dis profilleri, karsilikli birlestirilmis iki adet helis digli
profili oldugundan, helis disli biiyiikliikleri kullanilarak modellenmistir. Bu biiyiikliikler ok
silindirik vekremayerdisli igin ‘Sekil 2.26 ve Sekil 2.27’de verilmistir.

Sekil 2.26.0k disli bityiiklikleri
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A

Sekil 2.27.0k kremayerdisli biytiklikleri
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3. KONKAV-KONVEKS DIiSLILERIN 5 EKSENLI CNC FREZE
TEZGAHLARINDA iMALATI

Yapilan bu tez calismasinda; endiistride CNC freze tezgahlarinda bazi disli
imalatlarinin yapildigi [15-25] dikkate alinarak, evolvent profilli dairesel kavisli dislilerin
geleneksel imalat yontemlerinden farkli olarak 5 eksenli CNC freze tezgahlarinda imalati
amaclandi. Bu sekilde bir imalati yapabilmek i¢in bu dislilerin ilk 6nce evolvent egrisinin
olusum prensiplerine gére modellenmesi, bu modeli imal edecek ¢akinin se¢imi ve CAM
kodlarimin tiiretilmesinin gerekli oldugu goriilmektedir. Tiim bunlar sirasiyla asagida

verilmistir.

3.1.Dis Profil Egrileri ve Olusumu

Dislinin modellenmesine oncelikli olarak bir dis profilinin olusturulabilmesi i¢in
gerekli olan sag ve sol evolvent egrilerin denklemleri ¢ikartilarak baslanmis ve bu

denklemler kullanilarak dis profilegrileri modellenmistir.

3.1.1. Sag Evolvent Egri Denklemleri

Sekil 3.1°de goriilecegi lizere her egri icin, ani donme merkezi K olup, evolventi

¢izen nokta P noktasidir.

Sekil 3.1.Sagevolvent olusum geometrisi



Bu sekle gore parametrik denklemler;

X, =OT+TC

OT=a.cos®
TC= ad.cos(90-0) =ad.sind

Y, =KT-KD = a.sind-a.@.sin(90-0) = a.sind —a..cos & = a.(sin & —6.cos 0)

X, =a.(cos @ + 6.sin O) (3.2)
y, =a.(sin@—0.cos0) (3.2)

Bu denklemler disli ¢arka uygulanacak olursa a yerine rp boliim dairesi yarigapi

yazilirsa;

X, =1,.(C0S 0 +0.5in ) (3.3)

y, =I,.(sin@—0.cos 0) (34)

Evolvent egri olusturulurken yukaridaki denklemlerdeki  degeri i¢in

aralig1 sinir sart1 olarak belirlenmistir.

eva=invo=tga-a

Sekil 3.2. Solevolvent olusum geometrisi
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Sekil 3.3.Bir dis profili

Sd
E—Z(l
2
_25d Sd
o= — = —
2d d
A—=A—=(oc+inva)
Y
2
S
sc=5
Sy
2 Sy
< = (L +inve
d, & )
2
s, .S, .
=2 = (=% +inv
g, g e
S, .
S, =d, (?+ inver) (3.5)
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a = kavrama veya basing agis1 (20°)
AB = eva=tga—-«a

BC =arco

a+y=0

AC = AB+BC =r,.(a +7)

AC
r—=(05+7/)

b

AC=r.(a+y)=CD=r 9

Qoa=—=
rb

CD=r .9«

L. (a+y)=rt9a

a = 20° igin

y =tga—a =eva =inva =0,0014904
y =1g20° —0,349066

o _ %
180 ~«
T

Uy = —— oy = —— .20 = = = 0,349066
180°° 180 9

¥ =1g20° —0,349066 = 0, 363970 — 0, 349066
¥ =0,014904

i=(0:+7/)=9

b

Solevolventi bulmak i¢in de ;

X, = rb.{cos(éw%) +<9.sin(¢9+i)}

b I’b

Y, = rb.{sin(<9+%) —9.cos(0+%)}

b b
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Dis dibi kavis yaricapi (p,) * yi asagida ¢ikarilmis olan denklemler yardimiyla hesaplanir.

Sekil 3.4. Dis dibi Radius yaricap1

S = Dis bas boslugu

I, =Cakinin kose radiusu

DIN standartlarina gore :

1) S;=025Mr, =0,3M : Genel amaglar i¢in
2) S;=035Mr, =0,35M : Taslanmis ve tiraslanmus disliler i¢in
3) S;=040Mr, =0,38 M : Ucak mekanizmalarindaki disliler igin

Bunlara gore dis dibi radiusu (p,) :ninhesab :

Tashihli dislilerde;

2
(M+S,)—xM -,
A=G+d[ d (mm) (3.8)
E+ (M +S;)—xM +r;

X=0 i¢in tashihsiz dislilerde ise ;

a=n+dBM+89_”] (mm) (3.9)
E+ (M +S;)+r;

Hesap : (DIN)

S, =0,166 M
r, =0,25 M

m = 4 mmoldugundan ;
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S, =0,166.4=0,664mm

I =0,25.4=1mm

4+0,664)-1 ° 2
(4+ ) :1+m51,25 mm

P =1t
50+ (4+0,664)+1 55,664

Ayrica 1 nin hesabr icin ;(ISO/R53 veya DIN 867)

S, _ 0166M _ 01664 _0.664 _, o

r = = = —
T 1_sing 1-sin20° 1-sin20° 0,657

& : Kavrama veya basing agis1 : 20° igin

Yukarida ¢ikarilmis olan denklemler kullanilarak disli g¢arklarin diger temel
biiyiikliikleri yardimi isle CATIA programi kullanilarak disli ¢ark modellenmistir. Disli

cark modellenirken kullanilan akis semas1 Sekil 3.2°de verilmistir.
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Bilgisayar Acilir

\ 4

Catia Program

\ 4

Start Meniisti Agilir

\ 4

Start
MeniisiisiindenShape

A 4

ShapeDesignden Sonra
GenerativeShape Design
Secilir

v

Knowledge Formiil
Cubugu Segilir

'

Formiil Cubugu
Kullanilarak Tlgili
Bagintilar Girilir.

v

XY Plane Secilir

\ 4

Knowledgeden Point
Defination Segilir

\ 4

Point DafinationdanEdit
Formula Secilir

!
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)

Point DafinationdanEdit
Formula dan 6 Adet
Nokta Belirlenir

v

Splineicondan 6 Adet
Nokta Birlestirilir

v

Circle Komutu ile Taban
dairesi Can1 Cizilir

v

Circle Komutu Ile Disiistii
Capi Cizilir

v

CornerDefination Ile Dip

Kavis Yaricap Cizilir

v
SymetryDefination ile
Evolventin Simetrisi

v

Trim Komutu ile

Fazlaliklar Budanir

v

CircularPattern Komutu
ile Dis Savilar1 Cogaltilir

v

Part Body meniisiinde dis

egrilik yarigapi tayin
edilerek egri boyunca kati
model tamamlanir.

Sekil 3.5. Disli modellenirken kullanilan akis semasi
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Yukarida verilmis olan bilgiler 1s18inda egriselevolvent profilli dislilerin
modellenmesi Sekil 3.4’te verilmis olan akis semasi takip edilerek yapilmigtir. Akis
semasinda Onemli olan adimlar asagida verilmistir. Bolim 3.1.1°de verilmis olan
matematiksel bagintilar CATIA V5 R15 programinda formiil gubugu kullanilarak uygun

adimlarla programa girilmistir.

Knowledge

Design Table |

Sekil 3.6. CATIA kati1 model olusturmak i¢in formiil girme meniisii

Yine ayni meniiden dislinin biitiin boyut parametreleri girildikten sonra,
evolventegrisinin en sagliklt sekilde olusturulmas:1 gerekmektedir. Evolvent egrisi
olusturulurken evolvent denklemleri kullanilarak optimum nokta tespit edilmis ve bu
noktalarin spline ile birlestirilmesi ile evolvent egri olusturulmustur. Egriyi ¢izerken dikkat
edilmesi gereken bazi noktalar vardir. egriyi olustururken optimum nokta sayisi
belirlenmelidir. Nokta sayis1 arttikca egri kontrol edilemez hale gelir. Ayrica egride
istenmeyen dalgalanmalar meydana gelir[28]. Dolayisiyla 6 adet  agis1 belirlenmis ve bu
acilar programa girilerekevolvent egrisini olusturmak igin gerekli olan optimum nokta
say1s1 olan 6 adet nokta tespiti yapilmistir[29-30].
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Jie) Formula, 5

jT,-J Farrila
j’.,},:l Farrmula, 7:

nink AiH=Relafi

 Knowledge

Lol
|
e

0'\ l i

(30 @ wE4sRRSB008E 5

Sekil 3.7.a.CATIA evolvent egrisi olusturmak igin nokta tespiti

Daha sonra bu noktalar ilgili komut kullanilarak isaretlenmis ve bu isaretler egri

yardimi ile birlestirilerek evolvent egrisi olusturulmustur.

Points fTangents Dir, I Tensions ] Curvature Dir, I Curvature
Point.1

Paint:6

&

@ add Point after O add Point Before: O Replace Point

& Geometry on support
[ ¢lose Spline

Remove Point ‘

R
Show parameters == l

Sekil 3.7.b.Evolvent egrisinin olusturulmasi
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3.2. Disli Carkin Modelinin Olusturulmasi

Literatiirde disli ¢arklar ve bu carklar1 imal eden ¢akilarin modellenmesine yonelik
degisik metotlar kullanilmistir [32-37]. Bu g¢alismada disli ¢cark modellenirken CATIA
programi kullanilmistir. Bir dis profili i¢in gerekli olan egri boliim 3.1°deolusturulduktan

sonra programa girilmis olan ilgili formiiller vasitasi ile taban dairesi ¢izilmistir.

Pei e

BIOEE 5

222

A

Sekil 3.8.Disdibi dairesinin olusturulmasi

Daha sonra da aynm1 adim ile ilgili formiilden taksimat dairesi ¢izilir ve evolvent
egrisinin bir dis profilinin olusturulmas: ig¢in de dis kalinligidegerinde taban dairesi

izerinde atlanarak simetrik evolvent egrisi ¢izilmistir.
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Symmetry Definition

Element:  [Trim.1 & '

Reference: |Plane.1
Hide{Show initial element ]
b @ Siface O Yoloms ‘

@ cancel | preview |

Sekil 3.9.B6liim dairesinin olusturulmasi

Daha sonra, dis iistii cap1 da ¢izildikten sonra fazla kisimlar atilir ve bdylece bir dig
profili olusturulmustur. Olusturulan bu dis profili dis sayis1 kadar taban dairesi {lizerinde

cogaltilmistir.

Circular Pattern Definition

Axial Reference | Crown Definition l

Parameters; ]Complete crown
Instance(s) : 20 =) |

\angular spacing : lii

|
1

Total angle : E L/
r Reference Direction '

\Reference element: , = =
i | Center Graph -

| Beverse] [zaxs =

[: Reframe On =

E Object to Pattern — HidefShow — @

10bject:|Trim.3

{ | Properties

0 gl %

‘ gther Selectnon:.  IMoress |
] / Create Line Dreview I

SR s

U

-

= |
r >
> x>
w
[ f :

!_ l.k? G ‘_% BS f?’ @Q Q& g Create Plane

Sekil 3.10. Toplam dis sayisinin olusturulmasi
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Bu dizilme isleminden sonra dis profilinin taban dairesine denk gelen fazla ¢izgiler

temizlenip, bunun sonucunda dislerin 6nden goriiniis profilleri tamamlanmustir.

SpurGEAR.CATPart

Sekil 3.11. Dislinin 6nden goriiniis modeli

Disli profili elde edildikten sonra disli kalinlig1 boyunca uygun egrilik yarigapinda
ilgili komut kullanilarak asagida verilmis olan sekilde disli g¢arkin modellenmesi

tamamlanmustir.
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Sekil 3.12. Diglinin kat1 modelinin tamamlanmasi

Ayn1 mantiktan hareketle kremayer dislinin de kati modeli olusturulmustur.

Sekil 3.13. Kremayer dislinin kati modelinin tamamlanmasi
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Yine CATIA programi kullanilarak ve bir evolvent dis olusturma prensibi
kullanilarak c¢avus disli(ok disli) pinyon ve es calisan kremayerdiglinin kati modeli

olusturulmustur.

Sekil 3.14.Cavus disli (ok disli) disli ¢iftinin kat1 modelinin tamamlanmast

3.3. Dislilerin imalat Kodlarmin Cikarilmasi

Dislilerin bes eksenli CNC tezgahinda imal edilebilmesi i¢in gerekli olan imalat
kodlarmin ¢ikarilmasi gerekmektedir. Bunun i¢cin CIMATRON CAD-CAM programi
kullanilmistir. Kati modeli olusturulmus olan dislilerin, bu program kullanilarak ve ilgili
komutlar yardimi ile imalat kodlar1 ¢ikarilmistir.Parganin imalati 2 asamali diistiniilmiistiir.
[lk asamada disli taslag iizerinden Kaba pasolar alinarak taslak imalata uygun bir hale
getirilmis ve daha sonra da evolvent profile sahip ¢aki imal edilerek bu c¢aki vasitasi ile
dislilerin imal edilmesi saglanmistir.Dislinin ince islemleri yapilirken evolvent profili elde
edebilmek i¢in evolvent agizli parmak freze gakisi tasarlanmistir.

Bu tasarimda;cakinin kesmeagzinin evolventii¢in,disli modellenirken
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kullanilan denklem 3.3 ve denkiem 4.4 kullamlarak evolvent egrisi olugturulmus ve bu
evolvent ‘egri kullaulmigtr, Cakinin u¢ kismi, diglinin diy dibi kalmhfindan kigik
tutulmugtur. Ayrica gakinn ug radyiisii dig dibi p; kavis yaricapiyla aym segilmigtir. Cakmm
kesici agiz sayisi imalat olanaklanna gére bir adet yapilmigtir. Bu prensiplere gore tasarlanan
¢akinin imalat resmi Sekil 3.15°te verilmigtir.

|
|
|

. l; 001

E 0.5x45".

[Ofo00s[B] ¥ {22

0.664
==

Sekil 3.15.Parmak freze gakisi teknik resmi
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Tasarlanan bu parmak ferze ¢akisinin, CATIA programi kullanilarak kat1 modeli

olusturulmustur (Sekil 3.16-3.17).

Sekil 3.16. Evolventprofilli parmak freze ¢akisinin katt modelinin tamamlanmasi

Sekil 3.17. Evolvent profilli parmak freze ¢akisinin bir dis profilini olugturma sekli

44



3.3.1. Evolvent Profilli Parmak Freze Cakisinin imalat Kodlarmin Cikarilmasi

Cakmin katt modeli CATIA programi vasitast ile olusturulduktan sonra tel
erezyontezgahlar1 i¢cin G kodlar tiiretmekte yaygin olarak kullanilan GOElan CAD-CAM
programi kullanilarak ¢akinin imalat kodlar tiiretilmistir. Tiretilen bu imalat kodlar1 bu

calismanin ekler boliimiinde sunulmustur.

3.3.2. Konkav-KonveksKremayer ve Pinyon Dislinin imalat Kodlar1

Egriselevolvent profilli kremayer ve pinyon dislinin kat1 modelleri CATIA CAD-
CAM programi kullanilarak tamamlandiktan sonra, bu modeller CIMATRON CAD-CAM
programina aktarilmis ve bu program vasitasi ile dislilerin imalati igin gerekli olan imalat
kodlar1 ¢ikarilmistir. Cikarilan bu imalat kodlar1 yine programa ait olan simiilasyon
programinda test edilmis ve gerekli diizenlemeler yapilarak kodlarin diizenlenmesi
tamamlanmis ve imalat i¢in hazir hale getirilmistir. Cikarilan bu imalat kodlar1 bu

caligmanin ekler boliimiinde sunulmustur.

Sekil 3.18. Kremayer disli imalat simiilasyonu

Sekil 3.19.Pinyon digli imalat simiilasyonu
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3.4.Disli iImalatinda Kullanilan Malzemelerin Ozelliklerinin Tespiti

Bu arastirmada sanayide genellikle disli yapiminda kullanilan bir termoplastik
malzeme olan PEEK (Polietereterketon) malzeme kullanilmistir. Malzemenin mukavemet

Ozelliklerinin tespitine yardimci olmast maksadiyla PEEK malzemeden TSE 138

standardina gore ¢ekme numunesi hazirlanmigtir (Sekil 3.20).

© 2
VAR
A
e
=1
~ ~
40 1 60 | 40
] T
140

Sekil 3.20.PEEK malzemesinin ¢ekme numunesi

Hazirlanan bu numune bilgisayar donanimlt UTEST marka ¢ekme deneyi

tezgahimabaglanmis ve ¢ekilmistir (Sekil 3.21).

Sekil 3.21. Cekme deney tezgahi

Cekme sonucu elde edilen degerler Tablo 3.1°de goriilmektedir.
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Tablo 3.1. PEEK malzemenin mukavemet degerleri

Akma Akma Kopma Kopma Darbe Elastisite
Gerilmesi Gerilmesi Gerilmesi Gerilmesi Dayanimi | Modiilii
(NI | Attinda Uzama o (Nmm?) | Altinda Uzama | aq(kj/m?) E¢(N/mm?)

g, (%) &q (%)
110 4,9 75 20 15 4400

Bunun disinda, yapilan CATIA programlarinin g¢elik malzemelerde de denenmesi

icin se¢ilen St60 malzemesinin mukavemet 6zellikleri de Tablo 3.2°de goriilmektedir.

Tablo 3.2. St60 Celiginin mukavemet degerleri

Imalat Kopma Akma Dalgal1 Yiiklemede Dalgal1 Dalgal1
celigi Gerilmesi Gerilmesi Cekme Gerilmesi Yiiklemede Yiiklemede
Egilme Gerilmesi Burulma
Gerilmesi
o (Nmm?) | o (NImm?) | o (N/mm?) O,5 (N/mm?) 7y p (N/mm?)
St60 600 380 260 320 180

Arastirmada ¢ tip disli lizerinde durulmustur. Bu disliler, diiz evolventprofilli

disliler, ok evolventprofilli disliler, konkav-konveksevolvent profilli dislilerdir. Bu

dislilere ait teknik resimler asagida verilmistir.
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Sekil 3.22. Diizevolventprofilli disli teknik resmi
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Sekil 3.23. Diizevolventprofilli kremayer disli teknik resmi
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Sekil 3.26. Evolvent profilli konkav-konveks disli

52




38

Biyiikilider Sembal | Degeri
32 a3
3/,( 3/ ) Normai modid Mn 4
Dis saywsi z 25
| Olcllen dis
kalnb Sx 6.28 mm.
—w hax 410 mm.
— Okgilien halve
wzniufiu Wk | 30.958 mm]
252
240 6
5 &
El _A, 0.5x45° %/
, - 3[
(&

27.336

L
=

300
A-A Kesiti:
37.66
27.23
\
o © !
| = Pla
o
. 3 Oleos[e]

Sekil 3.27. Evolvent profilli konkav-konveks kremayer disli

53



Bu arastirmada ok disli olusturulurken; 153 mm egrilik yaricapmna sahip olan
konkav-konveks disli ile mukayesesi yapilacagindan egrilik yarigapina tegetler, ok dislinin
dis profili olarak kabul edilmistir. Bu kabul sonucunda ok dislinin helis agis1 7,5° olarak
tespit edilmistir (Sekil 3.28).

/I\
!

165°
P —Ok dis profili
i
: ——Dairesel kavisli
; dis profili
i
| N
I
|
[
[
|

%l

N
[
|
|
[
|
[
[ .

Sekil 3.28. Ok dislinin bir dis profilini olusturma mantigi.

Ug ayn tip dislinin a¢imi igin &nce 3 mm capinda standart parmak freze ¢akis
temin edilmistir. Daha sonra da modiil 4’e uygun evolvent profilli parmak frezenin imalat
i¢cin 12 mm ¢apindaki HSS malzeme kullanilmigtir. Bu malzeme CHARMILLES marka 4
eksenli telerezyon tezgahina baglanarak, modiil parmak frezenin imalati i¢in daha 6nce kati
modeli olusturulmus olan g¢akinin, CATIA programi ile G ve M olusturulmus ve bu
kodlar, telerezyon tezgahina yiiklenerek ¢akinin imalati yapilmis ve imal edilen ¢akinin
ag1z1 alet bileme tezgahinda bilenerek hazir hale getirilmistir

Diglilerin imalatinda kullanilan FANUC marka 5 eksenli CNC tezgahi Sekil
3.27°de goriilmektedir. Daha onceden ¢ikarilmis olan imalat kodlar1 bu tezgahin

bilgisayarma  girilmistir. Hazirlanan disli  taslaklariin  kremayer tipleri direk
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tezgahtablasina baglanmis, silindirik tipte olanlar da, malafalar yardimi ile tezgahin déner

tablasina baglanarak a¢ilmaya hazir hale getirilmistir.

Sekil 3.29. FANUC marka bes eksen CNC freze tezgahi.

3.5. Dislilerin imalat:

Dislilerin CNC freze tezgahinda imal edilebilmesi icin tezgdhin hazir hale

getirilmesi gerekir. Bunun i¢in;
a) Imalat esnasinda kullanilacak takimlarin doner tablaya yerlestirilmesi,
b) Onceden hazirlanan disli taslaklarmin ofsetlenmesi,
¢) Takimlarin boylarinin 6l¢iilmesi,
d) Tezgahin calistirilmasi islemlerinin yapilmasi gerekir.

Bunlarin 6zet olarak yazacak olursak;
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3.5.1. Imalat Esnasinda Kullamlacak Takimlarin Déner Tablaya (Tarete)

Yerlestirilmesi

Bunun i¢in yapilan iglemler sirasiyla;

1) Mod se¢me diigmesini konumuna getir,

2) Bir numarali ¢akiy1r (3mm ¢apli parmak freze) pense tak ve is miline yerlestir

(T1)

3) Vakum diigmesine bas,

4) MDI konumuna al,

5) PROG tusuna bas,

6) Klavyeden T; yaz,

7) M6 yaz,

8) EBO (; ) bas,

9) INSERT tusuna bas,

10) Cyclestart’a bas,

Birinci takim doner tablanin 01 numarasina yerlesir. Ayni yolla ikinci takimi (sag
evolvent parmak freze) doner tablanin 02 numarasina yerlestir. Daha sonra ii¢lincli takim
(sol evolvent parmak freze) doner tablanin 03 numarasina yerlestir ve dislilerin agiminda

kullanilacak takimlar iglem sirasina gore doner tablaya (tarate) yerlestirilmis olur.

3.5.2.0nceden Hazirlanan Disli Taslaklarimin Ofsetlenmesi (Sifirlanmasi)

Bunun i¢in sirasiyla;

1) Is miline sifirlama yap,

2) Prop’u is miline tak (kiire cap1 10 mm),

3) Mod se¢cme diigmesini el ile ¢alisma konumuna al,
4) Propu is parcgasina x yoniinde degdir,

5) Klavyeden POS tusuna bas,

6) Ekranin altinda REL tusuna bas,

7) X tusuna bas,

8) ORIGIN tusuna bas,
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9) Prop ucu 10 mm capta oldugundan is milini yukariya dogru kaldir ve taslak ile
irtibatin1 kes, el tekeri yardimi ile prop ug¢ yari ¢apt kadar (Smm) + X ekseni yoniinde

taslagi hareket ettir. Boylece x ekseni yoniinde sifir noktasi bulunur.

10) POS tusuna bas,

11) ALL tusuna bas,

12) Agilan machine’ye X degerini yaz.

13) Ayni islemi Y ekseni i¢inde yap.

14) X ve Y degeri (el tekeri ile) sifirlandiktan sonar ( X= 0.000 Y = 0.000) ekranin
altindaki ALL tusuna bas.

15) Ekrandaki machine’den X,Y degerlerini bir kagida yaz,

16) Is milinden propu ¢ikar, klavyeden OFFSET SETTING e bas, ekranin altindaki
GEOMETRY tusuna bas ve H ile D yar1 cap degerlerini bir daha kontrol et sayet
yazilmayan varsa yaz. (H takim boyu, D takim yaricapidir.)

17) POS tusuna bas

18) Z degeri igin ilk takimi tekrar tarete tak

19) Is milini sifirla,

20) Mod se¢gme diigmesini MDI konumuna getir,

21) SI500 MO3EOB bas, INSERT e bas, CYCME START’a bas,

22) Donen takimi par¢anin optionpoint noktasina tistten degdir ve disar ¢ikar,

VAR
. . X
Option point > [

Sekil 3.30.Kremayer disli

57



Sekil 3.31. Kremayer disli

23) Is milinin dénmesini durdur (RESET e bas)

24) POS tusuna bas,

25) ALL tusuna bas,

26) Is mili ile parca optionpointleri arasindaki mesafeyi topla,
27) Bulunan toplam Z degerini WORK OFFSET dosyasina yaz,
28) Klavyeden OF/SET tusuna bas,

29) Ekranin altindaki WORK’a bas,

30) Kiirsorii sifirlama yapilacak konuma al, (G54,...,G59),

31) MACHINE dosyasinda;

X,Y,Z degerlerini G54’e kaydet

32) INPUT a bas,

33) Takilar1 tekrar yerine tak ve RESET yap.

34) Sogutma suyunu ag,

35) Yiiklenen CATIA programini ¢agir, bunun i¢in; Mod secici diigmesini EDIT’e
al,

36) PROG diigmesine bas,

37) DIR’a bas,

38) Yiiklenen program ekrana gelir,

39) Kiirsor programin basinda olmali, orada olmazsaRESET e basarak basa getir,
40) MOD segici diigmesini MEMORY e al.

41) SINGLE BLOCK tusuna basarak kapak,

42) Freze tezgahinin kapisini kapat,

43) START diigmesini basarak tezgahi disli imalatina baglat.
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3.5.3. Takimlarin Boylarmn Ol¢iilmesi

Islem esnasinda, takim boylar1 farkli uzunluklarda olabilir. Bu uzunluklari

denklemek ic¢in, takim boylar1 Olgiilerek aradaki farklar tezgah dosyasina yazilarak

giderilir. Bunun i¢in;

1.

10.

11.

12.

13.

14.
15.

16.

Is milini referans génder. Gidip gitmedigini anlamak icin, MOD se¢me diigmesini
(~) konumuna al. Tezgah alarm veriyorsa, is mili referans konumundadir,
Programda kullanilacak tiim takimlar, islem sirasina gére siralanir,

MOD se¢me diigmesini el ¢arki konumuna al (®),

Komparator saatini, tablaya dik konumda bagla El ¢arki ile is milini alnim
komparatoriin ucuna dokundur (kiigiik ibre 1, biiyiik ibre 0) olacak sekilde ayarla,
Klavyeden POS tusuna bas,

Ekranin altinda REL tusuna bas,

Klavyeden Z tusuna bas, ekranda Z yanip soner. Origin tusuna bas ve Z degerini
sifirla,

Is milini el garki ile yukar1 kaldirarak, referansa gonder ve boyu dlgiilecek ilk
takimi (3 mm parmak freze) is miline tak. (Ty),

Is miline baglanan takimin kesme yapan ug noktasini, komparatdriin ucuna degdir.
El cark: ile —Z yoniinde ayarlamalar yaparak, komparatoriin kiiciik ibresi 1, biiyiik
ibresi 0 olacak sekilde ayarla. Sonra POS ve REL tusuna bas,

Ekranda okunan Z degeri takim boyunun (H;) 6l¢iim degeridir. Bu degeri bir
kagida yaz,

Diger sag ve sol evolvent profillere sahip olan modiil parmak frezelerinde ayni
yontemle boylarimi 6l¢ (Hz) ve (Hs) bir kagida yaz.

Kullanilan kesiciler bitince klavyeden OFFSET SETTING tusuna bas,

Ekran altinda GEOMETRY tusuna bas,

Tezgah anahtar1 kapali ise ac,

GEOMETRY dosyasinda H siitununa sirasiyla Hi,Hp,H3 boylari yazilir. Daha sonra
Hi,Hz,H3 cakilarinin yaninda bulunan D siitunun sirasiyla G41ve G42 takim ¢ap
telafisi i¢in, kesicilerin yarigaplar1 yazilir.

POS tusuna basilarak islem tamamlanir.
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3.5.4. Tezgahin Cahstirilmasi

Tezgah iki sekilde calistirilir,

a) Diglilerin el ile tiklanarak adim adim agilmast,

b) Dislilerin otomatik agilmasi, Bu arastirmada otomatik ag¢inim se¢ildi. Bunun i¢in;
MOD se¢im diigmesini EDIT konumuna al,

PROG tusuna basarak programin ekranda goriinmesini sagla,

RESET tusuna basilarak programi basa al,

MOD se¢me diigmesini AUTO konumuna getir,

Ekranin altinda bulunan “Program Check” veya “check” tusuna bas,
SINGLE BLOK sivici OFF konumuna al,

DRY RUN sivicinin OFF konumunda oldugunu kontrol et,

FEED RATE OVERRID (G01), RAPID TRAVERSE OVERRIDE (G00) ve SP
LOAD METERS (Sd/d) diigmelerini %100 konumuna al,

O N o g A~ w D PE

9. Tezgahin kapisini kapat,
10. CYCLE START tusuna bas.
Bu islemlerden sonra, disli acilana kadar, tezgah calisir, imalat bitince tezgah
durma konumuna gecer. Aymi islemler kramayer disli ac¢ilimi i¢in de tekrarlanir ve
dislilerin a¢ilim1 boylece bitirilir. Bu iglemlerinérnekleri fotograf olarak boliim 3’{in alt

basliklarinda sunulmustur.

3.5.5.Konkav-Konveks EvolventProfilli Dislinin ve Kremayerinin Imalati

Bu disli cark imal edilirken 6zellikle silindirik disli i¢in en az dort eksene ihtiyag
duyulmaktadir. Ciinkii dikey merkezli islemede ¢aki taslak {izerinde ilerlerken yani XY
diizleminde hareket ederken kontrollii olarak Z ekseninde de hareket etmelidir. Z
ekseninde kontrollii olarak hareket etmedigi taktirde dis profili genislik boyunca her
noktada esit ¢cikmayacaktir. Dordiincii eksen olarak disli taslaginin diger dis profillerinin
islenebilmesi i¢in donmesi gerekmektedir. Dolayisi ile ii¢ dogrusal bir dairesel harekete
ihtiya¢c duyulmaktadir. Bu faktorler goz oniinde bulundurularak 5 eksene sahip freze

tezgahi kullanilmistir. Disli taslag: freze tezgahina Sekil 3.32” deki gibi baglanmistir.
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Sekil 3.32. Disli taslaginin tezgaha baglanma sekli

Konkav-konveks evolventprofilli dislinin imalat1 iki sathada yapilmistir. Birinci
sathada 3 mm c¢apindaki klasik parmak freze ile disli taslaginin kabasi alinmistir. (Sekil
3.33) ve (Sekil 3.34).

Sekil 3.33. Konkav-konveks diglinin kaba iglenmesi
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Sekil 3.34. Konkav-konveks kremayer dislinin kaba islenmesi

Daha sonra da, evolventprofile sahip c¢aki ile son paso verilerek dislilerin agimi1

tamamlanmistir(Sekil 3.35).

Sekil 3.35. Konkav-konveks evolvent disli ve kremayeri
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3.6. Diiz Disli, Ok Disli ve Kremayerlerinin imalat

Diiz ve ok disli i¢in de ayn1 tezgah kullanilmis ve daha 6nce kati model iizerinden
cikarilmis olan imalat kodlart yardimi ile once dislilerin kaba paso islemleri yapilmis ve
daha sonra da evolvent profilli parmak freze c¢akisi ile disler agilarak dislilerin imalatlar
tamamlanmustir (Sekil 3.36), (Sekil 3.37), (Sekil 3.38) ve (Sekil 3.39).

Sekil 3.36. Ok dislinin son paso iglenmesi
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Sekil 3.37. Ok kremayer diglinin son paso islenmesi

Sekil 3.38. Ok disli ve kremayeri

Ayni yolla imal edilmis diiz disli ve kremayeri Sekil 3.39°da goriilmektedir.
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Sekil 3.39. Diiz disli ve kremayeri

3.7. Dislilerin Celikten imal Edilmesi

Dislilerin her ii¢ tipinin de ayni1 parmak freze ¢akist kullanilarak c¢elik malzeme ile
imal edilebilirliginin arastirtlmasi amaci ile; St60 malzemesinden taslaklari hazirlanarak 5
eksenli CNC frezede aynen PEEK malzemenin imal edildigi imalat agamalar1 takip
edilerek imalatlar1 yapilmistir (Sekil 3.40-3.41).
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Sekil 3.40. St60’tan imal edilmis diiz disli ¢ifti

Sekil 3.41. St60’tan imal edilmis ok disli ¢ifti
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Sekil 3.43. St60°tan imal edilmis egriselevolvent profilli disli ¢ifti
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4.DISLILERIN ANALIZLERININ YAPILMASI

Imalatlar1 yapilan disli ciftlerinin imalat hassasiyetlerinin dl¢iilmesi, performans
karakteristiklerinin ve biri birlerine gore avantaj ve dezavantajlarinin tespiti amaciyla disli
carklilar bir takim analizlere tabi tutulmuslardir. Bu analizler; boyut analizi, yiik analizi,
giiriiltii analizi ve gerilme analizleridir. Bu analizlere yonelik olarak farkli ¢aligmalar
yapilmustir. Bu analizler sirasinda uygulanan yontemler ve sonuglari agagida sirasiyla ifade

edilmistir.

4.1.Dislilerin Boyut Analizi

Silindirik diiz, ok ve konkav, konveks(egri) disliler ile bunlarin kremayer dislileri,
geometrik boyutlar1 dikkate alinarak hazirlanan CATIA destekli bilgisayar programina
gore imal edilmislerdir. imal edilmis olan bu dislilerin boyutlar1 ile imalat 6ncesi
hesaplanan boyutlarinin uyusup uyusmadigini kontrol etmek icinfarkli ¢alismalar

yapilmistir[39-44]. Bu ¢alismalarda gergeklestirilen, standart disli kontrol yontemi olan;

a)Tek disten kontrol: Bunun igin disin boliim daireni tizerindeki kalinligini (Sx) ve
yiiksekliginin (hx) modiil kumpasi ile 6l¢iiliir.

b) Hesaplanan dis sayisina gore, hatve mikrometresi ile hatvelerinin (WK)
Olctilmesidir.

Bu kontrollerin yapilabilmesi i¢in kullanilarak formiiller tek tek c¢ikarilarak, tablolar
haline getirildi. Bu tablolara gore hesaplanan biiyiikliikler kontrol edildi. Yapilan kontroller

sonucu dislilerin dogru acildigr goriildii.

4.1.1. Tek Disten Kontrol

Yukarida anlatildigi gibi tek disin modiil kumpasi ile kontrol edilebilmesi igin iki
biiyiikliigiin bilinmesi gerekir. Bunlardan biri boliim dairesi iiyesindeki dis kalinlig1 (Sx)
degeri de boliim dairesinden dis basina kadar olan yiikseklik (hx) dir.



a) Sx’inhesabi :

Sekild4.1. Tek dis profili

Sx = dt.Sinyp (4.2)

ydegerioy cinsinden ifade etmek, hesaplamalar1 daha somut hale getirir.

— ——oldugundan,

dt =m.Z oldugundan, formiildeki yerlerine yazilirsa;

69



- — (4.2)

Sx = dt.sinyp yerine konursa;

— — (mm) (4.3)
x=0 i¢in;
b) hx’inhesab :
g = 20° i¢in;
- — — (4.3)

4.1.2. Ol¢iilen Hatveden Kontrol

Asagidaki sekilde goriildiigi gibi 6lgiilen dis sayisinin (k) i¢ine alan ve iki paralel

mikrometre genesi arasinda kalan uzunluga (Wk) 6l¢iilen hat ve uzunlugu denir.
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Sekil 4.1.Hatveden kontrol

WKk = (k -1). te + Sg (mm) (4.5)
Taban dairesindeki dis kalinlig1 d; = dt.cosoy

Degeri ile oo = 0 ve dolayisiyla ev o = 0 olur.

