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FARKLI DOSEME TEKNIKLERIYLE URETIiLEN OTURMA
ELEMANLARININ PERFORMANSLARININ BELIRLENMESI

Murat DEVECI?, Nihat DONGEL?
% Gazi Universitesi, Teknoloji Fakiiltesi, Agacisleri Endiistri Mithendisligi Boliimii, Ankara,
Tirkiye,
murat.deveci@doqu.com.tr, ndongel@gazi.edu.tr

Ozet

Klasik doseme dolgu geregleri dosemecilikte zaman, is¢ilik ve ekonomi bakimindan masraflidir. Bu nedenle klasik doseme
malzemelerinin yerini kauguk ve kauguklu dolgu geregleri almaya baglamistir. Bunun baglica amaci; zaman ve isgilikten tasarruf
etmek, daha kaliteli, rahat ve kullanishi mobilyalar {iretmektir. Literatiir taramalarinda geleneksel ve modern dogseme geregleri ile
iretilen doseme tekniklerinin performans 6zelliklerinin belirlenmesi konusunda sinirli sayida caligmaya rastlanmistir. Daha ¢ok
sektorel durumun belirlenmesi, sorunlarin tespiti ve kullanilan doseme malzemelerinin yanma, renk degisimi vb. gibi dis etkilere
kars1 performanslarin belirlenmesi amaciyla ¢aligsmalar yapilmistir. Bu ¢aligmada, farkli doseme teknikleriyle iiretilen oturma
elemanlariin performanslarinin belirlenmesi amaglanmistir. Bu maksatla; standart doseme gergeveleri {izerine, yayli ve yaysiz
doseme teknikleri ile oturma elamanlari iiretilmistir. Hazirlanan deney 6rnekleri FNAE 80-214 standardinda belirtilen esaslara gore
oturma yeri saglamlik deneyi uygulanarak test edilmis ve ¢6kme miktarlari (deformasyon) belirlenmistir. Deneye oturma yiizeyine
arka taraftan 445 N yiik, on tarafina ise 222 N yiik uygulanarak baglanmistir. Her 25000 devir sonunda arka kisimdan yapilan
yiikleme 111 N, 6n kistmdan yapilan yiikleme ise 55,5 N yiikseltilerek devam edilmistir. En kii¢lik kareler yontemiyle regresyon
analizleri yapilarak yiik-deformasyon iligkileri tanimlanmis ve katsayilar belirlenmistir. Sonug olarak deformasyon miktari; en az
yaysiz dosemelerde elde edilmistir. Buna gore yaysiz dosemelerin, yayli dosemelere gore daha iyi performans gosterdigi
sOylenebilir.

Anahtar kelimeler: Doseme teknikleri, Oturma elemanlari, Mobilya performans testleri

DETERMINATION OF PERFORMANCE OF SEATING ELEMENTS
PREPARED WITH DIFFERENT UPHOLSTERY TECHNIQUES

Abstract

Classical filling equipment in upholstery is costly in terms of time, labor and economy. For this reason, rubber and rubber filling
materials supplanted of classical upholstery materials. The main purposes of that are both saving time and labor and also producing
useful furniture. In literature search, limited number of studies was encountered about determination of performance features of
upholstery techniques produced by traditional and modern materials. It was specified that studies were done by the aim of
determination of sectoral situation and the problems and material’s attitudes towards external factors such as burning, discoloration,
etc. In this study, determination of performance of seating elements prepared with different upholstery techniques was aimed. For
this aim, seating elements prepared with spring and without spring on the standard test frames. With the application of solidity test
for seating place was tested and the collapse value was determined on the samples, prepared according to FNAE 80-214 standards.
The experiment started with 445 N forces from back side and 222 N forces to the front side on seating surface. At the end of each
25000 cyclic the forces applied from the back side increased to 111 N, from front side to 55.5 N. The coefficient values of force—
deformation relations were defined with the application of the smallest square method of regression analysis. As a result, the lowest
value of deformation was found on the without spring upholstery. It is possible to say that without spring upholstery gave better
performance than with spring upholstery.

Keywords: Upholstery techniques, Seating elements, Furniture performance tests
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1. Giris

Mobilya doseme teknikleri ve malzemeleri, tasidiklar: 6zelliklerinden ¢ok az kayiplara ugrayarak giiniimiize kadar
ulagsmiglardir. Teknolojinin ilerlemesi ile déseme malzeme ve tekniklerinde de degisiklikler meydana gelmistir.
Kullanilan dolgu gereclerinin artmasi, yapilan mobilya iskeletlerindeki formlarin degismesi ile dosemecilikte degisik
formlarda {irlinlerin iretilmesine olanak saglanmistir. Ayrica dolgu gereci gesitlerinin artmasi, mobilyalarin
ergonomik kriterlere uygun olarak yapilmasini saglamistir [1].

Mobilyacilik alaninda désemecilik, insanlarin; oturma, yemek yeme, ¢aligma, dinlenme, yatma gibi ¢esitli yasamsal
eylemlerini konfor i¢inde yapabilmelerine olanak saglamaktadir. Dosemecilik oturma, yatma ve dinlenme mobilyalar1
olarak isimlendirilen koltuk kanepe, divan, sandalye, puf ve yataklarda mobilyanin kullanim amacina bagl olarak
yapilan dolgu ve yiizey kaplama iglemleri ile bu tiir mobilyalarin rahat bir yapiya kavusturulmalar1 ve giiniin
yorgunlugunu atmak ve zinde bir giine baglamak icin yapilan ¢aligsmalardir [1].

