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HAKKIMIZDA / ABOUT US

Sistem Makina Industrial Furnaces Company was established in 1976. Since the first day our philosophy
in establishment is to be built on becoming your solution partner in the thermal processing sector with
providing quality sustainability and customer satisfaction. With this understanding in order to increase
the familiarity and reliability of our brand and products in global markets to be able to provide a
better and faster service in the sector, we are pursuing to operate in the factory building of our own
on 4000 m? closed area in Dilovasi/KOCAELI Mermerciler Org. Ind. Zone since 2006 while facilitating
new and technologic investments with the experience of 43 years. Sistem Makina is one of the leading
entities which manufactures ovens and creates complete facilities both in country and globally. It covers
the needs towards the thermal processing ovens and equipment for the Iron, Steel, Casting, Aluminium,
Ceramic and Glass industry. Many years ago, we have taken our first steps with the "Quality is Always
Noticed” slogan and as it can be assessed we are manufacturing thermal processing units with our
customer tailored designs and the fact that we have become a solution partner with a professional
approach in Industrial Qvens through our experience of 43 years. Satisfaction of our customers is our
most important priority. We believe that the method of ensuring the sustainability of the quality and
customer satisfaction lies within providing services with precise solutions and experienced engineering
staff; and we are working to protect and develop our service quality. Our aim is to maintain our position
in the Aluminium Industry and Iron and Steel Industry while increasing our capacity along the light of
our manufacturing strategies in the extent of our quality management, and to become a pioneer in the

customer selections with our products both in country and globally.

Sistem Makina Endostriyel Firinlar Sanayi ve Ticaret Ltd.Sti. 1976 vilinda kurulmustur.
Kurulus felsefemiz ik gunden itibaren il islem sektorunde ¢Ozom ortaginiz kalite
surekliligi ve musteri memnuniveti Uzerine olusturulmaktadir. Bu anlayisla sektorde
daha iyi ve hizli hizmet verebilmek icin markamizin ve Uronlerimizin donya pazarlarinda
bilinirligini,guvenirligini artirmak adina 43 yilllik tecribe ile 2006 yilindan itibaren Dilovasi/
KOCAELI Mermerciler 0SB'de 4000 m? kapali alana sahip yeni ve teknolojik vatirimlari
gerceklestirerek kendi fabrika binamizda calismalarimiza devam  etmekteyiz. Sistem
Makina yurt ici ve yurt disina firmnlar yapan ve komple tesisler kuran sektrin onde gelen
kuruluslarindandir. Demir - Celik, Dokum ve Aliminyum Sanayisinin isil islem firmlarr ve
ekipmanlart konusundaki intivaclarini karsilamaktadir . Uzun yillar once “Kalite Daima Fark
Edilir” slogani ile yola ciktik, anlasilacagr gibi 43 yillik tecrubemiz ile Endustrivel Firinlarda
profesyonel bir yaklasimla ¢6zom ortagr olmus ve musteriye Ozel tasarimlarimizia isil islem
Uniteleri Oretmekteyiz. Musterilerimizin memnuniyeti bizim icin oncelikli ve Gnemlidir.
Musteri memnuniyetini saglamanin ve kaliteyi sorekli kilmanin yonteminin ise dogru cozomle
ve deneyimli mohendis kadromuzla hizmet etmekten gectigine inaniyor;hizmet kalitemizi
korumak ve gelistirmek adina calisiyoruz. Gayemiz kalite yonetimimiz cercevesinde Uretim
stratejilerimiz 151ginda Aluminyum Endustrisi ve Demir Celik EndUstrisinde konumumuzu ve
kapasitemizide artirarak devam ettirmek Urettigimiz Oronlerimiz ile yurt ici ve yurt disi

pazarlarda mosteri tercihlerinde oncd olmaktir,
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ALUMINYUM BIVET TAV FIRINLARI

ALUMINIUM BILLET HEATING FURNACES

Alominyum Bivet Tav Firinfari, ekstrizyon oncesi Aliminyum biyetlerini
400-450°C'ye kadar 1sitan firnlardir. Isitma islemi cift haznede kontrol
edilerek hem verimli bi yanma elde edilirken hemde yanmis gazlarin
belirli oranda firin on 1sitma bolomune cekilmesiyle verim arttirimis olur,
Firnlarimiz dogrudan NG 1sitmali olup PLC tarafindan kontrolu saglanan
Jet tipi nozullar ile 1sitilmaktadir. Uygulanan rekUperatif sistem ile birim
biyet basina enerji sarfivati piyasa standartlarinin altina dusuruimektedir.
Sicaklik olcumd, pnomatik tahrikli olup direkt biyet Uzerine temasla
saglanmaktadir. Islem sonrasi malzeme yizeyinde £10°Cdan daha iyi bir
sicakhk dagilimina ulasilir. Istenilen kapasite ve verlesime gore msteriye
0zel tasarimlar yapiimaktadir.

" Firin sarfiyat degeri calisma sartlarina gore degisiklik gosterebilir.

Aluminum Billet Heating Furnaces heat the Aluminum billets up to 400-450 °
( prior to extrusion. While efficient combustion is obtained by controlling the
heating process in dual chambers, efficiency is also increased by sucking burnt
gasses to the pre-heating section at a certain rate. Our furnaces have direct
NG heating, and heating is provided by jet-type nozzles controlled by PLC.
With the applied recuperative system, energy consumption on unit billet is
reduced below industry standards. Temperature measurement has a pneumatic
actuator and is provided in direct contact on the billet. After the procedure, a
temperature range of over 10°C is obtained on the material surface. Customer-
Speific designs are made based on desired capacity and layout.

