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1 Kisa Ozet YARI KATI ERITME YONTEMI

- " £ Araliksiz sogutulan Sn-15Pb alasimlarindaki i¢
yapilar
a)diisiik kayma yiikii ve diisiik kat1 miktarinda

Yar1 kati ni, MIT de Spencer tarafindan Sn-Pb

alasimla ranisi lizere yapilan bir ¢alismaya dayanir.
b)diisiik kayma yiikii ve yiiksek kat1 miktarinda

Katilas ik uygulanmasi kayma mukavemetini oldukca

disiiriiyc

Boylelik] ndadagilde yuvardagimaskhinsekilde katilagtyor.

Flemings, M. C. (1991). Behavior of metal alloys in the semisolid
state. Metallurgical Transactions A,22(5), 957-981. do0i:10.1007/bf02661090
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1 Kisa Ozet YARI KATI ERITME YONTEMI

1 2
== LIOUID CASTING
—— RHEO Known since 4000 BC
Liquidus temgeraturA \

*SEMI-SOLID METAL
CASTING/FORMING

SEMI-SOLID
Solidus temperature ps & ~, Knownsince 1973 AD
*HOT FORMING
Known since 4000 BC
SOLID
*COLD FORMING
Known since 4000 BC

Ambient temperature

Midson, S. P., & Jackson, A. (2006). A Comparison of Thixocasting and Rheocasting. In World Foundry Congress.
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1 Kisa Ozet RHEOCASTING (REODOKUM)

0 Clamping System Gas Induced Semi-Solid Process
ey )
Graphite Inject inert gas
diffuser l ]
)
3
Molten metal Ejection System . Slurry

Ladle

Inert Gas n¢cC u UuldIiliilddl
Bubbles 9 yg

Kismi kati harcin gazla uyarilmis karistirma ve basingli dokiim 6rnegi

Semi-solid Die Casting using the Gas Induced Semi-Solid (GISS) Technique. (n.d.).
Retrieved November 02, 2017, from http://rdo.psu.ac.th/en/news/2014Features-21.php
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1. Kisa Ozet RHEOCASTING (RHEO DOKUM)

Rheocasting yontemini kullanan kiiresel firmalar

Islem Adi Sirket Yer Teknik Ismi
) Gibbs Die o
Gibbs ) USA Stirring
Casting
Hitachi Hitachi Metals Japan Stirring
Honda Honda Japan Stirring
Induction ) o
o CSIR South Africa Stirring
Stirring
SEED Process Alcan Canada Stirring
Slurry on ) o
Mercury Marine USA Stirring Midson, S. P., & Jackson, A. (2006). A Comparison of
Demand Thixocasting and Rheocasting. In World Foundry Congress
Rheo- Brunel Dendrite
o o England .
Diecasting University Fragmentation
Semi-solid ) )
) Idra Prince USA Numerous Nuclei
Rheocasting
ATM CSIRO Australia Numerous Nuclei
Buhler Buhler Switzerland | Numerous Nuclei
Direct Thermal University )
] Ireland Numerous Nuclei
Method College Dublin
New )
) Ube Japan Numerous Nuclei
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Alliiminyum Alasimlar

. esitli aliminyum alagimlarinin mukavemet degerleri
Aliiminyum alagimlarinin siniflandirilmasi Ges i ; g

: - . _ _ Termomekanik Mukavemet
Alasim Sistemi Alasim Serisi Aliiminyum Serisi  Alagim Sistemi )
Islem (MPa)

Work-hardenable Alloys .

Ixxx Al Soguk Isleme 70-175
Pure Al Ixxx

2XXX Al-Cu-Mg
Al-Mn 3XXX Isil islem 170-310
Al-Si AXXX (1-2.5%Cu)

- 2XXX Al-Cu-Mg-Si
Al-Mg 7075 AlaslmnSle)%ndart kompozisyoh araligi Isil islem 380-520
Al=Fe ] BxXX (3-6%CU) ] I
plel e hercerhie P cu Mn_| Mo 00t LIV MgTI éaf,guk fstpme 140-280
Al-Cu 2XXX _Si suk slé -
agirlk % 040 050 1.2-20 030 [21-29 ¢18%28 5162 02  Renififtir™ 105-30
Al-Cu-Mg 2XXX 5XXX Al-Mg
Al-Cu-Li XXX Soguk Isleme 140-280
_ (1-2.5%Mg)