Klasik doseme dolgu gereclerinin ddsemecilikte zaman, is¢ilik ve ekonomi bakimindan masrafli oldugu act bir
gercektir. Bu nedenle klasik doseme malzemelerinin yerini, 6zellikle II. Diinya Savasi’ndan sonra kauguk ve kaucuklu
dolgu gerecleri almaya baslamigtir. Bunun baslica amact; zaman ve iscilikten tasarruf etmek, daha kaliteli, rahat ve
kullanigh mobilyalar iiretmektir [2].

Verimli bir tiretimin geregi olarak, mobilya ve dosemecilik teknigi de gelisme gostermis seri ve fabrikasyon iiretim
yapan biiyiik fabrikalar kurulmustur. Gegen kisa siirede AB iilkelerinde mobilya désemeciligi, en fazla talep géren
mobilya sektdrii olmustur.

Diinya ddésemeli mobilya iiretimi yaklasik 40 milyar Euro’dur. Amerika Birlesik Devletleri, Cin ve italya pazarin en
biiyiik iiretim yapan tilkeleridir. Ddsemeli mobilya liretiminin yaklasik Gigte biri Bat1 Avrupa’da yapilirken, Ortadogu
Avrupa’da sadece % 10 oraninda iiretim gergeklestirilmistir [3].

Mobilya ihracatinda iist siralarda yer alan Tiirkiye’de kiiciik, biiyiik ve orta 6lgekli ¢ok sayida isletme vardir. AB ve
diger iilkelere ihrag yapabilmek i¢in istikrarli, kaliteli ve saglam iiriinlerin {iretilmesine ihtiya¢ vardir. Bu durumda
performansi yiiksek tiriinlerin iretilmesi ve iiriinlerin uluslararasi standartlara sahip olmasi gerekmektedir.

Tiirkiye’de iiretilen oturma elemanlarinda belli bir standartta {iretimin oldugunu séylemek zordur. Belli ergonomik
sartlar yerine getirilse de {iriin firmalarin kendi yapim sartlarina veya yapan ustalarin bilgi ve becerisine bagli olarak
degisiklikler gostermektedir. Geleneksel malzeme ve yontemlerle hazirlanan klasik dosemeler iscilik ve maliyet
faktorlerinin zorlamasiyla azalirken, modern malzeme ve yontemler daha ¢ok tercih edilir duruma gelmistir. Fakat
klasik mobilya tercihi belirli bir oranda devam ettiginden bu doneme tekniginin tamamen ortadan kalmasi miimkiin
degildir.

Dosemeli mobilyalar sektdriin ¢ok dnemli bir alanini olusturmasina ragmen doseme tekniklerinin degisik yiikler
karsisinda performanslarinin belirlenmesine yonelik ¢aligmalar yok denecek kadar azdir.

Calismanin temel amaci, klasik ve modern doseme tekniklerinin performanslarimi karsilastirarak sektor igin
kullanabilir bir standart olusturmak, ¢esitli yiikler altinda olusan deformasyonlar1 belirlemek, farkli doseme geregleri
ile iiretilmis oturma elemanlarinin performans 6zelliklerine iligkin sayisal veriler elde etmektir.

2. Malzeme ve Yontem

2.1. Malzeme

Ulkemizde iiretilen ve yaygm olarak kullanilan ddseme geregleri ve malzemeleri deney materyalleri olarak
kullanilmistir. Yaysiz ve yayli olarak farkli malzemelerle olusturulan 2 tip oturma yeri elamani deney drnegi olarak
secilmistir. Her bir doseme tipinden 3’er adet olmak tizere toplam 2x3=6 adet 6rnek hazirlanmistir.

2.2. Deney Orneklerinin Hazirlanmasi

Deney &rneklerinin tamaminda ayni tip doseme iskeleti kullanilmistir. Iskelet lgiisii 60 cm x 58 cm olup, 25 mm x
25 mm x 0,90 mm boyutlarinda metal profil ile hazirlanip, etrafi kavak cita ile ¢ergevelenmistir. Numunelerin
tamaminda, aym tip ¢ozgiilii 6rme kumas kullanilmigtir. Kumaslar 200 gr/m? elyaf ile kapitone haline getirilerek her
numuneye bir adet kok ¢ektirme uygulanarak iskeletler kaplanmustir.
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2.2.1. Kolan iizerine graniir siingerli doseme (yaysiz)

Metal iskelet lizerine elastik kolanlar 50 mm araliklarla tel zimba ile gakilmistir. Elastik kolan {izerine sert kege
cakilarak font tizerindeki yiikiin elastik kolanlara homojen olarak dagilimi saglanmistir. Kege iizerine 100 mm
kalinligindaki 50 dansite graniir siinger, siinger tutkali ile yapistirilmistir. Daha sonra graniir siinger iizerinde 22
dansitelik 50 mm kalinhigindaki flexi siinger yapistirilmistir. En {ist katmana 17 mm kalinligindaki 22 dansite flexi
siinger, hazirlanan numuneyi arkadan 6ne dogru cevreleyecek sekilde yapistirilmistir. Daha sonra 200 gr/m? elyaf ile
dokunan kumas kapitone ile numune kaplanarak ortasindan kdk ¢ektirme islemi yapilmistir (Sekil 1).