(4.6)

4.7)

(4.8)
Wy = (k-1) zm.cosap + coSeyp (S + dt.evey) (4.9
Xk = Cosy. [(k -1). zm + Sx + dt.evayp] (mm) (4.10)
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a)Tashihsiz diiz silindirik dislilerde (x =0) :

— (4.11)
dt=m.Z
— (4.12)
(4.13)
b)Tashihli diiz silindirik dislilerde (x # 0)
— oldugundan
— (4.14)
(4.15)

¢) Olciilen dis sayisinin hesabi (k)

Buna gore; Wy uzunlugunda k dis sayisina k-1 dis boslugu karsilik geldiginden;

dereceye cevrilirse;
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Bulunan iki AB degeri esitlenirse;

(4.16)

Bulunacak dis sayis1 0,5 ve lizeri ise bir iiste, degilse bir alt sayiya yuvarlatilacaktir.

Bulunan bu 6l¢iim degerleri, arastirma konusu olan dislileri rahatlikla izlemek igin tablolar

haline getirildi (Tablo 4.1-4.3).

Tablo 4.1.Hesaplanan ve 6lgiilen, diiz evolvent disli biiytikliikleri

Biiyiikliikler Semboller Formiiller Uygulama
Modiil m 4
Dis sayis1 4 25
Boliim dairesi dt dt=m.Z 100 mm
Dis iistii cap1 Da Da=dt+2m 108 mm
Dis dibi cap1 Dt Dt=dt-2m 92 mm
Dis genisligi b 40 mm
Kalite Kontrol(sabit kiris {izerinden)
Dis Kalinhgi SX Sx=1,57.m 6,28 mm
Dis Bas1 Yiiksekligi hx hx=1,025.m 4.10 mm
Olciilen Dis Sayisi k k=Z.(00/180)+0,5 3
Kontrol 6l¢ii uzunlugu Wi W, =M.cos.ao[(k-0,5).n+Z.evay]
W,=4.c0s20.[(3-,5)n+25,653.0,014904]
W=30,958 mm
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Tablo 4.2.Hesaplanan ve 6lgiilen, ok evolvent disli biiytikliikleri

Biiyiikliikler Semboller Formiiller Uygulama

Normal Modiil m, 4

Alin Modiilii mg ms=m,/cospa 4,0345

Helis Agisi Ba 7,5

Dis sayis1 Y4 25

Boliim dairesi dt dt=ms.Z 100,86 mm

Dis iistii cap1 Da Da=dt;+2m, 108,86 mm

Dis dibi cap1 Dt Dt=dt;-2m, 92,86 mm

Dis genisligi b 20 mm
Kalite Kontrol(Sabit kiris tizxerinden)

Dis Kalinhgi SX Sx=1,57.m 6,28 mm

Dis Bas1 Yiiksekligi hx hx=1,025.m 4.10 mm

Olciilen Dis Sayisi k=Z.(00/180)+0,5 3

Teorik dis sayisi Zn Z,=Z/cos’ a 25,653

Olciilen Hatve Wy W, =M,.cos.ao[(K-0,5).1+Z,.evoyg]

Uzunlugu W,=4.c0s20.[(3-0,5)+25.0,014904]

W,=30,922 mm

Tablo 4.3.Hesaplanan ve 6lgiilen egriselevolvent profilli disli bitytikliikleri

Biiyiikliikler Semboller Formiiller Uygulama

Modiil m 4

Dis sayis1 Y4 25

Béliim dairesi dt dt=m.Z 100 mm

Dis iistii cap1 Da Da=dt+2m 108 mm

Dis dibi ¢ap1 Dt Dt=dt-2m 92 mm

Dis genisligi b 40 mm
Kalite Kontrol(Sabit kiris tizerinden)

Dis Kalinh@ SX Sx=1,57.m 6,28 mm

Dis Bas1 Yiiksekligi hx hx=1,025.m 4.10 mm

Olgiilen Dis Sayisi k k=Z.(ax/180)+0,5 3

Olgiilen Hatve W, W,=M.cos.0g[(k-0,5).7+Z.evo]

Uzunlugu W,=4.c0520.[(3-0,5)m+25,653.0,014904]

W,=30,958 mm
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4.2. Dislilerde Yiik Analizi

Disli carklar ¢aligma kosullarina gore farkl yiiklerde calisirlar. Calistiklar sartlarda
maruz kaldiklart yiiklere hasara ugramadan dayanabilmeleri gerekmektedir. Bu analizde,
Imalatlar1 yapilmis olan disli carklarin, yiikleme durumunda hasara ugramadan
dayanabilecekleri maksimum yiikiin tespiti amac¢lanmistir. Bu amagla, (Sekil 4.2)’de teknik
resmi verilmis olan dislilerin ¢ekme ve basma tezgahina baglanmasina yardimci olacak

aparat imal edilmistir.
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Sekil 4.2. Baglama aparati teknik resmi
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Baglama aparatina sirasiyla; diiz, ok ve egri profilli dislilertakilmis ve aparat ¢cekme

cihazinin ¢enelerine yerlestirilip ¢ekilmistir (Sekil 4.3).

Sekil 4.3. Digslilerin ¢gekme cihazina baglanma ve ¢ekme sekli

Periyodik olarak diizenli bir yiikleme sonucunda; diiz dislinin 16320 N’da Sekil
4.4 ve Sekil 4.5, cavus dislinin 16462 N’daSekil 4.6 ve Sekil 4.7, konkav-konveks dislinin
ise 16364 N’da kirildig1 gdzlenmistir.
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Sekil 4.4. Diiz dislinin kirilmast

Sekil 4.5. Diiz disli kremayerinin kirtlmasi
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Sekil 4.6. Ok dislinin kirilmasi

Sekil 4.7. Ok disli kremayerinin kirilmasi
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Sekil 4.8. Egri dislinin kirtlmasi

Sekil 4.9. Egri disli kremayerinin kirilmasi
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Diglilere yilikleme yapilmis ve bu yiikkleme sonucunda adim adim zamana bagl
olarak uygulanan kuvvetin degisimi, kuvvet-zaman grafikleri olarak asagidaki sekilde
olusturulmustur (Sekil 4.10-4.12).

18000
16000 /P—g—
14000

12000 /
10000

8000 //

4000
2000

Uygulanan Kuvvet (N)

10 15 20 24 28 32 34 36

Zaman (sn)

Sekil 4.10. Diiz diglinin kuvvet- zaman degisimi

18000

16000 /ﬁ

14000

12000 A

10000 //
8000

6000 4 —o— Ok disli

4000
2000

Uygulanan kuvvet (N)

4 8 12 16 20 24 32 40

Zaman (sn)

Sekil 4.11. Ok dislinin kuvvet-zaman degisimi
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18000
16000 —
14000
12000
10000
8000
6000 -— egri disli
4000
2000

Uygulanan kuvvet (N)

6 10 14 18 22 26 30 34 38

Zaman (sn)

Sekil 4.12. Konkav-konveks dislinin kuvvet-zaman degisimi

Dislilere kuvvet uygulandiginda, zamana bagli olarak her ii¢ disli tipinin de
16000N’a kadar hasara ugramadan dayanabildigi ve uygulanan kuvvet arttirilmaya devam
ettirildiginde, sirasiyla; ok dislinin 16462 N, konkav-konveks dislinin 16364 N ve diiz
dislinin de 16320 N’luk kuvvet uygulamasi sonucunda dis diplerinde kirilmalarin meydana

geldigi tespit edilmis Ve mevcut durum yukaridaki sekillerde grafiklerle ifade edilmistir.
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4.3. Dislilerin Ses Deneylerinin Yapilmasi

Diglilerin ¢alisma esnasinda ¢ikarmis olduklart sesin kaydi ve analizi
amaglanmistir. Literatliirde dislilerin ¢ikarmis olduklar1 seslerin dlgiimlerine yonelik
degisik arastirmalar mevcuttur [46-52]. Bu g¢alismada literatiire uygun bir sekilde 6zel
olarak imal edilmis olan aparat (Sekil 4.13), bilgisayara ses kayit diizeni ile baglanarak bir
deney diizenegi olusturulmustur (Sekil 4.14).
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Sekil 4.13. Dislilerin takilarak hareket ettirilmesini saglayan aparatin teknik resmi
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Sekil 4.14. Ses analiz diizenegi

Sekil 4.13’te goriilen aparata takilan St60 ¢eliginden yapilmis olan disliler,
kremayer dislileri vasitasiyla eksenelydnde hareket ettirilmis, bu hareket sonucu meydana
gelen seslerin desibel olarak siddetlerinin zamana gore degisimi, bilgisayar tarafindan

kaydedilerek her disli ¢ifti igin ayr1 ayr1 6lgiilmiistiir (Sekil 4.15-4.20).
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Zaman (saniye)

Sekil 4.15. Diiz disli ¢alisma esnasinda ¢ikardig sesin bityiikliik degeri
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zaman (saniye)

Sekil 4.16. Ok dislinin ¢alisma esnasindaki ses biiytikligii
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Sekil 4.17.EgriselEvolventprofilli diglinin ¢alisma esnasindaki ses bitytikligi
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Sekil 4.18. Diiz dislinin ses degisimi
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Sekil 4.19.0k dislinin ses degisimi
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Sekil 4.20. Konkav-konveks dislinin ses degisimi

Yukaridaki grafikler gz oniinde bulunduruldugunda, diiz disli -13 dB, ok disli -

5dB ve konkav-konveks diglinin ise -11 dB oldugu goriilir. Buna gére siralama yapilirsa;

-5dB> -11 dB> -13 dB

oldugu goriiliir. Disliler kuru siirtiinme ile hareket ettirildigi zaman; en kiigiik sesin diiz
disli ciftinden en biiyiik sesin ise ok disli ¢iftinden ¢iktig1 goriilmektedir. Bu durumun izahi

bu calismanin sonuglar boliimiinde tartisiimistir.
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4.4 Dislilerin Gerilme Analizi

Son yillarda gelismelere paralel olarak yiksek hizlarda calisan ve
daha fazla yik tasiyan disli carklara ihtiyac artmaktadir. Dislilerde
yik ve gerilme analizlerinin yapilamasi ile 1ilgili bir cok calisma
bulunmakta. Yiik tasiyan disin tlizerinde meydana gelen egilme gerilmeleri,
bu ihtiyacin karsilanmasinda engel teskil eden faktorlerden biridir. Bu
gerilmelerinin bilinmesi, dizayn asamasinda disli hasarina karsi &nlem
alinmas1 ve yik tasima kapasitesinin arttirilmasi bakimindan ©6nem arz
etmektedir. Ytk altinda calisan dislide olusan kuvvetler Sekil 4.21° de

gosterilmistir. Gerilmeler bu kuvvetlerin etkisi altinda olusur.

s

eg
1 /U/V Fietkili egilme

T
1 1| Fietkili kesme
Gy,
J 1 1.V Fyetkili basma

Sekil 4.21. Bir dis profiline etki eden kuvvetler ve etkileri
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Dislide disliyi hasara ugratan maksimum gerilmeler dis dibinde
meydana gelir ve hesaplamalarda burada olusan maksimum egilme gerilmesi
dikkate alinir. Dis dibi gerilmelerinin hesaplanmasi asamasinda; disdibi
kirilma kesiti ile dis dibi kirilma kesitine kadar olan egme kolunun
bilinmesi gerekmektedir. Dis basina kavrama dogrusu boyunca kavrama
acis1 altinda etkiyen normal kuvveti, dis tabanini tehdit eden en biiyik
tehlikedir. Hesap icin dikkate alinmasi gereken kesit alani; dis dibi
kavis yaricapina de teget, diiseyle 30° ac1i yapan diizlemlerin meydana
getirdigi mesafesi boyunca ve b dis genisliginde bir dikdortgendir.

normalkuvveti tegetsel ve radyal bilesenlerine ayrilmaktadir.
kuvveti basma gerilmesini, ise egilme kolu wuzunluguna bagli
olarak egilme gerilmesi ve kayma gerilmesini meydana getirir.
Burada hesaplanan gerilme VonMises gerilmesidir. VonMises gerilmesi bir
noktadaki esdeger gerilmeleri baz alarak gerilme hesabin1 vyapar. Bu
gerileme tipinde olusan bitiin gerilmeler dikkate alinir.Bu bilgiler

1s1ginda  ‘VonMises’ gerilmesini yazacak olursak;

(4.1)

Burada basma o, ve kesme <t gerilimleri(Levis’ e gore) dikkate
alinmayip, birbirlerini karsiladiklari var sayilarak sifir kabul

edilirler. Boylece formiiltimiiz pratikte kullanilan haline gelir.

— (4.2)

(4. 3)
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(4. 4)

— (4.5)
(4. 6)
— (4.7)
Yukaridaki denklemlerde; egilme momenti, mukavemet

momentini ifade etmektedir. Bu denklemlerden de acikca goériilecegi tizere
dislilerdeki gerilmelerin degisimi dis profilinin geometrisine bagli
olarak degismektedir. Disli carklarin endiistride yaygin kullanilmaya baslamasindan
itibaren cesitli analitik ve deneysel metotlarla gerilmeler incelenmektedir. Bilgisayar
teknolojisindeki hizli gelismelere paralel olarak, cesitli parametrelerin etkilerinin hizli ve
tatminkar bir sekilde incelenmesine olanak saglayan sayisal metotlar, disli carklarin
gerilme analizinde tercih edilmektedir.Disli c¢arklarda gerilmelerin hesaplanmasinda
deneysel verilere dayananampirik ifadeler iceren genellestirilmis metotlarin yani sira sonlu
elemanlar, sonlu farklar gibi sayisal metotlarda yaygin olarak ¢ok sayida g¢aligmada
kullanilmistir.Bilgisayar teknolojisinin  gelismesinin  sonucu olarak ortaya ¢ikan
giicliibilgisayar sistemleri sayesinde sayisal metotlar 6zellikle sonlu elemanlar metodu ile
yapilan gerilme ve yer degistirme analizleri fotoelastik deney metodunun yerini
almistir. Konform tasvir, sonlu eleman ve sinir eleman metotlar1 disli ¢ark analizinde
kullanilan sayisal tekniklerdir [53]. Sonlu elemanlar metodu, paket
programlarin sagladigi kolayliklar ile analizlerde vyaygin olarak
kullanilmaktadir. Tasarimda optimum c¢&zime ulasmakta parametrik analiz
dnemlidir. Parametrik analizde kullanilan diger sayisal yontemlere goére

kullanimi daha yaygin olansonlu elemanlar metodu, deneysel yéntemlere

gdre hem maliyet ve hem de harcanan zaman acisindan daha
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tistiindiir. Giintimiizde  sonlu elemanlar metodunu kullanan cok sayida
mithendislik paket

programlari mevcuttur. Bu durum sonlu elemanlar metodunun uygulanmasinda
dnemli bir etkendir. Farkli yeteneklere sahip olan bu programlardan en
dnemlileri ANSYS, ABAQUS, IDEAS veNASTRAN paket programlaridir. Bu

calismada ANSYS V5R15 paket programi kullanilmistir.

4.4.1. Sonlu Elemanlar Metodu

Sonlu elemanlar metodu belirli geometrilere sahip miihendislik problemlerini ¢6zen
bilgisayar destekli sayisal bir yontemdir. Bu metot, yapisal mekanik alaninda ¢ok fazlaca
kullanilmasina karsin isi iletimi, akiskanlar dinamigi, elektrik ve manyetik alan gibi diger
mithendislik problemlerini ¢6zmek i¢in de basariyla uygulanmaktadir. Sonlu elemanlar
metodunun en Onemli ozelligi gerektigi kadar geometriye bagli kalinarak yapisal
problemlerin sistematik ¢oziimiiniin miimkiin olmasidir. Diizgiin sekilli modellerin yani
sira karmagik geometriye sahip modellerin ¢oziimiiniin de miimkiin olmas: bu ydntemin
diger sayisal yontemlere gore en onemli Ustlinligiidiir. Sonlu elemanlar metodu, genelde
yiiksek seviye matematik kullanmay1 gerektiren diger sayisal yontemlerin tersine basit
matris denklemlerine dayanmaktadir [S53].Bununla birlikte, bir sonlu elemanlar metodu
¢oziimil yiizlerce bilinmeyenli denklemleri igerebilir. Bu metodun gelisiminde yiiksek
hizli bilgisayarlar matris metoduyla denklemleri ¢6zmek i¢in gereklidir. Sonlu elemanlar
analizinde bir kati ya da akigkanin ¢ok sayida kiigiik elemandan meydana geldigi kabul
edilir. Elemanlar birbirlerine koselerden baglanir ve bu noktalar diiglim noktalariolarak
adlandirtlir. Tim elemanlar bir yay sistemi gibi davranir ve tiim kuvvetler dengeleninceye

kadar deformasyona ugrar. Elemanlarin her biri i¢in rijitlik matrisi mevcuttur.
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Sekil 4.22. Sonlu eleman modeli

Yay sistemine benzeyen elemanda uygulanan yiik altinda kose noktalarin ne kadar

yer degistirdigi matris notasyonuyla asagidaki sekilde ifade edilir.

{f}=[k]-{5} (4.8)

Yukaridaki denklemde {f} elemana etkiyen kuvvet vektori, [k]elemanin rijitlik
matrisi, {J} ise elemanlarin noktalarinin yer degistirme kolon matrisidir. Sistemdeki tiim

elemanlar g6z Oniine alindiginda temel matris esitligi asagidaki sekilde ifade edilir.

{F}=IK].{d} (4.9)

Burada[K] tiim elemanlarin rijitliklerinin birlestirilmesi ile olusan rijtlikmatrisi,
{F} her bir kose noktasindaki dis kuvvet ve {&} her bir kdse noktasindaki yer
degistirmelerdir. Kuvvet matrisi kuvvetlerin ve sonlu elemanlar analizi baglamadandnce
hesaplanan reaksiyon kuvvetlerinin sayisal degerlerinden olusmakta oldugundan,
bilinmektedir. Rijitlik matrisi de kose noktalarin yerleri ve malzemenin elastik
sabitlermatrisinden olusturulmaktadir. Her eleman igin [K] matrisleri bilinen statik ve enerji
prensiplerinden ¢ikarilabilir. Dolayisiyla bilinmeyen olarak sadece yer degistirmelerkalir.
Yukarida verilen esitligin transpozesi alinarak yer degistirmeler bulunmaktadir. Yer
degistirmelerin x ve y eksenlerine paralel bilesenleri u ve v olarak kabul edildiginde(Sekil

4.23) yer degistirmeler asagidaki seklini alir.
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Sekil 4.23. Diizlem zorlama altinda bir 2 boyutlu eleman [41]

(4. 10)

Tim eleman i¢in yukaridaki esitlik genisletildiginde esitlik

asagidaki sekilde ifade edilir.

(4. 11)

Yukaridaki esitlik asagidaki sekilde de yazilabilir.

(4.12)
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kose noktalarin yer degistirme vektoriidir. Bu ifade asagidaki sekle

dontistiirtiilebilir.

(4. 13)

Eger yer degistirmeler elemanda sabit kabul edilirse katilarin

temel mekanigi dikkate alinarak;

= (4.14)

Seklinde vyazilabilir. Bu esitlik bdliinerek yazilirsa asagidaki halini

alir.

(4. 15)

(4. 16)

Bilgisayar kullanilarak herbir kose noktas1i ic¢cin elde edilen yer
degistirme degerleri noktalarin koordinat matrisi ve elastik sabitler

matrisi ile carpilarak herbir kése noktasi icin gerilmeler elde

edilebilir.

(4.17)
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(4. 18)

ve X ve y eksenlerine paralel normal gerilmeler, kayma

gerilmesi, E malzemenin elastisite modiili ve  biiziilme oranidir.

- yyll,-!a“‘l"a;r1l'2"]}h

= T (Y57 ¥y) b -G fxg = x5 ) b
Oyxl Yy- ,Ilhvd‘;’."‘-n,jh

= Onx [¥=¥y 10 -0y [xz-x, I

Tyylag=x, 1he Tyyly, -yylh

-

Sekil 4.24. Elemanda gerilme dagilimi [41]

Sonlu elemanlar yoénteminde farkli vyapilarda 2 ve 3 boyutlu
elemanlar kullanilmaktadir (Sekil 4.25). Sonlu elemanlar metodunda
elemanin dogru olarak secilmesi kadar boyutunun da dogru secilebilmesi
gerekmektedir. Kicik eleman secilmesi genelde c¢oézimii dogru sonuca
yaklastirir ancak co6ziilmesi gereken denklem sayisi, bilinmeyen sayisi
artacagindan denklemin ¢oziim sliresi uzar. Bu nedenle ayni model tlizerinde
bélgelere gore degisik elemanlarin secilmesi daha uygun olmaktadir.
Ozellikle gerilme dagiliminin yogun oldugu verlerde bu sekilde uygulama

daha basari1li sonuc¢ vermektedir [53].
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Sekil 4.25.Sonlu elemanlar metodunda kullanilan eleman ¢esitleri

/\
VAN
T

Sonlu elemanlar analizi genel olarak 6n islem, c¢o6ziim ve son islem
adimlarindan olusmaktadir. Bu adimlar ®zetle; malzemenin geometrisinin
belirlenmesi ve olusturulmasi, malzeme &6zelliklerinin tayini, farkl:
sekillere ve 6zelliklere sahip sonlu elemanlara ayrilmasi, modele kuvvet
ve vyer degistirmelerin uygulanmasi asamalarini icermektedir. Bu adim
islemde en fazla zamani almaktadir. Sonlu elemanlar c¢oztimi c¢ok fazla
milyonlara varacak islemlerden olusmaktadir. Son islem adiminda ise elde

edilen sonuclar c¢oziimlerle alakali veriler elde edilmektedir.

4.4.2. Dislilerin Sonlu Elemanlar Analizi

Bu c¢alismada, disli profilini tayin eden analitik ifadeler
kullanilarak once evolvent egri olusturularak diiz, ok ve egriselevolvent
profilli dislinin modellenmesi CATIA programi vasitasi ile yapilmistir.

Kramayer ve diiz disli ¢iftleri olusturulduktan sonra yine CATIA programi



kullanilarak dislilerin montaji yap1larak disli ciftleri
olusturulmustur. CATIA programi kullanilarak disli ¢iftleri olusturulduktan sonra
ANSYS programi kullanilarak dislilerin gerilme analizi yapilmistir. ANSYS kullanilarak
arastirmacilar tarafindan dislilerde gerilme analizi yapilirken disliler iki boyutlu kabul
edilip disaridan diigiim noktalarina kuvvet uygulanarak gerilme analizi yapilmaya
calistlmistir [53-64]. Bu analizde ise 3 boyutlu kati modelin bir dis profili referans
alinmigvebir digin temasa basladigi andan ayrildig1 ana kadar gegen kavrama siiresinde
biitiin diglilerde maksimum gerilmenin meydana geldigi kavrama durumunun ve
maksimum gerilme ile gerilme dagiliminin tespiti yapilmistir. Bir disin temasa basladigi
andan itibaren ayrilisina kadar,pinyon disli 13,173° désnmektedir.Bu kavrama siiresi i¢inde
maksimum gerilmenin daha iyi tespit edilebilmesi amaciyla bu donme acis1 6 esit parcaya
boliinmiis ve her bir donme aninda pinyon disliye akma smirinin altinda 8 Nm yiik
uygulanarak (literatiire uygunluk saglamak i¢in) bu ii¢ farkli diglide olusan gerilmelerin
dagilimi gozlenip, maksimum VonMisesgerilmeleri ile maksimum sekil degistirmelerin
tespiti yapilmistir.

Analize baglarken ANSYS programinda ilk olarak dislilerin yapiminda kullanilan
PEEK malzemenin mukavemet degerleri programa girilip daha sonra CATIA programinda
olusturulan model acgilarak mesh meniisii yardimi ile disli ¢ifti sonlu elemanlara
boliinmiistiir (Sekil 4.26). Disli sonlu elemanlara boliiniirken, temas noktalari kisminin
disinda kalan boélgelerdeki gerilmeler bizim i¢in ¢ok onemli olmadigindan programin
meniisiinden faydalanilarak otomatik bu bdlgeler sonlu elemanlara ayrilmistir. Ancak
dislilerin temas bolgelerinde olusan gerilme 6neli oldugundan bu bdlgede sonlu eleman

boylar1 0,05 mm girilerek disli daha hassas elemanlara bolinmiistiir.
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Sekil 4.26. Disli ¢iftinin sonlu eleman modeli

Bu islemin ardindan disliye ylik uygulama yapilabilmesi i¢in dislinin sinir sartlart
girilmistir.Coziimden bir dnceki adim olan bu agamada modelinin gercege yakin sir
degerlerinin modele uygulanmasidir. Dis modeli i¢in smir sartlari, dis kuvvetinin ve
mesnetlerin yerlestirilmesidir [53]. Bu amagla,kremayerdisli bir ucundan mesnetlenmistir
(Sekil 4.27, Sekil 4.28). Yiik, literatiirde yapilan g¢aligmalara uygun olarak moment
seklindepinyon disliye uygulanmistir. Temasta bulunan dis ylizeyleri sistemde tanimlanmig
ve diglilerin lineer elastik sekil degistirme yapacagi tanimlanarakdislilere statik yiik
uygulanmistir (Sekil 4.29). Yapilan bu yiikleme sonucunda olusan maksimum VonMises

gerilmeleri agagida sunulmustur.

Digli bu
yuzeyden
sabitlenir

0.000 0.050 0.100 {rm)
[ E—
0.025 0.075

Sekil 4.27.Kremayer diglinin mesnetlenme sinir sarti.
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0.000 0.050 0.100 {m)
[ E— ES—
0.025 0.075

Sekil 4.28. Kremayer dislinin mesnetlenmesi sinir sarti

Pinyon digliye 8 Ntm
Mpment uyguland.

islinin ig

| | yancaps
. | sabitlendi

0.000 0.050 0.100 {m)
I I ]
@ 0.025 0.075

Sekil 4.29.Pinyon disglinin mesnetlenmesi ve yiik uygulanmasi

Gerekli smir sartlar1 girildikten sonra programda mevcut ¢6ziim mentisii

kullanilarak disli ¢iftlerinin gerilme analizi ve sekil degistirme ¢ozlimleri yapilmistir.

4.4.3. (0°) Kavrama Agisinda Yiiklenen Dislilerin Gerilme Analizi Sonuclar:
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Asagidaki sekillerde 0° kavrama acisinda yiiklenen diiz, ok ve egriselprofilli disli
ve kremayerlerinin, gerilme analizi neticesinde alinan gerilme dagilimi resimleri
verilmistir. Sekiller incelendiginde minimum gerilme ok dislide 5.51 MPa olarak meydana
gelirken diiz dislide 7.33 MPa olarak meydana gelmis, egrisel dislide ise bu deger
maksimum degerine ulasarak 10.75 MPa degerine ulagmistir.

Kremayer disliler degerlendirildiginde ise en diisiik gerilme pinyon dislilerde
oldugu gibi ok kremayer dislide 6.67 MPa, diiz kremayer dislide 17.38 MPa ve maksimum
gerilme egriselkremayer dislide 18.75 MPa olarak tespit edilmistir. Bu degerler kendi

aralarinda kiyaslandiginda minimum ve maksimum gerilmeler arasinda, pinyon digliler igin

1.95 kat, kremayer disliler arasinda ise 2.81 katlik bir fark oldugu gézlenmistir.

|
7.3362e6 Max
6,5211e6
5,7059¢6
489086
4,0757e6
3,2605e6
2,4454e6
1,6303e6
8,1514e5
10,169 Min

v
0.000 0.030 0,060 (m) ®
I T ]
0.015 0.045 v

Geometry A Worksheet ) Print Preview ) Report Preview / ]

essaqes 2 X Tabular Data 2

Sekil 4.30. Diiz pinyon disli ilk temas aninda (0°) de gerilme durumu
g
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- ININSIE)
Equivalent Stress 2. ‘ W12
Type: Equivalent {von-Mises) Stress

Unit: Pa :

Time: 1 f

10.08.2011 12:18

1,7385e7 Max

15453¢7 P\
1352267
1,150¢7
9,6584e6
1126866
57852¢6
38636e6
1,032e6
352,7 Min

0.000 0.030 0.060 {m)
I T ]
0.015 0.045
GeometryA Worksheet ) Print Preview ), Report Preview / |
essages R X Tabular Data q

Sekil 4.31. Diiz kremayer disli ilk temas aninda (0°) de gerilme durumu

B: Cavus Disli Konum : 0 LA\
Equivalent Stress

Type: Equivalent (von-Mises)
Unit: Pa

Time: 1
17.06.2011 20:13

5,51eb Max
4,8978e6
4,285666
3,6733e6
3,0611e6
2,44896
1,8367e6
1,2245e6
6,1224e5
13,271 Min

Sekil 4.32. Ok pinyon disli (0°) de gerilme durumu
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B: Cavus Digli Konum : 0
Equivalent Stress 2
k(i

JELkEE
7,4175e5 k3
38,557 Min

1 g
0,000 0,030 0,060 {m)
0,015 0,045

Sekil 4.33. Ok kremayer disli (0°) de gerilme durumu

E Static Structural (ANSYS)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

09.08.2011 14:15

1,0651e7 Max
9,4674e6
8,2841e6
7,1008e6
5,9175e6
4,7343e6
3,551eb

2,3677eb

11071 Min

0,000 0,050 0,100 {m)
| SSaaaaa—— SS—
0,025 0,075

, Geometry A Print Preview A Report Preview /

Sekil 4.34. Egriselevolventprofillipinyon disli (0°) de gerilme durumu
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1,2502¢7
1,0418e7
8,3344e6

| 6,2508¢6
4,1672¢6
2,0836¢6

- o mMin ®

0,000 0,050 0,100 (m)
0,025 0,075

Sekil 4.35 Egriselevolventprofillikremayer disli (0°) de gerilme durumu
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4.4.5. (3,2930) Kavrama Acisinda Yiiklenen Dislilerin Gerilme Analizi Sonuclar:

Asagida verilmis olan sekillerde (3.2930)kavrama acisinda yiiklenen diiz, ok ve

egrisel profilli disli ve kremayerlerinin, gerilme analizi neticesinde alinan gerilme dagilimi

resimleri verilmistir. Sekiller incelendiginde minimum gerilme ok diglide 6.93 MPa olarak

meydana gelirken diiz dislide maksimum degere ulagarak 14.93 MPa olmustur. Egrisel

dislide ise bu deger 11.51 MPa olmustur.

Kremayer disliler degerlendirildiginde ise en diisiik gerilme pinyon dislilerde

oldugu gibi ok kremayer dislide 9.18 MPa, egriselkremayer dislide 19.71 MPa ve

maksimum gerilme diiz kremayer dislide 33,12 MPa olarak tespit edilmistir. Bu degerler

kendi aralarinda kiyaslandiginda minimum ve maksimum gerilmeler arasinda, pinyon

disliler i¢in 2,15 kat, kremayer disliler arasinda ise 3,60 katlik bir fark oldugu tespit

edilmistir.

-

- '

| 1,1616e7
| 9,9566¢6
H 8,2072¢6
! 6,6378e6
| 49783¢6
3,3189¢6
1,6595¢6
57,774 Min

0.000 0.035 0.070 (m)
| Saa— ESSS—
0.018 0.053

Geometry A Worksheet)\ Print Preview A Report Preview /

Mezcanes R X Tahular Data

Sekil 4.36. Diiz pinyon disli (3,293°) de gerilme durumu
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~ | C:Static Structural (ANSYS)
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1
10.08.2011 13:02

3,3123e7 Max
2,9443¢e7
2,5762e7
2,2082e7
1,8402e7
1,4722e7
1,1041e7
7,3612e6
3,681e6
775,52 Min

W
0.000 0.035 0.070 {rn)
| Saa— ESSS—
0.018 0.053

-~

Geometry A Work t, Print Preview ) Report Preview / |

Messaqes R} X Tabular Data r

Sekil 4.37. Diiz kremayer disli (3,293°) de gerilme durumu

C: Static Structural (ANSYS)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

17.06.2011 15:35

6,9348e6 Max
6,1643e6
5,3938e6
4,6233e6
3,8528e6
3,0822e6
2,3117e6
1,5412e6
7,7071e5
205,17 Min

Sekil 4.38. Ok pinyon disli (3,293°) de gerilme durumu
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C: Static Structural (ANSYS)
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

17.06.2011 15:36

9,1887eb Max
8,167826
7,1468e6
6,1259e6
5,105e6

Sekil 4.39. Ok kremayer disli (3,293°) de gerilme durumu

[ma%y [N} | [125)Probe

G: pinyon disli

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

09.08.2011 12:46

1,1515e7 Max
1,0236e7
8,9563e6
7,6769e6
6,3975e6
5,1181e6
3,8387e6
2,5594e6

1,28e6

558,3 Min

0,000 0,050 0,100 {rn)
L SESaaaa— SS—
0,025 0,075

Geometry 4 Print Preview A Report Preview /

Sekil 4.40. Egriselevolventprofillipinyon disli (3,293°) de gerilme durumu
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1,9718e7 Max
175277
1,5336e7
1,3145¢7
1,0055¢7
8,7636¢e6
6,5727¢6
4,3818e6

2,1909e6 3
0 Min &
X

0,000 0,050 0,100 (m)
0,025 0,075

Geometry A Print Preview A Report Preview/

IMeccanes o X Taholar Data o

Sekil 4.41. Egriselevolventprofillikremayer disli (3,293°) de gerilme durumu

4.4.6. (6,5860) Kavrama Acisinda Yiiklenen Dislilerin Gerilme Analizi Sonuclar:

Asagida verilmis olan sekillerde (6,586)kavrama acisinda yiiklenen diiz, ok ve
egrisel profilli disli ve kremayerlerinin, gerilme analizi neticesinde alinan gerilme dagilimi
resimleri verilmigtir. Sekiller incelendiginde minimum gerilme ok dislide 9.19 MPa olarak
meydana gelirken, diiz dislide maksimum degerde 18,04 MPa olmustur. Egrisel dislide ise
bu deger 10,82 MPa olmustur.

Kremayer disliler degerlendirildiginde ise en diisiik gerilme pinyon dislilerde
oldugu gibi ok kremayer dislide 13,01 MPa, egriselkremayer dislide 23,67 MPa ve
maksimum gerilme diiz kremayer dislide 30,63 MPa olarak tespit edilmistir. Bu degerler
kendi aralarinda kiyaslandiginda minimum ve maksimum gerilmeler arasinda, pinyon

disliler i¢in 1.96 kat kremayer disliler i¢in ise 2,32 kat fark oldugu goriilmektedir.
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1,4038¢7
1,2033¢7
1,0027¢7
8,022e6
6,0165¢6

1 4011e6
2,0055¢6
47,288 Min

0.000 0.045 0.080 {m)
L SSaaa—— ESS—
0.022 0.068

Geometry A Worksheet A Print Preview ), Report Preview/

lessages R} X Tabular Data

e e =l e = | P S| o ara

Sekil 4.42. Diiz pinyon disli (6,586") de gerilme durumu

2,3624e7
2,0421e7
L7017e7
136147
1,0211e7
6,8072e6
3,4038e6
441,64 Min

0.000 0.045 0.090 {m)
[ Saa— S—
0.022 0.068

Geometry A Worksheet ) Print Preview ), Report Preview/

Sekil 4.43. Diiz kremayer disli (6,586°) de gerilme durumu
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D: Static Structural (ANSYS)
Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: Pa

Time: 1

17.06.2011 15:49

9,1911e6 Max
8,169%6
7,1487e6
6,1275e6
5,106386
4,0851e6
3,063%6
2,0427e6
1,0215¢6
322,43 Min

Sekil 4.44. Ok pinyon disli (6,586°) de gerilme durumu

1,15678

1,0122e7
8,6757e6
7,229%6
5,784e6

4,3381e6
2,8923¢6
1,4464e6
512,64 Min

Sekil 4.45. Ok kremayer disli (6,586°) de gerilme durumu
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6,0148¢6
4,8119e6

19,749 Min

0,000 0,050 0,100 {m)
[ SEaa—— ESS—
0,025 0,075

Sekil 4.46. Egriselevolventprofillipinyon disli (6,586°) de gerilme durumu

0,000 0,050 0,100 (m)
|~ SaSaaa—— ES—
0,025 0,075

Sekil 4.47. Egriselevolventprofillikremayer disli (6,586°) de gerilme durumu
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4.4.7.(9,8790) Kavrama Ag¢isinda Yiiklenen Dislilerin Gerilme Analizi Sonuclar:

Asagida verilmis olan sekillerde (9,8790) kavrama acisinda yiiklenen diiz, ok ve
egrisel profilli disli ve kremayerlerinin, gerilme analizi neticesinde alinan gerilme dagilimi
resimleri verilmistir. Sekiller incelendiginde minimum gerilme ok dislide 4,80 MPa olarak
meydana gelirken, diiz dislide maksimum degerde 18,85 MPa olmustur. Egrisel dislide ise
bu deger 11,58 MPa olmustur.