* Furnace consumption values may vary depending on operating conditions.

MAKS. SICAKLIK
KAPASITE

ISITMA

YUKLEME
BOSALTMA

YAKICI KONTROL
HASSASIVET
KONTROL SISTEMI
BIVET OLCULERI

MAX. TEMPERATURE
CAPACITY

HEATING

LOADING
UNLOADING
BURNER CONTROL
SENSIBILITY
CONTROL SYSTEM
BILLET DIMENTIONS

: 550°C

- 500-4500 kg/saat
- LPG-NG

: Otomatik

: Otomatik

- Actk/Kapall

- 10°C

- PLC

417

: 550°C

: 500-4500 kg/hour
: LPG- NG

: Automatic

: Automatic

: On/off

: +10°C

: PLC

(47-12"

e

NATURAL GAS
CONSUMPTION




Yakma Hava Fani B EEEE T | S e T e ]
Combustion Air Fan LIl DO T R e L ,H,, .

llil,.r /
Rekiiperator 77277 78 ]
Giri Isitma Requperator A
Yukleme Konveyoru Entry Preheating Zone 'SH'L"JSHZOZ'&?;”
Loading Conveyor On Isitma
Preheating Zone

Biyet Fircalama

3iet Brushing kaﬂlasyon Fani Sicak Kesme

Circulation Fan Hot Shear

A B (C D E F
BIYET CAPI (Billet Diameter)
g4 g5 06" g7 08 g9 10" g1r 012"
= A - Yukleme Konveyord (Loading Conveyor) 11000 11000 11000 11000 11000 11000 11000 11000 11000
§ B - Bivet Fircalama (Billet Brushing) 900 900 900 900 900 900 900 900 900
g = C- Giris Isitma (Entry Preheating Zone) 1400 1400 1600 1600 1600 2000 2400 2400 2400
g’ E D - On Isitma (Preheating Zone) 2400 2400 2400 2400 3000 3000 3000 4000 4000
= E - Isitma Bolumu (Heating Zone) 3000 3600 4600 5000 6000 6000 7000 8000 9000
= F - Sicak Kesme (Hot Shear) 3040 3040 3040 3560 3560 3560 3560 3560 3560

Toplam Boy (Total Lenght) 21740 22340 23540 24460 26060 26460 27860 29860 30860



ALUMINYUM BIVET FIRINLARI GENEL OZELLIKLERI

4" (102 mm 50 127 mm
BIYET BOYU (Billet Lenght) 6000 mm 6000 mm
SICAK KESME OLCULERI (Hot Shear Lenght) 250-550 mm 250-550 mm

SICAK KESME SICAKLIKLARI (Hot Shear Temperature) 400-525°C20 min. 400-525 °C 20 min.

ISITMA ZAMANI 20-480 °C (Heating Time at 20-480°C) 20 min. 20 min.
ISITMA KAPASITESI (480°C) (Heatina Capacity at 480 °C) 800 kg/h 1200 kg/h
MAX. SICAKLIK (Max. Temperature) 500 °C 500 °C

480°CA CIKMAK ICIN HARCADIGI ENERJI (Gas Consumption at 480°C) Appr. 200 000 kcal/ton

KONTROL NOKTASI ISI HASSASIVETI (Error of Heating Temperature)

TOPLAM ELEKTRIKSEL GUCU (Total Power) 20 kw. 26 kw.
YAKIT CINSI (Type of fuel)
FIRIN TOPLAM UZUNLUGU (mm.) (Total Furnace Length) 7600 mm. 8100 mm.

FIRIN VERIMI (Furnace efficiency ratio)

6" 0 152 mm 70 178 mm
6000 mm 6000 mm
250-550 mm 250-750 mm

400-525°C20 min. ~ 400-525 °C 20 min.

20 min. 20 min.
1500 kg/h 1750 kg/h
500 °C 500 °C
Appr. 180 000 kcal/ton
26 kw. 26 kw.
9400 mm. 11900 mm.

8" @203 mm
6000 mm

250-750 mm

400-525 °C 20 min.

30 min.
2500 kg/h

500 °C

57
32 kw.
NG/LPG/ING
12100 mm.

Appr. %75

9" 0228 mm 10" @ 254 mm
6000 mm 6000 mm
400-1000 mm 400-1000 mm

400-525°C20 min. ~ 400-525 °C 20 min.

30 min. 30 min.
3000 kg/h 4000 kg/h
500 °C 500 °C

Appr. 170 000 kcal/ton
32 kw. 36 kw.

12700 mm. 14100 mm.

110 280 mm 12" @ 305 mm
6000 mm 6000 mm
400-1000 mm 400-1000 mm
400-525 °C 20 min. 400-55.°C 20
30 min. 30 min.
4500 kg/h 5000 kg/h
500°C 500°C

Appr. 160 000 kcal/ton
36 kw. 40 kw.

15400 mm. 16400 mm.