17 mm 22 DNS SUNGER

o,

SHH

22 DNS FLEXI SUNGER

GRANUR SUNGER

KEGE

KMMKZSmmX25mmCﬁA-””,/"
METAL PROFIL ISKELET

ELYAF-KUMAS DOKUMA (KAPITONE)

Sekil 1. Kolan iizerine graniir siingerli déseme

2.2.2. Helezoni yayh doseme

Metal iskelet iizerine elastik kolanlar 50 mm araliklarla tel zimba ile ¢akilmistir. Elastik kolan iizerine sert kece
cakilarak font iizerindeki yiikiin elastik kolanlara homojen olarak dagilimi saglanmistir. Kege {izerine 86 mm ¢apindaki
helezonlarla dizgilenmis g¢ergevesiz herkiil yay zimba ile ¢akilmis, yay aralar1 28 dansite flexi siinger takozlarla
desteklenerek elastikiyeti ve mukavemeti artirilmis, yay ¢evresi metal iskelet ile yiizbeyiiz olacak sekilde 28 dansite
flexi siingerlerle ¢evrelenerek siinger tutkali ile yapistirilmigtir. Daha sonra havuzlama teknigi uygulanan gercevesiz
yay ve ¢erceve siingerlerinin iizerine siinger tutkali ile sert kece yapistirilmigtir. En iist katmana 17 mm kalinligindaki
22 dansite flexi siinger, hazirlanan numuneyi arkadan 6ne dogru ¢evreleyecek sekilde yapistirtlmistir. Daha sonra 200
gr/m2 elyaf ile dokunan kumasg kapitone ile numune kaplanarak ortasindan kok ¢ektirme islemi yapilmistir (Sekil 2).

17 mm 22 DNS SUNGER
KECE

13'LUK GERGEVESIZ 86 mm CAPINDA BONEL YAY

A A R el 1R At e - ot En S A o oW
S R R A A A e e S R N R S A T IO AR TR A

//TE
I/ 1E

Tk
1/1/1/1/E
K

I

wI'nﬁul‘(C)'S- SUNGERI

Sekil 2. Helezoni yayli doseme

KEGE
KAVAK 25 mm X 25 mm GITA

METAL PROFIL ISKELET LYAF-KUMAS DOKUMA (KAPITONE)

2.3. Yontem

Deney orneklerine FNAE 80-214 [4,5] test metodunda belirtilen esaslara gore yiiklemeler yapilmistir. Deneyler Gazi

Universitesi Teknoloji Fakiiltesi Agagisleri Endiistri Miihendisligi Boliimii Mekanik Test Laboratuarindaki Mobilya
Performansi Test Cihazinda yapilmustir.

2.3.1. General service administration (GSA) deney yontemi

Bu deney yontemi 1977 yilinda Purdue University’nin Orman ve Dogal Kaynaklar Boliimii (Forestry and Natural
Resources)’ne ait olan Ahsap Arastirma Laboratuvart (Wood Research Laboratory)’nda Carl Eckelman tarafindan
gelistirilmistir ve 1980 yilinda FNAE 80-214 kodu ile Federal standart olarak kabul edilmistir. Bu standart 1980
yilindan itibaren ¢esitli tiplerdeki mobilyalarin performans deneylerinde kullanilmaktadir [6].
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Standartta, devirli basamakli artan yiik (Cyclic stepped increasing load) metodu kullanilmaktadir. Deney yonteminde,
onceden belirlenmis olan bir yiik degeri belli devir sayisinda ve oraninda mobilya sitemine uygulanir. Bu asama
tamamlandiginda, yiik degeri yine dnceden belirlenmis bir oranda arttirtlarak birinci asamadaki islemler tekrarlanir.
Bu islemler, kabul edilebilir yiik degerlerine ulasilincaya veya mobilyada herhangi bir agilma, kirilma vb. gibi yer
degistirmeler meydana gelinceye kadar devam ettirilir. Her agamada 25000 devir yiik uygulanmakta ve devir orani 20
dev/dak alinmaktadir. Test edilen bir mobilyanin performansi, 25000 devri basartyla tamamlayan en biiyiik yiik degeri
olarak kabul edilir. Daha sonra da bu performans degeri, standartta hafif, orta ve agir hizmet kullanimlar1 i¢in
belirlenmis olan kabul edilebilir yiik degerleri ile karsilastirilarak dayaniklilik konusunda yorumlar yapilir [6].

Bu ¢alismada, metoda uygun olarak oturma yiizeylerine 20 devir/dakika yiikler uygulanmigtir. Deneye oturma
ylizeyine arka taraftan 445 N yiik, 6n tarafina ise 222 N yiik uygulanarak baglanmistir. Her 25000 devir sonunda arka
kisimdan yapilan yiikleme 111 N, 6n kisimdan yapilan yiikleme ise 55,5 N yiikseltilerek devam edilmistir. Deney
yiiklerine ait degerler Cizelge 1’de verilmistir.

Cizelge 1. Devir sayisina gore piston yiikleri (N)

Devir Sayist
Pistonlar
25000 50000 75000
Arka Piston 445 556 667
On Piston 222 278 334

Deneyde kullanilan yiikleme aparati Sekil 3°de gosterilmistir.