Kremayer disliler degerlendirildiginde ise en diisiik gerilme pinyon dislilerde
oldugu gibi ok kremayer dislide 5,91 MPa, ok kremayer dislide 15,04 MPa ve maksimum
gerilme diiz kremayer dislide 32,27 MPa olarak tespit edilmistir. Bu degerler kendi

aralarinda kiyaslandiginda minimum ve maksimum gerilmeler arasinda, pinyon disliler i¢in

3,92 kat, kremayer disli de ise 5,46 katlik fark goriilmektedir.

—| §,3794e6
1 6,2846¢6
4,1897¢6
2,0049¢6
M8 54596 Min

v
0.000 0.040 0.080 (m) [
[ E— ESS—
0.020 0.060

feometry { Wark<heet h Print Preview ) Rennrt Preview / 1

Sekil 4.48. Diiz pinyon disli (9,879°) de gerilme durumu
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3§ = |
B durd NSNS
Equivalent Stress 2 Wﬂ@
Type: Equivalent (von-Mises) Stress
Unit: Pa '
Time: 1 ’
10.08.2011 13:31

3,2272e7 Max
2,8686e7
2,5101e7
2,1515e7
1,7929e7
1,4343e7
1,0758e7
7,1718e6
3,586e6
270,89 Min

|

0.000 0.040 0.080 {m)
[ —SaSaaa— SSS—
0.020 0.060

Geometry A Worksheet ) Print Preview A Report Preview /.

....... A v Tabodas Raie n

Sekil 4.49. Diiz kremayer disli (9,879°) de gerilme durumu

E: Cavus 9,879

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: Pa

Time: 1

17.06.2011 16:07

4,8095e6 Max
4,2751e6
3,7408e6
3,2064e6
2,672e6
2,1377e6
1,6033e6
1,0689%6
5,34565
189,59 Min

I
0,018 0,053 ——— 3

Sekil 4.50. Ok pinyon disli (9,879°) de gerilme durumu
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E: Cavus 9,879
Equivalent Stress 2
Type: Equivalent (von-Mises) St
Unit: Pa

Time: 1

17.06.2011 16:08

INNISYS
VAR

5,4917eb Max

Sekil 4.51. Ok kremayer disli (9,879°) de gerilme durumu

6,4336e6
u 5,1469¢6
—{ 3,8602e6
E 2,5735e6

1,2867e6

4,4679 Min

0.000 0.050 0.100 {rm) @
T ]
0.025 0.075

% Geometry 4 Worksheet A Print Preview  Report Preview/ ]

Messages R X Tabular Data L

Sekil 4.52 Egriselevolventprofillipinyon disli (9,879°) de gerilme durumu
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0.000 0.040 0.080 {m)
0.020 0.060

Geometry A Worksheet  Print Preview ; Report Preview/ ]

Messaaes R} X Tabular Data a

Sekil 4.53Egriselevolvent profilli kremayer disli (9,879°) de gerilme durumu

4.4.8.(13,1730) Kavrama Ag¢isinda Yiiklenen Dislilerin Gerilme Analizi Sonuclar:

Asagida verilmis olan sekillerde (13,173% kavrama acisinda yiiklenen diiz, ok ve
egrisel profilli disli ve kremayerlerinin, gerilme analizi neticesinde alinan gerilme dagilimi
resimleri verilmistir. Sekiller incelendiginde minimum gerilme ok dislide 2.24 MPa olarak
meydana gelirken, diiz dislide maksimum degerde 16.34 MPa olmustur. Egrisel dislide ise
bu deger 13.06 MPa olmustur.

Kremayer disliler degerlendirildiginde ise en diisiik gerilme pinyon dislilerde
oldugu gibi ok kremayer dislide 2.58 MPa, ok kremayer dislide 17.80 MPa ve maksimum
gerilme diiz kremayer dislide 27.97 MPa olarak tespit edilmistir. Bu degerler kendi
aralarinda kiyaslandiginda minimum ve maksimum gerilmeler arasinda, pinyon disliler i¢in

7.29 kat, kremayer disli de ise 10.84 katlik fark olustugu gozlenmektedir.
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1,0895¢7
9,079e6
7,2632e6
5,4474e6
3,6316e6
1,8158e6
47,209 Min

W
0.000 0.040 0.080 (m) ™
—MN:_I).UED:I
Geometry A Worksheet A Print Preview A Report Preview /. |
lessages } X Tabular Data Ea
[Text | Associati

Sekil 4.54. Diiz pinyon disli (13,173°) de gerilme durumu

1,2432e7
9,3244e6
— 6,2164e6
3,1083e6

234,77 Min
¢
W
0.000 0.040 0.080 {rm)
[ EEaaaaa— ES—
0.020 0.060
Geometry A Worksheet A Print Preview A Report Preview /. |
lessaqes R} X [Tabular Data o

Sekil 4.55. Diiz kremayer disli (13,173°) de gerilme durumu
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F: Cavus 13,173

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

17.06.2011 16:22

2,2403e6 Max
1,9914e6
1,7425¢6
1,4935¢6
1,2446¢6
9,957265
7,4682¢5

I 4,9791e5

d 2,4%5

89,059 Min

e .56. pinyon dish R e gertime durumu
Sekil 4.56. Ok pi disli (13,173 de gerilme d

F: Cavus 13,173
Equivalent Stress 2
Type: Equivalent {von-Mise
Unit: Pa

Time: 1

17.06.2011 16:22

2,5801e6 Max
2,2934e6
2,0068e6
1,7201e6
1,4334e6
1,1468e6
8,6013e5

=] 5,7348e5
2,8682e5
162,25 Min

Sekil 4.57. Ok kremayer disli (13,173°) de gerilme durumu
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1,0165¢7
8,713e6
7,2608e6
5,8087ef
- 4,3565e6
2,9043e6
1,4522e6
17,012 Min

0,000 0,030 0,100 {rm)
0,025 0,075

Sekil 4.58. Egriselevolvent profilli pinyon disli (13,173°) de gerilme durumu

1,1867e7
9,8801e6
I 7,9113e6
— 5,9335e6
[:j 3,9556e6
1,9778e6
0 Min

0,000 0,050 0,100 {rm)
[~ —SESaaaa—— ES—
nnag nnis

Sekil 4.59. Egriselevolvent profilli kremayer disli (13,173 de gerilme durumu
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Tablo 4.4. Diglilerin yiik altinda maksimum gerilme degerleri

Bir disin ddnme ag1s1 Maksimum gerilme (MPa)
(derece)
Diiz | Cavus | Egrisel | Diiz kremayer digli | Cavus kremayer | Egriselkremayer
digli | disli disli disli digli
0 13 551 | 10,75 28 6,67 18,75
3,293 16 6,93 | 11,51 33,12 9,18 19,71
6,586 18,04 7 11,53 30,63 13,01 23,67
9,879 18,85 | 4,80 | 11,58 32,27 5,91 15,04
13,173 16,34 | 2,24 | 13,06 27,97 2,58 17,80

Bu tablodaki verilerin karsilastirilmasinin daha rahat gdzlenebilmesi i¢in; tablo

degerleri, Sekil 4.60-4.61°de grafik olarak gosterilmistir.

20
18
16 \ —&— diiz pinyon disli
14
= pod
s 12
@ 10
£
é 8 == ok pinyon disli
6 .,l S
4 e
2 \T
0
0 3,293 6,586 9,879 13,173 egri pinyon dili
Kavrama agisi(derece)

Sekil 4.60.Pinyon dislilerin yiik altinda maksimum gerilmeleri
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35 /
30 \X/\ —>é=diiz kremayer
e S disli
25
@
Q.
E 20 ./‘/\.\'
£
= 15 == ok kremayer disli
()]
v 10 /—4\
5 ;
0
—®—egri kremayer
0 3293 658 9879 13,173 disli
Kavrama agisi(derece)

Sekil 4.61.Kremayer dislilerin yiik altinda maksimum gerilmeleri

Tablo 4.5. Dislilerin yiik altinda maksimum sekil degistirme degerleri

Bir disin Maksimum sekil degistirme (um)

donme

acisl Diiz Cavus Egrisel Diiz kremayer | Cavus kremayer | Egriselkremayer
(derece) disli disli disli disli disli disli

0 14 5,51 11,80 28 17 23,27

3,293 15 6,93 13,04 32,57 23,82 28,79
6,586 16 9,19 14,42 29,97 24,21 26,50

9,879 18,64 11 15,70 34,13 22,18 29,80
13,173 11,18 45 10 27 16 21

Bu tablodaki verilerin karsilagtirllmasmin daha rahat gozlenebilmesi igin; tablo

degerleri, Sekil 4.62-4.63te grafik olarak gosterilmistir.
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20
18
16
14
12
10

Sekil degistirme(um)

o N B OO

/ \ == Dz pinyon disli

/ \ —&— ok pinyon disli

egri pinyon disli

0

3,293 6,586 9,879 13,173

Kavrama agisi(derece)

Sekil 4.62. Pinyon dislilerin yiik altinda maksimum sekil degistirmeleri

40
35
30
25
20
15

Sekil degistirme(pum)

10

\

—fli— Duz kremayer disli

=& ok kremayer disli

egri kremayer digli

0

3,293 6,586 9,879 13,173

Kavrama agisi(derece)

Sekil 4.63. Kremayer dislilerin yiik altinda maksimum sekil degistirmeleri

ANSYS programi kullanilarak yapilan bu gerilme analizleri sonucunda; analizleri
yapilan disli modelleri kiyaslandiginda dayanim agisindan en zayif dislinin diiz disli, en
yiiksek dayanima sahip olan dislinin ise ok disli oldugu goriilmiistiir. Konkav-konveks
profilli diglinin dayanim agisindan ok disliye yakin gerilme degerlerine sahip oldugu

gbzlenmistir. Bu durum deneysel c¢alismalarda yapilmis olan, dislilerin kirilmadan

dayanabildikleri maksimum yiikiin tespiti sonug¢larmi desteklemektedir.
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Gerilme dagilimlar1 goz Oniine alindiginda ise konkav-konveks profilli dislide
meydana gelen gerilmelerin daha diizgin ve maksimum gerilmelerin digli yaymin
merkezinde meydana geldigi goriilmistiir. Ok dislide ise gerilmelerin genel olarak dis
profilinin dis kisimlarinda olusup, kavrama ilerledik¢e disli merkezine dogru gerilmelerin
ilerledigi gézlemlenmistir. Diiz dislide ise maksimum gerilmeler dis dibi boyunca bir ¢izgi

boyunca gozlemlenmistir.
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5. SONUCLARIN IRDELENMESI

Bu tezin kapsami i¢inde yapilmis olan deneysel ¢alismalar konkav-konveks disli ve
kremayerinin performans ozelliklerini etkileyen parametreler iizerindeki varsayimlari
dogrulamistir. Nitekim CATIA programi kullanilarak modiil ¢aki i¢in yapilan kati
modelden elde edilen G ve M kodlar1 telerezyon tezgahina yiiklenerek istenilen
hassasiyette modiil parmak frezenin HSS malzemesi kullanilarak imalat1 saglanmistir.
gerekli imalat kodlart bu ¢alismanin (Ek 1) kisminda verilmistir. Konkav-konveks disli ve
kremayerinin, CATIA programi ile yapilan kati modellerinin ve bunlarin neticesinde elde
edilen G ve M kodlarinin 5 eksenli CNC freze tezgahina yiiklenerek agilmasi saglanmistir.
Imalat kodlar1 bu ¢alismanin (EK 2-4) kisminda verilmistir. Dislilerin bu yontemle imal
edilmesinin basarilmasi, 1970’li yillarda bu tip dislinin sadece silindirik olanin1 agabilen
‘Forster tarafindan’ gelistirilen tezgahta ¢ift caki ile agilabilen bu tip dislilerin imalatina
kolaylik getirmistir. Hatta 5 eksenli freze tezgahinda hem konkav-konveks silindirik
dislinin, hem de kremayerinin imalati rahatlikla saglanmigtir. Konkav-konveks dislilerin
daha 6nceki imalat yontemlerinde rastlanilan diger bir husus da; dislilerin dis yiiksekliginin
uclarda ve ortada esit olmamasiydi. Bu hata 5 eksenli CNC tezgahinin bolme aygiti
tarafindan giderilmistir.

Arastirma konusu olan bu dislinin grubu i¢inde diisiiniilen diiz ve ok disliler ile
karsilagtirmalar yapilmisti. Bu karsilagtirmalardan biri de dislilerin ses deneyleri idi. Bu
deneyler sonucunda en biiyiik sesi ok disli (-5dB), ikincinin konkav-konveks disli (-11dB),
liclincliniin de diiz dislinin (-13dB) c¢ikardigir goriilmiisti. Bu durumun sebebinin dis

uzunlugu ile ilgili oldugu asagida gosterilmistir.

a) Diiz disli dis uzunlugu

L=40

'
i

L=40 mm



b) Ok disli dis uzunlugu

163°

7.5°

L1

20

Cos7,5°=20/L;
1;=20,173 mm
L=21,=2.20,173=40,35 mm

c) Egri Profilli disli

Yay uzunlugu L2

Sin 7,5°=20/R

R=1583,22 mm

L= (27R.15%)/360°=40,11 mm

Bulunan bu degerler bir tablo haline getirilirse;

Tablo 5.1. Disli uzunluklar1 ve ¢ikardiklar1 sesler

Dis uzunlugu

Cikardig ses

Diiz Disli 40 mm -13dB
Konkav-konveks Disli 40,11 mm -11dB
Ok disli 40,56 mm -5dB
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Tablo 5.1’den de goriildiigii gibi, dis uzunluklan ile dislilerin ¢ikardiklar sesler
birbirlerini dogrulamaktadir. Gerilme analizinde, literatiire uygunluk i¢in disliye uygulanan
8 Nm’lik moment sonucu elde edilen sekiller incelendiginde; gerilmenin ok dislide en
kiiciik, konkav konveks dislide orta ve diiz dislide en biiyiik oldugu goézlenmistir. Bunun
nedenini ortaya koymak igin gerilme degerlerinin hesabi yapilmistir. Bu hesaplamalarda bu
calismanin 4. Boliimiinde verilmis olan egilme gerilmesi hesaplama bagintilari
kullanilmistir. Bu bagimtilarda mukavemet momentlerinin hesabi i¢in gerekli olan atalet
momentlerinin hesabinda, CATIA programi kullanilmig ve her bir dis dibi kesiti i¢in atalet
momentleri bulunarak formiilde yerine konulmus ve mukavemet momentleri ayri ayri
hesaplanmistir. Bu mukavemet momentleri gerilme formiiliinde yerine koyularak ii¢ disli
icin hesaplama yapilmis ve bu hesaplamalar detayli olarak asagida verilmistir. Diiz disli

i¢in;

Ft = 148.14 N

= il = 157,64 N
n_COSZO_ ’

M,3=148,14.10=1481,4ANmm=1,4814Nm

L, =1,7.10"° m*

1,7.107° .
Weg = m = 4,25 10

1,4814 6
Oeg = W = 3,48.10 N/m
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Ok disli igin;

Ft, = E,.Cosa.cosf

Ft, = 157,64.c0s20.cos7,5 = 146,86 N

Meg = Ftn'hFa

M,5=1,4686 Nm

I, =1,94.10~° m*

1941070 085 107
€7 0,4.1072
1,4686 p )
O-eg = W = 3,02 10 N/m
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Konkav-konveks disli igin;

Ft, = E,.Cosa.cosf
Ft, = 157,64.co0s20.cos7,5 = 146,86 N
Meg = Ftn'hFa

M,;=1,4686 Nm

I, =1,90.107° m*

W 1,90.107° 175 107
€7 0,4.102 ~ T
1,4686 6 5
Ocp = W = 3,09.10 N/m
Diz disli  igin ,  konkav-konveks disli  igin
3,09.10° ve ok disli i¢gin de 3,02.10° oldugu goriilmiistiir. Buna
gore gerilme degerlert;
3,09.10° 3,02.10°

elde edilmistir. Bu siralama da ¢alismanin 4. Boliimiinde elde edilmis olan gerilme analizi
sonuglarimi desteklemistir. Bu bilgiler 1s18inda, ayn1 durum dislilerin kirilma deneyleri ile
de paralellik gostermistir. Clinkii, ok dislinin en biiyiik, konkav-konveks dislinin orta ve

diiz dislinin de en kiigiik kuvvet uygulamasi altinda kirildig: tespit edilmisti.
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6. GENEL SONUCLARVE ONERILER

Konkav konveks disliler imal edilirken kullanilan disli modelinde evolvent egri
belirlenirken smir sartlar1 dahilinde 6 adet acis1 segilerek nokta tayini yapilmis ve bu
noktalar spline ile birlestirilmek sureti ile dis profil egrisi elde edilmistir. Olusturulan bu
egriye gore de cakinin agiz profili islenmistir. Ayrica ¢aki imal edilirken imalat sartlarinin
zorluklarindan dolay1 tek agizli olarak imal edilmistir. Disli ¢arklarin endiistride
kullaniminin yayginlagmasi ile birlikte, caki iireten firmalarin ilgisiyle birlikte, ¢akinin
asinma ve calisma sartlar1 da dikkate alinarak ¢ok agizli ¢aki imal edilebilir. Boylece disli
carkin dis profilleri daha kaliteli olarak imal edilebilir.

Konkav konveks disli ¢arklar imal edildikten sonra yiizey kalitelerinin arttirilmasi
gerekmektedir. Mevcut standart digli taslama yOntemleriyle bu disli carklar
taglanamadigindan, bu disli ¢arklarin dis profillerinin yiizey kalitesini iyilestirmek maksadi
ile farkli yontemler gelistirilebilir. Bu konuda gelistirilmis olan asindirict macunlarla yiizey
kalitesini iyilestirme metodu, bu dislilerin dis profillerinin ylizey kalitesini arttirmada
kullanilabilir. Ayrica ylizey kalitesini arttirmak i¢in taslamada kullanilan taslara evolvent
profil bir CNC torna tezgahinda islendikten sonra, yine bir takim yolu programi
gelistirilerek dik islem merkezli CNC freze tezgahinda bu dislilerin dis profilleri
taglanarak yiizey kaliteleri arttirilabilir.

Ayrica bu disli carklarin {iretimi farkli egrilik yarigaplarinda da yapilip calisma
sartlarina en uygun optimum egrilik yaricapin tespiti de yapilabilir. Yine ¢alisma sartlarina
bagli olarak bu disli carklarin calisma sicakliklarinin tespiti ve asinma davraniglari
incelenebilir. Ayrica bu disli ¢arklar i¢in yatak kuvvetlerin hesabi da yapilarak uygun
konstriiksiyonun tayini yapilabilir.

Konkav-konveks diglilerin imalati, agim zorluklarindan dolay1 endiistridefazla
kullanim alani bulamamistir. Ancak bu arastirma sonrasi,bu dislilerin imalatlarinin CNC
tezgahlarinda kolaylikla yapilacagi kanitlanmustir. Isletmelerde bu tezgahlarin yaygm
olarak kullanilmasi, dislilerin imalat maliyetlerini ciddi sekilde diisiirecegi aciktir. Bu
sebeple avantajlar1 kanitlanmis olan bu dislilerin endiistride kullanim alanlarinin

yayginlasacagi ve bu alanlardan birinin de disli yag pompalar1 olabilecegi goriilmektedir.
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Bu pompalarda bu dislilerin kullanilmas: ile yag debilerinde artis
saglanabilir.Ayrica bu imalat yontemi endiistride imalatlar1 olduk¢a zor olan konik ve

konik helis (ayna mahruti) ve zincir dislilerin imalatinin da yapilmas1 saglanabilir.
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7. EKLER

Ekl1. Caki imalat Kodlar

%

01350 (REMI 119 A)

N5 G11 (TEC,LT25W)

N10 G11 (WIR,LT25)

N15 M24

N20 M28

N25 G90

N30 G92 X0. YO0.

N35 G90 G10 P16 RO.

N40 G91 G10 P16 R0.035
N45 G90

N50 M15 PO

N55 G00 X19.0064 Y7.

N60 S02 H12.

N65 M60

N70 G92 X19.0064 Y7. 112. J14.
N75 G01 G42 X20.0064
N80 X18.0215 Y5.4404

N85 G02 X15.5207 Y4.2808 I-
3.707J4.718

N90 G01 X4.8196 Y2.0847
N95 G02 X1. Y1.6968 1-3.82
J18.612

N100 GO1 YO.

N105 X12.9952

N110 G02 X15.9952 Y-3. 10. J-3.

N115 GO01 Y-6.64

N120 M01

N125 Y-7.

N130 G40 X14.9952

N135 G90 G10 P16 RO.

N140 G91 G10 P16 R0.005
N145 G90

N150 S07 H12.

N155 G01 G41 X15.9952

N160 Y-3.

N165 G03 X12.9952 YO. I-3. JO.
N170 GO1 X1.

N175 Y1.6968

N180 G03 X4.8196 Y2.0847 10.
J19.

N185 G01 X15.5207 Y4.2808
N190 G03 X18.0215 Y5.4404 I-
1.206 J5.878

N195 G01 X20.0064 Y7.

N200 G40 X19.0064

N205 G90 G10 P16 RO.

N210 S21 H12.

N215 G01 G42 X20.0064

N220 X18.0215 Y5.4404

N225 G02 X15.5207 Y4.2808 I-
3.707J4.718

N230 G01 X4.8196 Y2.0847
N235 G02 X1. Y1.6968 1-3.82
J18.612

N240 GO01 YO.

N245 X12.9952

N250 G02 X15.9952 Y-3. 10. J-3.
N255 G01 Y-7.

N260 G40 X14.9952

N265 M50

N270 M29

N275 M30

%

%

01250 (119 A)

N5 G11 (TEC,LT25W)

N10 G11 (WIR,LT25)

N15 M24

N20 M28

N25 G90

N30 G92 X0. YO.

N35 G90 G10 P16 RO.

N40 G91 G10 P16 R0.035

N45 G90

N50 M15 P11

N55 GOO X11.5007 Y9.

N60 S02 H4.

N65 M60

N70 G92 X11.5007 9. 14. J10.
N75 GO1 G42 Y7.6224 UO. V-
0.893

N80 X11.1951 Y7.311 U0.1683
V-0.8623

N85 X10.8831 Y7.0061 U0.3432
V-0.8382

N90 X10.5646 Y6.7079 U0.5244
V-0.8207

N95 X10.24 Y6.4165 U0.7118
V-0.81

N100 X10.0171 Y6.2234
U0.7834 V-0.909

N105 X9.7915 Y6.0335 U0.8441
V-1.0037

N110 X9.5632 Y5.8469 U0.8943
V-1.0937

N115 X9.3322 Y5.6635 U0.9344
V-1.1782

N120 X9.0986 Y5.4835 U0.9647
V-1.2568

N125 X8.8626 Y5.3068 U0.9855
V-1.3289

N130 X8.624 Y5.1334 U0.9975
V-1.394

N135 X8.3305 Y4.9273 U1.0186
V-1.4513

N140 X8.0336 Y4.7263 U1.0338
V-1.5037

N145 X7.7332 Y4.5304 U1.0435
V-1.5509

N150 X7.4294 Y4.3398 U1.0478
V-1.5925

125

N155 X7.1224 Y4.1546 U1.0472
V-1.6284

N160 X6.8122 Y3.9746 U1.0418
V-1.6583

N165 X6.499 Y3.8001 U1.0321
V-1.682

N170 X6.1828 Y3.631 U1.0184
V-1.6992

N175 X5.9253 Y3.4994 U0.9714
V-1.7235

N180 X5.6653 Y3.3728 U0.9202
V-1.739

N185 X5.403 Y3.2512 U0.8653
V-1.7454

N190 X5.1383 Y3.1348 U0.8072
V-1.7425

N195 X4.8714 Y3.0235 U0.7467
V-1.7302

N200 X4.6025 Y2.9174 U0.684
V-1.7082

N205 X4.3315 Y2.8165 U0.62
V-1.6765

N210 X4.0586 Y2.7209 U0.5551
V-1.6349

N215 X3.668 Y2.5942 U0.5114
V-1.5677

N220 X3.2741 Y2.4784 U0.4711
V-1.5113

N225 X2.8771 Y2.3734 U0.4338
V-1.4657

N230 X2.4774 Y2.2794 U0.3992
V-1.4312

N235 X2.0753 Y2.1964 U0.3671
V-1.4076

N240 X1.671 Y2.1245 U0.3371
V-1.3952

N245 X1.2728 Y2.0593 U0.4901
V-1.3636

N250 X1.1235 Y2.0271 U0.589
V-1.3409

N255 X0.9783 Y1.98 U0.6852
V-1.3085

N260 X0.8385 Y1.9187 U0.7776
V-1.2667

N265 X0.7056 Y1.8436 U0.8655
V-1.2159

N270 X0.5809 Y1.7555 U0.9478
V-1.1566

N275 X0.4657 Y1.6553 U1.0238
V-1.0894

N280 X0.3612 Y1.5441 U1.0928
V-1.015

N285 X0.2683 Y1.4229 U1.154
V-0.9341

N290 X0.1881 Y1.2931 U1.2069
V-0.8476



N295 X0.1213 Y1.1558 U1.2509
V-0.7562

N300 X0.0686 Y1.0125 U1.2855
V-0.6608

N305 X0.0306 Y0.8646 U1.3105
V-0.5625

N310 X0.0077 Y0.7137 U1.3257
V-0.4622

N315 X0. Y0.5612 U1.3307 V-
0.3609

N320 Y0.12 U1.3307 VO.

N325 Y-0.3212 U1.3307
V0.3609

N330 X0.0077 Y-0.4737
U1.3257 V0.4622

N335 X0.0306 Y-0.6246
U1.3105 V0.5625

N340 X0.0686 Y-0.7725
U1.2855 V0.6608

N345 X0.1213 Y-0.9158
U1.2509 V0.7562

N350 X0.1881 Y-1.0531
U1.2069 V0.8476

N355 X0.2683 Y-1.1829 U1.154
V0.9341

N360 X0.3612 Y-1.3041
U1.0928 V1.015

N365 X0.4657 Y-1.4153
U1.0238 VV1.0894

N370 X0.5809 Y-1.5155
U0.9478 V1.1566

N375 X0.7056 Y-1.6036
U0.8655 V1.2159

N380 X0.8385 Y-1.6787
U0.7776 V1.2667

N385 X0.9783 Y-1.74 U0.6852
V1.3085

N390 X1.1235 Y-1.7871 U0.589
V1.3409

N395 X1.2728 Y-1.8193
U0.4901 V1.3636

N400 X1.671 Y-1.8845 U0.4689
V13771

N405 X2.0753 Y-1.9564 U0.477
V1.3926

N410 X2.4774 Y-2.0394
U0.4871VvV1.4191

N415 X2.8771 Y-2.1334
U0.4997 V1.4567

N420 X3.2741 Y-2.2384 U0.515
V1.5052

N425 X3.668 Y-2.3542 U0.5334
V1.5647

N430 X4.0586 Y-2.4809
U0.5551 V1.6349

N435 X4.3315 Y-2.5765 U0.62
V1.6765

N440 X4.6025 Y-2.6774 U0.684
V1.7082

N445 X4.8714 Y-2.7835
U0.7467 V1.7302

N450 X5.1383 Y-2.8948
U0.8072 V1.7425

N455 X5.403 Y-3.0112 U0.8653
V1.7454

N460 X5.6653 Y-3.1328
U0.9202 V1.739

N465 X5.9253 Y-3.2594
U0.9714 V1.7235

N470 X6.1828 Y-3.391 U1.0184
V1.6992

N475 X6.4924 Y-3.5565
U1.0388 V1.6784

N480 X6.7991 Y-3.7272
U1.0549 V1.6508

N485 X7.1029 Y-3.903 U1.0667
V1.6169

N490 X7.4037 Y-4.084 U1.0735
V1.5767

N495 X7.7014 Y-4.2701
U1.0753 V1.5306

N500 X7.9958 Y-4.4613
U1.0716 V1.4787

N505 X8.287 Y-4.6574 U1.0621
V1.4214

N510 X8.5748 Y-4.8584
U1.0466 V1.3589

N515 X8.8097 Y-5.0279
U1.0384 V1.29

N520 X9.0421 Y-5.2007
U1.0211V1.214

N525 X9.2722 Y-5.3767
U0.9944 V1.1314

N530 X9.4997 Y-5.556 U0.9578
V1.0427

N535 X9.7247 Y-5.7384
U0.9109 V0.9486

N540 X9.9471 Y-5.9239
U0.8534 V0.8495

N545 X10.1669 Y-6.1126
U0.7849 V0.7461

N550 X10.5356 Y-6.4414
U0.5464 Vv0.8084

N555 X10.8964 Y-6.7789
U0.3159 V0.8795

N560 X11.249 Y-7.125 U0.0936
V0.959

N565 M01

N570 X11.5007 Y-7.3824 UO0.
Vv0.893

N575 G40 Y-9. UO0. V0.

N580 G90 G10 P16 RO.

N585 G91 G10 P16 R0.005
N590 G90

N595 S07 H4.

N600 G01 G41 Y-7.3824 UO.
Vv0.893

N605 X11.1779 Y-7.0539
U0.1855 Vv0.8452

N610 X10.8479 Y-6.7326
U0.3783 v0.8047

N615 X10.5109 Y-6.4188
U0.5782 V0.7716

N620 X10.1669 Y-6.1126
U0.7849 V0.7461

N625 X9.9471 Y-5.9239
U0.8534 V0.8495

N630 X9.7247 Y-5.7384
U0.9109 V0.9486

N635 X9.4997 Y-5.556 U0.9578
V1.0427
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N640 X9.2722 Y-5.3767
U0.9944 V1.1314

N645 X9.0421 Y-5.2007
U1.0211 V1.214

N650 X8.8097 Y-5.0279
U1.0384 V1.29

N655 X8.5748 Y-4.8584
U1.0466 V1.3589

N660 X8.287 Y-4.6574 U1.0621
V1.4214

N665 X7.9958 Y-4.4613
U1.0716 V1.4787

N670 X7.7014 Y-4.2701
U1.0753 V1.5306

N675 X7.4037 Y-4.084 U1.0735
V1.5767

N680 X7.1029 Y-3.903 U1.0667
V1.6169

N685 X6.7991 Y-3.7272
U1.0549 V1.6508

N690 X6.4924 Y-3.5565
U1.0388 V1.6784

N695 X6.1828 Y-3.391 U1.0184
V1.6992

N700 X5.9253 Y-3.2594
U0.9714 V1.7235

N705 X5.6653 Y-3.1328
U0.9202 V1.739

N710 X5.403 Y-3.0112 U0.8653
V1.7454

N715 X5.1383 Y-2.8948
U0.8072 V1.7425

N720 X4.8714 Y-2.7835
U0.7467 V1.7302

N725 X4.6025 Y-2.6774 U0.684
V1.7082

N730 X4.3315 Y-2.5765 U0.62
V1.6765

N735 X4.0586 Y-2.4809
U0.5551 V1.6349

N740 X3.668 Y-2.3542 U0.5334
V1.5647

N745 X3.2741 Y-2.2384 U0.515
V1.5052

N750 X2.8771Y-2.1334
U0.4997 V1.4567

N755 X2.4774 Y-2.0394
U0.4871VvV1.4191

N760 X2.0753 Y-1.9564 U0.477
V1.3926

N765 X1.671 Y-1.8845 U0.4689
V13771

N770 X1.2728 Y-1.8193
U0.4901 V1.3636

N775 X1.1235 Y-1.7871 U0.589
V1.3409

N780 X0.9783 Y-1.74 U0.6852
V1.3085

N785 X0.8385 Y-1.6787
U0.7776 V1.2667

N790 X0.7056 Y-1.6036
U0.8655 V1.2159

N795 X0.5809 Y-1.5155
U0.9478 V1.1566

N800 X0.4657 Y-1.4153
U1.0238 V1.0894



N805 X0.3612 Y-1.3041
U1.0928 V1.015

N810 X0.2683 Y-1.1829 U1.154
V0.9341

N815 X0.1881 Y-1.0531
U1.2069 VV0.8476

N820 X0.1213 Y-0.9158
U1.2509 V0.7562

N825 X0.0686 Y-0.7725
U1.2855 V0.6608

N830 X0.0306 Y-0.6246
U1.3105 V0.5625

N835 X0.0077 Y-0.4737
U1.3257 V0.4622

N840 X0. Y-0.3212 U1.3307
V0.3609

N845 Y0.12 U1.3307 VO.

N850 Y0.5612 U1.3307 V-
0.3609

N855 X0.0077 Y0.7137 U1.3257
V-0.4622

N860 X0.0306 Y0.8646 U1.3105
V-0.5625

N865 X0.0686 Y1.0125 U1.2855
V-0.6608

N870 X0.1213 Y1.1558 U1.2509
V-0.7562

N875 X0.1881 Y1.2931 U1.2069
V-0.8476

N880 X0.2683 Y1.4229 U1.154
V-0.9341

N885 X0.3612 Y1.5441 U1.0928
V-1.015

N890 X0.4657 Y1.6553 U1.0238
V-1.0894

N895 X0.5809 Y1.7555 U0.9478
V-1.1566

N900 X0.7056 Y1.8436 U0.8655
V-1.2159

N905 X0.8385 Y1.9187 U0.7776
V-1.2667

N910 X0.9783 Y1.98 U0.6852
V-1.3085

N915 X1.1235 Y2.0271 U0.589
V-1.3409

N920 X1.2728 Y2.0593 U0.4901
V-1.3636

N925 X1.671 Y2.1245 U0.3371
V-1.3952

N930 X2.0753 Y2.1964 U0.3671
V-1.4076

N935 X2.4774 Y2.2794 U0.3992
V-1.4312

N940 X2.8771 Y2.3734 U0.4338
V-1.4657

N945 X3.2741 Y2.4784 U0.4711
V-1.5113

N950 X3.668 Y2.5942 U0.5114
V-1.5677

N955 X4.0586 Y2.7209 U0.5551
V-1.6349

N960 X4.3315 Y2.8165 U0.62
V-1.6765

N965 X4.6025 Y2.9174 U0.684
V-1.7082

N970 X4.8714 Y3.0235 U0.7467
V-1.7302

N975 X5.1383 Y3.1348 U0.8072
V-1.7425

N980 X5.403 Y3.2512 U0.8653
V-1.7454

N985 X5.6653 Y3.3728 U0.9202
V-1.739

N990 X5.9253 Y3.4994 U0.9714
V-1.7235

N995 X6.1828 Y3.631 U1.0184
V-1.6992

N1000 X6.499 Y3.8001 U1.0321
V-1.682

N1005 X6.8122 Y3.9746
U1.0418 V-1.6583

N1010 X7.1224 Y4.1546
U1.0472 V-1.6284

N1015 X7.4294 Y4.3398
U1.0478 V-1.5925

N1020 X7.7332 Y4.5304
U1.0435 V-1.5509

N1025 X8.0336 Y4.7263
U1.0338 V-1.5037

N1030 X8.3305 Y4.9273
U1.0186 V-1.4513

N1035 X8.624 Y5.1334 U0.9975
V-1.394

N1040 X8.8626 Y5.3068
U0.9855 V-1.3289

N1045 X9.0986 Y5.4835
U0.9647 V-1.2568

N1050 X9.3322 Y5.6635
U0.9344 V-1.1782

N1055 X9.5632 Y5.8469
U0.8943 V-1.0937

N1060 X9.7915 Y6.0335
U0.8441 V-1.0037

N1065 X10.0171 Y6.2234
U0.7834 V-0.909

N1070 X10.24 Y6.4165 U0.7118
V-0.81

N1075 X10.5646 Y6.7079
U0.5244 Vv-0.8207

N1080 X10.8831 Y7.0061
U0.3432 V-0.8382

N1085 X11.1951 Y7.311
U0.1683 V-0.8623

N1090 X11.5007 Y7.6224 UO0.
V-0.893

N1095 G40 Y9. U0. VO.