ALUMINYUM YASLANDIRMA (TERMIK) FIRINLARI

ALUMINIUM AGEING OVENS

Aluminyum Yaslandirma Firin, ekstrozyon hattinda cekilmis olan Aliminyum
Profillerin cokelme sertlesmesinin diger bir deyimle yaslandirma isleminin
yapildigr firnlardir. Aluminyum termikleme firnlari aluminyumun gozenek
vapisini belirlenen sicaklik derecesi ve saat dilimleri arasinda bekletilen
profillerin yaslandirma prosesinden gecirilerek sertlestirir. Istege ve
kullanim amacina uygun cesitli ebat ve kapasitelerde rewersible type
firnfarin imalatini gereken muhendislik hesaplamalari dahilinde Sistem
Makina olarak siz degerli musterilerimiz icin tasarlamakta ve Uretmekteyiz.

Aluminium Ageing ovens are the ovens in which the precipitation hardening
of the Aluminium Profiles that are drawn along the extrusion line, or in
other words, where the ageing process take place. Aluminium ageing
ovens harden the pore structure of the aluminium between the specified
temperature and time periods while putting the held profiles through
the ageing process. As Sistem Makine, by using the required engineering
calculations we are designing and manufacturing the reversible type
furnaces in various size and capacities that is suitable for the demand and

the purpose of use.

MAKS. SICAKLIK
KAPASITE

ISITMA

YUKLEME
BOSALTMA

YAKICI KONTROL
HASSASIVET
KONTROL SISTEMI

MAX. TEMPERATURE
CAPACITY

HEATING

LOADING
UNLOADING
BURNER CONTROL
SENSIBILITY
CONTROL SYSTEM

: 210°C

- 5-20 ton/sar]
- LPG- ING

- Ving/Forklift
- Ving/Forklift
- Oransal

- 3%

- PLC

: 210°C

: 5-20 tones/load
: LPG- LNG

: Crane/Forklift
: Crane/Forklift
: PID

: +39C

: PLC
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a ) S ALUMINYUM YASLANDIRMA FIRINLARININ GENEL OZELLIKLER]
) _. - _ SIRKULASYON FIRIN BOYU FIRIN BOYU
- | | : : Circulation Oven Lenght Oven Lenght
: sl FIRIN TIPI SPARISKODU P -
1) : ; OVEN TYPE Offer Code TEK YON SIRKULASYON ~ CIFT YON SIRKULASYON Tk Sira Cift Sira Sepet O‘(U‘EH
\{ - ONE WAY REVERSIBLE TYPE (single) (boublé) Basket

LG CIRCULATION CIRCULATION : Diemensions

ATF-0-1X v v

ARABA TABANLI TERMIK FIRIN ATF-R-2-X v v
CARBOTTOM TYPE
3 | AGEING OVEN ATF-R-1-X v J
ATF-0-2-X Vv v
RTF-0-1-X v v
MUSTERI
RULO KONVEYORLU TERMIK FIRIN RTF-R-2-X v v TARAFINDAN
3 ROLLING CONVEYOR BELIRTILECEKTIR.

TYPE AGEING OVEN RTF-R-1-X v v Decided by

WL SISTEM MAKINA .
3\\:. ok RTF-0-2X J J Customer.
ITF-0-1X v v
ZINCIR KONVEYORLU TERMIK FIRIN~~ 7TF-R2-X J J
CHAIN CONVEYOR
TYPE AGEING OVEN ITF-R1X v v

LTF-0-2-X v v




DOGRU COZUMLEME
PROPER ANALYSIS




KALIP ISITMA FIRINLARI
DIE HEATING FURNACES

Kalip 1sitma firnlar mosterinin kalip olculerine gore dizayn edilip
Uretilmekte ve 3 kademeli 1sitma yapmaktadir. Uc kademeli 1sitmanin
avantaji; butin kaliplar 450°Cde beklememekte, boylece kalip omru
uzamaktadir. Birinci bolmede sicaklik 150°C olup sadece diger balmelerden
atilan baca gazi ile 1sitma saglanmaktadir. kinci bolmede sicaklik 300°C
(Uretim yogunluguna gore istenirse 450°C'ye ayarlanabilir) ve Ucincu
bolmede sicaklik 450°Cdir. Bu firnlar da rekupatif yanmadan dolayl
oldukca verimlidir. Ayni zamanda firmamiz Elektirik ve Dogal Gaz Isitmali
geleneksel tip kalip 1sitma firinlari da imal etmektedir.

Die heating furnaces are designed and manufactured according to the cast
and the purpose of use. sizes of the customer and the heating is done in 3
steps. The advantage of the three step heating: all casts are held at 450°C
and hence the cast life is prolonged. In the first section the temperature is
150°Cand the heating is done with only the stack gas that is put to waste by
the other sections. Temperature in the second section is 300°C (could be set
to 450°C if there is any load on manufacturing) and in the third section is
450°C. These furnaces are also productive due to recuperative combustion.
At the same time, our company also manufactures the traditional type

calting furnaces that are Electic and Natural Gas Heated.