Iﬂ 200 50
R 80 o124
& 2 g
o E 2] L[ 100
Q E . le » HE I
¢
100 ; l 120
e R& [ =tal
|
vf— ?‘
& |-
250 —=20
(-
80

Sekil 3. Yiikleme aparati (6l¢iiler mm)

Deney esnasinda her 5000 devir sonunda yiikleme durdurularak arka piston merkezinden 0,01 hassasiyette 6l¢iim
yapabilen ayakli komperator ile cokme miktart 6lgiilmiistiir.

Deney oOrnekleri dikkatli bir sekilde gozlemlenmistir. Bu goézlem ilk 25000 devirde her 5000°de, sonraki yiik
artirrmlarimda her 2500 devirde kontrol edilerek devam edilmistir. Bu siiregte deney drneginin herhangi bir pargasinda
kirilma, yirtilma, ¢atlama, yaylarda kirilma vb. basarisizlik olup olmadigia bakilmis, 75000 devire ulasilinca deney
sonlandirilmistir. Deney diizenegi Sekil 4’de verilmistir.
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Sekil 4. Deney diizenegi

3. Bulgular
3.1. Cokme Miktari
Deney 6rneklerindeki yiiklemeler sonucunda elde edilen ¢okme miktarlarina ait sonuglar Cizelge 2°de verilmistir.

Cizelge 2. Cokme miktarlart (mm)

YUK (N)
Arka Piston 445 556 667
On Piston 222 278 334
Devir Sayist
Déseme Tipi o (=} o o o o o o o
8 o S S S S S S S
= o ) S S S o o S
3 s e S ) S Y} T} )
— N 1) < rs} T} © ~
Yaysiz Doseme 0,7 1,4 4.4 7,8 8,2 10,2 17,1 18,2 21,6
Yayl1 Doseme 10,7 16,7 19,2 22,2 26,4 28,2 30,1 32,3 36,5
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3.2. Yiik-Deformasyon Katsayisi

Deneylerde; yiik-deformasyon iliskilerinin tanimlanmasinda (y=ax) esitligi elde edilmistir. Burada; y: kuvvet (N), x:
deformasyon miktar1 (mm)’dir. Buna gore iki degisken arasindaki iligki tiim gruplar i¢in dogrusaldir. Yaysiz ve yayh
doseme tipindeki iliskiyi gosteren regresyon grafigi Sekil 5°de gosterilmistir.

800
700 .- o\
600 7
A
o 500 .- y = 19,46x
< 400
:>?
300
200
B Yaysiz AYayl
100 Y Y
0
0 5 10 15 20 25 30 35 40
Deformasyon (mm)
Sekil 5. Doseme tipine gore yiik-deformasyon iliskisi
Doseme tiplerinin yiik-deformasyon katsayilarinin elde edilmesi igin genel bir ifade olan ;
ks =F/d 1)

esitliginden yararlanilmistir. Burada; ks : yiik-deformasyon katsayist (N/mm), F: kuvvet (N), d: deformasyon miktar1
(mm)’dir. Buradan elde edilen yiik-deformasyon katsayisi (ks), yiik-deformasyon iligkisini tanimlayan dogrunun
(y=ax) egimini gostermektedir. Dolayisiyla, denklemdeki regresyon katsayist (a) ayni zamanda yiik-deformasyon
katsayisidir. Yani, ks=a’dur.

Yiik-deformasyon katsayisi; yaysiz dosemelerde 37,35 N/mm, yayli dosemelerde ise 19,46 N/mm elde edilmistir.
Bunlara ait grafik Sekil 6’da gosterilmistir.

N W W b
o o 01 o

=
o o O

Yiik-Deformasyon Katsayis1 (N/mm)
N
o o

Yaysiz Doseme Yayli Déseme
Doseme Tipi

Sekil 6. Ddseme tipine gore ylik-deformasyon katsayist degerleri

6
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4. Sonuc ve Oneriler

4.1. Cokme Miktanr

Farkli doseme teknikleriyle iiretilen oturma elemanlarinin performans 6zelliklerinin belirlenmesi amaciyla yapilanan
deneyler sonucunda ¢6kme miktari; yaysiz désemelerde 21,26 mm, yayli désemelerde ise 36,5 mm elde edilmistir.

4.2. Yiik-Deformasyon Katsayisi

Yiik-deformasyon iligkisinin belirlenmesi amaciyla yapilan regresyon analizleri sonucunda iliskinin tanimlanmasinda
(y=ax) esitligi elde edilmistir. Buna gore; déseme tiplerinde yiik ile deformasyon arasinda dogrusal bir iligki tespit
edilmistir.

Yiik-deformasyon katsayisi; yaysiz dosemelerde 37,35 N/mm, yayli dosemelerde ise 19,46 N/mm elde edilmistir.

Bu sonugclara gore; kolan iizerine graniir siingerli yaysiz dosemeler, helezoni yayli dosemelere gore daha yiiksek
performans gostermistir. Yapimi daha kolay, is¢iligi daha az ve maliyeti daha diisiik oldugundan helezoni yayl
dosemeler yerine, kolan {izerine graniir siingerli yaysiz désemelerin tercih edilmesi dnerilebilir.

Ortalama olarak bir insanin giinde bir oturma elamanina 20 defa oturdugu kabul edilirse, 75000’lik devir yaklasik
olarak 10 yila tekamiil etmektedir. Bu siire dikkate alindiginda 6rneklerin tamaminin iyi performans gosterdikleri
sOylenebilir.

4.3. Gozlemsel Degerlendirme

Deneyler sonunda; déseme tiplerinin tamaminda oturma yerlerinde ve diger elemanlarinda yirtilma, ¢atlama, kiritlma
ve egilme gibi hasarlar meydana gelmedigi gdzlenmistir.