N1100 G90 G10 P16 RO.

N1105 S21 H4.

N1110 GO1 G42 Y7.6224 UQ. V-
0.893

N1115 X11.1951 Y7.311
U0.1683 V-0.8623

N1120 X10.8831 Y7.0061
U0.3432 VV-0.8382

N1125 X10.5646 Y6.7079
U0.5244 Vv-0.8207

N1130 X10.24 Y6.4165 U0.7118
V-0.81

N1135 X10.0171 Y6.2234
U0.7834 V-0.909
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N1140 X9.7915 Y6.0335
U0.8441 V-1.0037

N1145 X9.5632 Y5.8469
U0.8943 V-1.0937

N1150 X9.3322 Y5.6635
U0.9344 V-1.1782

N1155 X9.0986 Y5.4835
U0.9647 V-1.2568

N1160 X8.8626 Y5.3068
U0.9855 V-1.3289

N1165 X8.624 Y5.1334 U0.9975
V-1.394

N1170 X8.3305 Y4.9273
U1.0186 V-1.4513

N1175 X8.0336 Y4.7263
U1.0338 V-1.5037

N1180 X7.7332 Y4.5304
U1.0435 V-1.5509

N1185 X7.4294 Y4.3398
U1.0478 V-1.5925

N1190 X7.1224 Y4.1546
U1.0472 V-1.6284

N1195 X6.8122 Y3.9746
U1.0418 V-1.6583

N1200 X6.499 Y3.8001 U1.0321
V-1.682

N1205 X6.1828 Y3.631 U1.0184
V-1.6992

N1210 X5.9253 Y3.4994
U0.9714 V-1.7235

N1215 X5.6653 Y3.3728
U0.9202 V-1.739

N1220 X5.403 Y3.2512 U0.8653
V-1.7454

N1225 X5.1383 Y3.1348
U0.8072 V-1.7425

N1230 X4.8714 Y3.0235
U0.7467 V-1.7302

N1235 X4.6025 Y2.9174 U0.684
V-1.7082

N1240 X4.3315 Y2.8165 U0.62
V-1.6765

N1245 X4.0586 Y2.7209
U0.5551 V-1.6349

N1250 X3.668 Y2.5942 U0.5114
V-1.5677

N1255 X3.2741 Y2.4784
U0.4711 V-1.5113

N1260 X2.8771 Y2.3734
U0.4338 V-1.4657

N1265 X2.4774 Y2.2794
U0.3992 V-1.4312

N1270 X2.0753 Y2.1964
U0.3671 V-1.4076

N1275 X1.671 Y2.1245 U0.3371
V-1.3952

N1280 X1.2728 Y2.0593
U0.4901 V-1.3636

N1285 X1.1235 Y2.0271 U0.589
V-1.3409

N1290 X0.9783 Y1.98 U0.6852
V-1.3085

N1295 X0.8385 Y1.9187
U0.7776 V-1.2667

N1300 X0.7056 Y1.8436
U0.8655 V-1.2159



N1305 X0.5809 Y1.7555
U0.9478 V-1.1566

N1310 X0.4657 Y1.6553
U1.0238 V-1.0894

N1315 X0.3612 Y1.5441
U1.0928 V-1.015

N1320 X0.2683 Y1.4229 U1.154
V-0.9341

N1325 X0.1881 Y1.2931
U1.2069 V-0.8476

N1330 X0.1213 Y1.1558
U1.2509 V-0.7562

N1335 X0.0686 Y1.0125
U1.2855 V-0.6608

N1340 X0.0306 Y0.8646
U1.3105 V-0.5625

N1345 X0.0077 Y0.7137
U1.3257 V-0.4622

N1350 X0. Y0.5612 U1.3307 V-
0.3609

N1355 Y0.12 U1.3307 V0.
N1360 Y-0.3212 U1.3307
V0.3609

N1365 X0.0077 Y-0.4737
U1.3257 V0.4622

N1370 X0.0306 Y-0.6246
U1.3105 V0.5625

N1375 X0.0686 Y-0.7725
U1.2855 V0.6608

N1380 X0.1213 Y-0.9158
U1.2509 V0.7562

N1385 X0.1881 Y-1.0531
U1.2069 V0.8476

N1390 X0.2683 Y-1.1829
U1.154 V0.9341

N1395 X0.3612 Y-1.3041
U1.0928 V1.015

N1400 X0.4657 Y-1.4153
U1.0238 VV1.0894

N1405 X0.5809 Y-1.5155
U0.9478 V1.1566

N1410 X0.7056 Y-1.6036
U0.8655 V1.2159

N1415 X0.8385 Y-1.6787
U0.7776 V1.2667

N1420 X0.9783 Y-1.74 U0.6852
V1.3085

N1425 X1.1235 Y-1.7871
U0.589 V1.3409

N1430 X1.2728 Y-1.8193
U0.4901 V1.3636

N1435 X1.671 Y-1.8845
U0.4689 V1.3771

N1440 X2.0753 Y-1.9564
U0.477 V1.3926

N1445 X2.4774 Y-2.0394
U0.4871VvV1.4191

N1450 X2.8771 Y-2.1334
U0.4997 V1.4567

N1455 X3.2741 Y-2.2384
U0.515 V1.5052

N1460 X3.668 Y-2.3542
U0.5334 V1.5647

N1465 X4.0586 Y-2.4809
U0.5551 V1.6349

N1470 X4.3315 Y-2.5765 U0.62
V1.6765

N1475 X4.6025 Y-2.6774
U0.684 V1.7082

N1480 X4.8714 Y-2.7835
U0.7467 VV1.7302

N1485 X5.1383 Y-2.8948
U0.8072 VV1.7425

N1490 X5.403 Y-3.0112
U0.8653 V1.7454

N1495 X5.6653 Y-3.1328
U0.9202 V1.739

N1500 X5.9253 Y-3.2594
U0.9714 V1.7235

N1505 X6.1828 Y-3.391
U1.0184 V1.6992

N1510 X6.4924 Y-3.5565
U1.0388 V1.6784

N1515 X6.7991 Y-3.7272
U1.0549 V1.6508

N1520 X7.1029 Y-3.903
U1.0667 V1.6169

N1525 X7.4037 Y-4.084
U1.0735 V1.5767

N1530 X7.7014 Y-4.2701
U1.0753 V1.5306

N1535 X7.9958 Y-4.4613
U1.0716 V1.4787

N1540 X8.287 Y-4.6574
U1.0621 V1.4214

N1545 X8.5748 Y-4.8584
U1.0466 V1.3589

N1550 X8.8097 Y-5.0279
U1.0384 V1.29

N1555 X9.0421 Y-5.2007
U1.0211 V1.214

N1560 X9.2722 Y-5.3767
U0.9944 V1.1314

N1565 X9.4997 Y-5.556
U0.9578 V1.0427

N1570 X9.7247 Y-5.7384
U0.9109 VV0.9486

N1575 X9.9471 Y-5.9239
U0.8534 \V0.8495

N1580 X10.1669 Y-6.1126
U0.7849 \V0.7461

N1585 X10.5109 Y-6.4188
U0.5782 \V0.7716

N1590 X10.8479 Y-6.7326
U0.3783 V0.8047

N1595 X11.1779 Y-7.0539
U0.1855 \VV0.8452

N1600 X11.5007 Y-7.3824 UO.
V0.893

N1605 G40 Y-9. UO. V0.
N1610 M50

N1615 M29

N1620 M30

%

%

00900 (119 B)

N5 G11 (TEC,LT25W)
N10 G11 (WIR,LT25)
N15 M24

N20 M28

N25 G90
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N30 G92 X0. YO.

N35 G90 G10 P16 RO.

N40 G91 G10 P16 R0.035
N45 G90

N50 M15 PO

N55 GO0 X18.4208 Y7.

N60 S02 H12.

N65 M60

N70 G92 X18.4208 Y7. 112. J14.
N75 GO1 G42 X19.4208

N80 G02 X15.5255 Y4.2808 I-
5.101 J3.158

N85 GO1 X4.8196 Y2.0837
N90 GO02 X1. Y1.6959 I-3.82
J18.612

N95 GO01 YO.

N100 X13.

N105 G02 X16. Y-3. 10. J-3.
N110 GO1 Y-6.64

N115 M01

N120 Y-7.

N125 G40 X15.

N130 G90 G10 P16 RO.

N135 G91 G10 P16 R0.005
N140 G90

N145 S07 H12.

N150 GO1 G41 X16.

N155 Y-3.

N160 GO3 X13. YO. I-3. J.
N165 GO1 X1.

N170 Y1.6959

N175 GO3 X4.8196 Y2.0837 10.
J19.

N180 GO1 X15.5255 Y4.2808
N185 GO03 X19.4208 Y7. I-1.206
J5.878

N190 GO1 G40 X18.4208
N195 G90 G10 P16 RO.

N200 S21 H12.

N205 GO1 G42 X19.4208
N210 G02 X15.5255 Y4.2808 I-
5.101 J3.158

N215 GO1 X4.8196 Y2.0837
N220 G02 X1. Y1.6959 I-3.82
J18.612

N225 GO1 YO.

N230 X13.

N235 G02 X16. Y-3. 10. J-3.
N240 GO1 Y-7.

N245 G40 X15.

N250 M50

N255 M29

N260 M30

%

%

00800 (119 B)

N5 G11 (TEC,LT25W)

N10 G11 (WIR,LT25)

N15 M24

N20 M28

N25 G90

N30 G92 X0. YO.

N35 G90 G10 P16 RO.

N40 G91 G10 P16 R0.035
N45 G90

N50 M15 P11



N55 G00 X13.5 Y9.

N60 S02 H4.

N65 M60

N70 G92 X13.5 Y9. 14. J10.

N75 G01 G42 Y7.9292 UO0. V-
1.2317

N80 X12.8193 Y7.4221 U0.0681
V-1.1011

N85 X12.1313 Y6.9249 U0.1429
V-0.9795

N90 X11.4362 Y6.4377 U0.2244
V-0.8672

N95 X10.7341 Y5.9606 U0.3123
V-0.7642

N100 X10.0251 Y5.4938
U0.4066 V-0.6706

N105 X9.6264 Y5.2412 U0.3977
V-0.665

N110 X9.2225 Y4.9972 U0.3938
V-0.6675

N115 X8.7651 Y4.7345 U0.3787
V-0.6813

N120 X8.3017 Y4.4826 U0.3621
V-0.6927

N125 X7.8324 Y4.2416 U0.3441
V-0.7016

N130 X7.3577 Y4.0118 U0.3249
V-0.708

N135 X6.8776 Y3.7932 U0.3046
V-0.7118

N140 X6.5275 Y3.6438 U0.2877
V-0.715

N145 X6.1738 Y3.503 U0.2715
V-0.7195

N150 X5.8167 Y3.371 U0.2557
V-0.7252

N155 X5.4565 Y3.2478 U0.2404
V-0.7322

N160 X5.0183 Y3.1112 U0.2151
V-0.743

N165 X4.5763 Y2.9876 U0.1893
V-0.7524

N170 X4.1309 Y2.8771 U0.163
V-0.7603

N175 X3.6823 Y2.78 U0.1364
V-0.7667

N180 X3.2311 Y2.6961 U0.1095
V-0.7717

N185 X2.7776 Y2.6257 U0.0823
V-0.7751

N190 X2.3222 Y2.5688 U0.055
V-0.7771

N195 X1.8653 Y2.5254 U0.0275
V-0.7775

N200 X1.4073 Y2.4956 UO. V-
0.7764

N205 X0.9754 Y2.48 U0.0144
V-0.7773

N210 X0.8515 Y2.4695 U0.111
V-0.7695

N215 X0.7298 Y2.4437 U0.2058
V-0.7497

N220 X0.6123 Y2.403 U0.2975
V-0.7183

N225 X0.5007 Y2.348 U0.3846
V-0.6757

N230 X0.3969 Y2.2797 U0.4657
V-0.6226

N235 X0.3023 Y2.1989 U0.5395
V-0.5598

N240 X0.2185 Y2.1071 U0.605
V-0.4883

N245 X0.1467 Y2.0055 U0.661
V-0.4093

N250 X0.0881 Y1.8958 U0.7068
V-0.3239

N255 X0.0435 Y1.7797 U0.7416
V-0.2334

N260 X0.0137 Y1.659 U0.7649
V-0.1393

N265 X-0.0009 Y1.5355
U0.7763 V-0.0431

N270 Y1.4111 U0.7757 \V0.0538
N275 X0.0978 Y-0.0013
U0.7775 V0.0269

N280 Y-1.4829 UQ.7775 V-
0.0005

N285 X0.1052 Y-1.5976
U0.7712 Vv0.0988

N290 X0.1271 Y-1.7106
U0.7522 V0.1963

N295 X0.1633 Y-1.8197 U0.721
V0.2907

N300 X0.2131 Y-1.9234 U0.678
V0.3803

N305 X0.2756 Y-2.0199
U0.6239 V0.4638

N310 X0.35 Y-2.1076 U0.5596
V0.5396

N315 X0.435 Y-2.1852 U0.4861
V0.6066

N320 X0.5292 Y-2.2512
U0.4047 V0.6637

N325 X0.631 Y-2.3047 U0.3167
V0.7099

N330 X0.7388 Y-2.3448
U0.2235 V0.7446

N335 X0.8508 Y-2.3708
U0.1267 V0.7671

N340 X0.9653 Y-2.3823
u0.0278 V0.777

N345 X1.4182 Y-2.4008
U0.0512 V0.776

N350 X1.8728 Y-2.4284 U0.035
V0.7771

N355 X2.3262 Y-2.47 U0.019
V0.7798

N360 X2.7782 Y-2.5254
U0.0033 V0.7841

N365 X3.2282 Y-2.5947 U-
0.0122 Vv0.7901

N370 X3.6759 Y-2.6778 U-
0.0272 V0.7976

N375 X4.1209 Y-2.7745 U-
0.0418 V0.8067

N380 X4.5627 Y-2.8849 U-
0.0559 v0.8174

N385 X5.0008 Y-3.0088 U-
0.0693 VvV0.8296

N390 X5.435 Y-3.146 U-0.082
V0.8434
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N395 X5.8648 Y-3.2965 U-0.094
V0.8586

N400 X6.2962 Y-3.4605 U-
0.0339 Vv0.8485

N405 X6.7239 Y-3.634 U0.0252
V0.8351

N410 X7.1476 Y-3.8168
U0.0831 Vv0.8183

N415 X7.5672 Y-4.009 U0.1398
V0.7983

N420 X7.9825 Y-4.2103
U0.1951 V0.775

N425 X8.3932 Y-4.4208
U0.2488 V0.7485

N430 X8.7992 Y-4.6403
U0.3009 V0.719

N435 X9.2003 Y-4.8687
U0.3512 V0.6864

N440 X9.5962 Y-5.1058
U0.3997 V0.6508

N445 X10.0702 Y-5.4058
U0.4029 V0.6488

N450 X10.5361 Y-5.7184
U0.414 V0.6589

N455 X10.9934 Y-6.0434
U0.4334 V0.6809

N460 X13.2094 Y-7.6633 U-
0.0122 V1.169

N465 M01

N470 X13.5 Y-7.8758 UO0.
V1.1869

N475 G40 Y-9. UO0. V0.

N480 G90 G10 P16 RO.

N485 G91 G10 P16 R0.005
N490 G90

N495 S07 H4.

N500 G01 G41 Y-7.8758 UO.
V1.1869

N505 X10.9934 Y-6.0434
U0.4334 V0.6809

N510 X10.5361 Y-5.7184
U0.414 V0.6589

N515 X10.0702 Y-5.4058
U0.4029 V0.6488

N520 X9.5962 Y-5.1058
U0.3997 V0.6508

N525 X9.2003 Y-4.8687
U0.3512 V0.6864

N530 X8.7992 Y-4.6403
U0.3009 V0.719

N535 X8.3932 Y-4.4208
U0.2488 V0.7485

N540 X7.9825 Y-4.2103
U0.1951 V0.775

N545 X7.5672 Y-4.009 U0.1398
V0.7983

N550 X7.1476 Y-3.8168
U0.0831 Vv0.8183

N555 X6.7239 Y-3.634 U0.0252
V0.8351

N560 X6.2962 Y-3.4605 U-
0.0339 Vv0.8485

N565 X5.8648 Y-3.2965 U-0.094
V0.8586

N570 X5.435 Y-3.146 U-0.082
V0.8434



N575 X5.0008 Y-3.0088 U-
0.0693 V0.8296

N580 X4.5627 Y-2.8849 U-
0.0559 v0.8174

N585 X4.1209 Y-2.7745 U-
0.0418 Vv0.8067

N590 X3.6759 Y-2.6778 U-
0.0272 V0.7976

N595 X3.2282 Y-2.5947 U-
0.0122 Vv0.7901

N600 X2.7782 Y-2.5254
U0.0033 V0.7841

N605 X2.3262 Y-2.47 U0.019
V0.7798

N610 X1.8728 Y-2.4284 U0.035
VO0.7771

N615 X1.4182 Y-2.4008
U0.0512 V0.776

N620 X0.9653 Y-2.3823
U0.0278 V0.777

N625 X0.8508 Y-2.3708
U0.1267 V0.7671

N630 X0.7388 Y-2.3448
U0.2235 V0.7446

N635 X0.631 Y-2.3047 U0.3167
V0.7099

N640 X0.5292 Y-2.2512
U0.4047 V0.6637

N645 X0.435 Y-2.1852 U0.4861
V0.6066

N650 X0.35 Y-2.1076 U0.5596
V0.5396

N655 X0.2756 Y-2.0199
U0.6239 V0.4638

N660 X0.2131 Y-1.9234 U0.678
V0.3803

N665 X0.1633 Y-1.8197 U0.721
V0.2907

N670 X0.1271 Y-1.7106
U0.7522 V0.1963

N675 X0.1052 Y-1.5976
U0.7712 VV0.0988

N680 X0.0978 Y-1.4829
U0.7775 V-0.0005

N685 Y-0.0013 U0.7775
V0.0269

N690 X0. Y1.4111 UQ.7757
V0.0538

N695 Y1.5355 U0.7763 V-
0.0431

N700 X0.0137 Y1.659 U0.7649
V-0.1393

N705 X0.0435 Y1.7797 U0.7416
V-0.2334

N710 X0.0881 Y1.8958 U0.7068
V-0.3239

N715 X0.1467 Y2.0055 U0.661
V-0.4093

N720 X0.2185 Y2.1071 U0.605
V-0.4883

N725 X0.3023 Y2.1989 U0.5395
V-0.5598

N730 X0.3969 Y2.2797 U0.4657
V-0.6226

N735 X0.5007 Y2.348 U0.3846
V-0.6757

N740 X0.6123 Y2.403 U0.2975
V-0.7183

N745 X0.7298 Y2.4437 U0.2058
V-0.7497

N750 X0.8515 Y2.4695 U0.111
V-0.7695

N755 X0.9754 Y2.48 U0.0144
V-0.7773

N760 X1.4073 Y2.4956 UO. V-
0.7764

N765 X1.8653 Y2.5254 U0.0275
V-0.7775

N770 X2.3222 Y2.5688 U0.055
V-0.7771

N775 X2.7776 Y2.6257 U0.0823
V-0.7751

N780 X3.2311 Y2.6961 U0.1095
V-0.7717

N785 X3.6823 Y2.78 U0.1364
V-0.7667

N790 X4.1309 Y2.8771 U0.163
V-0.7603

N795 X4.5763 Y2.9876 U0.1893
V-0.7524

N800 X5.0183 Y3.1112 U0.2151
V-0.743

N805 X5.4565 Y3.2478 U0.2404
V-0.7322

N810 X5.8167 Y3.371 U0.2557
V-0.7252

N815 X6.1738 Y3.503 U0.2715
V-0.7195

N820 X6.5275 Y3.6438 U0.2877
V-0.715

N825 X6.8776 Y3.7932 U0.3046
V-0.7118

N830 X7.3577 Y4.0118 U0.3249
V-0.708

N835 X7.8324 Y4.2416 U0.3441
V-0.7016

N840 X8.3017 Y4.4826 U0.3621
V-0.6927

N845 X8.7651 Y4.7345 U0.3787
V-0.6813

N850 X9.2225 Y4.9972 U0.3938
V-0.6675

N855 X9.6264 Y5.2412 U0.3977
V-0.665

N860 X10.0251 Y5.4938
U0.4066 V-0.6706

N865 X10.7341 Y5.9606
U0.3123 V-0.7642

N870 X11.4362 Y6.4377
U0.2244 V-0.8672

N875 X12.1313 Y6.9249
U0.1429 V-0.9795

N880 X12.8193 Y7.4221
U0.0681 V-1.1011

N885 X13.5 Y7.9292 UO0. V-
1.2317

N890 G40 Y9. U0. VO.

N895 G90 G10 P16 RO.

N900 S21 H4.

N905 G01 G42 Y7.9292 UO. V-
1.2317
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N910 X12.8193 Y7.4221
U0.0681 V-1.1011

N915 X12.1313 Y6.9249
U0.1429 V-0.9795

N920 X11.4362 Y6.4377
U0.2244 V-0.8672

N925 X10.7341 Y5.9606
U0.3123 V-0.7642

N930 X10.0251 Y5.4938
U0.4066 V-0.6706

N935 X9.6264 Y5.2412 U0.3977
V-0.665

N940 X9.2225 Y4.9972 U0.3938
V-0.6675

N945 X8.7651 Y4.7345 U0.3787
V-0.6813

N950 X8.3017 Y4.4826 U0.3621
V-0.6927

N955 X7.8324 Y4.2416 U0.3441
V-0.7016

N960 X7.3577 Y4.0118 U0.3249
V-0.708

N965 X6.8776 Y3.7932 U0.3046
V-0.7118

N970 X6.5275 Y3.6438 U0.2877
V-0.715

N975 X6.1738 Y3.503 U0.2715
V-0.7195

N980 X5.8167 Y3.371 U0.2557
V-0.7252

N985 X5.4565 Y3.2478 U0.2404
V-0.7322

N990 X5.0183 Y3.1112 U0.2151
V-0.743

N995 X4.5763 Y2.9876 U0.1893
V-0.7524

N1000 X4.1309 Y2.8771 U0.163
V-0.7603

N1005 X3.6823 Y2.78 U0.1364
V-0.7667

N1010 X3.2311 Y2.6961
U0.1095 V-0.7717

N1015 X2.7776 Y2.6257
U0.0823 V-0.7751

N1020 X2.3222 Y2.5688 U0.055
V-0.7771

N1025 X1.8653 Y2.5254
U0.0275 V-0.7775

N1030 X1.4073 Y2.4956 UO. V-
0.7764

N1035 X0.9754 Y2.48 U0.0144
V-0.7773

N1040 X0.8515 Y2.4695 U0.111
V-0.7695

N1045 X0.7298 Y2.4437
U0.2058 V-0.7497

N1050 X0.6123 Y2.403 U0.2975
V-0.7183

N1055 X0.5007 Y2.348 U0.3846
V-0.6757

N1060 X0.3969 Y2.2797
U0.4657 V-0.6226

N1065 X0.3023 Y2.1989
U0.5395 V-0.5598

N1070 X0.2185 Y2.1071 U0.605
V-0.4883



N1075 X0.1467 Y2.0055 U0.661
V-0.4093

N1080 X0.0881 Y1.8958
U0.7068 V-0.3239

N1085 X0.0435 Y1.7797
U0.7416 V-0.2334

N1090 X0.0137 Y1.659 U0.7649
V-0.1393

N1095 X-0.0009 Y1.5355
U0.7763 V-0.0431

N1100 Y1.4111 U0.7757
V0.0538

N1105 X0.0978 Y-0.0013
U0.7775 V0.0269

N1110 Y-1.4829 UQ.7775 V-
0.0005

N1115 X0.1052 Y-1.5976
U0.7712 Vv0.0988

N1120 X0.1271 Y-1.7106
U0.7522 V0.1963

N1125 X0.1633 Y-1.8197
U0.721 V0.2907

N1130 X0.2131 Y-1.9234
U0.678 VV0.3803

N1135 X0.2756 Y-2.0199
U0.6239 V0.4638

N1140 X0.35 Y-2.1076 U0.5596
V0.5396

N1145 X0.435 Y-2.1852
U0.4861 V0.6066

N1150 X0.5292 Y-2.2512
U0.4047 V0.6637

N1155 X0.631 Y-2.3047
U0.3167 V0.7099

N1160 X0.7388 Y-2.3448
U0.2235 V0.7446

N1165 X0.8508 Y-2.3708
U0.1267 V0.7671

N1170 X0.9653 Y-2.3823
u0.0278 V0.777

N1175 X1.4182 Y-2.4008
U0.0512 V0.776

N1180 X1.8728 Y-2.4284
U0.035 V0.7771

N1185 X2.3262 Y-2.47 U0.019
V0.7798

N1190 X2.7782 Y-2.5254
U0.0033 Vv0.7841

N1195 X3.2282 Y-2.5947 U-
0.0122 Vv0.7901

N1200 X3.6759 Y-2.6778 U-
0.0272 V0.7976

N1205 X4.1209 Y-2.7745 U-
0.0418 VV0.8067

N1210 X4.5627 Y-2.8849 U-
0.0559 v0.8174

N1215 X5.0008 Y-3.0088 U-
0.0693 VV0.8296

N1220 X5.435 Y-3.146 U-0.082
V0.8434

N1225 X5.8648 Y-3.2965 U-
0.094 V0.8586

N1230 X6.2962 Y-3.4605 U-
0.0339 v0.8485
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N1235 X6.7239 Y-3.634
U0.0252 V0.8351

N1240 X7.1476 Y-3.8168
U0.0831 v0.8183

N1245 X7.5672 Y-4.009
U0.1398 VV0.7983

N1250 X7.9825 Y-4.2103
U0.1951 VO0.775

N1255 X8.3932 Y-4.4208
U0.2488 V0.7485

N1260 X8.7992 Y-4.6403
U0.3009 V0.719

N1265 X9.2003 Y-4.8687
U0.3512 V0.6864

N1270 X9.5962 Y-5.1058
U0.3997 V0.6508

N1275 X10.0702 Y-5.4058
U0.4029 V0.6488

N1280 X10.5361 Y-5.7184
U0.414 V0.6589

N1285 X10.9934 Y-6.0434
U0.4334 V0.6809

N1290 X13.5 Y-7.8758 UO.
V1.1869

N1295 G40 Y-9. U0. VO.
N1300 M50

N1305 M29

N1310 M30

%



Ek2.Konkav-Konveks Kremayer Dislinin Kaba Isleme Kodlar

%

O1111 (4 Modiil kremayer 1.

Dis kaba)
G91G2820
G49

MO06 T15 (4 DUZ FREZE)
G90 G80 GO0 G17 G40 G54
G43 H15 Z45. S3200 M03

G05 P10000

G00 X14.973 Y-18.744 Z45.

M08

Z18.15

G01 Z17.15 F800
Z15.45 F320
X14.885 Y-18.92
X14.775Y-19.099
X14.636 Y-19.258
X14.473Y-19.416
X13.492 Y-20.365
X13.419 Y-20.432
X13.344 Y-20.497 FO57

G02 X12.159 Y-21.258 I-

11.971J17.326

X11.576 Y-20.462 1-0.225

J0.447 F320

G01 X11.849 Y-20.185
X12.121 Y-19.907
X12.393 Y-19.63 F800
X12.666 Y-19.352
X12.938 Y-19.075
X13.211Y-18.797
X13.483 Y-18.52
X13.755 Y-18.242
X14.028 Y-17.965
X14.3 Y-17.687
X14.573Y-17.41
X14.845Y-17.132
X15.117 Y-16.855
X15.39 Y-16.577
X15.662 Y-16.3
X15.935 Y-16.022
X16.207 Y-15.745
X16.479 Y-15.467
X16.752 Y-15.19
X16.804 Y-15.127
X16.845 Y-15.057
X16.874 Y-14.981
X16.891 Y-14.902 F929
X16.894 Y-14.821 F856
X16.885 Y-14.74 F823
X16.839 Y-14.516 F800
X16.771Y-14.179 F513
X16.702 Y-13.842 F434
X16.634 Y-13.506 F400
X16.565 Y-13.169
X16.543 Y-13.046
X16.003 Y-9.488

X15.987 Y-9.362
X15.622 Y-5.72
X15.613 Y-5.596
X15.432 Y-1.996
X15.429 Y-1.894
X15.407 Y0.505
Y0.587

X15.462 Y2.945
X15.467 Y3.047
X15.697 Y6.646
X15.708 Y6.769
X16.091 Y10.137
X16.105 Y10.238
X16.164 Y10.62
X16.224 Y11.002 F800
X16.521 Y12.913
X16.535 Y12.997
X16.786 Y14.313
GO0 Z35.
X18.912 Y18.336
Z18.15

G01 Z717.15 F800
Z15.45 F320
X19.154 Y18.359
X19.259 Y18.378
X19.358 Y18.414
X19.45 Y18.467
X19.539 Y18.528

G02 X20.824 Y19.207 17.219

J-12.103

G01 X20.914 Y19.247 F800
G02 X23.242 Y19.779 13.548

J-10.166

X23.729 Y19.057 10.035 J-

0.501 F320

G01 X23.562 Y18.723
X23.394 Y18.389
X23.227 Y18.055
X23.06 Y17.721 F434

G02 X22.52 Y17.116 1-0.828

J0.196

GO01 X22.482 Y17.111 F892

X22.378 Y17.093
X22.276 Y17.071
X22.174 Y17.045
X22.074Y17.014
X21.975Y16.979
X21.878 Y16.94
X21.782 Y16.898 F925
X21.668 Y16.84
X21.563 Y16.781
X21.495 Y16.756 F956
X21.394 Y16.715
X21.294 Y16.669
X21.196 Y16.619
X21.101 Y16.564
X21.008 Y16.506
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X20.918 Y16.443
X20.831 Y16.376
X20.746 Y16.306
X20.643 Y16.214
X20.552 Y16.124
X20.503 Y16.085 F982
X20.423 Y16.014
X20.345 Y15.941
X20.166 Y15.764
X20.09 Y15.685
X20.016 Y15.602
X19.947 Y15.516
X19.904 Y15.461
X19.837 Y15.369 F957
X19.773 Y15.274 F956
X19.714 Y15.176
X19.659 Y15.075
X19.609 Y14.973 F925
X19.564 Y14.868
X19.524 Y14.761 F856
X19.454 Y14.561 F761
X19.377 Y14.361
X19.337 Y14.248
X19.303 Y14.134
X19.284 Y14.064 F800
X19.259 Y13.969
X19.239 Y13.873
X19.208 Y13.711 F609
X18.984 Y12.488
X18.785Y11.288
X18.607 Y10.09
X18.453 Y8.93
X18.359 Y8.116
X18.314 Y7.73 F800
X18.196 Y6.53
X18.129 Y5.714
X18.098 Y5.327 F609
X18.021 Y4.128
X17.999 Y3.683
X17.981 Y3.306 F800
X17.961 Y2.887
X17.925Y1.728
X17.906 Y0.488
X17.907 Y0.198 F609
X17.908 Y-0.712
X17.93Y-1.912
X17.943 Y-2.298 F800
X17.971Y-3.111
X18.03Y-4.27

X18.04 Y-4.436 F609
X18.113 Y-5.511
X18.214Y-6.71
X18.334 Y-7.91
X18.469 Y-9.069
X18.579 Y-9.886
X18.631 Y-10.272 F800
X18.696 Y-10.699



X18.754 Y-11.085 F856
X18.813 Y-11.47 F925
X19.022 Y-12.712
X19.246 Y-13.912
X19.293 Y-14.144 F892
X19.34 Y-14.375
X19.364 Y-14.482
X19.393 Y-14.587
X19.426 Y-14.69
X19.464 Y-14.792
X19.506 Y-14.893 F856
X19.552 Y-14.991 F820
X19.603 Y-15.088
X19.657 Y-15.182
X19.716 Y-15.273
X19.779 Y-15.362
X19.845 Y-15.448 F762
X19.916 Y-15.531
X19.989 Y-15.611 F800
X20.125 Y-15.752
X20.217 Y-15.842 F610
X20.313 Y-15.928 F553
X20.421 Y-16.02 FA75
X20.519 Y-16.098
X20.62 Y-16.171
X20.734 Y-16.249
X20.819 Y-16.338
X20.885 Y-16.402
X20.953 Y-16.463
X21.069 Y-16.56
X21.156 Y-16.626
X21.246 Y-16.688 F421
X21.327 Y-16.739 F400
X21.274 Y-16.811 F956
X21.194 Y-16.929
X21.134 Y-17.027
X21.108 Y-17.054 F1006
X21.038 Y-17.133 F989
X20.972'Y-17.215
X20.909 Y-17.3
X20.85Y-17.388 F988
X20.795Y-17.478
X20.743 Y-17.57
X20.695 Y-17.664 F800
X20.652 Y-17.761
X20.612 Y-17.859
X20.577 Y-17.958
X20.546 Y-18.059
X20.519 Y-18.161
X20.497 Y-18.265
X20.479 Y-18.369
X20.465 Y-18.474
X20.456 Y-18.579
X20.451 Y-18.684
Y-18.79

X20.455 Y-18.896
X20.464 Y-19.001
X20.477 Y-19.106
X20.494 Y-19.21
X20.516 Y-19.313

X20.542 Y-19.416
X20.727 Y-20.075
X20.694 Y-20.189
X20.668 Y-20.294
X20.648 Y-20.4
X20.631 Y-20.506
X20.62 Y-20.613
X20.613 Y-20.721
X20.61 Y-20.829
X20.613 Y-20.937
X20.62 Y-21.044
X20.631 Y-21.151
X20.647 Y-21.258
X20.672'Y-21.378

G03 X21.345Y-21.724 10.487
J0.12 F320

GO01 X21.708 Y-21.578
X22.07 Y-21.431
X22.432 Y-21.285
X22.795Y-21.138
X22.858 Y-21.107
X22.916 Y-21.068
X22.968 Y-21.02
X23.013 Y-20.966
X23.143'Y-20.786
X23.238 Y-20.583 F493
G03 X23.242 Y-19.777 1-
1.208 J0.409

G01 X23.08 Y-19.207 F863
X22.852 Y-18.392
X22.761 Y-18.049
X22.563 Y-17.276
X22.464 Y-16.89 F820
X22.372 Y-16.504 F787
X22.28 Y-16.117 F800
X22.187 Y-15.731
X22.017 Y-14.959
X21.931Y-14.572 F622
X21.774Y-13.8
X21.696 Y-13.414 F800
X21.48 Y-12.255
X21.285 Y-11.096
X21.226 Y-10.71 F609
X21.109 Y-9.938
X20.952 Y-8.779
X20.907 Y-8.393 F621
X20.817 Y-7.62
X20.701 Y-6.461
X20.669 Y-6.075
X20.637 Y-5.689 F609
X20.604 Y-5.303 F800
X20.527 Y-4.144
X20.468 Y-2.985
X20.429 Y-1.826
X20.408 Y-0.668
X20.406 Y0.491
X20.424 Y1.65
X20.436 Y2.036 F609
X20.46 Y2.809
X20.516 Y3.967
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X20.59 Y5.126