MAKS. SICAKLIK
KAPASITE

ISITMA

YUKLEME
BOSALTMA
HASSASIVET
KONTROL SISTEMI

MAX. TEMPERATURE :
: 5-20 tones/load

: LPG - LNG Electrical
: Crane/Forklift

: Crane/Forklift

: +50C

: PLC

CAPACITY
HEATING
LOADING
UNLOADING
SENSIBILITY
CONTROL SYSTEM

- 500°C

= 5-20 ton/sar]

- LPG - LNG Elektrikli
= Ving/Forklift

= Ving/Forklift

: 5%

- PLC

500°C
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KALIP ISITMA FIRINLARININ GENEL OZELLIKLERI

Estimated Weight (Ortalama Agirlik)
Quantity of resistors (Rezistans Miktar1)

Installed power (Kurulu Guc)

Temperature Uniformity
(Uniform Sicaklik)

Recommended Temperature (Onerilen Sicaklik)

Minimum minutes with DHF without circulation (Sirkulasyonsuz kalip
isitma firint ile minimum dakika)

Minimum minutes with DHFC WITH circulation (Sirkilasyonlu KIF ile
minimum dakika)

Maximum number of die changes per day
(GOnlok Kalip Degistirme Sayis)

* DHFC version advised
For diameters higher than 600mm only DHFC version should be used.

TEKNIK OZELLIKLER / TECHNICAL SPECIFICATIONS

320

120

60

12

12

450

105

13

320

140

/0

12

12

450

120

110

12

345

160

95

12

12

450

140

125

10

360

170

110

12

12

+3°(

450

150

130

400

200

160

12

12

+3°(

450

180

155

450

200

200

12

18

450

180

155

490°

250

300

18

22

450

225

190

560"

260

400

18

2]

450

230

200

600"

270

490

14

2]

450

240

210

600"

300

540

24

29

450

210

235

650

350

720

2

29



DUSER TABANLI COZELTIVE ALMA FIRINLARI
DROP BOTTOM FURNACES FOR SOLUTION
HEAT TREATMENT

Alominyum profil parcalarinin T4 / T6 1sil islemlerinde kullanilan Duser Tabanli Firinlarda,
parcalar sepetlere manuel yada otomatik olarak yuklenir. Otomatik firin arabasl ile sepet
firin yokleme pozisyonuna getirilir. Pnomatik asansor ile sepetler firin haznesine ¢ikartilir,
Kapi kapatilip, baski sistemi ile sizdirmazhik saglandiktan sonra parcalar belirlenen 15l
islem programina (prosese) gore Isitilan parcalar firin alt kapaklarinin aciimastyla yaklasik
6 saniyede quench tankina indirilir. Quench tankindaki sivi, istenilen sicakliga onceden
rezistans yardimiyla isitilir ve malzeme icindeyken de sivi belirlenen sicakliklarda sabit
kalacak sekilde ayarlanir. Tankta ki eksilen sivi, seviye sensorleri ile tespit edilerek
otomatik pompalar ile doldurulur. Sogutma prosesi tamamlandiginda sepet otomatik olarak
kaldirifarak, transfer arabasinin bekletme bolimune indirilir. Tom bu islemler istege gore
otomatik veya yari otomatik olarak yapilabilir. Isitma prosesi boyunca tum sicakliklar kayit
cihazlari ile kayit altinda tutulur.

Drop bottom furnaces used for T4 / T6 heat treatment of aluminum profile materails, the
parts are automatically loaded to the baskets or manually. The basket is brought to the
loading position of the furnace, with the automatic loading car. Baskets are moved to the
furnace chamber with pneumatic elevator. After the door is closed and the sealing with
the pressing system is achieved, the parts to be heated are dropped to the quench tank in
about 6 seconds by opening the bottom doors of the furnace according to the determined
heat treatment program (process). The liquid in the quench tank is preheated to the
desired temperature by means of resistance and set, so that the liquid remains stable
at the specified temperature while in the material. The liquid in the tank is detected by
level sensors and filled with automatic pumps. When the cooling process is completed, the
basket is automatically lifted and put down to the waiting area of the transfer car. All these
operations can be done automatically or semi automatically if desired. All temperatures
during the heating process are recorded with the recorders.

MAKS. SICAKLIK
KAPASITE

ISITMA

YUKLEME
BOSALTMA
HASSASIVET
KONTROL SISTEMI

QUENCH TANKINA
MALZEMELERIN GIRME
SURES]

MAX. TEMPERATURE
CAPACITY

HEATING

LOADING
UNLOADING
SENSIBILITY
CONTROL SYSTEM

THE TIME TO QUENCH OF

MATERIALS

: 600°C

= Opsiyonel

- Elektrikli / Gazh

© Manuel / Otomatik
© Manuel / Otomatik
D +57C

- PLC

© <69

2 600°C

: Optional

- Electrical / Gas

: Manual / Automatic
: Manual / Automatic
:+5°C

: PLC

: <6 sec




ALUMINYUM ERGITME VE TUTMA FIRINLARI
ALUMINIUM MELTING AND HOLDING FURNACES

Aliminyum ergitme firinfart 5000 kg ve 50000 Kg olmak Uzere istenilen KAPASITE - 5-50 ton/Sar]

tonajda imal edilebilmektedir. Firinlarimiz devirmeli ya da istege gore sabit ISITMA : LPG- LNG - NG

olarak imal edilir. YOkleme kapaklari reduktor veya hidrolik sistemi ile acilip YUKLEME - Sarj Arabasi - Forklift - El ile

kapanmakta mekanik va da pnomatik sikistirma ile 151 kacirma onlemeli BOSALTMA - Devirmeli veya Sabit

imal edilmektedir. Yakma sistemi rejeneratif ya da soguk yakicili olarak SICAKLIK KONTROL - Termokupl ve Sicaklik Limit Kontrol Cihazlari
Uretilebilmektedir. Firinlarimiz LPG, LNG veya NG ile calistirilabilmektedir, YAKMA SISTEMI - Rejeneratif veya Rekiperatif

Ergitme ve tutma firinlarimiz yoksek 1siya dayanikli malzemelerden imal GAZ KARISTIRMA SISTEMI : Gazli veya EMS

edilmekte olup, agir sartlarda kullanilmaya elverislidir. Firin izalasyonu
olarak refrakter malzemeler kullanilmaktadir. Firinlarimiz PLC kontrolludur.
Firin olcoleri ve kapasitesi musteri ihtiyacina gore belirlenmektedir,
MUsteri odaklr calisimaktadir.