Sonug olarak; doseme tekniklerinin performans 6zelliklerine etki eden faktorlerin belirlenmesine yonelik az sayida
calisma yapilmigtir. Bu eksikligin giderilmesine yonelik olarak; farkli malzeme ve birlestirme teknikleriyle
hazirlanmig olan doseme gercevelerinin performans o6zellikleri, yay ve kolanlarin déseme cergevesine baglanti
yontemleri ve doseme ¢ergevelerinin mobilya sistemine baglant1 yontemleri gibi konularda ¢alismalar yapilmalidir.

Not: Bu caligma “2nd International Turkish World Engineering and Science Congress” adl1 kongrede bildiri olarak
sunulmustur (7-10 Kasim 2019, Tiirkiye).
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Ozet

Gerinimin neden oldugu ergiyik/sivi aktivasyonu (SIMA) islemi ile iiretilen AA7075 alagiminin mikroyapisi iizerine soguk
deformasyon oran1 ve yeniden 1sitma sicakliklarinin etkisi aragtirtlmigtir. Bu amagla, farkli oranlarda (%10, %20 ve %30) soguk
deforme edilen kiitiikler 600 °C, 606 °C ve 611 °C sicakliktan hizla suda sogutularak mikroyapi degisimleri incelendi. Artan soguk
deformasyon orami ile tane biyiikliigliniin azaldig1 ve sekil faktoriiniin arttigi, artan yeniden isitma sicakliklarinda da tane
biiyiikligii ve sekil faktoriinlin arttig1 gdzlenmistir. Homojen kiiresel yapiya sahip bir tiksotropik yap1 olusturmak i¢in minimum
%20 soguk deformasyonun gerekli oldugu belirlenmistir. Artan yeniden 1sitma sicakligiyla sekil faktoriiniin degisiminin anlaml
olmadig1 belirlenmistir.

Anahtar Kelimeler: AA7075 alasimi, SIMA islemi, Tiksotropik yapi, Yeniden 1sitma sicakligi, Soguk deformasyon orani, Yari
kati iglem.

EFFECT OF COLD DEFORMATION RATIO AND REHEATING
TEMPERATURES ON MICROSTRUCTURE OF AA7075 ALLOY
PRODUCED BY SIMA PROCESS

Abstract

The effect of cold deformation ratio and reheating temperatures was investigated on the microstructure of AA7075 alloy produced
by the strain-induced melt activation (SIMA) process. For this aim, cold deformed billets with different ratios (10%, 20%, and
30%) were quenched in water from 600 °C, 606 °C, and 611 °C, and microstructural evolution was studied. It was observed that
grain size reduced, shape factor increased with the increasing cold deformation ratio, and grain size and shape factor increased with
the rising reheating temperatures. It was determined that a minimum of 20% cold deformation is required to produce a thixotropic
structure with a homogeneous globular microstructure. It was also observed that the change in shape factor was insignificant with
increasing temperature.

Keywords: AA7075 alloy, SIMA process, Thixotropic structure, Reheating temperature, Cold deformation ratio, Semi-solid
Processing.
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1. INTRODUCTION

Semi-solid processing (SSP), which is a near-net shape metal forming process, is performed by thixotropic properties
of metal alloys (mainly Al and Mg alloys)(Helen V Atkinson, 2005; Fan, 2002; Flemings, 1991; Kirkwood, 1994).
The SSP methods required that the alloys with nondendritic, fine, equiaxial, and globular grain structures for forming
in the mushy zone (Helen V Atkinson, 2005; de Figueredo, 2001; Fan, 2002; Flemings, 1991; Flemings & Martinez,
2006; Kenney et al., 1988; Kirkwood, 1994; Martinez & Flemings, 2005; Nafisi & Ghomashchi, 2005; Xia & Tausig,
1998).

There are many methods, such as mechanical or electromagnetic stirring, the addition of grain refiners, and the cooling
slope used to obtain globular structures (Helen V Atkinson, 2005; Fan, 2002; Flemings, 1991; Kirkwood, 1994).
Among these production methods, SIMA is an ideal candidate with significant commercial advantages of simplicity
and low equipment costs to produce fine and globular structures (Dispinar & Tiirkeli, 2006; Saklakoglu, Colakoglu,
& Gengalp, 2009; Tiirkeli & Akbasg, 1996).

In this route, the alloy is deformed by extrusion or other processes and then reheated to a semi-solid state where
recrystallization occurs. Liquid metal penetrates the recrystallized grain boundaries, thus resulting in solid globular
particles surrounded by liquid (de Figueredo, 2001; Fan, 2002; Flemings & Martinez, 2006; Martinez & Flemings,
2005). Parameters such as heating time, temperature, and the degree of cold working are critical factors in controlling
the semi-solid microstructures in the SIMA process (Dispinar & Tiirkeli, 2006; Saklakoglu et al., 2009; Tiirkeli, 1993;
Tiirkeli & Akbas, 1996; Young, Curtis, & James, 1983).

SIMA method, the most common feedstock preparation method in thixoforming of especially wrought Al alloys,
includes cold deformation and reheating stages under recrystallization temperature following melting and casting
process after hot working processes such as extrusion, rolling, etc. (Young et al., 1983). Dislocation density increases
depending on the cold deformation rate applied to material produced by extrusion or cold forming method. With the
increase of dislocation density, potential nucleation sites increase for recrystallized grains, and as a result, grain size
reduces (Digpinar & Tiirkeli, 2006).