Al-Mg-Si BXXX

5XXX Al-Mg-Mn
Al-Zn XXX Soguk isleme 280-380
Al-Zn-Mg 7XXX (3-6%Mg)
Al-Zn-Mg-Cu 7XXX BXXX Al-Mg-Si Isil Islem 150-380
Al-Li-Cu-Mg 8XXX Isil Islem 380-520

Standard specification for aluminum and aluminum-alloy sheet and plate.
(1981). Philadelphia, PA: American Society for Testing and Materials.

8XXX Al-Li-Cu-Mg Isil Islem 280-560

1.12.2019 TUDOKSAD 19 Bauccio, M. (1993). ASM metals reference 8
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KULLANIM ALANLARI

T. (2015, August 06). Turkish Defence Industry 2015 - Tiirk Savunma
> Sanayi - Yerli Silahlarin Miizikle Essiz Uyumu. Retrieved November 9
1.12.2019 TUDOKSAD 19 03, 2017, from https://www.youtube.com/watch?v=38Lx3RMun1U



7075 YARI KATI DOKUMU

HPDC machlne Crucible of temperature-controlled
' ¥ O - 8 T TN R A

UTS (MPa) Elongation (%)
‘As-cast After T6 = As-cast After 76

- Coventionsl
B OO L Lt SO o
620 96 28602074  A59.9-474.1 3.08 258
628 179 2862 ~3013 4623 - 481 4 285 220
ICSPC 662 626 265 2031-2995  4516-4805 1.65 120 :ﬁﬁg
624 34.6 2758-2041 43554536 1.0 0.75 MPs)

e) ISCPC prosesi (624 Dokiim Sicakligl, 60MPa)
) ISCPC prosesi (626 Dokiim Sicakligi, 90MPa)
g) ISCPC prosesi (628 Dokiim Sicakligi, 120MPa)

VRNt 2

Ters koni seklinde dokiim kanal1 yonteminin sematik gosterimi (inverted cone-shaped
pouring channel)

Yang, B., & Mao, W. (2010). Microstructure characteristics and
mechanical properties of rheocasting 7075 aluminum alloy. China
Foundry,20. doi:10.1016/s1003-6326(10)60590-0
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2.Deneysel Calismalar YUKSEK BASINCLI DOKUMQ

Air pocket being
entrapped

Lubricant
(2) A

N,

o

<o \\
nHnnnRaRi

Phasel PhaseIll

Metal Casting. (n.d.). Retrieved from https://feasolution.com/metal-casting/

1.12.2019
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Hu, X., Zhu, Q., Midson, S., Atkinson, H., Dong, H., Zhang, F., & Kang, Y. (2017). Blistering in semi-solid die
casting of aluminium alloys and its avoidance. Acta Materialia,124, 446-455. doi:10.1016/j.actamat.2016.11.032
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2.Deneysel Caligmalar DENEYSEL CALISMALAR

1. Kum Kaliba 2.Presli
Dokim Dokiim

Termal Analiz 1¢in Yiiksek Mukavemetli 7075
Alasimi liretimi 1¢in
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4.Sonu¢&Tartisma

Termal Analiz Sonuclari

Solidus/Likidus sicakhiklarinda ¢ok az bir diisiis gozlendi

Cooling Curves of Non-Vibrating & Vibrating

Non-Vibrating
700 , | | ! — Vibrating (25hz)

g

Temperature (C)
W
3

E‘m s
450
400
350 1 1 1 1 1 |
0 200 400 600 800 1000 1200
time (sec)
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4.Sonuc& Tartisma Termal Analiz Sonuclari

Solid Fraction
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2.Deneysel Calismalar

PRESLI DOKUM

Genel proses parametreleri

T6 151l islem| papygsgsedsehki5: Titresim Frekansi (Hz)