X20.684 Y6.285

X20.798 Y7.443

X20.932 Y8.602

X21.085 Y9.761

X21.258 Y10.92

X21.322 Y11.306

X21.386 Y11.692 F800
X21.45Y12.078

X21.521 Y12.465 F761
X21.591 Y12.851

X21.662 Y13.237 F874
X21.693 Y13.401 F910
X21.76 Y13.733

X21.828 Y14.064 F1018
X21.895 Y14.396

G03 X21.672 Y14.917 1-0.532
J0.081 F800

G01 X21.334 Y15.131
X20.996 Y15.345

X20.658 Y15.559
X20.321Y15.772

X19.983 Y15.986
X19.645Y16.2

X19.307 Y16.413

X18.969 Y16.627

X18.632 Y16.841

X18.294 Y17.054

X17.956 Y17.268

X17.618 Y17.482

X17.281 Y17.696

X16.943 Y17.909

X16.605 Y18.123

X16.267 Y18.337

X15.929 Y18.55

X15.592 Y18.764
X15.254 Y18.978

X14.916 Y19.191

X14.578 Y19.405

X14.532 Y19.438 F854
X14.491 Y19.475 F874
X14.334 Y19.634 F898
G03 X12.294 Y21.242 1-7.799
J-7.795

G01 X12.211 Y21.282 F982
G03 X11.547 Y21.056 1-0.212
J-0.466 F320

GO01 X11.379Y20.722
X11.212 Y20.388

X11.044 Y20.055

X10.877 Y19.721

X10.845 Y19.64 F447
G03 X11.099 Y19.05 10.501 J-
0.134

G01 X11.11 Y19.045 F925
X11.208 Y18.99

X11.303 Y18.931

X11.395 Y18.868

X11.623 Y18.705 F800
X11.85Y18.541



X11.932'Y18.48
X12.012 Y18.415
X12.088 Y18.347
X12.162 Y18.276
X13.057 Y17.38
X13.123 Y17.311
X13.186 Y17.24
X13.247 Y17.167
X13.305 Y17.091
X13.813 Y16.397
X13.871Y16.314
X13.926 Y16.23
X13.977 Y16.143
X14.239 Y15.675
X14.295 Y15.57
X14.345 Y15.463
X14.391 Y15.354
X14.431 Y15.243
X14.465 Y15.13
X14.64 Y14.511
X14.667 Y14.406 F949
X14.69 Y14.301 F914
X14.707 Y14.195 F891
X14.721 Y14.089
X14.729 Y13.981
X14.734 Y13.874 F854
X14.739 Y13.552 F820
X14.744 Y13.231
Y13.116

X14.738 Y13.001
X14.726 Y12.887
X14.71Y12.774
X14.647 Y12.402 F819
X14.585 Y12.03 F761
X14.084 Y9.058
X13.708 Y5.82
X13.55 Y3.694
X13.448 Y0.457
X13.506 Y-2.773
X13.723 Y-5.997
X14.022 Y-8.506
X14.065 Y-8.864 F819
X14.107 Y-9.222
X14.172 Y-9.602
X14.237 Y-9.982 F800
X14.689 Y-12.641
X14.705Y-12.752
X14.716 Y-12.864
X14.722 Y-12.975
X14.741Y-13.514
X14.742 Y-13.611
X14.74 Y-13.708
X14.734 Y-13.805
X14.724 Y-13.902
X14.71Y-13.998
X14.641Y-14.424
X14.624 Y-14.519
X14.603 Y-14.614
X14.578 Y-14.708
X14.55 Y-14.801

X14.518 Y-14.893
X14.33 Y-15.398
X14.288 Y-15.506
X14.24 Y-15.612
X14.187 Y-15.715
X14.13 Y-15.816
X14.068 Y-15.914
X13.85Y-16.241
X13.633 Y-16.568 F962
X13.416 Y-16.894 F957
X13.356 Y-16.98 F925
X13.292 Y-17.064
X13.225Y-17.145
X13.155Y-17.223
X13.081 Y-17.298 F892
X12.807 Y-17.565 F856
X11.986 Y-18.368
X11.911 Y-18.438
X11.834 Y-18.504
X11.754 Y-18.568
X11.672 Y-18.628
X11.587 Y-18.685 F819
X11.407 Y-18.8
X11.227 Y-18.915 F761
X11.142 Y-18.967 F817
X11.085 Y-18.999

G02 X10.342 Y-18.591 I-

0.241J0.442 F320

G01 X10.322 Y-18.241
X10.302 Y-17.891
X10.281 Y-17.54
X10.261 Y-17.19 F458

G02 X10.411 Y-16.43510.815

J0.231

G01 X10.433 Y-16.416 F819

X10.512 Y-16.341 F856
X10.587 Y-16.262
X10.746 Y-16.089 F892
X10.918 Y-15.92 F925
X11.106 Y-15.746 F956
X11.169 Y-15.686
X11.26 Y-15.592
X11.334 Y-15.509
X11.405 Y-15.423
X11.472 Y-15.335
X11.535 Y-15.243
X11.593 Y-15.148
X11.648 Y-15.051 F898
X11.663 Y-15.021
X11.695 Y-14.983
X11.761Y-14.898
X11.823 Y-14.809 F863
X11.882 Y-14.719 F856
X11.936 Y-14.625
X11.986 Y-14.53 F819
X12.032 Y-14.432
X12.074 Y-14.333
X12.112 Y-14.231 F761
X12.145Y-14.129
X12.173Y-14.024
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X12.197 Y-13.919
X12.217 Y-13.813
X12.232'Y-13.706
X12.242 Y-13.599
X12.248 Y-13.491
X12.249 Y-13.383 F800
X12.245 Y-13.275
X12.237 Y-13.167
X12.224 Y-13.06
X12.206 Y-12.954
X12.135 Y-12.574 F609
X11.993 Y-11.815
X11.803 Y-10.698
X11.632 Y-9.58
X11.48 Y-8.459
X11.426 Y-8.018
X11.347 Y-7.347
X11.233Y-6.229
X11.139Y-5.114
X11.064 Y-3.997
X11.007 Y-2.879
X10.995 Y-2.507 F800
X10.969 Y-1.761
X10.949 Y-0.644
Y-0.271

X10.948 Y0.102 F609
Y0.474

X10.964 Y1.592
X10.999 Y2.71
X11.053 Y3.826
X11.126 Y4.941
X11.218 Y6.057
X11.33Y7.177
X11.433Y8.076
X11.459 Y8.286
X11.608 Y9.41

X11.72 Y10.156
X11.776 Y10.528 F800
X11.838 Y10.901 F892
X11.963 Y11.646
X12.169 Y12.764
X12.211Y12.976
X12.23 Y13.082
X12.245Y13.189
X12.254 Y13.296
X12.26 Y13.403
Y13.511 F856
X12.256 Y13.618
X12.247 Y13.725
X12.234 Y13.832 F819
X12.216 Y13.938
X12.194 Y14.043
X12.167 Y14.147
X12.135Y14.25
X12.099 Y14.352 F761
X12.059 Y14.451
X12.015 Y14.549 F800
X11.966 Y14.645
X11.914 Y14.739
X11.857 Y14.83



X11.797 Y14.919
X11.732 Y15.006
X11.665 Y15.089
X11.637 Y15.12
X11.577 Y15.226
X11.517 Y15.32
X11.454 Y15.411
X11.386 Y15.499
X11.288 Y15.614
X11.227 Y15.681
X11.163 Y15.746
X11.097 Y15.809
X10.926 Y15.965
X10.758 Y16.135
X10.586 Y16.322 F761
X10.492 Y16.419 F870
X10.422 Y16.483

G03 X9.584 Y16.095 1-0.338
J-0.369 F320

G01 X9.6 Y15.738
X9.616 Y15.38
X9.632 Y15.023
X9.649 Y14.666 F609
X9.665 Y14.309
X9.681 Y13.952
X9.697 Y13.594
X9.714 Y13.237
X9.643 Y12.851
X9.5Y12.078

X9.307 Y10.92
X9.133Y9.761
X8.979 Y8.602
X8.947 Y8.345
X8.844 Y7.443
X8.729 Y6.285
X8.632 Y5.126
X8.557 Y3.967
X8.501 Y2.809
X8.465 Y1.65

X8.448 Y0.491
X8.449 Y-0.668

X8.47 Y-1.826

X8.509 Y-2.985
X8.568 Y-4.144
X8.646 Y-5.303
X8.744 Y-6.461
X8.862 Y-7.62

X8.947 Y-8.345
X9.Y-8.779

X9.158 Y-9.938
X9.335 Y-11.096
X9.401 Y-11.482
X9.466 Y-11.869 F800
X9.532 Y-12.255 F761
X9.604 Y-12.641 F857
X9.677 Y-13.027 F893
X9.749 Y-13.414
X9.815 Y-13.599 715.522
F800

X9.909 Y-13.772 215.593

X10.029 Y-13.928 Z15.665
X10.172 Y-14.063 Z15.736
X10.334 Y-14.174 Z15.808
GO0 Z35.

X15.436 Y21.812

Z17.462

G01 716.462 F800
Z14.762 F320

X15.308 Y21.635

X15.244 Y21.561

X15.17 Y21.498

X15.087 Y21.447

X14.996 Y21.409

X14.901 Y21.386

X14.804 Y21.378

X14.782

G02 X15.151 Y20.189 1-1.857

J-1.229

G01 X15.132 Y19.892
X15.072 Y19.6
X14.985 Y19.315 F1005
X14.899 Y19.031
X14.562 Y17.872
X14.247 Y16.713
X14.053 Y15.941
X13.956 Y15.555 F830
X13.866 Y15.168 F539
X13.776 Y14.782 F440
X13.686 Y14.396 F400
X13.438 Y13.237
X13.212 Y12.078
X13.007 Y10.92
X12.824 Y9.761
X12.661 Y8.602
X12.519 Y7.443
X12.424 Y6.546
X12.398 Y6.285
X12.298 Y5.126
X12.218 Y3.967
X12.158 Y2.809
X12.119 Y1.65
X12.1Y0.491

X12.101 Y-0.668
X12.123 Y-1.826
X12.165 Y-2.985
X12.228 Y-4.144
X12.311 Y-5.303
X12.415 Y-6.461
X12.539 Y-7.62
X12.684 Y-8.779
X12.85 Y-9.938
X13.037 Y-11.096
X13.106 Y-11.482
X13.176 Y-11.869 F800
X13.245 Y-12.255 F921
X13.321 Y-12.641 F964
X13.398 Y-13.027 F969
X13.475Y-13.414 F998
X13.528 Y-13.664 F1015
X13.582 Y-13.914 F1005
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X13.726 Y-14.572
X13.999 Y-15.731
X14.295 Y-16.89
X14.374 Y-17.18 F800
X14.613 Y-18.049
X14.741Y-18.49
X14.953 Y-19.207
X15.036 Y-19.481
X15.113 Y-19.776
X15.149 Y-20.07
X15.143 Y-20.366
X15.108 Y-20.606
X15.037 Y-20.867
X14.928 Y-21.126
X14.862 Y-21.25
X14.825Y-21.311
X14.781Y-21.378
X14.803

X14.882 Y-21.385 F1040
X15.266 Y-21.446
X15.65 Y-21.507
X16.034 Y-21.569
X16.418 Y-21.63
X16.802 Y-21.691
X17.186 Y-21.753
X17.57 Y-21.814
X17.954 Y-21.875 F320
X18.338 Y-21.937
X18.722 Y-21.998
X19.106 Y-22.059
X19.49 Y-22.121

G03 X20.003 Y-21.378 10.077
J0.495

G01 X19.924 Y-21.242
X19.859 Y-21.12
X19.756 Y-20.871
X19.609 Y-20.366
X19.376 Y-19.534
X19.287 Y-19.207 F1005
X18.985 Y-18.049
X18.703 Y-16.89
X18.616 Y-16.504
X18.529 Y-16.117 F800
X18.442 Y-15.731
X18.367 Y-15.374
X18.292 Y-15.018 F540
X18.217 Y-14.661 F420
X18.2 Y-14.572
X18.125 Y-14.186 F400
X17.976 Y-13.414
X17.92 Y-13.094
X17.904 Y-13.035
X17.878 Y-12.98
X17.843 Y-12.93

X17.8 Y-12.887
X17.75Y-12.852
X17.695 Y-12.826 F420
X17.322 Y-12.69 F800
X16.948 Y-12.555 F856
X16.575Y-12.419



X16.202 Y-12.284 F825
X16.147 Y-12.258
X16.097 Y-12.223
X16.054 Y-12.18
X16.019 Y-12.13
X15.993 Y-12.074 F801
X15.977 Y-12.015
X15.917 Y-11.673 F800
X15.856 Y-11.33 F622
X15.811 Y-10.989 F609
X15.765 Y-10.649
X15.719 Y-10.308 F539
X15.535 Y-8.945
X15.196 Y-5.373
X15.009 Y-0.738
X15.058 Y2.834
X15.189 Y5.289
X15.334 Y6.834
X15.37 Y7.22 F609
X15.515 Y8.765
X15.605 Y9.446
X15.65 Y9.787 F539
X15.695 Y10.127 F609
X15.83 Y11.149
X15.894 Y11.534
X15.958 Y11.919 F800
X16.213 Y13.46
X15.902 Y13.461
X15.672 Y13.459
X15.285 Y13.453
X14.55Y9.503
X14.038 Y4.99
X13.846 Y0.478
X13.971Y-4.042
X14.273 Y-7.419
X14.758 Y-10.81
X15.166 Y-12.969
X15.181 Y-13.023
X15.203 Y-13.073
X15.234 Y-13.119
X15.271Y-13.16
X15.314 Y-13.194
X15.362 Y-13.221
X15.414 Y-13.241
X15.468 Y-13.252
X17.533 Y-13.502
X17.592 Y-13.504
X17.651 Y-13.496
X17.708 Y-13.479
X17.76 Y-13.452
X17.808 Y-13.416
X17.849 Y-13.373
X17.882 Y-13.324
X17.906 Y-13.27
X17.92 Y-13.212 F979
X17.925 Y-13.153 F968
X17.92 Y-13.094
X17.87 Y-12.814 F819
X17.772 Y-12.255
X17.585 Y-11.096

X17.419 Y-9.938
X17.272 Y-8.779
X17.143 Y-7.62
X17.059 Y-6.755
X17.032 Y-6.461
X16.94 Y-5.303
X16.865 Y-4.144
X16.808 Y-2.985
X16.772 Y-1.826
X16.753 Y-0.668
X16.751Y0.491
X16.768 Y1.65

X16.802 Y2.809
X16.855 Y3.967
X16.926 Y5.126
X17.017 Y6.285
X17.059 Y6.755
X17.125Y7.443
X17.252 Y8.602
X17.396 Y9.761
X17.559 Y10.92

X17.62 Y11.306
X17.681 Y11.692 F761
X17.741 Y12.078 F892
X17.809 Y12.465 F956
X17.876 Y12.851 F1005
X17.943 Y13.237
X18.164 Y14.396
X18.217 Y14.661
X18.404 Y15.555
X18.663 Y16.713
X18.94 Y17.872

X19.04 Y'18.258 F800
X19.239 Y19.031
X19.376 Y19.534
X19.558 Y20.189
X19.729 Y20.786
X19.852 Y21.104
X19.989 Y21.348
X20.009 Y21.378
X19.938

X19.744 Y21.348 Z14.833
X19.556 Y21.287 Z14.905
X19.381 Y21.197 Z14.976
X19.222 Y21.082 Z15.048
X19.083 Y20.943 715.12
GO0 Z35.

X18.912 Y-21.757
Z716.773

GO01 Z715.773 F800
Z14.073 F320

X19.197 Y-21.522
X19.286 Y-21.46
X19.383 Y-21.415
X19.488 Y-21.388
X19.595 Y-21.378
X19.626

X19.654

X19.652 Y-21.372
X19.6 Y-21.291
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X19.554 Y-21.212
X19.488 Y-21.081
X19.376 Y-20.784
X19.257 Y-20.366
X19.097 Y-19.787
X19.017 Y-19.497 F1005
X18.937 Y-19.207
X18.635 Y-18.049
X18.356 Y-16.89
X18.287 Y-16.587 F911
X18.217 Y-16.283
X18.157 Y-16.007 F800
X18.096 Y-15.731 F540
X18.015 Y-15.345 F420
X17.935 Y-14.959 F400
X17.855Y-14.572
X17.632'Y-13.414
X17.428 Y-12.255
X17.243 Y-11.096
X17.078 Y-9.938
X16.932 Y-8.779
X16.803 Y-7.62
X16.693 Y-6.461

X16.6 Y-5.303

X16.526 Y-4.144
X16.47 Y-2.985
X16.433 Y-1.826
X16.414 Y-0.668
X16.413 Y0.491
X16.43 Y1.65

X16.464 Y2.809
X16.516 Y3.967
X16.587 Y5.126
X16.677 Y6.285
X16.785 Y7.443
X16.911 Y8.602
X17.059 Y9.786
X17.218 Y10.92
X17.398 Y12.078
X17.465 Y12.465 F800
X17.532 Y12.851 F868
X17.599 Y13.237 F938
X17.673 Y13.623 F1015
X17.746 Y14.01 F1004
X17.819 Y14.396 F1022
X17.899 Y14.782
X17.978 Y15.168 F1005
X18.058 Y15.555
X18.217 Y16.283
X18.316 Y16.713
X18.592 Y17.872
X18.79 Y18.645
X18.888 Y19.031 F800
X19.206 Y20.189
X19.376 Y20.784
X19.486 Y21.075
X19.636 Y21.348
X19.656 Y21.378
X19.613

F1040



X19.242
X18.872
X18.501
X18.13
X17.759
X17.389 F320
X17.018
X16.647
X16.276
X15.906
X15.535
X15.164
X15.134

G02 X15.503 Y20.189 1-1.862

J-1.23

GO01 X15.484 Y19.892
X15.424Y19.6
X15.337 Y19.315 F1005
X15.25Y19.031
X15.165 Y18.741
X15.081 Y18.451 F982
X14.996 Y18.162
X14.911 Y17.872 F860
X14.741 Y17.252
X14.595 Y16.713
X14.497 Y16.327
X14.399 Y15.941 F800
X14.301 Y15.555 F440
X14.224 Y15.225 F420
X14.146 Y14.895 F411
X14.069 Y14.565 F400
X14.061 Y14.511
Y14.457 F420

X14.07 Y14.403 F475
X14.087 Y14.351 F539
X14.111 Y14.302 F609
X14.143 Y14.258 F761
X14.182 Y14.22 F880
X14.425 Y14.01 F892
X14.668 Y13.801
X14.912 Y13.592 F925
X15.155 Y13.383 F898
X15.398 Y13.173
X15.441Y13.13
X15.475 Y13.079
X15.5Y13.024
X15.516 Y12.965
X15.52 Y12.904 F874
X15.514 Y12.844 F854
X15.445Y12.472 F775
X15.375Y12.101 F762
X15.306 Y11.73 F800
X14.889 Y9.501
X14.375Y4.99
X14.182 Y0.478
X14.307 Y-4.041
X14.476 Y-5.917
X14.51Y-6.292 F761
X14.611 Y-7.417
X15.099 Y-10.809

X15.17 Y-11.182
X15.241 Y-11.556 F800
X15.525 Y-13.049
X15.774 Y-14.097
X16. Y-14.096
X15.525 Y-11.399
X15.195 Y-8.944
X14.864 Y-5.468
X14.725Y-3.014
X14.67 Y0.557
X14.844 Y5.191
X15.181 Y8.831
X15.496 Y11.203
X15.783 Y12.946
X15.788 Y13.
X15.784 Y13.054
X15.772 Y13.106
X15.753 Y13.156
X15.725 Y13.203
X14.698 Y14.685
X14.661 Y14.729
X14.618 Y14.767
X14.569 Y14.797
X14.515Y14.819
X14.459 Y14.832
X14.402 Y14.835
X14.344 Y14.829
X14.289 Y14.813
X14.237 Y14.789
X14.189 Y14.757
X14.148 Y14.717
X14.113 Y14.671
X14.087 Y14.62
X14.069 Y14.565
X14.03 Y14.396
X13.947 Y14.01 F819
X13.781 Y13.237
X13.553 Y12.078
X13.347 Y10.92
X13.224 Y10.147
X13.163 Y9.761 F761
X13.108 Y9.375 F819
X12.999 Y8.602
X12.857 Y7.443
X12.735 Y6.285
X12.634 Y5.126
X12.581 Y4.354
X12.554 Y3.967 F761
X12.494 Y2.809
X12.455 Y1.65
X12.436 Y0.491
Y0.105 F819
X12.437 Y-0.668
X12.459 Y-1.826
X12.502 Y-2.985
X12.523 Y-3.371
X12.544 Y-3.758 F761
X12.565 Y-4.144 F819
X12.648 Y-5.303
X12.752 Y-6.461
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X12.877 Y-7.62

X13.023 Y-8.779

X13.19 Y-9.938

X13.378 Y-11.096
X13.582 Y-12.23
X13.641 Y-12.526 F956
X13.7 Y-12.822 F982
X13.759 Y-13.118
X13.818 Y-13.414 F1005
X14.071Y-14.572
X14.346 Y-15.731
X14.643 Y-16.89
X14.741Y-17.252
X14.963 Y-18.049
X15.048 Y-18.338 F1022
X15.219 Y-18.918
X15.304 Y-19.207 F1033
X15.391 Y-19.49

G02 X15.389 Y-20.867 I-
2.108 J-0.686

G01 X15.285 Y-21.117 F1039

X15.22 Y-21.24
X15.179 Y-21.309
X15.137 Y-21.373
X15.414Y-21.314 Z14.176
F800

GO0 Z35.

X15.436 Y-21.988
716.085

G01 Z15.085 F800
Z13.385 F320

X15.446 Y-21.683
X15.455 Y-21.378
X15.477

X17.405

X17.791 F800

X18.947

X19.333 F1010

X19.254 Y-21.24 F1022
X19.189 Y-21.116
X19.088 Y-20.871
X18.941 Y-20.366
X18.861 Y-20.076 F1016
X18.622 Y-19.207
X18.522 Y-18.821 F1005
X18.422 Y-18.435
X18.323 Y-18.049 F878
X18.217 Y-17.615
X18.044 Y-16.89
X17.958 Y-16.504 F539
X17.872 Y-16.117 FAT5
X17.785 Y-15.731 F400
X17.545 Y-14.572
X17.323Y-13.414
X17.12 Y-12.255
X17.059 Y-11.875
X16.936 Y-11.096
X16.772 Y-9.938
X16.626 Y-8.779
X16.498 Y-7.62



X16.388 Y-6.461
X16.296 Y-5.303
X16.222 Y-4.144
X16.166 Y-2.985
X16.129 Y-1.826
X16.111 Y-0.668
X16.109 Y0.491
X16.126 Y1.65

X16.16 Y2.809
X16.212 Y3.967
X16.283 Y5.126
X16.372 Y6.285
X16.48 Y7.443
X16.605 Y8.602
X16.749 Y9.761
X16.911 Y10.92
X17.091 Y12.078
X17.224 Y12.851
X17.29 Y13.237 F800
X17.363 Y13.623 F890
X17.436 Y14.01 F977
X17.509 Y14.396 F998
X17.589 Y14.782 F1005
X17.747 Y15.555
X18.004 Y16.713
X18.217 Y17.615
X18.28 Y17.872
X18.378 Y18.258 F800
X18.575 Y19.031
X18.89 Y20.189
X19.06 Y20.786
X19.17 Y21.076
X19.32'Y21.348
X19.34Y21.378
X15.456
X15.475Y21.348 F1033
X15.624 Y21.08
X15.734 Y20.793
X15.801 Y20.495
X15.824 Y20.189
X15.805 Y19.892
X15.745 Y19.6 F1022
X15.657 Y19.315 F1005
X15.57 Y19.031
X15.315 Y18.162
X15.23 Y17.872 F982
X15.15 Y17.582 F860
X14.991 Y17.003
X14.912 Y16.713 F800
X14.826 Y16.381
X14.741 Y16.048 F585
X14.679 Y15.801 F475
X14.616 Y15.555
X14.344 Y14.396
X14.093 Y13.237
X13.864 Y12.078
X13.657 Y10.92
X13.595 Y10.533
X13.534 Y10.147 F420
X13.472 Y9.761

X13.308 Y8.602
X13.164 Y7.443
X13.042 Y6.285
X12.941Y5.126

X12.86 Y3.967

X12.8 Y2.809

X12.761 Y1.65

X12.742 Y0.491
X12.743 Y-0.668
X12.765 Y-1.826
X12.808 Y-2.985
X12.871Y-4.144
X12.955 Y-5.303

X13.06 Y-6.461

X13.185 Y-7.62

X13.332 Y-8.779
X13.388 Y-9.165 F475
X13.5Y-9.938

X13.582 Y-10.453
X13.689 Y-11.096
X13.899 Y-12.255
X13.976 Y-12.641 F539
X14.054 Y-13.027
X14.131Y-13.414 FO18
X14.216 Y-13.8 F1000
X14.3 Y-14.186 F1005
X14.385Y-14.572
X14.661 Y-15.731
X14.741Y-16.048
X14.96 Y-16.89

X15.04 Y-17.18 F982
X15.12 Y-17.469 F1005
X15.281 Y-18.049
X15.453 Y-18.628
X15.538 Y-18.918 F1033
X15.624 Y-19.207 F1039
X15.712 Y-19.49

G02 X15.704 Y-20.885 I-
2.107 J-0.686

GO01 X15.602 Y-21.127
X15.539 Y-21.245
X15.5Y-21.309

X15.455 Y-21.378
X15.733Y-21.323 Z13.488
F800

GO0 Z35.

X15.668 Y-21.988
Z715.396

G01 Z14.396 F800
Z12.696 F320

X15.708 Y-21.683
X15.748 Y-21.378

X15.9

X17.474

X17.868 F800

X19.048

X18.971 Y-21.243 F1028
X18.907 Y-21.122 F1022
X18.807 Y-20.883
X18.732 Y-20.624
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X18.656 Y-20.366 F1005
X18.338 Y-19.207
X18.217 Y-18.739
X18.041 Y-18.049
X17.949 Y-17.662
X17.856 Y-17.276 F785
X17.764 Y-16.89 F539
X17.678 Y-16.504 F420
X17.592 Y-16.117 F400
X17.506 Y-15.731
X17.266 Y-14.572
X17.045Y-13.414
X16.843 Y-12.255
X16.66 Y-11.096
X16.496 Y-9.938
X16.351 Y-8.779
X16.223 Y-7.62
X16.113 Y-6.461
X16.022 Y-5.303
X15.948 Y-4.144

X15.9 Y-3.159

X15.892 Y-2.985
X15.856 Y-1.826
X15.837 Y-0.668
X15.836 Y0.491
X15.852 Y1.65
X15.886 Y2.809

X15.9 Y3.159

X15.938 Y3.967
X16.008 Y5.126
X16.098 Y6.285
X16.205 Y7.443
X16.33 Y8.602
X16.473 Y9.761
X16.634 Y10.92
X16.814 Y12.078
X17.012 Y13.237
X17.059 Y13.486
X17.116 Y13.789 F800
X17.173 Y14.093 F891
X17.231 Y14.396 F950
X17.31Y14.782 F1004
X17.389 Y15.168 F1005
X17.468 Y15.555
X17.723 Y16.713
X17.998 Y17.872
X18.217 Y18.739
X18.292 Y19.031 F800
X18.606 Y20.189
X18.776 Y20.786
X18.879 Y21.063
X19.035Y21.348
X19.055 Y21.378
X16.109

X15.741

G02 X15.975Y19.42 1-1.814

J-1.209

G01 X15.857 Y19.031 F1005
X15.515Y17.872
X15.435Y17.582



X15.355 Y17.293 F910
X15.276 Y17.003 F774
X15.196 Y16.713 F765
X15.097 Y16.327
X14.998 Y15.941 F609
X14.899 Y15.555
X14.741 Y14.892
X14.625 Y14.396
X14.373 Y13.237
X14.143 ' Y12.078
X13.935 Y10.92
X13.749 Y9.761
X13.639 Y8.988
X13.584 Y8.602 F539
X13.44 Y7.443
X13.317 Y6.285
X13.215Y5.126
X13.134 Y3.967
X13.074 Y2.809
X13.035 Y1.65
X13.016 Y0.491
X13.017 Y-0.668
X13.039 Y-1.826
X13.082 Y-2.985
X13.146 Y-4.144
X13.202 Y-4.916
X13.23 Y-5.303 F551
X13.265 Y-5.689 F610
X13.3 Y-6.075 F609
X13.335 Y-6.461
X13.462 Y-7.62
X13.582 Y-8.591
X13.609 Y-8.779
X13.777 Y-9.938
X13.967 Y-11.096
X14.178 Y-12.255
X14.411Y-13.414
X14.496 Y-13.8 F982
X14.581 Y-14.186 F1005
X14.666 Y-14.572
X14.741 Y-14.892
X14.809 Y-15.172
X14.876 Y-15.451 F1000
X14.944 Y-15.731 F1005
X15.144 Y-16.504
X15.244 Y-16.89 F800
X15.566 Y-18.049
X159 Y-19.17
X15.999 Y-19.491

G02 X15.748 Y-21.378 I-
2.099 J-0.681

G01 X16.021 Y-21.304
Z12.799

GO0 Z35.

X15.9 Y-21.988
Z14.708

G01 Z13.708 F800
Z12.008 F320

X15.945 Y-21.683
X15.991 Y-21.378

X16.003

X18.001

X18.4 F800

X18.8

X18.723 Y-21.244
X18.654 Y-21.113
X18.553 Y-20.867
X18.481 Y-20.617 F1022
X18.409 Y-20.366 F1016
X18.154 Y-19.439
X18.092 Y-19.207 F1005
X17.895 Y-18.435
X17.796 Y-18.049 F847
X17.704 Y-17.662 F539
X17.612 Y-17.276 FAT5
X17.519 Y-16.89 F400
X17.262 Y-15.731
X17.059 Y-14.75
X17.023 Y-14.572
X16.803 Y-13.414
X16.601 Y-12.255
X16.419 Y-11.096
X16.256 Y-9.938
X16.111Y-8.779
X15.983 Y-7.62

X159 Y-6.75

X15.874 Y-6.461
X15.783 Y-5.303
X15.709 Y-4.144
X15.654 Y-2.985
X15.618 Y-1.826
X15.599 Y-0.668
X15.598 Y0.491
X15.614 Y1.65
X15.648 Y2.809

X15.7 Y3.967

X15.769 Y5.126
X15.859 Y6.285

X159 Y6.75

X15.965 Y7.443
X16.09 Y8.602
X16.233 Y9.761
X16.394 Y10.92
X16.573 Y12.078
X16.77 Y13.237
X16.915 Y14.01
X16.988 Y14.396 F868
X17.059 Y14.75 F938
X17.114 Y15.018 F964
X17.169 Y15.286 F1005
X17.224 Y15.555
X17.479Y16.713
X17.753Y17.872
X17.949 Y18.645
X18.046 Y19.031 F800
X18.217 Y19.67
X18.359 Y20.189
X18.527 Y20.786
X18.637 Y21.076
X18.787 Y21.348
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X18.806 Y21.378
X15.991

X16.011 Y21.348 F1039
X16.159 Y21.08
X16.268 Y20.794
X16.335 Y20.495 F1033
X16.359 Y20.189
X16.34 Y19.892
X16.28 Y19.6

X16.193 Y19.315 F1005
X16.105 Y19.031
X15.9 Y18.346
X15.831 Y18.109 F967
X15.762 Y17.872
X15.682 Y17.582 F894
X15.602 Y17.293 F878
X15.522 Y17.003 F803
X15.442 Y16.713 F761
X15.243 Y15.941
X15.144 Y15.555 F800
X14.869 Y14.396
X14.741Y13.818
X14.616 Y13.237
X14.385 Y12.078
X14.176 Y10.92
X13.989 Y9.761
X13.823 Y8.602
X13.679 Y7.443
X13.555 Y6.285
X13.453 Y5.126
X13.372 Y3.967
X13.312 Y2.809
X13.272 Y1.65
X13.253Y0.491
X13.255 Y-0.668
X13.277 Y-1.826
X13.32 Y-2.985
X13.384 Y-4.144
X13.468 Y-5.303
X13.574 Y-6.461
X13.701 Y-7.62
X13.848 Y-8.779
X14.017 Y-9.938
X14.081 Y-10.324
X14.144 Y-10.71 F761
X14.208 Y-11.096
X14.42 Y-12.255
X14.654 Y-13.414
X14.741Y-13.818
X14.826 Y-14.195 F819
X14.91 Y-14.572 F982
X15.003 Y-14.959 F1005
X15.188 Y-15.731
X15.389 Y-16.504
X15.49 Y-16.89 F800
X15.814 Y-18.049
X15.9 Y-18.346
X16.16 Y-19.207
X16.242 Y-19.476
X16.321 Y-19.776



G02 X15.991 Y-21.378 I-
2.157J-0.391

GO01 X16.267 Y-21.318
Z12.111

G00 Z35.

X16.132 Y-21.988
Z14.019

G01 Z13.019 F800
Z11.319 F320

X16.173 Y-21.683
X16.215Y-21.378
X16.222

X17.802

X18.197 F800

X18.592

X18.549 Y-21.313
X18.513 Y-21.252
X18.453Y-21.14
X18.355 Y-20.912
X18.286 Y-20.68 F1022
X18.217 Y-20.447 F1005
X18.194 Y-20.366
X17.958 Y-19.497
X17.879 Y-19.207 F804
X17.682 Y-18.435
X17.584 Y-18.049 F574
X17.492 Y-17.662 F420
X17.4 Y-17.276 F400
X17.308 Y-16.89
X17.051Y-15.731
X16.813 Y-14.572
X16.593 Y-13.414
X16.392 Y-12.255
X16.211 Y-11.096
X16.048 Y-9.938
X15.903 Y-8.779
X15.777 Y-7.62
X15.667 Y-6.461
X15.576 Y-5.303
X15.503 Y-4.144
X15.448 Y-2.985
X15.412 Y-1.826
X15.393 Y-0.668
X15.392 Y0.491
X15.408 Y1.65
X15.442 Y2.809
X15.494 Y3.967
X15.563 Y5.126
X15.652 Y6.285
X15.758 Y7.443
X15.883 Y8.602

X15.9 Y8.748

X16.025 Y9.761
X16.186 Y10.92
X16.364 Y12.078
X16.561 Y13.237
X16.778 Y14.396
X16.856 Y14.782 F600
X16.935 Y15.168 F868
X17.013 Y15.555 F938

X17.059 Y15.765 F976
X17.128 Y16.081 F1004
X17.198 Y16.397 F1022
X17.268 Y16.713 F1005
X17.541Y17.872
X17.834 Y19.031
X17.938 Y19.417
X18.041 Y19.803 F1022
X18.145 Y20.189
X18.217 Y20.447 F1033
X18.286 Y20.68
X18.355 Y20.913 F1039
X18.451 Y21.137
X18.572'Y21.348
X18.591 Y21.378 F1010
X16.21

X16.229 Y21.348 F1039
X16.385 Y21.064
X16.486 Y20.794
X16.553 Y20.495 F1033
X16.577 Y20.189
X16.557 Y19.892
X16.497 Y19.599 F1022
X16.408 Y19.315 F1005
X16.32 Y19.031
X16.147 Y18.451
X16.061 Y18.162 F915
X15.975Y17.872 F868
X159 Y17.612 F841
X15.818 Y17.312 F819
X15.654 Y16.713
X15.355 Y15.555
X15.079 Y14.396
X14.825 Y13.237
X14.741Y12.826
X14.594 Y12.078
X14.454 Y11.306
X14.384 Y10.92 F761
X14.196 Y9.761

X14.03 Y8.602

X13.885 Y7.443
X13.761 Y6.285
X13.659 Y5.126
X13.577 Y3.967
X13.516 Y2.809
X13.477 Y1.65

X13.457 Y0.491
X13.459 Y-0.668
X13.482 Y-1.826
X13.525Y-2.985
X13.582 Y-4.05
X13.674 Y-5.303
X13.78 Y-6.461
X13.822 Y-6.848
X13.865 Y-7.234 F819
X13.907 Y-7.62
X14.055 Y-8.779
X14.225Y-9.938
X14.416 Y-11.096
X14.629 Y-12.255
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X14.741Y-12.826
X14.863 Y-13.414
X15.035 Y-14.186
X15.12 Y-14.572 F856
X15.213 Y-14.959 F982
X15.306 Y-15.345 F1005
X15.4Y-15.731
X15.601 Y-16.504
X15.702 Y-16.89 F800
X15.9Y-17.612
X16.027 Y-18.049
X16.375 Y-19.207
X16.464 Y-19.489

G02 X16.36 Y-21.117 1-2.089
J-0.684

GO01 X16.295Y-21.24
X16.255 Y-21.307
X16.214Y-21.372
X16.215 Y-21.378
X16.413 Y-21.348 711.392
GO0 Z35.