The SIMA method is more economical than other feedstock methods (such as magnetic stirring) to produce globular
microstructure, enabling better thixotropic properties. SIMA method has been used commercially in feedstock
production for semi-solid processing (Kirkwood, 1994; Nafisi & Ghomashchi, 2005; Tiirkeli, 1993; Tiirkeli & Akbas,
1996).

In the SIMA method, obtaining globular grains depends on recrystallization temperature. In addition to this, the cold
deformation ratio influenced recrystallization temperature. As the cold deformation ratio increase, globular grains can
be obtained at lower temperatures (Akar, 2011; Akar & Mutlu, 2010; Erzi, Gursoy, Yiiksel, Kirtay, & Dispinar, 2018;
Guner, Dispinar, & Tan, 2019; Saklakoglu, Saklakoglu, Tanoglu, Oztas, & Cubukcuoglu, 2004; Saklakoglu et al.,
2009; Taneroglu, Akar, & Kilicli, 2013).

The present study investigates the influence of cold deformation ratio and reheating temperatures on the
microstructural evolution of AA7075 alloy, which was produced by the SIMA process.

2. EXPERIMENTAL STUDIES
2.1. Material

The AA7075 alloy used in experimental studies was obtained in 40 mm diameter and 3000 mm length, and its chemical
composition is given in Table 1. ARL 3460 model optical emission spectrometry was used for the determination of
the chemical composition of the alloy.

Table 1. Chemical composition of AA7075 alloy used in experimental studies (weight-%)

Zn Mg Cu Mn Si Cr Ti Fe
5.599 2.033 1.329 0.183 0.383 0.157 0.007 0.741

Ni Pb Sn Zr \ Ga Se Al
0.008 0.043 0.012 0.001 0.006 0.014 0.001 Remain
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2.2. SIMA method

SIMA method includes the process of cold deformation of the cast and hot-extruded alloys and reheating to semi-solid
temperature and rapid cooling (Figure 1). In this study, for feedstock production with the SIMA method, cold
deformation was applied at a different ratio on AA7075 alloy samples in 40 mm diameter and hot extruded. Then, they
were cooled rapidly in water at different reheating temperatures. The deformation ratio was calculated with Equation
1.

Io_ls

% €= x100 (Equation 1)

0

Here, % ¢ is the total deformation ratio, and I, and |s are the first and last length of material, respectively.

Temperature

| Il Il l 1 1
T

o T T T T A
Melting&Casting Pre_- Extrusion Cooling Cold Reheating Deformation or Cooling
heating deformation
Time

Figure 1. Schematically representation of the SIMA process in the time-temperature diagram (Young et al., 1983)

In order to apply deformation at different rates (10%, 20%, 30%, and 40%), samples cut according to height calculated
in Eq. 1 were compressed vertically in a 250-ton hydraulic press at room temperature in 2 mm/min speed until the last
height is 75 mm. 40% of deformed samples cracked in the middle by forming buckling (Figure 2). In the studies, 30%
deformation could be conducted at most at samples in 40 mm without buckling.

The diameter of samples which were 40 mm before deformation, increased between 45-48 mm after deformation,
depending on the deformation ratio. Before samples were heated to a semi-solid temperature with the SIMA method,
they were turned and brought into 40 mm and 55 mm.

11
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Figure 2. 40% cold deformed sample

2.3. Determination of Semi-solid Temperature Interval

Semi-solid processing is generally carried out at temperatures corresponding to a 30%-50% liquid ratio [1, 16]. In
determining the liquid ratio, which changes according to the temperature of the AA7075 alloy, the DTA curve, and
“partial area” method was used [17]. Liquid ratios according to a temperature calculated with this method are given in
Figure 3. Temperatures that provide 30%, 40%, and 50% liquid ratios were determined as 600°C, 606°C, and 611°C,
respectively.

T =628.6°C

100 /
9 1 600 °C = 30% Liquid fraciton
B 606 °C = 40% Liquid fraciton
80 611 °C = 50% Liquid fraciton

70
60 —

50

40

30

Liquid Fraction (%)

20

10

""""" B2 RS s BE s AR B RS R AZ R AR R AR RS ARE R B R AR R AR RARR AR DD
550 560 570 580 590 600 610 620 630

T=550°C Temperature (°C)
Figure 3. The changes in the liquid fraction depend on the temperature.

2.4. Reheating Experiments

A schematic view of the experiment set used in reheating and cooling the water process is given in Figure 4. In the
semi-solid heating process, the sample placed in the coil is dropped in a container full of water with the help of a
pneumatic system very rapidly when it reaches the semi-solid structure. The time for semi-solid temperature included
within the coil falling into the container is around 2 sec.

12
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Figure 4. Schematically representation of the set-up used in the SIMA process to heat semi-solid temperature and
quenching of the sample

2.5. Metallographic Studies

Microstructural characterization studies were carried out through an optical microscope. Samples that were cold
deformed at different ratios and rapidly cooled from a reheating (semi-solid) temperature to produce pre-material with
globular microstructure were cut vertically, as seen in Figure 5.b. Later on, three microstructure samples were excluded
from the edge, middle, and center of the middle part of the samples (Figure 5.c).