CAPACITY : 5-50tones/load
Aluminium Melting Furnaces can be manufactured in desired tonnage of HEATING - LPG- LNG - NG
5000 kg and 50000 Kg. Our furnaces are overthrown or fixed, optionally. LOADING . With Charging Car - Forklift - Hand
Loading hatches are opened and closed with reducer or hydraulic systems, UNLOADING - Plugged or Fixed
mechanical or pneumatic compression and heat rejection prevention are TEMPERATURE CONTROL : Thermocouple and Temperature Limit Controller
manufactured. The combustion system can be regenerative or cold burned. COMBUSTION SYSTEM  : Regenerative or Recuperative
Our furnaces can be operated with LPG, LNG or NG. Our Melting and Holding GAS MIXING SYSTEM . With gas or EMS

Furnaces are manufactured from high temperature resistant materials and
are suitable for use under severe(heavy) conditions. Refractory materials
are used as furnace insulation. Our furnaces are PLC controlled. Furnace
measurements and capacity are determined according to customer needs.

Customer-focused work.
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ALUMINYUM BIVET HOMOJENIZASYON TESISLERI
ALUMINIUM LOG HOMOGENIZING PLANT

Dokum  sonrast Aluminyum  biyetlerin, ekstrizyondan sonra istenilen MAKS. SICAKLIK © 600°C

Ozellikleri elde edebilmesi icin ekstruzyon Oncesi homojen yapiya KAPASITE - 5-70 ton/sar]
getirilmesi amaciyla kullanilar. Homojenizasyon tesislerimiz, homojenize ISITMA . LPG - LNG

firnfar,, sogutma kabinler, transfer arabalari, otomatik biyet kesme YUKLEME = Ving/Forklift

testeresi ve yUkleme-bosaltma sehpalarindan olusmaktadir. Istifleme BOSALTMA = Ving/Forklift

sistemleri tam otomatik veya forklift - vinc olarak ikiye ayriimaktadir. ISTIFLEME - Otomatik / Ving / Forklift
Aluminyum Homojenize tesislerini size 6zel olcUlerde ve kapasitede imal HASSASIVET - +3°C

etmekteyiz. KONTROL SISTEMI - PLC

They are used after casting to make aluminum billets in a homogeneous

structure before the extrusion so that they have the desired properties MAX. TEMPERATURE : 600°C

after extrusion. Homogenization plants, Homogenizing furnaces, Cooling CAPACITY - 570 tones/load

cabins, Transfer cars, automatic billet cutting saw and loading-unloading HEATING - LPG - LNG

platforms. Stacking systems are either fully automated or forklifts & crane. LOADING = Crane/Forklift

We manufacture Aluminum Homogenized facilities in special sizes and UNLOADING = Crane/Forklift

capacities for you. STOWING : Automatic / Crane / Forklift
SENSIBILITY ;39
CONTROL SYSTEM  : PLC




TEKNIK BILGILER / TECHNICAL INFORMATIONS

DOKUM / MELTING

i.Dokom Sicakhgi

Ocaktaki ergimis metal sicakligl; gaz absorbsiyonunu ve oksit
olusumunu nlemek icin momkin oldugunca dusik tutulmalidir.
Dokolecek metalin sicakhigl likidus sicakliginin 500°F (280°C)
Uzerinde olmalidir. Dolayisiyla dokom sicakhiginin iyi ayarlanmasi
verimliligi de arttiracaktir.

i.Casting Temperature

The temperature of the molten metal in the furnace must be kept
as low as possible in order to prevent gas absorption and oxide
formation. The temperature of the metal to be cast must be
500F(280() above the liquidus temperature. Therefore, the proper
adjusting of casting temperature also increases the efficiency.
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SEKIL 1 - Dokum sicakhiginin tane boyutuna etkisi
(The effect of casting temperature on grain size)

HOMOJENIZASYON / HOMOGENIZATION

1.Homojenizasyon

Homojenlestirme isleminin ~ amacl;  dendiritik  yapidaki
konsantrasyon  farkliliklarinin - giderilmesi,  katilasma
esnasinda olusan kararsiz fazlarin ¢6zonmesi ve alasimin
ekstrozyon parametrelerini olumlu yonde etkileyen kararli
¢Okeltilerin olusturulmasidir. Karmasik alasim sistemlerinde
kararsiz bilesiklerin yaninda malzemenin sunekligini azaltan
ve ¢ozonmeyen kararli fazlar da bulunur. Homojenlestirme
isleminde bu alasimlarin boy/en oranlarinin  azaltilmasi
saglanarak suneklik arttirilir.

ii.Homogenization

The purpose of the homogenizing process is to eliminate
the concentration differences in the dendritic structure,
the dissolution of unstable phases that form during
hardening, and the formation of stable residues that
positively affect the extrusion parameters of the alloy.
In complex alloy systems, stable phases that are insoluble
and reduce the ductility of the material are present
alongside the instable compounds. In the homogenization
process, ductility is increased by reducing the length/
width ratios of these alloys.