X16.363 Y-21.988
Z13.331

G01 Z12.331 F800
Z10.631 F320

X16.375 Y-21.683
X16.388 Y-21.378
X16.441

X18.415

X18.383 Y-21.33 F1005
X18.356 Y-21.286
X18.305 Y-21.196
X18.217 Y-21.013
X18.11Y-20.692
X18.017 Y-20.366
X17.703 Y-19.207
X17.605 Y-18.821 F765
X17.507 Y-18.435 F539
X17.409 Y-18.049 F420
X17.317 Y-17.662 F400
X17.134 Y-16.89
X17.059 Y-16.562
X16.877 Y-15.731
X16.639 Y-14.572
X16.42 Y-13.414
X16.22 Y-12.255
X16.039 Y-11.096
X15.9 Y-10.117
X15.876 Y-9.938
X15.732 Y-8.779
X15.605 Y-7.62
X15.497 Y-6.461
X15.405 Y-5.303
X15.332 Y-4.144
X15.278 Y-2.985
X15.241 Y-1.826
X15.223 Y-0.668
X15.221Y0.491
X15.238 Y1.65
X15.272 Y2.809



X15.323 Y3.967
X15.392 Y5.126
X15.481 Y6.285
X15.587 Y7.443
X15.711 Y8.602
X15.854 Y9.761
X15.9Y10.117

X16.014 Y10.92
X16.192 Y12.078
X16.388 Y13.237
X16.604 Y14.396
X16.761 Y15.168
X16.839 Y15.555 F834
X16.912 Y15.89 F921
X16.985 Y16.226 F976
X17.059 Y16.562 F1004
X17.093 Y16.713
X17.184 Y17.1 F1022
X17.275 Y17.486 F1005
X17.366 Y17.872
X17.658 Y19.031
X17.761 Y19.417
X17.865 Y19.803 F1022
X17.969 Y20.189
X18.027 Y20.397 F1033
X18.085 Y20.604
X18.144 Y20.811 F1039
X18.217 Y21.013
X18.299 Y21.185
X18.395 Y21.348
X18.414 Y21.378
X18.076 F983

X16.387

X16.406 Y21.348 F1033
X16.547 Y21.096
X16.663 Y20.794
X16.73 Y20.495
X16.754 Y20.189 F1022
X16.735 Y19.892
X16.675Y19.6

X16.587 Y19.315 F1005
X16.5Y19.031

X16.413 Y18.741
X16.327 Y18.451 F952
X16.241 Y18.162 F905
X16.154 Y17.872 F892
X16.069 Y17.57 F856
X15.9 Y16.965

X15.832 Y16.713
X15.532 Y15.555
X15.255 Y14.396
X15.001 Y13.237
X14.741 Y11.937
X14.559 Y10.92
X14.496 Y10.533
X14.433 Y10.147 F819
X14.37 Y9.761

X14.203 Y8.602
X14.058 Y7.443
X13.934 Y6.285

X13.831 Y5.126
X13.749 Y3.967
X13.688 Y2.809
X13.648 Y1.65
X13.629 Y0.491
X13.631 Y-0.668
X13.653 Y-1.826
X13.697 Y-2.985
X13.761 Y-4.144
X13.846 Y-5.303
X13.917 Y-6.075
X13.953 Y-6.461 F857
X13.995 Y-6.848 F856
X14.08 Y-7.62

X14.229 Y-8.779
X14.399 Y-9.938
X14.59 Y-11.096
X14.741Y-11.937
X14.804 Y-12.255
X15.039 Y-13.414
X15.125Y-13.8
X15.211 Y-14.186 F892
X15.297 Y-14.572
X15.39 Y-14.959
X15.483 Y-15.345 F956
X15.577 Y-15.731 F1005
X15.9 Y-16.965
X16.205 Y-18.049
X16.38 Y-18.628
X16.467 Y-18.918 F1033
X16.554 Y-19.207 F1039
X16.641 Y-19.49
X16.716 Y-19.776
X16.751 Y-20.07
X16.745Y-20.366
X16.696 Y-20.67
X16.604 Y-20.964
X16.512 Y-21.167
X16.457 Y-21.266
X16.388 Y-21.378

X16.663 Y-21.315 710.734

F800

GO0 Z35.

X16.363 Y-21.988
712.642

G01 Z11.642 F800
79.942 F320

X16.448 Y-21.683
X16.533 Y-21.378
X16.601

X18.27

X18.217 Y-21.294
X18.101 Y-21.075
X18.01 Y-20.843 F1033
X17.942 Y-20.605 F1016
X17.874 Y-20.366 F1005
X17.717 Y-19.787
X17.639 Y-19.497 F878
X17.561 Y-19.207 F800
X17.463 Y-18.821 FAT75
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X17.365 Y-18.435 F420
X17.267 Y-18.049 F400
X17.059 Y-17.182
X16.992 Y-16.89
X16.736 Y-15.731
X16.498 Y-14.572
X16.28 Y-13.414
X16.08 Y-12.255

X15.9 Y-11.099
X15.737 Y-9.938
X15.593 Y-8.779
X15.466 Y-7.62
X15.358 Y-6.461
X15.267 Y-5.303
X15.194 Y-4.144
X15.139 Y-2.985
X15.103 Y-1.826
X15.084 Y-0.668
X15.083 Y0.491
X15.1Y1.65

X15.133 Y2.809
X15.185 Y3.967
X15.254 Y5.126
X15.342 Y6.285
X15.448 Y7.443
X15.572 Y8.602
X15.714 Y9.761
X15.874 Y10.92

X15.9 Y11.099

X16.052 Y12.078
X16.248 Y13.237
X16.463 Y14.396
X16.62 Y15.168
X16.698 Y15.555 F800
X16.782 Y15.941 F890
X16.867 Y16.327 F938
X16.951 Y16.713 F1022
X17.005 Y16.947 F1004
X17.059 Y17.182 F1005
X17.224 Y17.872
X17.515 Y19.031
X17.722 Y19.803
X17.826 Y20.189 F1022
X17.905 Y20.472 F1033
X17.984 Y20.755 F1039
X18.082 Y21.033
X18.217 Y21.294
X18.271Y21.378
X17.923 F1010
X16.532

X16.552 Y21.348 F1039
X16.7 Y21.08

X16.809 Y20.794
X16.876 Y20.495
X16.899 Y20.189 F1033
X16.88 Y19.892 F1022
X16.82 Y19.6

X16.733 Y19.315
X16.645 Y19.031 F1005
X16.559 Y18.741 F971



X16.472 Y18.451 F925
X16.385 Y18.162
X16.299 Y17.872 F892
X15.975Y16.713
X15.9 Y16.435
X15.675 Y15.555
X15.398 Y14.396
X15.143 Y13.237
X14.91Y12.078
X14.797 Y11.46
X14.741 Y11.151 F856
X14.7 Y10.92
X14.511Y9.761
X14.344 Y8.602
X14.198 Y7.443
X14.073 Y6.285
X13.97 Y5.126
X13.888 Y3.967
X13.827 Y2.809
X13.787 Y1.65
X13.768 Y0.491
X13.77 Y-0.668
X13.792 Y-1.826
X13.836 Y-2.985
X13.9 Y-4.144
X13.986 Y-5.303
X14.092 Y-6.461
X14.22 Y-7.62
X14.269 Y-8.006 F892
X14.369 Y-8.779
X14.539 Y-9.938
X14.731Y-11.096
X14.945 Y-12.255
X15.181Y-13.414
X15.439Y-14.572
X15.533 Y-14.959 F926
X15.626 Y-15.345 F925
X15.72 Y-15.731
X15.81 Y-16.083 F1005
X15.9 Y-16.435
X16.023 Y-16.89
X16.35Y-18.049
X16.437 Y-18.338 F1022
X16.612 Y-18.918
X16.7 Y-19.207 F1033
X16.787 Y-19.49 F1039
X16.861 Y-19.776
X16.897 Y-20.07
X16.891 Y-20.366
X16.849 Y-20.64
X16.772 Y-20.906
X16.672 Y-21.137
X16.611 Y-21.252
X16.533 Y-21.378

X16.809 Y-21.314 710.045

F800

GO0 Z35.

X16.595 Y-21.988
Z711.954

G01 Z10.954 F800

Z29.254 F320

X16.618 Y-21.683
X16.64 Y-21.378
X16.652

X18.157

X18.079 Y-21.241
X18.013 Y-21.115
X17.912 Y-20.87
X17.84 Y-20.618 F949
X17.767 Y-20.366
X17.611 Y-19.787
X17.533 Y-19.497 F800
X17.455 Y-19.207 F539
X17.357 Y-18.821 F420
X17.259 Y-18.435 F400
X17.161 Y-18.049
X17.059 Y-17.627
X16.887 Y-16.89
X16.631 Y-15.731
X16.394 Y-14.572
X16.175Y-13.414
X15.976 Y-12.255
X15.9 Y-11.773
X15.796 Y-11.096
X15.634 Y-9.938
X15.49 Y-8.779
X15.363 Y-7.62
X15.255 Y-6.461
X15.164 Y-5.303
X15.091 Y-4.144
X15.037 Y-2.985
X15.001 Y-1.826
X14.982 Y-0.668
X14.981 Y0.491
X14.997 Y1.65
X15.031 Y2.809
X15.082 Y3.967
X15.151 Y5.126
X15.239 Y6.285
X15.345Y7.443
X15.469 Y8.602
X15.611 Y9.761
X15.77 Y10.92

X159 Y11.773
X15.948 Y12.078
X16.144 Y13.237
X16.358 Y14.396
X16.593 Y15.555
X16.677 Y15.941 F600
X16.762 Y16.327 F868
X16.846 Y16.713 F938
X16.917 Y17.018 F976
X16.988 Y17.322 F1005
X17.059 Y17.627
X17.118 Y17.872
X17.215 Y18.258 F800
X17.409 Y19.031
X17.719 Y20.189
X17.886 Y20.786
X17.994 Y21.076

142

X18.144 Y21.348 F1039
X18.164 Y21.378
X17.783 F1010
X16.641

X16.66 Y21.348 F1033
X16.809 Y21.08
X16.917 Y20.794
X16.984 Y20.495
X17.007 Y20.189 F1022
X16.988 Y19.892
X16.928 Y19.6
X16.841 Y19.315 F1005
X16.753 Y19.031 F978
X16.666 Y18.741
X16.579 Y18.451 F973
X16.493 Y18.162 F925
X16.406 Y17.872
X16.082 Y16.713
X15.9 Y16.024
X15.781 Y15.555
X15.503 Y14.396
X15.333Y13.623
X15.248 Y13.237 F892
X15.015 Y12.078
X14.804 Y10.92
X14.741 Y10.547
X14.615Y9.761
X14.448 Y8.602
X14.301 Y7.443
X14.177 Y6.285
X14.073 Y5.126
X13.991 Y3.967
X13.93Y2.809

X13.89 Y1.65
X13.871Y0.491
X13.873 Y-0.668
X13.895 Y-1.826
X13.939 Y-2.985
X14.003 Y-4.144
X14.089 Y-5.303
X14.196 Y-6.461
X14.323 Y-7.62
X14.473 Y-8.779
X14.643 Y-9.938
X14.692 Y-10.242 F925
X14.741 Y-10.547
X14.836 Y-11.096
X15.05 Y-12.255
X15.286 Y-13.414
X15.545Y-14.572
X15.732 Y-15.345
X15.826 Y-15.731 F956
X15.9 Y-16.024
X15.976 Y-16.312 F1005
X16.13Y-16.89
X16.457 Y-18.049
X16.632 Y-18.628
X16.72 Y-18.918 F1033
X16.808 Y-19.207 F1039
X16.895 Y-19.49



X16.969 Y-19.776

G02 X16.64 Y-21.378 1-2.161

J-0.391

G01 X16.918 Y-21.323
Z9.357 F800

G00 Z35.

X16.595 Y-21.988
Z11.265

G01 Z10.265 F800
Z8.565 F320

X16.654 Y-21.683
X16.714Y-21.378
X16.748

X18.081

X18.003 Y-21.241
X17.937 Y-21.115
X17.837 Y-20.87
X17.764 Y-20.618 F810
X17.692 Y-20.366
X17.613 Y-20.076
X17.535 Y-19.787 F609
X17.457 Y-19.497 FA75
X17.379 Y-19.207 F420
X17.281 Y-18.821 F400
X17.086 Y-18.049
X16.812 Y-16.89
X16.556 Y-15.731
X16.319 Y-14.572
X16.101 Y-13.414
X15.9 Y-12.242
X15.722 Y-11.096
X15.56 Y-9.938
X15.416 Y-8.779
X15.29Y-7.62

X15.181 Y-6.461
X15.091 Y-5.303
X15.018 Y-4.144
X14.964 Y-2.985
X14.927 Y-1.826
X14.909 Y-0.668
X14.908 Y0.491
X14.924 Y1.65
X14.958 Y2.809
X15.009 Y3.967
X15.078 Y5.126
X15.166 Y6.285
X15.272 Y7.443
X15.395 Y8.602
X15.537 Y9.761
X15.697 Y10.92
X15.874Y12.078
X15.9 Y12.242

X16.07 Y13.237
X16.284 Y14.396
X16.518 Y15.555
X16.603 Y15.941
X16.687 Y16.327 F800
X16.771 Y16.713 F890
X16.862 Y17.1 F976
X16.952 Y17.486 F1005

X17.059 Y17.936
X17.242 Y18.666
X17.334 Y19.031 F1022
X17.437 Y19.417 F1005
X17.54 Y19.803 F1022
X17.644 Y20.189
X17.727 Y20.488 F1033
X17.81 Y20.786 F1039
X17.919 Y21.076
X18.068 Y21.348
X18.087 Y21.378
X17.744 F1010
X16.714

G02 X16.955 Y19.447 1-1.828

J-1.209

G01 X16.891 Y19.239 F1005

X16.826 Y19.031
X16.739 Y18.741 F1000
X16.653 Y18.451 F956
X16.479 Y17.872
X16.155 Y16.713
X16.07 Y16.388
X15.985 Y16.063 F926
X15.9 Y15.738 F925
X15.854 Y15.555
X15.575 Y14.396
X15.32 Y13.237
X15.087 Y12.078
X14.875Y10.92
X14.741 Y10.104
X14.686 Y9.761
X14.518 Y8.602
X14.47 Y8.216 F892
X14.372 Y7.443
X14.247 Y6.285
X14.144 Y5.126
X14.061 Y3.967
X14.Y?2.809

X13.96 Y1.65
X13.941Y0.491
X13.943 Y-0.668
X13.965 Y-1.826
X14.009 Y-2.985
X14.074 Y-4.144
X14.102 Y-4.53
X14.131 Y-4.916 F925
X14.159 Y-5.303
X14.266 Y-6.461
X14.394 Y-7.62
X14.543 Y-8.779
X14.714 Y-9.938
X14.741Y-10.104
X14.907 Y-11.096
X15.121 Y-12.255
X15.2 Y-12.641 F956
X15.358 Y-13.414
X15.617 Y-14.572
X15.898 Y-15.731
X16.Y-16.117 F983
X16.101 Y-16.504 F982
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X16.203 Y-16.89 F1005
X16.53 Y-18.049
X16.618 Y-18.338
X16.706 Y-18.628 F1022
X16.793 Y-18.918 F1028
X16.881 Y-19.207 F1033
X16.983 Y-19.535

G02 X16.714 Y-21.378 1-2.07

J-0.639

G01 X16.991 Y-21.321
Z8.668 F800

GO0 Z35.

X16.595 Y-21.988
Z10.577

G01 Z9.577 F800
Z7.877 F320

X16.677 Y-21.683
X16.759 Y-21.378
X16.795

X18.04

X17.962 Y-21.241
X17.896 Y-21.115
X17.796 Y-20.87 F847
X17.651 Y-20.366
X17.573Y-20.076 F800
X17.495 Y-19.787 F539
X17.417 Y-19.497 F421
X17.338 Y-19.207 F400
X17.059 Y-18.103
X16.771Y-16.89
X16.516 Y-15.731
X16.279 Y-14.572
X16.061 Y-13.414
X15.9'Y-12.482
X15.862 Y-12.255
X15.682 Y-11.096
X15.52 Y-9.938
X15.376 Y-8.779
X15.25Y-7.62
X15.142 Y-6.461
X15.051 Y-5.303
X14.978 Y-4.144
X14.924 Y-2.985
X14.888 Y-1.826
X14.869 Y-0.668
X14.868 Y0.491
X14.884 Y1.65
X14.918 Y2.809
X14.97 Y3.967
X15.038 Y5.126
X15.126 Y6.285
X15.232 Y7.443
X15.356 Y8.602
X15.497 Y9.761
X15.657 Y10.92
X15.834 Y12.078
X15.9 Y12.482
X16.03 Y13.237
X16.244 Y14.396
X16.478 Y15.555



X16.647 Y16.327
X16.731 Y16.713 F800
X16.821 Y17.1 F890
X16.912 Y17.486 F938
X17.002 Y17.872 F1004
X17.059 Y18.103 F1005
X17.293 Y19.031
X17.499 Y19.803
X17.603 Y20.189 F1022
X17.685 Y20.484 F1033
X17.767 Y20.779 F1039
X17.876 Y21.073
X18.027 Y21.348
X18.047 Y21.378
X17.725 F1010
X16.758

G02 X17.059 Y19.645 1-1.816
J-1.207

G01 X16.965 Y19.338 F995
X16.871 Y19.031 F982
X16.784 Y18.741
X16.697 Y18.451 F957
X16.61 Y18.162 F956
X16.523 Y17.872
X16.199 Y16.713
X15.897 Y15.555
X15.805 Y15.168
X15.712 Y14.782 F925
X15.619 Y14.396
X15.363 Y13.237
X15.13Y12.078
X14.919 Y10.92
X14.729 Y9.761
X14.561 Y8.602
X14.415Y7.443

X14.29 Y6.285

X14.186 Y5.126
X14.159 Y4.74 F892
X14.104 Y3.967
X14.043 Y2.809
X14.003 Y1.65

X13.984 Y0.491
X13.985 Y-0.668
X13.993 Y-1.054 F925
X14.008 Y-1.826
X14.052 Y-2.985
X14.116 Y-4.144
X14.202 Y-5.303
X14.309 Y-6.461
X14.437 Y-7.62
X14.586 Y-8.779
X14.741Y-9.835
X14.757 Y-9.938 F956
X14.822 Y-10.324
X14.886 Y-10.71 F926
X14.95Y-11.096 F956
X15.165 Y-12.255
X15.401 Y-13.414
X15.66 Y-14.572

X15.9 Y-15.564

X15.942 Y-15.731
X16.145 Y-16.504
X16.247 Y-16.89 F1005
X16.574 Y-18.049
X16.671 Y-18.368 F1022
X16.768 Y-18.687
X16.865 Y-19.007 F1033
X16.962 Y-19.326
X17.059 Y-19.645

G02 X16.759 Y-21.378 I-
2.099 J-0.53

GO01 X17.035Y-21.317 Z7.98
F800

GO0 Z35.

X16.827 Y-21.988
Z79.888

GO01 Z8.888 F800
Z7.188 F320

X16.868 Y-21.683
X16.909 Y-21.378
X17.059

X17.902

X17.826 Y-21.247
X17.762 Y-21.129
X17.663 Y-20.898
X17.586 Y-20.632
X17.509 Y-20.366 F800
X17.431Y-20.076 F515
X17.353 Y-19.787 F403
X17.275 Y-19.497 F400
X17.197 Y-19.207
X17.059 Y-18.671
X16.903 Y-18.049
X16.629 Y-16.89
X16.374 Y-15.731
X16.137 Y-14.572
X15.92 Y-13.414

X15.9 Y-13.299
X15.723 ' Y-12.255
X15.543 Y-11.096
X15.381 Y-9.938
X15.238 Y-8.779
X15.112 Y-7.62
X15.004 Y-6.461
X14.914 Y-5.303
X14.842 Y-4.144
X14.787 Y-2.985
X14.749 Y-1.826
X14.73 Y-0.668
X14.729 Y0.491
X14.746 Y1.65
X14.781Y2.809
X14.833 Y3.967
X14.902 Y5.126
X14.989 Y6.285
X15.094 Y7.443
X15.217 Y8.602
X15.357 Y9.761
X15.516 Y10.92
X15.693 Y12.078
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X15.9 Y13.299
X16.104 Y14.396
X16.338 Y15.555
X16.59 Y16.713
X16.68 Y17.1 F834
X16.77 Y17.486 FO07
X16.861 Y17.872 F964
X16.927 Y18.138 F981
X16.993 Y18.405 F986
X17.059 Y18.671
X17.151 Y19.031 F998
X17.254 Y19.417
X17.357 Y19.803 F1004
X17.46 Y20.189 F1022
X17.543 Y20.488 F1033
X17.625 Y20.787 F1010
X17.729 Y21.061
X17.888 Y21.348
X17.908 Y21.378
X16.903

X16.922 Y21.348 F1039
X17.059 Y21.108
X17.15Y20.888
X17.216 Y20.66 F1033
X17.257 Y20.427
X17.271Y20.189
X17.256 Y19.931
X17.21 Y19.675 F999
X17.134 Y19.428
X17.059 Y19.18 F982
X17.011 Y19.031
X16.664 Y17.872
X16.338 Y16.713
X16.036 Y15.555
X15.9 Y14.998
X15.758 Y14.396
X15.501 Y13.237
X15.423 Y12.851 F956
X15.268 Y12.078
X15.057 Y10.92
X14.866 Y9.761
X14.741Y8.913
X14.699 Y8.602
X14.552 Y7.443
X14.427 Y6.285
X14.324 Y5.126
X14.241 Y3.967
X14.18 Y2.809

X14.14 Y1.65

X14.12 Y0.491
X14.122 Y-0.668
X14.145Y-1.826
X14.187 Y-2.985
X14.253 Y-4.144
X14.338 Y-5.303
X14.445 Y-6.461
X14.574 Y-7.62
X14.741Y-8.913
X14.792 Y-9.255 F982
X14.894 Y-9.938



X15.088 Y-11.096 X16.715 Y-18.049 G91G2820

X15.302 Y-12.255 X17.059 Y-19.18 G49
X15.539 Y-13.414 X17.156 Y-19.489 M30
X15.799 Y-14.572 G02 X16.909 Y-21.378 I- %
X15.9 Y-14.998 2.081 J-0.688

X15.99 Y-15.365 G01 X17.182 Y-21.305

X16.08 Y-15.731 F1005 Z7.291

X16.285 Y-16.504 GO0 Z45.

X16.387 Y-16.89 F800 G05 PO

145



Ek3. Konkav-konveks Kremayer Dislinin Modiil Parmak Freze ile Son Paso

Islem Kodlar

% 03998

G49 M06 T17 (Tel Erezyon
U+V Kesimi ile Yapilan
Bigak)

G90 G80 GO0 G17 G40
G43 H17 Z65. S3300 M03
G05 P10000

G00 X230.595 Y20.424 Z65.
M08

Z35.

Z77.632

G01 Z6.632 F150
X230.337 Y19.457

G03 X230.388 Y-19.451
172.63 J-19.359

G01 X230.648 Y-20.417
GO0 Z35.

X231.131 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X230.871 Y-19.321

G02 X230.82 Y19.329
172.096 J19.419

G01 X231.078 Y20.295
GO0 Z35.

X218.028 Y20.424 Z65. M08
Z35.

Z7.632

G01 Z6.632 F150
X217.771 Y19.457

G03 X217.822 Y-19.451
172.63 J-19.359

G01 X218.082 Y-20.417
GO0 Z35.

X218.564 Y-20.287 M08
Z77.632

G01 Z6.632 F150
X218.304 Y-19.321

G02 X218.254 Y19.329
172.096

J19.419

GO01 X218.511 Y20.295
GO0 Z35.

X205.462 Y20.424 Z65. M08
Z35.

Z77.632

G01 Z6.632 F150
X205.204 Y19.457

G03 X205.255 Y-19.451
172.63 J-19.359

G01 X205.515 Y-20.417
GO0 Z35.

X205.998 Y-20.287 M08
Z27.632

G01 Z6.632 F150
X205.738 Y-19.321

G02 X205.687 Y19.329
172.096 J19.419

G01 X205.945 Y20.295
GO0 Z35.

X192.895 Y20.424 Z65. M08
Z35.

Z77.632

G01 Z6.632 F150
X192.638 Y19.457

G03 X192.689 Y-19.451
172.63 J-19.359

GO01 X192.949 Y-20.417
G00 Z35.

X193.432 Y-20.287 M08
Z77.632

G01 Z6.632 F150
X193.172 Y-19.321

G02 X193.121 Y19.329
172.096 J19.419

G01 X193.379 Y20.295
G00 Z35.

X180.329 Y20.424 Z65. M08
Z35.

Z7.632

G01 Z6.632 F150
X180.071 Y19.457

G03 X180.122 Y-19.451
172.63 J-19.359

G01 X180.383 Y-20.417
GO0 Z35.

X180.865 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X180.605 Y-19.321

G02 X180.555 Y19.329
172.096 J19.419

G01 X180.812 Y20.295
GO0 Z35.

X167.763 Y20.424 Z65. M08
Z35.

Z7.632

G01 Z6.632 F150
X167.505 Y19.457

G03 X167.556 Y-19.451
172.63 J-19.359

G01 X167.816 Y-20.417
GO0 Z35.

X168.299 Y-20.287 M08
Z77.632

G01 Z6.632 F150
X168.039 Y-19.321

G02 X167.988 Y19.329
172.096 J19.419

GO01 X168.246 Y20.295
G00 Z35.

X155.196 Y20.424 Z65. M08
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Z35.

Z27.632

G01 76.632 F150
X154.939 Y19.457

G03 X154.99 Y-19.451
172.63 J-19.359

G01 X155.25 Y-20.417
GO0 Z35.

X155.733 Y-20.287 M08
Z27.632

GO01 Z6.632 F150
X155.472 Y-19.321
G02 X155.422 Y19.329
172.096 J19.419

G01 X155.679 Y20.295
GO0 Z35.

X142.63 Y20.424 Z65. M08
Z35.

Z77.632

GO01 Z6.632 F150
X142.372 Y19.457

G03 X142.423 Y-19.451
172.63 J-19.359

GO01 X142.683 Y-20.417
GO0 Z35.

X143.166 Y-20.287 M08
77.632

G01 Z6.632 F150
X142.906 Y-19.321
G02 X142.855 Y19.329
172.096 J19.419

GO01 X143.113 Y20.295
GO0 Z35.

X130.063 Y20.424 Z65. M08
Z35.

Z7.632

G01 Z6.632 F150
X129.806 Y19.457

G03 X129.857 Y-19.451
172.63 J-19.359

G01 X130.117 Y-20.417
GO0 Z35.

X130.6 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X130.34 Y-19.321

G02 X130.289 Y19.329
172.096 J19.419

G01 X130.547 Y20.295
GO0 Z35.

X117.497 Y20.424 Z65. M08
Z35.

Z77.632

G01 Z6.632 F150
X117.239 Y19.457

G03 X117.29 Y-19.451



172.63 J-19.359

G01 X117.55 Y-20.417
GO0 Z35.

X118.033 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X117.773 Y-19.321

G02 X117.723 Y19.329
172.096 J19.419

G01 X117.98 Y20.295
GO0 Z35.

X104.931 Y20.424 Z65. M08
Z35.

Z7.632

G01 Z6.632 F150
X104.673 Y19.457

G03 X104.724 Y-19.451
172.63 J-19.359

GO01 X104.984 Y-20.417
GO0 Z35.

X105.467 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X105.207 Y-19.321

G02 X105.156 Y19.329
172.096 J19.419

GO01 X105.414 Y20.295
GO0 Z35.

X92.364 Y20.424 Z65. M08
Z35.

Z27.632

G01 76.632 F150
X92.107 Y19.457

G03 X92.158 Y-19.451
172.63 J-19.359

G01 X92.418 Y-20.417
GO0 Z35.

X92.901 Y-20.287 M08
Z27.632

G01 Z6.632 F150
X92.64 Y-19.321

G02 X92.59 Y19.329 172.096
J19.419

G01 X92.847 Y20.295
GO0 Z35.

X79.798 Y20.424 765. M08
Z35.

Z7.632

G01 Z6.632 F150
X79.54 Y19.457

G03 X79.591 Y-19.451
172.63 J-19.359

GO01 X79.851 Y-20.417
GO0 Z35.

X80.334 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X80.074 Y-19.321

G02 X80.023 Y19.329

172.096 J19.419

G01 X80.281 Y20.295
G00 Z35.

X67.231 Y20.424 Z265. M08
Z35.

Z7.632

GO01 Z6.632 F150
X66.974 Y19.457

G03 X67.025 Y-19.451
172.63 J-19.359

G01 X67.285 Y-20.417
GO0 Z35.

X67.768 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X67.508 Y-19.321

G02 X67.457 Y19.329
172.096 J19.419

GO01 X67.715 Y20.295
GO0 Z35.

X54.665 Y20.424 Z65. M08
Z35.

Z77.632

G01 Z6.632 F150
X54.407 Y19.457

G03 X54.458 Y-19.451
172.63 J-19.359

GO01 X54.719 Y-20.417
G00 Z35.

X55.201 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X54.941 Y-19.321

G02 X54.891 Y19.329
172.096 J19.419

G01 X55.148 Y20.295
G00 Z35.

X42.099 Y20.424 765. M08
Z35.

Z7.632

G01 Z6.632 F150
X41.841 Y19.457

G03 X41.892 Y-19.451
172.63 J-19.359

G01 X42.152 Y-20.417
GO0 Z35.

X42.635 Y-20.287 M08
Z77.632

G01 Z6.632 F150
X42.375Y-19.321

G02 X42.324 Y19.329
172.096 J19.419

GO01 X42.582 Y20.295
GO0 Z35.

X29.532 Y20.424 Z65. M08
Z35.

Z77.632

G01 Z6.632 F150
X29.275 Y19.457
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G03 X29.326 Y-19.451
172.63 J-19.359

G01 X29.586 Y-20.417
GO0 Z35.

X30.069 Y-20.287 M08
Z27.632

GO01 Z6.632 F150
X29.808 Y-19.321

G02 X29.758 Y19.329
172.096 J19.419

G01 X30.015 Y20.295
GO0 Z35.

X16.966 Y20.424 Z65. M08
Z35.

Z27.632

GO01 Z6.632 F150
X16.708 Y19.457

G03 X16.759 Y-19.451
172.63 J-19.359

G01 X17.019 Y-20.417
GO0 Z35.

X17.502 Y-20.287 M08
Z77.632

G01 Z6.632 F150
X17.242 Y-19.321

G02 X17.191 Y19.329
172.096 J19.419

GO01 X17.449 Y20.295
GO0 Z35.

X4.399 Y20.424 765. M08
Z35.

77.632

G01 Z6.632 F150
X4.142 Y19.457

G03 X4.193 Y-19.451 172.63
J-19.359

GO01 X4.453 Y-20.417
GO0 Z35.

X4.936 Y-20.287 M08
Z7.632

G01 Z6.632 F150
X4.676 Y-19.321

G02 X4.625 Y19.329 172.096
J19.419

G01 X4.883 Y20.295
GO0 Z35.