240 /_ :

Center 'Middle | Edge
i

55

—_—t -

LS

(@) (b) ©

Figure 5. Metallographic examination of the sample produced by the SIMA process; a) sample, b) longitudinally cut
a sample, and c¢) examined regions

Following sanding with Sic sanding material no 220, 400, 800, and 1200 respectively, metallographic samples were
cut with the abrasive cut device; they were polished with 6 um and 3 pm diamond paste and 5 pm silica. The solution
was used as an etchant for the Keller (190 ml H20 + 5 ml HNO3 + 3 ml HCI + 2 ml HF).

13
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Leica DFC 320 model digital camera connected Lecia DM 4000 M Model optic microscope was used to observe
microstructures. In grain size measurement, the linear intersection method was used with the help of Leica Q550 MW
image analysis software.

The globularity index of the feedstocks was determined with the help of the shape actor formula (Witulski, Morjan,
Niedick, & Hirt, 1998) given in Equation 2.

Shape factor = 4ng (Equation 2)
Here, A is the area of grain that is measured, and P is the perimeter of the grain. Measurements were taken from
regions corresponding to 9 mm? (3x3 mm) of edge, middle, and center regions shown in Figure 5. Five hundred
measurements were made from each sample to determine grain size, and the shape factor and average values were
determined.

3. RESULTS AND DISCUSSIONS

3.1. The Effect of Cold Deformation Ratio and Temperature on Microstructure

In Figure 6 to Figure 8, microstructure changes in different parts of samples applied to different deformation ratios
and cooled from different reheating (semi-solid) temperatures are observed. With increasing reheating (semi-solid)
temperature and cold deformation amount, globular structure formation has become more distinctive.

Redions Cold deformation ratio
g 20%
Edge
Middle
Center
5 ';..',.)l.:.'—"--' e ':'-, i .A"':"'._ N 2 i .o :': EnN ‘l '&:n.ﬂtﬁ‘!}}n‘: L. .

Figure 6. Microstructures of the AA7075 alloy water quenched from 600°C after deformed at various cold
deformation ratios
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Redions Cold deformation ratio
g 10% 20% } 30%
Edge
Middle
Center

Figure 7. Microstructures of the AA7075 alloy water quenched from 606°C after deformed at various cold
deformation ratios

Redions Cold deformation ratio
Y B 20% 30%
Edge
Middle
Center

Figure 8. Microstructures of the AA7075 alloy water quenched from 611°C after deformed at various cold
deformation ratios
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Cold deformation and reheating produced different grain sizes nearly the same from the edge, middle and central area
for each cold deformation ratio of samples (Figure 6.9-6.i, Figure 7.g-7.i, and Figure 8.g-8.i). These results show that
cold deformation spreads throughout the sample, and the induction coil and heating are homogeneous.

While there is a grain structure with coarse and low shape factor in 10% cold deformed sample (Figure 6.a-6.c, Figure
7.a-7.c and Figure 8.a-8.c), fine and more globular grain structure is obtained in 20% and 30% cold deformation ratio
(Figure 6.d-i, Figure 6.d-i and Figure 8.d-i).

Recrystallization was partly attained at 10% cold deformed sample due to insufficient internal strain. Recrystallization
occurred in 20% and 30% cold deformation applied samples during heat treatment at the semi-solid state, and globular
grains were formed. Akar and Mutlu (Akar & Mutlu, 2010) stated that the SIMA method's 10% cold deformation ratio
does not produce a globular structure for AA2024 alloy.

In Figure 6.a-6.c, Figure 7.a-7.c, and Figure 8.a-8.c, a microstructure shows a low shape factor after 10% cold
deformation. This is considered insufficient internal energy due to low deformation and few nucleations for
recrystallization.

3.2. The Effect of Cold Deformation Ratio and Temperature on Grain Size

The change in the mean grain size due to the cold deformation ratio and reheating to the reheating (semi-solid)
temperature is given in Figure 9 and Figure 10. In contrast, average grain size decreased with the increasing cold
deformation ratio (Figure 9), and average grain size increased with the increasing reheating temperatures (Figure 10).
It is stated through different studies that these two parameters are effective on grain size (Helen Victoria Atkinson,
Burke, & Vaneetveld, 2008; Sang-Yong, Jung-Hwan, & Young-Seon, 2001; Turkeli, 1993).

Similar to this study, Sang-Yong et al. (Sang-Yong et al., 2001) reported that in 7075 alloy, grain size decreased with
increasing cold deformation, and grain size increased with increasing reheating (semi-solid) temperature and holding
at a reheating (semi-solid) temperature in feedstock production with the SIMA process.

55 - }/+

45

o ’

Mean Grain Size (um)

—u— Cold deformation ratio = 10%
—e— Cold deformation ratio = 20%
T —A— Cold deformation ratio = 30%
20 : T v T ! T y T Y T v T y
598 600 602 604 606 608 610 612

25

Temperature (°C)

Figure 9. The relationship between reheating temperature and grain size
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Figure 10. The relationship between cold deformation ratio and grain size

The increase in grain size with increasing temperature is explained through the “coarsening” mechanism in which
surface energy is the driving force (Verhoeven, 1975). When the holding duration at reheating (semi-solid) temperature
is as long as to allow solid diffusion, the “Ostwald ripening” mechanism begins to be effective in grain growth (Porter
& Easterling, 2009; Verhoeven, 1975). However, the Ostwald ripening mechanism was ineffective since there is no
process of holding at a reheating (semi-solid) temperature.