Likidds Sicakhg | Dokim Sicakligi
Alasim Sistemi (Liquidus (Melting

(Alloy System) Temperature) Temperature)
°C °C
Al AlMn 660 688
AlMg, AIMgSi 650 680

AlCuMg,
AZoNgC o0 070
TABLO 1

Aluminyum Alasimlarinin likidos ve dokum sicakliklari
(Liquidus and casting temperatures in aluminum alloys .)

ii. Dokim Hizi

Dokom  hizi; billet dokumundeki - parametrelerin en
onemlilerindendir. Dokom hizini belirleyen faktorler ise
billet boyutu ve alasim tipidir.Ornegin 6063 alasimi icin
dusey ve yari sirekli dokim prosesinde 178 mm ¢apli billet
icin dakikada 130 mm ve 230 mm capli bir billet icin de
dakikada 100 mm dokom hizlari on goruimektedir.

ii. Rate of Casting

Rate of casting is the most important factor in billet
casting. The factors effecting rate of casting are billet
size and alloy type. For example, in a vertical and semi-
continuous casting process for the alloy 6063, the rate
of casting is estimated to be 130mm per minute for
a 178mm diameter billet, while the estimated rate of
casting is 100mm per minute for a billet size of 230mm.

Tutma
Alasim Homojenjzas_yon Sicakhig1 °C sé';gst'
(Alloy) | (Homogenization Temperature) (Hold Time,

Hour)
1060 560-580 6
1100 580-600 6
2014-2024 480-490 12
5052 550-560 12
5083-5086 520-540 12
5454, 5456 550-560 12
6061 560-570 6-8
6063 560-580 6
6101 560-580 6
6463 560-580 6
7001 460-480 12
7075, 7079 470-480 12

TABLO 2

Bazi Aluminyum alasimi billetlerin tipik homojenlestirme sicakliklari
(Typical homogenization temperatures for certain alluminum
alloy billets)

ii.Sogutma

Ekstrozyon billetinin kalitesini optimize etmek icin ekstrizyon esnasinda kolay billet deformasyonu
ile maksimum ¢ozinme etkisi gosterecek mikroyapi aranmaktir. Bu Mg,Si partikillerinin yeterli
incelikte ve Oniform dagiimis olmasini, ekstrizyon deformasyonuna kadar yapida ¢6zonmemis
olarak kalmasini ve ekstrizyon bolgesinde tamamen ¢ozinmesini gerektirmektedir, bylece
daha sonraki yaslandirma isleminde maksimum dayamim degerleri elde edilebilirBu yapisal
optimizasyonun homojenizasyon esnasinda ve daha sonraki sogutma islemi ile basarilabilecegi
belirtilmektedir, dyle ki, magnezyum ve silisyum billette kararli 8-Mg,Si fazi olarak degil de
kararsiz BI-Mg,Si olarak cokeltiimektedir.

ii.Cooling

In order to optimize the quality of extrusion billets, a microstructure that exhibits maximum
dissolution with easy billet deformation during extrusion is sought out. This requires for the
Mg,SI particles to be of sufficient fineness and uniform distribution, to remain in the structure
undissolved until the extrusion deformation, and to completely dissolve in the extrusion
areas; thus the maximum endurance value can be attained in the aging treatment later on.
It is stated that this structural optimization can be succeeded during the homogenization
process and in the cooling process afterwards, such that, in billets, magnesium and silicium
precipitate not as stable RI-Mg,Si phase, but as unstable B1-Mg;Si phase.
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SEKIL 3

6063-T6 ekstrizyon Urinonde, biyet tavlama sicakliginin akma dayanimina etkisi
The effect of billet tempering temperature on yield strength, in the 6063-T6
extrusion product

Sogutma cevrimi daha sonraki islemlerde kolayca ¢dzonebilecek form ve boyutta mimkin
oldugunca cok Mg,SI partikilleri cokelmesini saglayacak sekilde tasarlanmalidir. Mg,SI
partikullerinin - maksimum  goronir boyutlarinin, homojenizasyon  sicakligindan  billet
sogutma hizi ile olan iliskisi Sekil 4.16'da gosterilmistir. Sogutma hizinin 150 °C/saat oldugu
durumda elde edilen Mg, S partikillerinin boyutu, sogutma hizinin 10 °C/saat oldugu duruma
gore Ugte biri kadardir (10 °C/saat sogutma hizi, durgun hava sogutmasi anlamina gelir).

The cooling cycle should be designed to precipitate as much Mg,Si particles as possible in the form
and size that can easily dissolve in the following processes. The relationship between maximum
visible sizes of Mg,Si particles and the rate of billet cooling from homogenization temperature is
shown in Figure 4.16. The obtained sizes of Mg,Si particles where the cooling rate s 150 °C/hr is

Mikron

e

~
o

—
w

—
o

MAKSIMUM PATIKUL BOYUTU
(MAXIMUM PARTIKUL SIZE)

o
w

0 200 400 600
94 204 314

SOGUTMA HIZI - F/Saat - (/Saat
COOLING SPEED - F/Hour- C/Hour

SEKIL 2 _

Homojenizasyon sicakligindan sogutma hizinin ¢okelen Mg,SI partikillerinin boyutuna etkisi
The effect of cooling rate from the homogenzation temperature on the size of
precipitating Mg,SI particles
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SEKIL 4 - Ekstrizyon oncesi biyet taviama sicakliginin, 6063-T6 ekstrizyon
Uronlerinin akma dayanimi degerlerine etkisi.