G05 PO

G91G2820

G49

M30 %



Ek4. Konkav-konveks Dislinin Kaba ve Son Paso isleme Kodlar

%

03997

G49

MO06 T16

G90 G80 GO0 G17 G40
G43 H16 Z75. S4200 M03
GO05 P10000

G00 X22.449 Y-1.811 Z75.
MO8

Z56.8

G01 Z54.8 F350

Z53. F175

X22.318 Y-1.995
X22.187 Y-2.18
X22.056 Y-2.364
X21.989 Y-2.442
X21.91Y-2.508
X21.821Y-2.56
X21.724 Y-2.595
X21.622 Y-2.614
X21.519

X21.418 Y-2.597
X21.32Y-2.572
X21.225Y-2.539
X20.744 Y-2.348
X19.916 Y-2.1
X19.641 Y-2.017 F350
X16.304 Y-1.142
X13.812 Y-0.599
X11.315Y-0.149
X8.818 Y0.21

X6.323 Y0.479

X3.828 Y0.66

X1.334 Y0.752
X-1.157 Y0.754

X-4.49 Y0.619

X-7.819 Y0.33
X-10.314 Y0.007
X-11.975 Y-0.256
X-13.635 Y-0.564
X-16.131 Y-1.1
X-19.467 Y-1.968
X-20.948 Y-2.409

G03 X-21.107 Y-2.563 10.112
J-0.275

G01 X-21.189 Y-2.809
X-21.435 Y-3.548
X-21.518 Y-3.794

G03 X-21.215 Y-4.098 10.229
J-0.074

GO01 X-21.039 Y-4.04
X-20.863 Y-3.983
X-18.203 Y-3.199
X-16.38 Y-2.729
X-14.615 Y-2.325
X-12.833 Y-1.964
X-10.129 Y-1.508
X-8.339 Y-1.268
X-5.669 Y-0.997
X-3.019 Y-0.829
X-1.235Y-0.775
X0.53 Y-0.766
X3.178 Y-0.837
X4.97 Y-0.942
X6.752 Y-1.094
X8.532 Y-1.292
X10.328 Y-1.538
X12.097 Y-1.829
X13.879 Y-2.17
X15.713Y-2.571
X18.378 Y-3.247
X20.13 Y-3.754
X21.309 Y-4.139
G03 X21.624 Y-3.921 10.072
J0.232

GO01 X21.635 Y-3.633
X21.705 Y-1.908
X21.717 Y-1.62
G03 X21.567 Y-1.388 1-0.257
J-0.001

G01 X21.353 Y-1.301
X21.138 Y-1.214
X20.812 Y-1.114
X19.965 Y-0.862
X19.121 Y-0.624
X18.273 Y-0.397
X17.428 Y-0.178
X16.584 Y0.025
X15.735Y0.221
X14.891 Y0.407
X14.046 Y0.578
X13.198 Y0.742
X12.354 Y0.895
X11.507 Y1.036
X10.661 Y1.169
X9.816 Y1.29
X8.968 Y1.401
X8.123 Y1.505
X7.279 Y1.593
X6.431 Y1.675
X5.586 Y1.747

148

X4.74 Y1.805
X3.893 Y1.858
X3.049 Y1.898
X2.201Y1.928
X1.356 Y1.952
X0.512 Y1.96
X-0.336 Y1.962
X-1.181Y1.954
X-2.027 Y1.933
X-2.874 Y1.906
X-3.718 Y1.866
X-4.566 Y1.817
X-5.411Y1.761
X-5.827 Y1.726
X-7.105Y1.611
X-7.948 Y1.523
X-8.795Y1.422
X-9.641 Y1.315
X-10.485 Y1.194
X-11.334 Y1.064
X-12.178 Y0.927
X-13.022 Y0.774
X-13.871 Y0.613
X-14.715 Y0.443
X-15.561 Y0.259
X-16.408 Y0.068
X-17.252 Y-0.136
X-18.1Y-0.352
X-18.946 Y-0.575
X-19.79 Y-0.812
X-20.638 Y-1.061
X-21.014 Y-1.175
G03 X-21.183 Y-1.37510.092
J-0.248

GO01 X-21.22 Y-1.664
X-21.514 Y-3.983
X-21.551Y-4.273 F175
X-21.625 Y-4.852
X-21.662 Y-5.142
G03 X-21.35Y-5.401 10.24 J-
0.028

G01 X-21.206 Y-5.355
X-21.063 Y-5.308
X-20.49 Y-5.123
X-19.6 Y-4.848
X-19.313 Y-4.764
X-19.026 Y-4.68 F350
X-18.74 Y-4.595
X-17.864 Y-4.35
X-16.989 Y-4.118
X-16.112 Y-3.899



X-15.225 Y-3.689
X-14.346 Y-3.494
X-13.471 Y-3.312
X-12.596 Y-3.141
X-11.721 Y-2.981
X-10.861 Y-2.836
X-9.969 Y-2.697
X-9.093 Y-2.574
X-8.218 Y-2.462
X-7.358 Y-2.363
X-6.483 Y-2.274
X-5.592 Y-2.195
X-4.717Y-2.128
X-3.857 Y-2.073
X-2.982 Y-2.028
X-2.105 Y-1.996
X-1.229 Y-1.975
X-0.354 Y-1.965
X0.536 Y-1.966
X1.411Y-1.979
X2.271Y-2.002
X3.146 Y-2.036
X4.021Y-2.082
X4.899 Y-2.14
X5.774 Y-2.209
X6.649 Y-2.29
X7.524 Y-2.382
X8.4Y-2.485
X9.275 Y-2.599
X10.165 Y-2.727
X11.042 Y-2.865
X11.902 Y-3.013
X12.777 Y-3.174
X13.653 Y-3.348
X14.537 Y-3.536
X14.979 Y-3.633
X15.419 Y-3.735
X16.293 Y-3.944
X17.153 Y-4.162
X18.044 Y-4.4
X18.92 Y-4.647
X19.797 Y-4.907
X20.671Y-5.18
X21.245 Y-5.367

G03 X21.559 Y-5.152 10.074

J0.229

GO01 X21.574 Y-4.87

X21.797 Y-0.637
X21.812 Y-0.355
X21.811Y-0.316
X21.803 Y-0.277
X21.789 Y-0.239
X21.769 Y-0.205
X21.744Y-0.175
X21.714Y-0.149
X21.68 Y-0.128

X21.643 Y-0.113
X21.401 Y-0.039
X21.159 Y0.035
X20.299 Y0.291
X19.439 Y0.533
X18.579 Y0.764
X17.719 Y0.986
X16.836 Y1.199
X15.999 Y1.391
X15.139 Y1.581
X14.279 Y1.755
X13.419 Y1.922
X12.559 Y2.078
X11.699 Y2.22
X10.839 Y2.356
X9.979 Y2.479
X9.119 Y2.591
X8.259 Y2.697
X7.399 Y2.787
X6.539 Y2.87
X5.679 Y2.943
X4.819 Y3.003
X3.959 Y3.056
X3.099 Y3.097
X2.239 Y3.128
X1.379 Y3.152
X0.519 Y3.16
X-0.341Y3.162
X-1.201Y3.154
X-2.061 Y3.133
X-2.921 Y3.105
X-3.781 Y3.065
X-4.641Y3.015
X-5.501 Y2.958
X-6.361 Y2.885
X-7.221Y2.806
X-8.081Y2.716
X-8.941Y2.613
X-9.801 Y2.504
X-10.661 Y2.382
X-11.521Y2.249
X-12.381Y2.11
X-13.241 Y1.954
X-14.101 Y1.791
X-14.961 Y1.618
X-15.821 Y1.431
X-16.681 Y1.236
X-17.541Y1.029
X-18.401 Y0.81
X-19.261 Y0.583
X-20.129 Y0.339
X-20.981 Y0.089
X-21.438 Y-0.049

G03 X-21.608 Y-0.28110.072

J-0.232

G01 X-21.606 Y-0.572
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X-21.575Y-5.241

X-21.573 Y-5.533 F175

X-21.569 Y-6.116
X-21.567 Y-6.408

G03 X-21.29 Y-6.644 10.241

J0.003

G01 X-21.25Y-6.634

X-20.981 Y-6.543
X-20.121 Y-6.265
X-19.261 Y-5.999

X-18.974 Y-5.915 F350

X-18.401 Y-5.746
X-17.541 Y-5.506
X-16.681 Y-5.278
X-15.821 Y-5.063
X-14.794 Y-4.821
X-14.101 Y-4.669
X-13.241 Y-4.489
X-12.381 Y-4.321
X-11.521 Y-4.164
X-10.661 Y-4.019
X-9.801 Y-3.885
X-8.941 Y-3.764
X-8.081 Y-3.654
X-7.221Y-3.555
X-6.361 Y-3.468
X-5.501 Y-3.391
X-4.641Y-3.325
X-3.781Y-3.271
X-2.921Y-3.227
X-2.061 Y-3.195
X-1.201 Y-3.175
X-0.341 Y-3.165
X0.232 Y-3.166
X0.519
X1.379Y-3.178
X2.239 Y-3.201
X3.099 Y-3.235
X3.959 Y-3.28
X4.819 Y-3.337
X5.679 Y-3.406
X6.539 Y-3.485
X7.399 Y-3.575
X8.259 Y-3.676
X9.119 Y-3.789
X9.979 Y-3.912
X10.839 Y-4.047
X11.699 Y-4.195
X12.559 Y-4.354
X13.419 Y-4.525
X14.279 Y-4.707
X14.794 Y-4.821
X15.139 Y-4.901
X15.999 Y-5.107
X16.859 Y-5.325
X17.719 Y-5.555



X18.579 Y-5.797
X19.439 Y-6.052
X20.299 Y-6.32

X20.975Y-6.541
X21.266 Y-6.638

X21.36 Y-6.654 Z253.034

X21.454 Y-6.656 Z53.069
X21.547 Y-6.642 Z53.103
X21.638 Y-6.615 Z53.137
X21.722 Y-6.573 Z53.172

GO0 Z75.
X-21.841 Y-6.111
Z57.356

GO01 Z55.356 F350
Z53.556 F175
X-21.693 Y-6.326
X-21.545 Y-6.541
X-21.397 Y-6.756
X-21.331 Y-6.835
X-21.252 Y-6.903
X-21.163 Y-6.956
X-21.067 Y-6.992
X-20.965 Y-7.012
X-20.861 Y-7.014
X-20.759 Y-6.998
X-20.661 Y-6.964
X-20.555 Y-6.917
X-20.121 Y-6.747
X-19.551 Y-6.541
X-19.261 Y-6.442
X-18.831 Y-6.304

X-18.616 Y-6.235 F350

X-18.401 Y-6.166
X-17.541Y-5.913
X-16.696 Y-5.681
X-15.821 Y-5.457
X-14.961 Y-5.253
X-14.101 Y-5.06
X-13.241 Y-4.88
X-12.95Y-4.821
X-12.381 Y-4.711
X-11.521 Y-4.554
X-10.661 Y-4.408
X-9.801 Y-4.274
X-8.941 Y-4.151
X-8.081 Y-4.041
X-7.221Y-3.942
X-6.361 Y-3.854
X-5.501Y-3.777
X-4.641Y-3.711
X-3.781 Y-3.656
X-2.921Y-3.612
X-2.061 Y-3.58
X-1.201 Y-3.559
X-0.341Y-3.55
X0.519 Y-3.551

X1.379 Y-3.563
X2.239 Y-3.587
X3.099 Y-3.621
X3.959 Y-3.666
X4.819 Y-3.723
X5.679 Y-3.791
X6.539 Y-3.871
X7.399 Y-3.962
X8.259 Y-4.064
X9.119 Y-4.177
X9.979 Y-4.302
X10.839 Y-4.437
X11.699 Y-4.585
X12.559 Y-4.744
X13.419 Y-4.916
X14.279 Y-5.099
X15.139 Y-5.294
X15.999 Y-5.502
X16.696 Y-5.681
X16.859 Y-5.724
X17.719 Y-5.964
X18.579 Y-6.222
X19.439 Y-6.502
X19.551 Y-6.541
X20.299 Y-6.815
X20.652 Y-6.96

X20.744 Y-6.981 Z253.59

X20.839 Y-6.988 253.624
X20.933 Y-6.981 Z53.659
X21.024 Y-6.958 Z53.693
X21.112 Y-6.922 Z53.728

GO0 Z75.
X22.019 Y-0.521
Z57.356

GO01 Z55.356 F350
Z53.556 F175
X21.849 Y-0.321
X21.509 Y0.08
X21.339 Y0.28
X21.278 Y0.342
X21.209 Y0.395
X21.133Y0.437
X21.051 Y0.468
X20.801 Y0.542
X20.55Y0.616
X20.299 Y0.69
X19.726 Y0.851

X19.439 Y0.932 F350

X18.579 Y1.16

X17.719 Y1.381
X16.859 Y1.588
X15.999 Y1.784
X15.139 Y1.973
X14.279 Y2.146
X13.419 Y2.311
X12.559 Y2.468
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X11.699 Y2.609
X10.839 Y2.744
X9.979 Y2.867
X9.597 Y2.919
X8.259 Y3.083
X7.399 Y3.173
X6.539 Y3.255
X5.679 Y3.328
X4.819Y3.387
X3.959Y3.44

X3.099 Y3.481
X2.239 Y3.512
X1.379 Y3.536
X0.519 Y3.544
X-0.341 Y3.546
X-1.201 Y3.537
X-2.061 Y3.517
X-2.921 Y3.49
X-3.781 Y3.449
X-4.641 Y3.399
X-5.501 Y3.342
X-6.361 Y3.27
X-7.221Y3.191
X-8.081 Y3.102
X-8.941Y3.

X-9.597 Y2.919
X-9.801 Y2.892
X-10.661 Y2.769
X-11.521 Y2.638
X-12.381 Y2.498
X-13.241 Y2.344
X-14.101 Y2.182
X-14.961 Y2.009
X-15.821Y1.824
X-16.681 Y1.631
X-17.541 Y1.424
X-18.401 Y1.207
X-19.261 Y0.982
X-20.121 Y0.74
X-21.075 Y0.461
X-21.16 Y0.42 Z53.59
X-21.237 Y0.367 Z253.624
X-21.305 Y0.301 Z53.659
X-21.363 Y0.226 253.693
X-21.407 Y0.143 253.728
GO0 Z75.

X22.019 Y-0.091
Z57.456

GO01 Z55.456 F350
Z53.656 F175
X21.797 Y0.055 F350
X21.352 Y0.346
X21.13Y0.491
X21.053 Y0.534
X20.971 Y0.565
X20.747 Y0.631



X20.523 Y0.697
X20.299 Y0.763 F175
X19.439 Y1.005
X18.709 Y1.199
X17.719 Y1.453
X17.146 Y1.592
X16.859 Y1.661 F350
X15.999 Y1.857
X15.139 Y2.045
X14.279Y2.218
X13.419 Y2.383
X12.559 Y2.539
X11.699 Y2.681
X10.839 Y2.815
X9.979 Y2.938
X9.119 Y3.049
X8.259 Y3.154
X7.399Y3.244
X6.539 Y3.326
X5.679 Y3.399
X4.819 Y3.458
X3.959 Y3.511
X3.099 Y3.552
X2.239 Y3.582
X1.379 Y3.606
X0.519 Y3.614
X-0.341Y3.616
X-1.201 Y3.608
X-2.061 Y3.587
X-2.921 Y3.56
X-3.781 Y3.519
X-4.641 Y3.47
X-5.501 Y3.413
X-6.361 Y3.341
X-7.221Y3.262
X-8.081Y3.172
X-8.941Y3.071
X-10.096 Y2.919
X-10.661 Y2.836
X-11.521 Y2.704
X-12.381 Y2.561
X-13.241 Y2.409
X-14.101 Y2.245
X-15.018 Y2.059
X-15.821 Y1.886
X-16.681 Y1.692
X-17.541Y1.488
X-18.401 Y1.273
X-19.261 Y1.045
X-20.121 Y0.807
X-20.954 Y0.566
X-20.983 Y0.552 753.667
X-21.009 Y0.535 Z53.679
X-21.032 Y0.513 Z53.69
X-21.051 Y0.488 Z53.702
X-21.066 Y0.461 Z53.713

GO0 Z75.
X-17.541 Y-9.981
Z57.456

GO01 Z55.456 F350
Z53.656 F175

X-17.698 Y-9.792 F350

X-18.011 Y-9.414
X-18.167 Y-9.226
X-18.235 Y-9.156

X-18.313 Y-9.099 F175

X-18.399 Y-9.055
X-18.491 Y-9.025
X-18.586 Y-9.01

X-18.648 Y-9.006
X-18.889 Y-8.948
X-19.261 Y-8.75

X-19.481 Y-8.53

X-19.639 Y-8.261
X-19.735 Y-7.835
X-19.675 Y-7.401
X-19.516 Y-7.082
X-19.398 Y-6.935
X-19.261 Y-6.806

X-19.051 Y-6.661 F350

X-18.826 Y-6.541
X-18.401 Y-6.36
X-17.973 Y-6.204
X-17.541 Y-6.059
X-16.681 Y-5.798
X-16.267 Y-5.681
X-15.821 Y-5.561
X-14.961 Y-5.343
X-14.101 Y-5.142
X-13.241 Y-4.956
X-12.571Y-4.821
X-11.521 Y-4.626
X-10.661 Y-4.48
X-9.801 Y-4.346
X-8.941Y-4.223
X-8.081 Y-4.112
X-7.221Y-4.013
X-6.361 Y-3.925
X-5.501 Y-3.848
X-4.641Y-3.782
X-3.781Y-3.727
X-2.921 Y-3.683
X-2.061 Y-3.651
X-1.201 Y-3.63
X-0.341Y-3.621
X0.519 Y-3.622
X1.379 Y-3.635
X2.239 Y-3.658
X3.099 Y-3.692
X3.959 Y-3.737
X4.819Y-3.794
X5.679 Y-3.862
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X6.731 Y-3.961

X7.399 Y-4.033

X8.259 Y-4.135

X9.119 Y-4.248

X9.979 Y-4.373

X10.839 Y-4.509
X11.699 Y-4.657
X12.571Y-4.821
X13.419 Y-4.994
X14.279 Y-5.182
X15.139 Y-5.387
X15.999 Y-5.608
X16.267 Y-5.681
X16.859 Y-5.85

X17.719 ' Y-6.118
X18.152 Y-6.267
X18.579 Y-6.432
X18.826 Y-6.541
X18.996 Y-6.629
X19.156 Y-6.728
X19.306 Y-6.845
X19.439 Y-6.98

X19.577 Y-7.179
X19.675 Y-7.401
X19.735Y-7.835
X19.639 Y-8.261
X19.439 Y-8.582
X19.068 Y-8.873
X18.822 Y-8.969
X18.609 Y-9.009

X18.58 Y-9.019 Z53.667
X18.552 Y-9.034 253.679
X18.527 Y-9.053 Z53.69
X18.506 Y-9.076 253.702
X18.488 Y-9.102 253.713

GO0 Z75.
X22.449Y-2.241
Z56.

GO01 Z54. F350
752.2 F175

G02 X22.037 Y-3.069 1-1.475

J0.217

GO01 X21.948 Y-3.117

X21.853 Y-3.149
X21.753Y-3.165
X21.652 Y-3.164
X21.553 Y-3.146
X21.391 Y-3.102
X21.23 Y-3.059

X20.907 Y-2.971
X20.763 Y-2.922
X20.43 Y-2.785

X20.158 Y-2.706

X19.887 Y-2.627 F350

X18.801 Y-2.31
X16.304 Y-1.666



X13.808 Y-1.119
X11.315 Y-0.665
X7.982Y-0.2
X5.492 Y0.038
X2.998 Y0.189
X0.504 Y0.25
X-1.993 Y0.224
X-4.489 Y0.108
X-6.984 Y-0.096
X-9.476 Y-0.389
X-11.972 Y-0.773
X-14.464 Y-1.251
X-17.375Y-1.931
X-20.424 Y-2.776
X-20.518 Y-2.798
X-21.049 Y-2.901
X-21.139 Y-2.914
GO0 Z75.
X-22.271 Y-4.391
Z56.

G01 Z54. F350
Z52.2 F175

G02 X-21.216 Y-3.581 12.056

J-1.587

G01 X-21.023 Y-3.521

X-19.37 Y-3.006

X-19.094 Y-2.92 F350

X-17.252 Y-2.422
X-15.501 Y-1.999
X-13.72 Y-1.618
X-11.057 Y-1.137
X-9.227 Y-0.867
X-6.572 Y-0.566
X-3.909 Y-0.365
X-2.107 Y-0.286
X-0.141 Y-0.257
X2.289 Y-0.293
X4.108 Y-0.375
X5.89 Y-0.505
X7.651 Y-0.677
X9.435Y-0.896
X11.234 Y-1.165
X13.037 Y-1.485
X15.709 Y-2.048
X18.358 Y-2.714
X20.154 Y-3.231
X21.302 Y-3.593

G03 X21.607 Y-3.418 10.069

J0.234

G01 X21.663 Y-3.178

X21.831Y-2.457
X21.887 Y-2.216

G03 X21.707 Y-1.928 1-0.24

J0.051

G01 X21.515 Y-1.885

X21.324Y-1.841

X21.22 Y-1.813
X21.12Y-1.775
X20.827 Y-1.651
X19.963 Y-1.391
X19.119 Y-1.153
X18.271 Y-0.923
X17.426 Y-0.703
X16.582 Y-0.499
X15.734 Y-0.301
X14.889 Y-0.115
X14.044 Y0.058
X13.197 Y0.224
X12.352 Y0.377
X11.505 Y0.52
X10.66 Y0.655
X9.815 Y0.775
X8.967 Y0.888
X8.123 Y0.992
X7.278 Y1.081
X6.43 Y1.163
X5.586 Y1.235
X4.739 Y1.295
X3.893 Y1.348
X3.049 Y1.388
X2.2Y1.418
X1.356 Y1.442
X0.512 Y1.45
X-0.336 Y1.452
X-1.181Y1.444
X-2.027 Y1.423
X-2.873 Y1.396
X-3.717 Y1.356
X-4.566 Y1.306
X-5.41Y1.25
X-6.254 Y1.178
X-7.103 Y1.099
X-7.946 Y1.011
X-9.22 Y0.855
X-9.638 Y0.801
X-10.484 Y0.68
X-11.332 Y0.548
X-12.177 Y0.409
X-13.021 Y0.256
X-13.869 Y0.093
X-14.714 Y-0.077
X-15.558 Y-0.262
X-16.407 Y-0.456
X-17.252 Y-0.66
X-17.672 Y-0.768
X-18.096 Y-0.877
X-18.944 Y-1.104
X-19.788 Y-1.341
X-20.64 Y-1.594
X-20.745 Y-1.62
X-21.175Y-1.706

G03 X-21.366 Y-1.916 10.06 J-
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0.247

GO01 X-21.395 Y-2.185

X-21.542 Y-3.532

X-21.571Y-3.802 F175

X-21.63 Y-4.341
X-21.659 Y-4.61

G03 X-21.347 Y-4.865 10.241

J-0.024

G01 X-21.202 Y-4.818

X-21.056 Y-4.772
X-20.474 Y-4.585
X-19.609 Y-4.321
X-19.391 Y-4.257

X-19.173 Y-4.193 F350

X-18.737 Y-4.066
X-17.861 Y-3.823
X-16.971 Y-3.589
X-16.095 Y-3.371
X-15.22 Y-3.166
X-14.358 Y-2.976
X-13.469 Y-2.792
X-12.594 Y-2.623
X-11.734 Y-2.468
X-10.844 Y-2.318
X-9.969 Y-2.184
X-9.092 Y-2.06
X-8.216 Y-1.949
X-7.341Y-1.85
X-6.481 Y-1.763
X-5.592 Y-1.684
X-4.717 Y-1.618
X-3.857 Y-1.564
X-2.965 Y-1.518
X-2.089 Y-1.486
X-1.214 Y-1.466
X-0.354 Y-1.456
X0.536 Y-1.458
X1.396 Y-1.47
X2.271 Y-1.493
X3.146 Y-1.527
X4.021 Y-1.572
X4.898 Y-1.63
X5.773 Y-1.699
X6.648 Y-1.779
X7.534Y-1.871
X7.972Y-1.921
X8.402 Y-1.972
X9.288 Y-2.087
X10.148 Y-2.21
X11.024 Y-2.347
X11.901 Y-2.496
X12.791 Y-2.66
X13.651 Y-2.829
X14.54 Y-3.016
X15.416 Y-3.212
X16.291 Y-3.419



X17.151Y-3.635
X18.027 Y-3.867
X18.903 Y-4.113
X19.793 Y-4.375
X20.653 Y-4.641
X21.247 Y-4.833

G03 X21.561 Y-4.62 10.073

J0.23

G01 X21.579 Y-4.333

X21.779Y-1.174
X21.797 Y-0.887
X21.796 Y-0.847
X21.789 Y-0.808
X21.775Y-0.77
X21.755Y-0.736
X21.73Y-0.705
X21.7Y-0.679
X21.666 Y-0.658
X21.629 Y-0.643
X21.433 Y-0.582
X21.238 Y-0.521
X20.299 Y-0.238
X19.439 Y0.004
X18.579 Y0.237
X17.719 Y0.461
X16.859 Y0.669
X15.999 Y0.869
X15.139 Y1.059
X14.279Y1.235
X13.419 Y1.403
X12.559 Y1.56
X11.699 Y1.704
X10.839 Y1.841
X9.979 Y1.964
X9.272 Y2.059
X8.259 Y2.184
X7.399Y2.274
X6.539 Y2.358
X5.679Y2.432
X4.819 Y2.492
X3.959 Y2.546
X3.099 Y2.587
X2.239Y2.618
X1.379Y2.642
X0.519 Y2.65
X-0.341 Y2.652
X-1.201 Y2.644
X-2.061 Y2.623
X-2.921Y2.595
X-3.781Y2.555
X-4.641 Y2.504
X-5.501Y2.447
X-6.361 Y2.373
X-7.221Y2.293
X-8.081 Y2.203
X-9.272 Y2.059

X-9.801 Y1.99

X-10.661 Y1.867
X-11.521 Y1.733
X-12.381 Y1.592
X-13.241 Y1.436
X-14.101Y1.271
X-14.961 Y1.098
X-15.821 Y0.909
X-16.681 Y0.712
X-17.541 Y0.505
X-18.401 Y0.283
X-19.261 Y0.054
X-20.121 Y-0.188
X-20.981 Y-0.443
X-21.427 Y-0.579

G03 X-21.596 Y-0.80110.073

J-0.231

G01 X-21.605 Y-1.086

X-21.728 Y-5.071

X-21.736 Y-5.356 F175

X-21.745 Y-5.641
X-21.754 Y-5.925

G03 X-21.475 Y-6.17 10.241 J-

0.006

GO01 X-21.438 Y-6.16

X-21.209 Y-6.084
X-20.981 Y-6.007
X-20.121 Y-5.732
X-19.261 Y-5.469

X-18.974 Y-5.385 F350

X-18.401 Y-5.218
X-17.541 Y-4.979
X-16.681 Y-4.753
X-15.821 Y-4.539
X-14.961 Y-4.337
X-14.101 Y-4.148
X-13.197 Y-3.961
X-12.381 Y-3.803
X-11.521 Y-3.648
X-10.661 Y-3.504
X-9.801 Y-3.372
X-8.941Y-3.25
X-8.081 Y-3.141
X-7.738 Y-3.101
X-7.221 Y-3.043
X-6.361 Y-2.957
X-5.501 Y-2.881
X-4.641Y-2.816
X-3.781Y-2.761
X-2.921Y-2.718
X-2.061 Y-2.686
X-1.201 Y-2.666
X-0.341 Y-2.656
X0.519 Y-2.658
X1.379 Y-2.67
X2.239 Y-2.692
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X3.099 Y-2.726

X3.959 Y-2.77

X4.819 Y-2.827

X5.679 Y-2.895

X6.539 Y-2.974

X7.399 Y-3.063

X7.738' Y-3.101

X8.259 Y-3.164
X9.119Y-3.275

X9.979 Y-3.398
X10.839 Y-3.532
X11.699 Y-3.679
X12.559 Y-3.837
X13.197 Y-3.961
X13.419 Y-4.006
X14.279 Y-4.187
X15.139 Y-4.379
X15.999 Y-4.583
X16.859 Y-4.799
X17.719 Y-5.027
X18.579 Y-5.268
X19.439 Y-5.521
X20.299 Y-5.787
X21.159 Y-6.066
X21.643 Y-6.23
X21.736 Y-6.246 252.234
X21.83 Y-6.247 Z252.269
X21.924 Y-6.233 252.303
X22.014 Y-6.205 252.337
X22.099 Y-6.163 Z52.372
GO0 Z75.

X22.449 Y-3.101

Z55.2

G01 Z53.2 F350

Z51.4 F175

G03 X21.537 Y-2.374 1-1.231
J-0.608

GO01 X21.356 Y-2.338
X21.233Y-2.307
X21.114Y-2.263
X20.747 Y-2.105
X19.962 Y-1.868
X19.68 Y-1.788 F350
X19.117 Y-1.628
X18.269 Y-1.396
X17.426 Y-1.176
X16.153 Y-0.866
X15.735Y-0.771
X14.888 Y-0.584
X14.041 Y-0.408
X13.195 Y-0.241
X12.349 Y-0.088
X11.93 Y-0.015
X10.658 Y0.192

X9.815 Y0.313

X8.966 Y0.426



X8.122 Y0.53

X7.277 Y0.62

X6.429 Y0.703
X5.585 Y0.775
X4.738 Y0.836
X3.893 Y0.889
X3.049 Y0.929
X2.2Y0.96

X1.356 Y0.984
X0.512 Y0.992
X-0.336 Y0.994
X-1.18 Y0.986
X-2.027 Y0.965
X-2.873'Y0.937
X-3.718 Y0.897
X-4.138 Y0.874
X-5.411Y0.79
X-6.254 Y0.718
X-7.102 Y0.638
X-7.946 Y0.55
X-8.792 Y0.448
X-9.639 Y0.338
X-10.483 Y0.217
X-11.33'Y0.084
X-12.176 Y-0.056
X-13.02 Y-0.21
X-13.868 Y-0.374
X-14.712 Y-0.545
X-15.981 Y-0.825
X-17.249 Y-1.131
X-18.094 Y-1.35
X-18.942 Y-1.579
X-19.786 Y-1.817
X-20.724 Y-2.099
X-21.101 Y-2.216
G03 X-21.261 Y-2.38 10.108 J-
0.266

G01 X-21.331 Y-2.629
X-21.471Y-3.127
X-21.541 Y-3.376 F175
X-21.681Y-3.874
X-21.752 Y-4.123
G03 X-21.448 Y-4.41710.233
J-0.063

G01 X-21.284 Y-4.364
X-21.12 Y-4.312
X-20.463 Y-4.103
X-19.595 Y-3.839
X-19.376 Y-3.776
X-19.157 Y-3.713 F350
X-18.719 Y-3.586
X-17.844 Y-3.346
X-16.984 Y-3.121
X-16.109 Y-2.904
X-15.234 Y-2.7
X-14.357 Y-2.508

X-13.467 Y-2.325
X-12.607 Y-2.16
X-11.733 Y-2.003
X-11.294 Y-1.928
X-10.851 Y-1.857
X-9.968 Y-1.722
X-9.108 Y-1.601
X-8.232 Y-1.49
X-7.355Y-1.391
X-6.466 Y-1.302
X-5.606 Y-1.227
X-4.731Y-1.161
X-3.856 Y-1.106
X-2.981 Y-1.062
X-2.105 Y-1.029
X-1.229 Y-1.009
X-0.354 Y-0.999
X0.536 Y-1.001
X1.41Y-1.013
X2.27 Y-1.035
X3.145 Y-1.069
X4.021 Y-1.114
X4.898 Y-1.172
X5.787 Y-1.242
X6.662 Y-1.321
X7.522Y-1.41
X8.397 Y-1.511
X9.287 Y-1.625
X10.164 Y-1.75
X11.039 Y-1.886
X11.914 Y-2.035
X12.789 Y-2.194
X13.664 Y-2.365
X14.539 Y-2.548
X15.399 Y-2.738
X16.289 Y-2.948
X17.166 Y-3.166
X18.04 Y-3.398
X18.914 Y-3.641
X19.778 Y-3.894
X20.476 Y-4.108
X21.174 Y-4.33

G03 X21.486 Y-4.13 10.072

J0.23

G01 X21.518 Y-3.855

X21.777 Y-1.659
X21.809 Y-1.385
X21.81 Y-1.343

X21.805 Y-1.302
X21.792 Y-1.263
X21.772 Y-1.226
X21.747 Y-1.193
X21.716 Y-1.166
X21.681 Y-1.143
X21.643Y-1.128
X21.401 Y-1.052
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X21.159 Y-0.976
X20.299 Y-0.716
X19.439Y-0.472
X18.579 Y-0.237
X17.719 Y-0.012
X16.273 Y0.339
X15.139 Y0.59
X14.279 Y0.768
X13.419 Y0.938
X12.559 Y1.094
X11.951 Y1.199
X10.839 Y1.379
X9.979 Y1.501
X9.119 Y1.616
X8.259 Y1.722
X7.399 Y1.814
X6.539 Y1.898
X5.679 Y1.972
X4.819 Y2.033
X3.959 Y2.087
X3.099 Y2.128
X2.239Y2.159
X1.379Y2.184
X0.519 Y2.192
X-0.341Y2.194
X-1.201Y2.186
X-2.061 Y2.165
X-2.921Y2.137
X-3.781 Y2.096
X-4.426 Y2.059
X-5.501 Y1.987
X-6.361 Y1.914
X-7.221Y1.832
X-8.081 Y1.743
X-8.941 Y1.638
X-9.801 Y1.527
X-10.661 Y1.404
X-11.521 Y1.269
X-11.951 Y1.199
X-12.381 Y1.126
X-13.241 Y0.97
X-14.101 Y0.804
X-14.961 Y0.63
X-16.273 Y0.339
X-17.541 Y0.034
X-18.401 Y-0.19
X-19.261 Y-0.422
X-20.121 Y-0.664
X-20.981 Y-0.922
X-21.438 Y-1.063

G03 X-21.607 Y-1.28510.074

J-0.231

GO01 X-21.616 Y-1.582

X-21.709 Y-4.546

X-21.719 Y-4.843 F175

X-21.728 Y-5.139



X-21.737 Y-5.436

G03 X-21.463 Y-5.681 10.241

J-0.006

GO01 X-21.422 Y-5.671

X-21.202 Y-5.599
X-20.981 Y-5.526
X-20.121 Y-5.253
X-19.261 Y-4.992

X-19.067 Y-4.935 F350

X-18.678 Y-4.821
X-18.401 Y-4.743
X-17.541 Y-4.507
X-16.681 Y-4.282
X-15.821 Y-4.069
X-14.961 Y-3.868
X-14.101 Y-3.68
X-13.241 Y-3.504
X-12.381 Y-3.338
X-11.521 Y-3.184
X-11.035 Y-3.101
X-10.661 Y-3.042
X-9.801 Y-2.91
X-8.941Y-2.789
X-8.081 Y-2.68
X-7.221Y-2.583
X-6.361 Y-2.497
X-5.501Y-2.422
X-4.641Y-2.357
X-3.781Y-2.304
X-2.921Y-2.26
X-2.061 Y-2.228
X-1.201 Y-2.208
X-0.341 Y-2.199
X0.232Y-2.2
X0.519
X1.379Y-2.212
X2.239 Y-2.235
X3.099 Y-2.268
X3.959 Y-2.313
X4.819 Y-2.369
X5.679 Y-2.437
X6.539 Y-2.515
X7.399 Y-2.603
X8.259 Y-2.703
X9.119Y-2.813
X9.979 Y-2.935
X11.035Y-3.101
X11.699 Y-3.215
X12.559 Y-3.372
X13.419 Y-3.54
X14.279 Y-3.719
X15.139Y-3.91
X15.359 Y-3.961
X15.999 Y-4.112
X16.859 Y-4.326
X17.719 Y-4.554

X18.579 Y-4.793
X19.439 Y-5.045
X20.299 Y-5.308
X21.159 Y-5.585
X21.629 Y-5.741
X21.722 Y-5.757 Z51.434
X21.817 Y-5.758 Z51.469
X21.91Y-5.745 751.503
X22.Y-5.717 Z51.537
X22.085 Y-5.675 Z51.572
GO0 Z75.