Another mechanism can explain grain coarsening with increasing temperature. With increasing temperature, grains
minimize their potential interface thermodynamically and make them more stable; grains grow when their surface free
energy increases when the total grain boundary (interface) is decreased, and total surface free energy decreases (Porter
& Easterling, 2009; Verhoeven, 1975).

The decrease in average grain size with increasing cold deformation ratio is attributed to the high nucleation amount
caused by the high-strain ratio in recrystallization (Porter & Easterling, 2009; Verhoeven, 1975), as a result of internal
strain increased by cold deformation in recrystallization, while the growth rate of grains slows down nucleation speed
increases. Finer structures can be obtained in higher nucleation amounts (at high cold deformation ratios) (Porter &
Easterling, 2009).

Average grain size at reheating (semi-solid) temperature should be below 100 um; homogeneous material flow should
be enabled, and fine sections and mold gaps should be filled entirely for thixoforming (H. Atkinson, Kapranos, Liu,
Chayong, & Kirkwood, 2002; Helen V Atkinson, 2005; Birol, 2007; Chayong, Atkinson, & Kapranos, 2004; Garat,
1998; Jung & Kang, 2000; Kim & Kang, 2000; Witulski et al., 1998). Since the average grain size of samples produced
with the SIMA process using 20% and 30% cold deformed billets are between 25-45 pm, it was determined that they
are suitable for semi-solid metal forming.

3.3. The Effect of Cold Deformation Ratio and Temperature on Shape Factor

The change in shape factor due to the cold deformation ratio and the reheating (semi-solid) temperature is given in
Figure 11 and Figure 12. The shape factor increases due to increasing reheating (semi-solid) temperature (Figure 11)
and the cold-deformation ratio (Figure 12).
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Figure 11. The relationship between reheating (semi-solid) temperature and shape factor
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Figure 12. The relationship between cold deformation ratio and shape factor

The increase of shape factor due to increasing reheating (semi-solid) temperature can be explained through increasing
liquid phase ratio. Since the heating temperature at the semi-solid area is above eutectic temperature, partial melting
begins. Melting occurs at grain boundaries with high-energy deformation and phase areas with a low melting point. In
order to reduce energy at the grain boundary, recrystallized equaxial grains melt and depart from each other at the end
where they contact. At the same time, a eutectic phase that has a low melting temperature above the solidification
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temperature also melts. The melted eutectic liquid phase penetrates grain boundaries with energy and enhances
equaxial grains separation. Equaxial grains are surrounded by liquid-convex areas on the solid-phase surface,
surrounded by liquid melt (Guner et al., 2019). The existence of high amounts of liquid phase causes grains to become
more globular. Similarly, Dong et al. (Dong, Cui, Le, & Lu, 2003) state that increasing reheating (semi-solid)
temperature increases the globularity index degree in the same alloy.

The low shape factor ratio (0.4-0.6) at 10% cold deformed sample can be attributed to recrystallization due to the
insufficient internal energy of this sample. Polygonal coarse grains were obtained from this sample due to insufficient
internal energy (Figure 6.a-6.c, Figure 7.a-7.c, and Figure 8.a-8.c). As is seen in Figure 12, the shape factor increases
with the increasing cold deformation ratio (0.7-0.8). Recrystallization occurs at 20%, and 30% cold deformed samples
result from fine, globular structure (Figure 6.d-6.i, Figure 7.d-7.i and Figure 8.d-8.i). for a successful thixoforming at
industrial practices, samples (feedstocks) are desired to have shape factor above 0,6 (Friedrich, Arnold, Sauermann,
& Noll, 2009; Guner et al., 2019; Kapranos, Liu, Atkinson, & Kirkwood, 2001).

The increase of cold deformation from 20% to 30% significantly increases the shape factor. Liu et al. (Liu, Atkinson,
Kapranos, Jirattiticharoean, & Jones, 2003) stated in a thixoforming study of high-resistance wrought Al alloys that
0-5 min. Holding duration at reheating (semi-solid) temperature increases shape factor, but longer holding durations
(5-30 min.) cause a decrease in shape factor. According to these results, it is understood that holding duration at
reheating (semi-solid) temperature is more effective on the shape factor. However, Onsel (Onsel, 2005) emphasizes
that in feedstock production with the SIMA method, the reheating (semi-solid) temperature is more effective than
holding duration in thixotropic structure formation with a globular structure (Onsel, 2005). This study determined that
increase in shape factor is more distinctive with increasing reheating (semi-solid) temperature (Figure 11). Liu et al.
(Liu et al., 2003) state that long holding duration at reheating (semi-solid) temperature cause macro-segregation at the
center and edge of the sample.

4. CONCLUSIONS

The influence of cold deformation ratio and reheating temperatures were investigated on the microstructure of
AA7075 alloy, which was produced by the strain-induced melt activation (SIMA) process. The following
conclusions can be drawn from the presented study;

1. The grain size decreased while the shape factor increased with an increasing cold deformation ratio in feedstock
production.

2. While grain size increases with increasing reheating temperature, it was determined that the change in shape factor
is not significant at a 20% cold deformation ratio.

3. It was determined that at least 20% cold deformation is required for obtaining homogeneous thixotropic structure
production by the SIMA method in the AA7075 alloy.

4. There is no need to soak at a reheating (semi-solid) temperature to obtain globular structure production in the
AAT7075 alloy, which is applied with 20% and above cold deformation
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