The effect of pre-extrusion billet tempering temperature on the yield
strength of 6063-T6 extrusion products.

athird of the sizes obtained when the cooling rate is 10 °C/hr (10 °C/hr refers to still-air cooling).

Sekil 3'te Homojenizasyon isil islemi gormis alominyum 6063 alasimi biyetlerin,
homojenizasyon 1sil islemi gérmemis 6063 aliminyum biyetlere kiyasla, daha kolay
ekstroze edildikleri ve Urinde hem yozey kalitesinin hem de mekanik 6zellik degerlerinin
daha iyi oldugu gorolor.

In Figure 3, it is seen that 6063 alloy billets that have been subjected to
homogenization heat treatment extrude more easily and that the surface quality
and mechanical characteristic values are better in the product when compared to
the 6063 alloy billets that have not been subject to homogenization heat treatment.

Sekil 4'e gdre Homojenizasyon sicakligindan hizli sogutulan biyetlerden Uretilen
profillerin akma  mukavemeti, degisik tav (ekstrizyon oncesi biyet isitma)
sicakliklarinda aymi kalmaktadir. Buna karsilik, yavas sogutulan biyetlerden
yapilan Uronlerin yoksek akma dayanimina sahip olmalart icin, ekstrizyon oncesi
biyet 1sitma sicakliginin daha yuksek olmasi gerekmektedir. Biyet sicakliginin daha
yUksek olmasinda ise, profilin yozey kalitesi bozulur ve daha dusik ekstrizyon
hizi kullaniimak zorunda kalinir ve ekstrozyon kalibi daha cabuk asinir.

EKSTRUZYON / EXTRUSION

Ekstrozyon oncesindeki biletlin sicakhik gecmisi profilin
mekanik ozelliklerini tayin eden bir durumdur. Ekstrizyon
islemi esnasinda ise, aluminyum biletlin kovan ve kalip 50
sicakliklariyla birlikte, kaliteli bir Urin eldesi icin proses
hizi belirlenir.

530°C

250°C

Sicaklik ———>

The temperature history of a billet before extrusion
is what designates the mechanical characteristics of a
profile. As for the extrusion process, in order to attain
a quality product, the process rate is determined along

700°C

with the aluminum billet shell and die temperatures. S
Billet on isitma finninin temel islevi, metali sicak
deformasyona uygun yumusak hale getirmektir. Eger Billet
dusok sicakliklar da isitilirsa, kalip icerisinden geirilmesi
mumkun olmamaktadir. Diger taraftan asiri isitilirsa da pres
hizlari sinirl olacaktir. Bunun temel sebebi, solisyona alma
sicakligina ikan billetin Mg ve Si atomlarinin ¢dzinmesiyle
i¢ gerilmelerinin artmasi gosterilebilir.

SEKIL S

According to Figure 4, the yield strength of profiles manufactured
from billets that were rapid-cooled from homogenization temperature
stays the same in different tempering (pre-extrusion billet heating)
temperatures. On the other hand, in order for products manufactured
from slow-cooled billets to have high yield strengths, the pre-extrusion
billet heating temperature must be higher. When billet temperatures are
higher, the surface quality of the profile is lowered and lower extrusion
rates are forced to be used and the extrusion die is worn down faster.

550-600°C

Mg ve Si Cozdnmesi
Dissolving of Mg and Si

Mekanik ozelliklerin yakalanmasi
acisindan kritik sicaklik araligi
(ritical temperature range in order
toattain the mechanical characteristics

440-550°C
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water cooling

Kuvvetli Hava/
Homojenizasyon On Isitma o Ssnogguu%a Yaslandirma
Ekstrizyon Zaman N

Aliminyum ekstrizyonun prosesinde sicaklik yol haritasi
Temperature roadmap in aluminum extrusion process

hidrolik basing limitleri zorlanmaktadir. Cok disuk sicakliklarda billetin deformasyonu zor
oldugundan ekstrizyon hizlarr cok dosok seviyelerde olacaktir. Billet sicakliginin arttiriimasi

ile ekstrozyon hizi da artacaktir. Ancak yapida ¢ozinmeye baslayan Mg ve Si atomlari alasimin

The basic function of the billet pre-heating oven is
to bring the metal to a suitable soft state for hot
deformation. If the billet is heated at low temperatures,
it is not possible to pass it through the die. On the
other hand, if it is over-heated, the press rates shall
be limited. The root cause of this can be shown as the
increase in internal stresses due to the dissolving of
Mg and Si atoms of the billet that has been raised to the
solution receiving temperature.

akma mukavemetini arttirmaya basladigindan pres limitlerini tekrar zorlamaya baslar. Billet
sicakhiginin cok yuksek olmasinda ise ¢ikis sicakligl da artacagindan yapi icerisinde ki otektik
karakterdeki ¢okeltilerde yozeyde sicak yirtiima olarak adlandirilan yizey hatalarina neden
olacagindan ¢ikis sicakligini disormek adina ekstrizyon hizlarinda dosorilmesi gerekecektir.