X22.449 Y-1.811
Z54.4

GO01 Z52.4 F350

Z50.6 F175

G02 X22.237 Y-2.687 1-1.136
J-0.189

G01 X22.161 Y-2.746
X22.076 Y-2.792
X21.986 Y-2.823
X21.891Y-2.84
X21.795Y-2.841
X21.7Y-2.827
X21.51Y-2.784
X21.32Y-2.74
X21.229Y-2.715
X21.139 Y-2.683
X20.76 Y-2.53
X19.961 Y-2.289
X19.678 Y-2.208 F350
X19.114 Y-2.046
X18.267 Y-1.812
X17.424 Y-1.592
X16.577 Y-1.383
X15.731Y-1.183
X14.887 Y-0.996
X14.039 Y-0.819
X13.194 Y-0.651
X12.35Y-0.498
X11.502 Y-0.352
X10.659 Y-0.216
X9.386 Y-0.036
X8.966 Y0.02

X8.121 Y0.124
X7.276 Y0.215
X6.429 Y0.299
X5.585 Y0.371
X4.738 Y0.432
X3.892 Y0.486
X3.049 Y0.526

X2.2 Y0.557

X1.356 Y0.581
X0.512 Y0.589
X-0.336 Y0.591
X-1.18 Y0.583
X-2.026 Y0.562
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X-2.873 Y0.534
X-3.717 Y0.494
X-4.564 Y0.443
X-5.409 Y0.386
X-6.253 Y0.314
X-7.102 Y0.233
X-7.946 Y0.145
X-8.79 Y0.042
X-9.638 Y-0.069
X-10.482 Y-0.19
X-11.328 Y-0.324
X-12.175 Y-0.466
X-13.019 Y-0.619
X-13.867 Y-0.785
X-14.71 Y-0.957
X-15.555 Y-1.144
X-16.404 Y-1.342
X-17.248 Y-1.546
X-18.092 Y-1.767
X-18.94 Y-1.998
X-19.784 Y-2.236
X-20.751 Y-2.528
X-21.114 Y-2.642

G03 X-21.262 Y-2.77510.161

J-0.328

GO01 X-21.355 Y-2.989 F175

X-21.542 Y-3.417
X-21.635 Y-3.631

G03 X-21.342 Y-3.956 10.221

J-0.095

G01 X-21.199 Y-3.91

X-21.056 Y-3.865
X-20.482 Y-3.684
X-19.607 Y-3.421
X-19.384 Y-3.357

X-19.162 Y-3.293 F350

X-18.717 Y-3.165
X-17.857 Y-2.93
X-17.419 Y-2.814
X-16.967 Y-2.699
X-16.107 Y-2.488
X-15.233 Y-2.284
X-14.356 Y-2.093
X-13.465 Y-1.912
X-12.605 Y-1.748
X-11.731 Y-1.592
X-10.856 Y-1.448
X-9.981 Y-1.315
X-9.107 Y-1.193
X-8.232 Y-1.082
X-7.354 Y-0.983
X-6.48 Y-0.896
X-5.59Y-0.819
X-4.73Y-0.755
X-3.856 Y-0.7
X-2.981 Y-0.656



X-2.105 Y-0.624
X-1.229 Y-0.604
X-0.339 Y-0.594
X0.536 Y-0.596
X1.396 Y-0.607
X2.27 Y-0.63
X3.145 Y-0.663
X4.021Y-0.709
X4.897 Y-0.766
X5.772 ' Y-0.834
X6.647 Y-0.913
X7.532 Y-1.003
X7.97 Y-1.052
X8.4Y-1.103
X9.287 Y-1.216
X10.147 Y-1.338
X11.023Y-1.474
X11.912 Y-1.623
X12.787 Y-1.782
X13.663 Y-1.951
X14.536 Y-2.133
X15.397 Y-2.322
X16.289 Y-2.53
X17.149Y-2.744
X17.591 Y-2.859
X18.038 Y-2.978
X18.898 Y-3.216
X19.774Y-3.47
X20.664 Y-3.741
X21.237 Y-3.924

G03 X21.548 Y-3.727 10.072

J0.23

G01 X21.585 Y-3.454

X21.771Y-2.085
X21.808 Y-1.811

G03 X21.677 Y-1.564 1-0.241

J0.031

G01 X21.643 Y-1.55

X21.401Y-1.473
X21.159 Y-1.397
X20.299 Y-1.137
X19.439 Y-0.891
X18.579 Y-0.653
X17.719 Y-0.429
X16.859 Y-0.217
X15.999 Y-0.013
X15.139 Y0.177
X14.366 Y0.339
X13.419 Y0.528
X12.559 Y0.684
X11.699 Y0.832
X10.839 Y0.971
X9.979 Y1.094

X9.209 Y1.199

X8.259 Y1.316

X7.399 Y1.409

X6.539 Y1.494
X5.679 Y1.567
X4.819 Y1.629
X3.959 Y1.684
X3.099 Y1.725
X2.239 Y1.756
X1.379Y1.781
X0.519 Y1.789
X-0.341Y1.791
X-1.201 Y1.783
X-2.061 Y1.761
X-2.921Y1.733
X-3.781Y1.692
X-4.641Y1.641
X-5.501 Y1.582
X-6.361 Y1.509
X-7.221Y1.427
X-8.081 Y1.337
X-9.209 Y1.199
X-9.801 Y1.12
X-10.661 Y0.997
X-11.521 Y0.86
X-12.381 Y0.717
X-13.241 Y0.56
X-14.101 Y0.392
X-14.961 Y0.217
X-15.821 Y0.027
X-16.681 Y-0.174
X-17.541 Y-0.382
X-18.401 Y-0.607
X-19.261 Y-0.841
X-20.121 Y-1.083
X-21.107 Y-1.381
X-21.428 Y-1.482

G03 X-21.596 Y-1.7 10.075 J-

0.232

GO01 X-21.609 Y-1.976

X-21.714 Y-4.183

X-21.727 Y-4.459 F175

X-21.74 Y-4.735
X-21.753 Y-5.011

G03 X-21.475Y-5.259 10.241

J-0.01

G01 X-21.438 Y-5.25

X-21.209 Y-5.175
X-20.981 Y-5.099
X-20.098 Y-4.821
X-19.261 Y-4.569

X-18.974 Y-4.487 F350

X-18.401 Y-4.322
X-17.541 Y-4.087
X-17.063 Y-3.961
X-16.681 Y-3.864
X-15.821 Y-3.653
X-14.961 Y-3.453
X-14.101 Y-3.266
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X-13.241 Y-3.09
X-12.381 Y-2.926
X-11.521 Y-2.773
X-10.661 Y-2.632
X-9.801 Y-2.501
X-8.941 Y-2.381
X-8.081 Y-2.272
X-7.221Y-2.176
X-6.361 Y-2.09
X-5.501 Y-2.016
X-4.641 Y-1.951
X-3.781Y-1.898
X-2.921 Y-1.855
X-2.061 Y-1.823
X-1.201 Y-1.803
X-0.341Y-1.794
X0.232 Y-1.795
X0.519
X1.379Y-1.807
X2.239Y-1.83
X3.099 Y-1.862
X3.959 Y-1.907
X4.819 Y-1.963
X5.679Y-2.03
X6.539 Y-2.108
X7.399 Y-2.196
X7.805Y-2.241
X8.259 Y-2.295
X9.119 Y-2.404
X9.979 Y-2.526
X10.839 Y-2.66
X11.699 Y-2.804
X12.559 Y-2.96
X13.294 Y-3.101
X14.279 Y-3.304
X15.139 Y-3.494
X15.999 Y-3.695
X16.859 Y-3.909
X17.063 Y-3.961
X17.719 Y-4.135
X18.579 Y-4.372
X19.439 Y-4.622
X20.098 Y-4.821
X20.299 Y-4.884
X21.159 Y-5.158
X21.643 Y-5.319

X21.736 Y-5.335 Z250.634
X21.83 Y-5.336 Z50.669

X21.924 Y-5.321 250.703
X22.014 Y-5.293 250.737
X22.098 Y-5.251 Z250.772

GO0 Z75.
X22.019 Y-3.961
Z53.6

G01 Z51.6 F350
Z49.8 F175



X21.77 Y-3.931
X20.776 Y-3.809
X20.528 Y-3.779
X20.432 Y-3.759
X20.34 Y-3.724
X20.256 Y-3.674
X20.18 Y-3.612

X20.116 Y-3.538 F350

X20.065 Y-3.454
X20.028 Y-3.363
X20.006 Y-3.268
X20.001 Y-3.17
X20.002 Y-3.086
X20.003 Y-2.673
X19.536 Y-2.533
X18.266 Y-2.178
X17.423 Y-1.958
X16.575 Y-1.747
X15.73Y-1.545
X14.886 Y-1.359
X14.038 Y-1.18
X13.193Y-1.011
X12.35Y-0.857
X11.501 Y-0.711
X10.657 Y-0.574
X9.812 Y-0.452
X8.965 Y-0.337
X8.121 Y-0.233
X7.275Y-0.141
X6.428 Y-0.057
X5.585 Y0.015
X4.737Y0.077
X3.892 Y0.131
X3.048 Y0.171
X2.2'Y0.202
X1.356 Y0.226
X0.512 Y0.235
X-0.336 Y0.237
X-1.18 Y0.229
X-2.026 Y0.207
X-2.873 Y0.179
X-3.717 Y0.139
X-4.564 Y0.088
X-5.409 Y0.03
X-6.253 Y-0.042
X-7.101 Y-0.123
X-7.945Y-0.211
X-8.789 Y-0.315
X-9.638 Y-0.427
X-10.481 Y-0.548
X-11.327 Y-0.683
X-12.174 Y-0.825
X-13.018 Y-0.979
X-13.864 Y-1.145
X-14.711 Y-1.32
X-15.554 Y-1.506

X-16.401 Y-1.705
X-17.247 Y-1.912
X-18.091 Y-2.132
X-18.939 Y-2.365
X-19.506 Y-2.525
X-19.701 Y-2.594
X-19.816 Y-2.64
X-19.827 Y-3.118
X-19.591 Y-3.047
X-18.731 Y-2.802
X-17.842 Y-2.561
X-16.966 Y-2.335
X-16.092 Y-2.121
X-15.216 Y-1.919
X-14.339 Y-1.728
X-13.479 Y-1.554
X-12.604 Y-1.388
X-11.729 Y-1.233
X-10.855 Y-1.09
X-9.98 Y-0.958
X-9.106 Y-0.836
X-8.231Y-0.726
X-7.354 Y-0.628
X-6.479 Y-0.541
X-6.034 Y-0.503
X-5.59 Y-0.465
X-4.73 Y-0.401
X-3.855 Y-0.346
X-2.981 Y-0.303
X-2.105 Y-0.27
X-1.214 Y-0.25
X-0.296 Y-0.241
X0.535 Y-0.242
X1.395Y-0.254
X2.285Y-0.277
X3.161 Y-0.31
X4.037 Y-0.356
X4.911 Y-0.413
X5.786 Y-0.481
X6.646 Y-0.558
X7.535Y-0.648
X8.41Y-0.748
X9.27 Y-0.857
X10.16 Y-0.983
X11.037 Y-1.119
X11.911 Y-1.265
X12.786 Y-1.422
X13.646 Y-1.588
X14.09 Y-1.679
X14.535Y-1.771
X15.395 Y-1.959
X16.272 Y-2.164
X16.717 Y-2.273
X17.163 Y-2.384
X18.023 Y-2.609
X18.912 Y-2.853
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X19.772 Y-3.101
X20.001 Y-3.17

G03 X20.182 Y-3.152 10.067

J0.247

G01 X20.432 Y-3.021

X21.432Y-2.494
X21.682 Y-2.362

G03 X21.68 Y-1.937 1-0.113

J0.212

G01 X21.643 Y-1.921

X21.401Y-1.844
X21.159 Y-1.767
X20.299 Y-1.507
X19.873 Y-1.381
X18.579 Y-1.019
X17.719 Y-0.795
X16.859 Y-0.581
X15.999 Y-0.375
X15.139 Y-0.185
X14.279 Y-0.005
X13.419 Y0.168
X12.478 Y0.339
X11.699 Y0.473
X10.839 Y0.612
X9.979 Y0.736
X9.119 Y0.853
X8.259 Y0.959
X7.399 Y1.052
X6.539 Y1.138
X5.679 Y1.212
X4.819 Y1.274
X3.959 Y1.329
X3.099 Y1.37
X2.239 Y1.402
X1.379 Y1.426
X0.519 Y1.435
X-0.341Y1.437
X-1.201Y1.428
X-2.061 Y1.407
X-2.921Y1.378
X-3.781Y1.338
X-4.641 Y1.286
X-5.501 Y1.227
X-6.361 Y1.153
X-7.221Y1.071
X-8.081 Y0.981
X-8.941 Y0.875
X-9.801 Y0.762
X-10.661 Y0.639
X-11.521 Y0.502
X-12.381 Y0.357
X-13.241Y0.2
X-14.101 Y0.031
X-14.961 Y-0.146
X-15.821 Y-0.336
X-16.61 Y-0.521



X-17.541 Y-0.749
X-18.401 Y-0.973
X-19.261 Y-1.209
X-19.873 Y-1.381
X-20.121 Y-1.453
X-20.981 Y-1.713
X-21.438 Y-1.857

G03 X-21.605 Y-2.071 10.076

J-0.232

G01 X-21.622 Y-2.357

X-21.708 Y-3.782

X-21.725 Y-4.068 F175

X-21.742 Y-4.353
X-21.759 Y-4.638

G03 X-21.483 Y-4.889 10.241

J-0.013

GO01 X-21.445 Y-4.88

X-21.265 Y-4.821
X-20.981 Y-4.728
X-20.121 Y-4.458
X-19.261 Y-4.201

X-18.981 Y-4.121 F350

X-18.42 Y-3.961
X-17.541Y-3.722
X-16.681 Y-3.5
X-15.821 Y-3.29
X-15.005 Y-3.101
X-14.101 Y-2.904
X-13.241Y-2.73
X-12.381 Y-2.567
X-11.521 Y-2.415
X-10.45Y-2.241
X-9.801 Y-2.144
X-8.941 Y-2.025
X-8.081 Y-1.916
X-7.221Y-1.82
X-6.361 Y-1.736
X-5.501 Y-1.661
X-4.641 Y-1.597
X-3.781Y-1.544
X-2.921 Y-1.501
X-2.061 Y-1.47
X-1.201 Y-1.45
X-0.341Y-1.441
X0.519 Y-1.442
X1.379 Y-1.454
X2.239 Y-1.476
X3.099 Y-1.509
X3.959 Y-1.553
X4.819 Y-1.609
X5.679 Y-1.676
X6.539 Y-1.753
X7.399Y-1.84
X8.259 Y-1.939
X9.119 Y-2.048
X9.979 Y-2.169

X10.45Y-2.241

X10.839 Y-2.302
X11.699 Y-2.446
X12.559Y-2.6

X13.419 Y-2.766
X14.279 Y-2.943
X15.139Y-3.131
X15.999 Y-3.332
X16.859 Y-3.545
X17.719 Y-3.769

X18.42 Y-3.961

X19.439 Y-4.254
X20.299 Y-4.514
X21.159 Y-4.786
X21.642 Y-4.946
X21.735Y-4.961 249.834
X21.829 Y-4.962 Z249.869
X21.923 Y-4.948 749.903
X22.013 Y-4.919 749.937
X22.097 Y-4.877 Z49.972
GO0 Z75.

X-22.271 Y-3.531

Z52.8

G01 Z50.8 F350

Z49. F175

X-22.246 Y-3.789 F350
X-22.222 Y-4.047
X-22.205 Y-4.143 F175
G03 X-21.533 Y-4.583 10.582
J0.156

G01 X-21.438 Y-4.561
X-21.209 Y-4.486
X-20.981 Y-4.411
X-20.121 Y-4.142
X-19.261 Y-3.884
X-18.974 Y-3.803 F350
X-18.401 Y-3.64
X-17.541Y-3.408
X-16.681 Y-3.188
X-16.331 Y-3.101
X-15.821 Y-2.98
X-14.961 Y-2.782
X-14.101 Y-2.597
X-13.241 Y-2.422
X-12.381 Y-2.259
X-11.521 Y-2.107
X-10.661 Y-1.966
X-9.801 Y-1.837
X-8.941Y-1.72

X-8.081 Y-1.613
X-7.221Y-1517

X-6.361 Y-1.432

X-5.801 Y-1.381

X-5.501 Y-1.358
X-4.641Y-1.294
X-3.781Y-1.241
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X-2.921 Y-1.198
X-2.061 Y-1.167
X-1.201 Y-1.148
X-0.341Y-1.138
X0.519Y-1.14
X1.379 Y-1.151
X2.239Y-1.174
X3.099 Y-1.207
X3.959Y-1.25
X4.819 Y-1.305
X5.801Y-1.381
X6.539 Y-1.449
X7.399 Y-1.536
X8.259 Y-1.635
X9.119Y-1.744
X9.979 Y-1.864
X10.839 Y-1.995
X11.699 Y-2.137
X12.559 Y-2.291
X13.419 Y-2.457
X14.279 Y-2.634
X15.139 Y-2.822
X15.999 Y-3.022
X16.331 Y-3.101
X16.859 Y-3.233
X17.719 Y-3.456
X18.579 Y-3.691
X19.439 Y-3.938
X20.299 Y-4.196
X21.159 Y-4.467
X21.643 Y-4.627

G03 X21.957 Y-4.381 10.075
J0.229
G01 X21.937 Y-4.106

X21.916 Y-3.83

X21.896 Y-3.554 F175

X21.834Y-2.727
X21.814 Y-2.452
X21.808 Y-2.412
X21.794Y-2.373
X21.775Y-2.337
X21.75 Y-2.306

X21.72Y-2.278

X21.685 Y-2.257
X21.648 Y-2.241
X21.404 Y-2.162
X21.159 Y-2.084
X20.299 Y-1.824
X20.012 Y-1.741

X19.726 Y-1.658 F350

X19.439 Y-1.575
X18.579 Y-1.333
X17.719 Y-1.109
X16.859 Y-0.894
X15.999 Y-0.686
X15.139 Y-0.497



X14.279 Y-0.315
X13.419Y-0.142
X12.559 Y0.016
X11.699 Y0.165
X10.839 Y0.304
X10.612 Y0.339
X9.979 Y0.429

X9.119 Y0.547

X8.259 Y0.653

X7.399 Y0.747

X6.539 Y0.833

X5.679 Y0.907

X4.819 Y0.97

X3.959 Y1.025

X3.099 Y1.066

X2.239 Y1.098

X1.379 Y1.122

X0.519 Y1.131
X-0.341Y1.133
X-1.201Y1.125
X-2.061 Y1.103
X-2.921Y1.074
X-3.781Y1.034
X-4.641Y0.981
X-5.501 Y0.922
X-6.361 Y0.849
X-7.221Y0.766
X-8.081 Y0.675
X-8.941 Y0.569
X-9.801 Y0.455
X-10.661 Y0.332
X-11.521 Y0.194
X-12.381 Y0.048
X-13.241 Y-0.108
X-14.101 Y-0.279
X-14.961 Y-0.457
X-15.821 Y-0.647
X-16.681 Y-0.851
X-17.541 Y-1.062
X-18.401 Y-1.287
X-18.751 Y-1.381
X-19.261 Y-1.524
X-20.121 Y-1.771
X-20.981 Y-2.03
X-21.44Y-2.175
X-21.524 Y-2.217 749.034
X-21.601 Y-2.272 Z49.069
X-21.668 Y-2.338 Z49.103
X-21.724 Y-2.414 749.137
X-21.768 Y-2.498 749.172
G00 Z75.

X-22.701 Y-3.531

Z52.

G01 Z50. F350

Z48.2 F175

X-22.535 Y-3.688 F350

X-22.369 Y-3.846 F175

X-22.203 Y-4.003
X-22.037 Y-4.161
X-21.965 Y-4.219
X-21.886 Y-4.265
X-21.8 Y-4.299

X-21.711 Y-4.319
X-21.619 Y-4.325
X-21.527 Y-4.317
X-21.438 Y-4.296
X-21.209 Y-4.221
X-20.981 Y-4.147
X-20.391 Y-3.961
X-20.121 Y-3.878
X-19.261 Y-3.622

X-18.974 Y-3.541 F350

X-18.401 Y-3.378
X-17.541 Y-3.147
X-16.681 Y-2.928
X-15.821 Y-2.72
X-14.961 Y-2.524
X-14.101 Y-2.339
X-13.629 Y-2.241
X-13.241 Y-2.166
X-12.381 Y-2.003
X-11.521 Y-1.852
X-10.661 Y-1.712
X-9.801 Y-1.583
X-8.941 Y-1.465
X-8.081 Y-1.359
X-7.221Y-1.264
X-6.361 Y-1.179
X-5.501 Y-1.105
X-4.641 Y-1.041
X-3.781 Y-0.988
X-2.921 Y-0.946
X-2.061 Y-0.915
X-1.201 Y-0.895
X-0.341 Y-0.886
X0.519 Y-0.888
X1.379 Y-0.899
X2.239 Y-0.922
X3.099 Y-0.954
X3.959 Y-0.998
X4.819 Y-1.053
X5.679 Y-1.119
X6.539 Y-1.195
X7.399 Y-1.283
X8.259 Y-1.381
X9.119 Y-1.49
X9.979 Y-1.609
X10.839 Y-1.74
X11.699 Y-1.881
X12.559 Y-2.035
X13.629 Y-2.241
X14.279 Y-2.376
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X15.139 Y-2.564
X15.999 Y-2.763
X16.859 Y-2.973
X17.363 Y-3.101
X17.719 Y-3.195
X18.579 Y-3.429
X19.439 Y-3.674
X20.299 Y-3.932
X21.159 Y-4.203
X21.643 Y-4.362

G03 X21.957 Y-4.109 10.074

J0.229

GO01 X21.927 Y-3.828 F175

X21.838 Y-2.986
X21.808 Y-2.705
X21.8 Y-2.667

X21.787 Y-2.629
X21.767 Y-2.595
X21.742 Y-2.565
X21.713 Y-2.538
X21.679 Y-2.517
X21.643 Y-2.502
X21.401Y-2.424
X21.159 Y-2.346
X20.299 Y-2.086
X20.012 Y-2.002

X19.726 Y-1.918 F350

X19.439 Y-1.835
X18.579 Y-1.593
X17.719 Y-1.368
X16.859 Y-1.151
X15.999 Y-0.944
X15.139 Y-0.753
X14.279 Y-0.57
X13.419 Y-0.397
X12.559 Y-0.239
X11.699 Y-0.089
X10.839 Y0.051
X9.979 Y0.177
X9.119 Y0.295
X8.259 Y0.401
X7.399 Y0.495
X6.539 Y0.582
X5.679 Y0.656
X4.819 Y0.719
X3.959 Y0.775
X3.099 Y0.815
X2.239 Y0.848
X1.379 Y0.872
X0.519 Y0.881
X-0.341 Y0.883
X-1.201 Y0.874
X-2.061 Y0.853
X-2.921Y0.824
X-3.781 Y0.783
X-4.641Y0.731



X-5.501 Y0.671
X-6.361 Y0.597
X-7.221Y0.514
X-8.081 Y0.423
X-8.941 Y0.317
X-9.801 Y0.202
X-10.661 Y0.079
X-11.521 Y-0.06
X-12.381 Y-0.206
X-13.241 Y-0.363
X-14.101 Y-0.534
X-14.961 Y-0.713
X-15.821 Y-0.903
X-16.681 Y-1.108
X-17.541Y-1.321
X-18.401 Y-1.546
X-19.261 Y-1.784
X-20.121 Y-2.032
X-20.981 Y-2.292
X-21.438 Y-2.437

X-21.522 Y-2.48 Z48.234

X-21.599 Y-2.535 Z48.269
X-21.666 Y-2.601 Z48.303
X-21.722 Y-2.678 Z48.337
X-21.765 Y-2.762 Z48.372

G00 Z75.
X22.879 Y-3.961
Z51.2

G01 Z49.2 F350
Z47.4 F175
X22.684 Y-3.746
X22.098 Y-3.102
X21.903 Y-2.887
X21.826 Y-2.816
X21.739Y-2.76
X21.643Y-2.719
X21.401Y-2.641
X21.159 Y-2.563
X20.098 Y-2.241
X19.878 Y-2.177

X19.659 Y-2.113 F350

X19.439 Y-2.049
X18.579 Y-1.807
X17.719 Y-1.581
X16.931 Y-1.381
X15.999 Y-1.156
X15.139 Y-0.964
X14.279Y-0.781
X13.419 Y-0.608
X12.956 Y-0.521
X12.559 Y-0.449
X11.699 Y-0.298
X10.839 Y-0.159
X9.979 Y-0.032

X9.119 Y0.087

X8.259 Y0.193

X7.399 Y0.288
X6.906 Y0.339
X6.539 Y0.375
X5.679 Y0.448
X4.819 Y0.512
X3.959 Y0.568
X3.099 Y0.608
X2.239 Y0.641
X1.379 Y0.665
X0.519 Y0.674
X-0.341Y0.676
X-1.201 Y0.668
X-2.061 Y0.646
X-2.921Y0.617
X-3.781Y0.576
X-4.641Y0.523
X-5.501 Y0.463
X-6.361 Y0.39
X-6.906 Y0.339
X-8.081 Y0.215
X-8.941 Y0.109
X-9.801 Y-0.007
X-10.661 Y-0.13
X-11.521 Y-0.269
X-12.381 Y-0.417
X-13.241 Y-0.573
X-14.101 Y-0.745
X-14.961 Y-0.925
X-15.821 Y-1.115
X-16.931 Y-1.381
X-17.541 Y-1.535
X-18.401 Y-1.759
X-19.261 Y-1.999
X-20.098 Y-2.241
X-20.981 Y-2.508
X-21.438 Y-2.654

G03 X-21.602 Y-2.848 10.077

J-0.232

GO01 X-21.638 Y-3.09 F175

X-21.709 Y-3.574
X-21.744 Y-3.816

G03 X-21.472 Y-4.088 10.238

J-0.034

GO01 X-21.432 Y-4.079

X-21.252 Y-4.02
X-21.072 Y-3.961
X-20.121 Y-3.665
X-19.261 Y-3.41

X-18.974 Y-3.329 F350

X-18.401 Y-3.167
X-17.541Y-2.936
X-16.681 Y-2.717
X-15.821 Y-2.51

X-14.63 Y-2.241

X-14.101 Y-2.131
X-13.241 Y-1.958
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X-12.381 Y-1.796
X-11.521 Y-1.645
X-10.661 Y-1.505
X-9.801 Y-1.376
X-8.941 Y-1.259
X-8.081 Y-1.153
X-7.221 Y-1.058
X-6.361 Y-0.974
X-5.501Y-0.9
X-4.641 Y-0.836
X-3.781 Y-0.784
X-2.921Y-0.741
X-2.061Y-0.711
X-1.201 Y-0.691
X-0.341 Y-0.682
X-0.054

X0.519 Y-0.683
X1.379 Y-0.695
X2.239Y-0.717
X3.099 Y-0.75

X3.959 Y-0.793
X4.819Y-0.848
X5.679Y-0.914
X6.539 Y-0.99

X7.399 Y-1.077

X8.259 Y-1.175

X9.119 Y-1.283

X9.835 Y-1.381

X10.839 Y-1.533
X11.699 Y-1.674
X12.559 Y-1.828
X13.419 Y-1.992

X14.63 Y-2.241

X15.139 Y-2.355
X15.999 Y-2.553
X16.859 Y-2.762
X17.719 Y-2.984
X18.156 Y-3.101
X18.579 Y-3.216
X19.439 Y-3.461
X20.299 Y-3.718
X21.159 Y-3.988
X21.643 Y-4.147
X21.736 Y-4.162 Z47.434
X21.83 Y-4.163 Z47.469
X21.924 Y-4.148 Z47.503
X22.014 Y-4.119 747.537
X22.098 Y-4.077 Z47.572
GO0 Z75.

X-22.701 Y-3.531

Z50.4

GO01 Z48.4 F350

Z46.6 F175

X-22.491 Y-3.621 F350
X-22.282 Y-3.711 F175
X-22.072 Y-3.802



X-21.862 Y-3.892
X-21.781 Y-3.92
X-21.696 Y-3.936
X-21.61Y-3.94
X-21.525 Y-3.932
X-21.441Y-3.912
X-21.211Y-3.837
X-20.981 Y-3.763
X-20.121 Y-3.498
X-19.261 Y-3.242

X-18.974 Y-3.161 F350

X-18.401 Y-3.
X-17.541Y-2.771
X-16.681 Y-2.551
X-15.821 Y-2.344
X-15.371Y-2.241
X-14.961 Y-2.15
X-14.101 Y-1.965
X-13.241 Y-1.792
X-12.381 Y-1.633
X-11.521 Y-1.481
X-10.661 Y-1.342
X-9.801 Y-1.215
X-8.941 Y-1.097
X-8.081 Y-0.991
X-7.221Y-0.897
X-6.361 Y-0.811
X-5.501 Y-0.737
X-4.641Y-0.676
X-3.781 Y-0.622
X-2.921 Y-0.581
X-2.061 Y-0.551
X-1.201 Y-0.529
X-0.341 Y-0.521
X0.376

X1.379 Y-0.532
X2.239 Y-0.556
X3.099 Y-0.589
X3.959 Y-0.631
X4.819 Y-0.688
X5.679 Y-0.753
X6.539 Y-0.826
X7.399 Y-0.915
X8.259 Y-1.013
X9.119Y-1.119
X9.979 Y-1.241
X10.839 Y-1.371
X11.699 Y-1.51
X12.559 Y-1.665
X13.419Y-1.828
X14.279 Y-2.001
X15.371Y-2.241
X15.999 Y-2.387
X16.859 Y-2.594
X17.719 Y-2.818
X18.579 Y-3.05

X19.439 Y-3.292
X20.299 Y-3.552
X21.159 Y-3.821
X22.019 Y-4.099
X22.609 Y-4.302
Y-3.207
X22.301Y-3.101
X21.159Y-2.732
X20.299 Y-2.47
X19.528 Y-2.241
X18.579 Y-1.974
X17.719 Y-1.747
X16.859 Y-1.529
X15.999 Y-1.322
X15.139 Y-1.129
X14.279 Y-0.945
X13.419Y-0.772
X12.057 Y-0.521
X11.699 Y-0.461
X10.839 Y-0.321
X9.979 Y-0.194
X9.119 Y-0.075
X8.259 Y0.031
X7.399 Y0.126
X6.539 Y0.214
X5.679 Y0.287
X4.994 Y0.339
X3.959 Y0.407
X3.099 Y0.448
X2.239Y0.48
X1.379 Y0.505
X0.519 Y0.514
X-0.341 Y0.515
X-1.201 Y0.507
X-2.061 Y0.485
X-2.921Y0.456
X-3.781Y0.415
X-4.994 Y0.339
X-5.501 Y0.302
X-6.361 Y0.229
X-7.221Y0.145
X-8.081 Y0.053
X-8.941 Y-0.053
X-9.801 Y-0.169
X-10.661 Y-0.292
X-11.521 Y-0.432
X-12.057 Y-0.521
X-13.241 Y-0.736
X-14.101 Y-0.909
X-14.961 Y-1.09
X-15.821 Y-1.28
X-16.681 Y-1.486
X-17.541 Y-1.701
X-18.401 Y-1.925
X-19.528 Y-2.241
X-20.121 Y-2.416
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X-20.981 Y-2.675
X-21.438 Y-2.822
X-21.522 Y-2.865 Z46.634
X-21.599 Y-2.92 Z46.669
X-21.666 Y-2.987 Z46.703
X-21.721 Y-3.063 Z46.737
X-21.765 Y-3.147 Z46.772
GO0 Z75.

X-22.271 Y-3.961
Z249.6

G01 Z47.6 F350

Z45.8 F175

X-22.002 Y-3.887
X-21.732 Y-3.812
X-21.463 Y-3.738
X-21.438 Y-3.731
X-21.209 Y-3.657
X-20.981 Y-3.583
X-20.121 Y-3.319
X-19.391 Y-3.101
X-19.144 Y-3.031 F350
X-18.401 Y-2.822
X-17.541 Y-2.594
X-16.681 Y-2.375
X-15.821 Y-2.168
X-14.961 Y-1.975
X-14.101 Y-1.791
X-13.241 Y-1.618
X-11.953 Y-1.381
X-11.521 Y-1.308
X-10.661 Y-1.168
X-9.801 Y-1.042
X-8.941 Y-0.925
X-8.081 Y-0.818
X-7.221Y-0.725
X-6.361 Y-0.639
X-5.501 Y-0.566
X-4.894 Y-0.521
X-3.781 Y-0.45
X-2.921Y-0.41
X-2.061 Y-0.38
X-1.201 Y-0.358
X-0.341Y-0.35

X0.519 Y-0.351
X1.379 Y-0.361
X2.239 Y-0.385
X3.099 Y-0.418
X3.959 Y-0.459
X4.894 Y-0.521
X5.679 Y-0.581
X6.539 Y-0.654
X7.399 Y-0.743
X8.259 Y-0.84

X9.119 Y-0.947
X9.979 Y-1.068
X10.839 Y-1.197



X11.699 Y-1.337
X11.953Y-1.381
X12.559 Y-1.491
X13.419 Y-1.654
X14.279 Y-1.827
X15.139 Y-2.015
X15.999 Y-2.211
X16.859 Y-2.418
X17.719 Y-2.641
X18.579Y-2.872
X19.439 Y-3.114
X20.299 Y-3.373
X21.159 Y-3.641
X22.019 Y-3.918
X22.609 Y-4.12
Y-3.384
X21.756 Y-3.101
X21.159Y-2.911
X20.299 Y-2.646
X19.439 Y-2.392
X18.91Y-2.241
X17.719Y-1.921
X16.859 Y-1.703
X15.999 Y-1.496
X15.496 Y-1.381
X15.139Y-1.3
X14.279Y-1.116
X13.419 Y-0.944
X12.559 Y-0.783
X11.699 Y-0.633
X11.015Y-0.521
X9.979 Y-0.365
X9.119 Y-0.247
X8.259 Y-0.14
X7.399 Y-0.043
X6.539 Y0.043
X5.679 Y0.118
X4.819 Y0.183
X3.959 Y0.236
X3.099 Y0.279
X2.239Y0.311
X1.379Y0.333
X1.097 Y0.339
X0.519 Y0.345
X-0.341 Y0.346
X-1.094 Y0.339
X-2.061 Y0.317
X-2.921Y0.287
X-3.781Y0.246
X-4.641Y0.194
X-5.501 Y0.132
X-6.361 Y0.059
X-7.221 Y-0.025
X-8.081 Y-0.119
X-8.941Y-0.224
X-9.801 Y-0.339

X-10.661 Y-0.465
X-11.015 Y-0.521
X-11.521 Y-0.602
X-12.381 Y-0.75
X-13.241 Y-0.91
X-14.101 Y-1.08
X-14.961 Y-1.262
X-15.821 Y-1.455
X-16.681 Y-1.66
X-17.541 Y-1.875
X-18.401 Y-2.103
X-18.91 Y-2.241
X-20.121 Y-2.592
X-20.981 Y-2.854
X-21.441 Y-3.001
X-21.526 Y-3.043 745.834
X-21.602 Y-3.098 Z45.869
X-21.67 Y-3.165 Z45.903
X-21.726 Y-3.241 745.937
X-21.769 Y-3.325 Z245.972
GO0 Z75.

G05 PO

G91G2820
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X23.366 Y-3.965 M08
Z65.

Z45.992

GO01 Z44.992 F150
X22.898 Y-3.801
X22.428 Y-3.64

X21.958 Y-3.483
X21.486 Y-3.329
X21.014 Y-3.179

X20.54 Y-3.031

X20.065 Y-2.887
X19.588 Y-2.747
X19.112 Y-2.61

X18.634 Y-2.476

X18.155 Y-2.345
X17.674 Y-2.218
X17.194 Y-2.095

X16.713 Y-1.974

X16.23 Y-1.858

X15.747 Y-1.744
X15.263 Y-1.634
X14.779 Y-1.528
X14.293 Y-1.425
X13.806 Y-1.325

X13.32 Y-1.229

X12.832 Y-1.136
X12.344 Y-1.047
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X11.854 Y-0.961
X11.365 Y-0.879
X10.876 Y-0.8
X10.385 Y-0.725
X9.893 Y-0.653
X9.402 Y-0.584
X8.91 Y-0.519
X8.417 Y-0.458
X7.924Y-0.4
X7.431Y-0.346
X6.938 Y-0.295
X6.443 Y-0.247
X5.949 Y-0.203
X5.454 Y-0.163
X4.959 Y-0.126
X4.464 Y-0.092
X3.968 Y-0.063
X3.473'Y-0.036
X2.977Y-0.013
X2.481Y0.006
X1.985Y0.022
X1.489 Y0.034
X0.993 Y0.043
X0.496 Y0.048
X0.0 Y0.05
X-0.496 Y0.048
X-0.993 Y0.043
X-1.489 Y0.034
X-1.985 Y0.022
X-2.481 Y0.006
X-2.977 Y-0.013
X-3.473 Y-0.036
X-3.968 Y-0.063
X-4.464 Y-0.092
X-4.959 Y-0.126
X-5.454 Y-0.163
X-5.949 Y-0.203
X-6.443 Y-0.247
X-6.938 Y-0.295
X-7.431Y-0.346
X-7.924Y-0.4
X-8.417 Y-0.458
X-8.91Y-0.519
X-9.402 Y-0.584
X-9.893 Y-0.653
X-10.385 Y-0.725
X-10.876 Y-0.8
X-11.365 Y-0.879
X-11.854 Y-0.961
X-12.344 Y-1.047
X-12.832 Y-1.136
X-13.32 Y-1.229
X-13.806 Y-1.325
X-14.293 Y-1.425
X-14.779 Y-1.528
X-15.263 Y-1.634



X-15.747 Y-1.744
X-16.23 Y-1.858
X-16.713 Y-1.974
X-17.194 Y-2.095
X-17.674 Y-2.218
X-18.155 Y-2.345
X-18.634 Y-2.476
X-19.112 Y-2.61
X-19.588 Y-2.747
X-20.065 Y-2.887
X-20.54 Y-3.031
X-21.014 Y-3.179
X-21.486 Y-3.329
X-21.959 Y-3.483
X-22.43Y-3.641
X-22.899 Y-3.801
X-23.366 Y-3.965
GO0 Z65.

X-23.351 Y-4.06 M08

Z745.992

G01 Z244.992 F150
X-22.898 Y-3.901
X-22.428 Y-3.74
X-21.958 Y-3.583
X-21.486 Y-3.429
X-21.014 Y-3.279
X-20.54 Y-3.131
X-20.065 Y-2.987
X-19.588 Y-2.847
X-19.112 Y-2.71
X-18.634 Y-2.576
X-18.155 Y-2.445
X-17.674 Y-2.318
X-17.194 Y-2.195
X-16.713 Y-2.074
X-16.23 Y-1.958
X-15.747 Y-1.844
X-15.263 Y-1.734
X-14.779 Y-1.628
X-14.293 Y-1.525
X-13.806 Y-1.425
X-13.32 Y-1.329
X-12.832 Y-1.236
X-12.344 Y-1.147
X-11.854 Y-1.061
X-11.365 Y-0.979
X-10.876 Y-0.9
X-10.385 Y-0.825
X-9.893 Y-0.753
X-9.402 Y-0.684
X-8.91 Y-0.619
X-8.417 Y-0.558
X-7.924 Y-0.5

X-7.431 Y-0.446
X-6.938 Y-0.395
X-6.443 Y-0.347
X-5.949 Y-0.303
X-5.454Y-0.263
X-4.959 Y-0.226
X-4.464 Y-0.192
X-3.968 Y-0.163
X-3.473 Y-0.136
X-2.977 Y-0.113
X-2.481 Y-0.094
X-1.985Y-0.078
X-1.489 Y-0.066
X-0.993 Y-0.057
X-0.496 Y-0.052
X0.0Y-0.05
X0.496 Y-0.052
X0.993 Y-0.057
X1.489 Y-0.066
X1.985Y-0.078
X2.481 Y-0.094
X2.977 Y-0.113
X3.473Y-0.136
X3.968 Y-0.163
X4.464 Y-0.192
X4.959 Y-0.226
X5.454 Y-0.263
X5.949 Y-0.303
X6.443 Y-0.347
X6.938 Y-0.395
X7.431Y-0.446
X7.924Y-0.5
X8.417 Y-0.558
X8.91 Y-0.619
X9.402 Y-0.684
X9.893 Y-0.753
X10.385 Y-0.825
X10.876 Y-0.9
X11.365 Y-0.979
X11.854 Y-1.061
X12.344 Y-1.147
X12.832 Y-1.236
X13.32'Y-1.329
X13.806 Y-1.425
X14.293 Y-1.525
X14.779 Y-1.628
X15.263 Y-1.734
X15.747 Y-1.844
X16.23 Y-1.958
X16.713Y-2.074
X17.194 Y-2.195
X17.674Y-2.318
X18.155 Y-2.445
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X18.634 Y-2.576
X19.112Y-2.71
X19.588 Y-2.847
X20.065 Y-2.987
X20.54 Y-3.131
X21.014 Y-3.279
X21.486 Y-3.429
X21.959 Y-3.583
X22.43Y-3.741
X22.899 Y-3.901
X23.351 Y-4.06
GO0 Z65.
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