According to the extrusion limit diagram given in the figure, hydraulic pressure limits
are pushed as billet temperature rises and falls (until optimum temperature). At very
low temperatures, as billet deformation is difficult, extrusion rates shall be very low.
Extrusion rate shall increase as billet temperature rises; but as the Mg and Si atoms that

begin to dissolve in the structure increase the yield strength of the alloy, the press limits

Ekstrozyon prosesinde ki billetin sicakligi Uretilecek profilin
mikroyapisi ve dolayisiyla nihai mekanik ozellikleriyle
dogrudan iliskilidir. Bu yUzden billetin sicaklik cevrimini
kontrol altinda tutmak cok dnemlidir. Billetin sicakliginin
ekstrozyon islemine etkisi ekstrozyon limit diyagrami
olarak adlandiran grafiklerle agiklanir.

The billet temperature in the extrusion process is
directly related to the microstructure of the profile to
be manufactured, and therefore to its final mechanical
characteristics. Therefore, keeping the temperature
cycle of the billet under control is very important. The
effect of billet temperature on the extrusion process
is explained with charts known as extrusion limit
diagrams.

Sekil 6'da verilen ekstrozyon limit diyagramina gore billet
sicakligr dustukce ve yukseldike(optimum sicakliga kadar)

Ekstrizyon Hizi
Extrusion speed

are again forced. In cases where the billet temperature is too high resulting in increase
in the exit temperature, since the precipitates inside the structure that are of eutectic
character shall lead to surface errors known as hot tearing, the extrusion rate shall have
to be lowered in order to reduce the exit temperature.

Basing Limiti Yuzey Limitj
Pressure limit Surface limit
Optimum
Sartlar
Optimum
conditions

£ Yetersiz proses sartlari
i r

Billet Sicaklig! - Billet temperature
SEKIL 6 - Ekstrizyon Limit Diyagrami/Extrusion Limit Diagram

YAPAY YASLANDIRMA / ARTIFICIAL AGING

Yaslandirma sl islemi (cdkelme sertlesmesi), asiri doymus kati ¢ozeltinin
bozunarak ara fazlarin olusmas ve sonucta bir denge ¢okeltisinin meydana
gelmesidir.

Aging heat treatment (precipitation hardening), is the forming of
intermediate phases from the disintegration of supersaturated solid
solutions and the final formation of an equilibrium precipitate.

Sekil 7 de farkl sogutma ve on Isitma uygulamalarinda yaslandirmadan sonra
elde edilen sertlik degerleri gdsterilmistir. Su sogutmali ve hizli sogutulan
billetler 400 ve 450°Cdeki deformasyondan sonra disik sertlik degeri
gosterirler. Bu sonuclar homojenizasyondan sonra asir doymus olan malzemede
Mg>Si'in kolayca cokeldigini gostermektedir. Yavas sogutulan (40 o °C/saat)
numunelerin sertligi, asiri derecede dosuktur, sadece solusyona alma islemi
sonrasinda sertlik degeri suyla sogutulan numuneye yaklasmaktadr.

In Figure 7, the hardness values attained after aging from different
cooling and pre-heating applications are shown. Billets that are
water-cooled and rapid-cooled exhibit low hardness values after the
deformation at 400 and 4500C. These results show that MgsSi easily
precipitates in supersaturated materials after homogenization. The
hardness of slow-cooled (40 o C/hr) samples are incredibly low, only
the hardness values after the solution receiving process are closer to
the sample that was cooled with water.

ke/mm2  ksi
35

245 350F 175 C
30 S— — =
e~ 3658
— 7 - 185C
§ 25 ‘(\II / —
= s/ 400
= N 200(
<E: I ~~
= 14 / =~~~ 450F
15 230¢
105 /
10
70 4 8 12 16
Bekleme Siiresi, Saat
SEKIL8

Yapay vaslandirma 1sil isleminde sicaklik ve sorenin AA6063 ekstrizyon
Oronlerinin akma dayanimi degerine etkisi

The effect of temperature and time in artificial aging heat treatment on the
yield strength values of AA6063 extrusion products.

Sekil 8 sicakhigin artmasi ile yapinin kabalasmasindan dolayr sertlik
degerinin zamana bagli dis0s0n0 gostermektedir.

Figure 8 shows the gradual decrease of hardness values over time due
to the coarsening of the structure with increase in temperature.
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SEKIL 7
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Sogutma kosullarinin ve 6n 1sitma sicakliklarinin yaslandirmadan sonra
sertlik Uzerindeki etkisi
The effects of cooling conditions and pre-heating temperatures on
hardness after aging
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YURTDISI MARKA TESCIL BELGESI / TRADEMARK REGISTRATION CERTIFICATE

R EUVIPO

ELIRDFEAM URSON
INTELLECTUAL PROPERTY OFFICE

EUROPEAN UNION INTELLECTUAL PROPERTY
OFFICE

CERTIFICATE OF REGISTRATION

This Certificate of Registration is hereby issued for the

European Union trade mark identified below. The

corresponding entries have been recorded in the
Register of European Union trade marks.

OFICINA DE PROPIEDAD INTELECTUAL DE LA
UNION EUROPEA

CERTIFICADO DE REGISTRO

Se expide el presente Certificado de Registro para la

Marca de la Unién Europea que se identifica a

continuacion. Las menciones y las informaciones

relativas a tal marca han sido inscritas en el Registro
de Marcas de la Unién Europea.

wWwiW.EUIpD.EUropa.eL

Registered / Registrado 10/05/2019

No 017993151

S\ SISTEM MAKINA

The Executive Director / El Director
Ejecutivo

Christian Archambeau

SINCE 1976
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