(°C) S1d&klik (°C) 2%aman (daat) 35 Ortam
CozeltiyeAlma  gag Dokt 78 Dgklm #81.5 | Doklim #apal} Firn
Yaglandurma 630 Dokirh 22 451@11@ #624 | DidgumA%pal Firmn
Su Verme 625 Dékiin283 ﬁékﬁm # - @n*mm% Su

1.12.2019
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2.Deneysel Calismalar Cekme Numuneleri

ASTM B557M-10 Standartlar:
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3.Sonuc& Tartisma PRESLI DOKUM

1.Mekanik Test Sonugclari

2. XRD & SEM Analizleri

3.Mikroyap1 Analizleri

1.12.2019 TUDOKSAD 19 18



3. Sonug¢&Tartisma Cekme & Sertlik Test Sonuclari

oC) oC)
5ﬁ1,635 T6 heat treated 5 (3302 635

MPA L
50 Y squeeze casting

150 | squeeze casting
—ll— 15hz t6-treated —l— 15hz t6-treated
—@— 25hz t6-treated @ 25hz t6-treated
450 —4&— 35hz t6-treated 145 —&— 35hz t6-treated
@ © 140
g o~
i @13t
5 % I
P ® 130
& 350 | <
5 g
> 125
< T .
300 120 |
115 |
250 1 N 1 . 1 M 1 " 1 2 1 N 1 M 1 M
635 630 625 636 634 632 630 628 626 624
SSM Temperature (°C) SSM Temperature (°C)
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3. Sonuc& Tartisma MIKRO YAPI ANALIZI

Dokiim Sonrasi

,.uﬁbr‘ i 3 g2 P Ay SN s : AR AT T T S AN NS X LN
:gba‘og ';‘~ s N 5&.\' ) 10 X é‘.,'“ H N L5 “—‘ \’ %
- B PITEse SR Se s A0 YRR e TR T Do Doy

S S, X 4 “ ; & &v.'x" o .“ar ‘p.,""-‘.‘ :&S -.
G el TNy VL LY A =
S A SR TS ‘%@ b

o ' -

g SN
’G

"‘( N

25Hz &625°C  25Hz&630°C 5 Hz & 635°C

1.12.2019 TUDOKSAD 19 20



3. Sonuc& Tartisma MIKROYAPI ANALIZI

Isil Islem Sonrasi

25 Hz & 625°C 25 Hz & 630°C

-

A s Less Residual

Besduali “QmeY dilirse Globular

¢ Rorositics: 48 Grains

L = —

Boros

1S
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3.Sonuc¢ Tartisma Neden 635°C?

Termal Analiz sonug¢lar ve literatiire gore 625-630°C dokiim sicakligl optimum!!!

* Alasim tasinmasi sirasinda 5-6°C diistis

* Gergek proses sicakligl 5-6°C daha diisiik

* Optimum deger w < 630°C

1.12.2019 TUDOKSAD 19 22



3.Sonuc& Tartisma SEM MIKROYAPI ANALIZI

c:\edax32\genesis\genspc. spe
Label:Chlorite (Nrm.%= 38.86, 20.96, 34.83, 1.14, 3.84, 0.28)

EDAX FAF Quantification (Standardleas)
Element Hormalized
SEC Table : Default

.

Element Wt % At ¥ K-Ratio z A F
Mgk 2.22 2.69 0.0105 1.0425 0.4450 1.0245
1K 82.49 90.27 0.4637 1.0124 0.5552  1.0000
Cuk 9.99 4.64 0.0903 0.9031 1.0001 1.0000
Znk 5.30 2.319 0.0481 0.9044 1.0039 1.0000
Total 100.00 100.00
EDAX FAF Quantification (Standardlessa)
Element Het Inte. Bkgd Inte. Inte. Error r/B Element Hormalized
Mak g1.13 9.50 3.53 8.54 SEC Table : Default
ALK 31627.67 11.30 0.48 321.10
Cuk 167.09 7.86 2.32 21.26 Element Wt & At % K-Ratioc z 2 F
Znk 76.30 6.53 3.53 11.85 Mgk 1.28 1.76 0.0038 1.0602 0.2728 1.0128
AlK 6§5.31 B0.75 0.2489 1.0295 0.3702 1.0000
Cuk 25.19 15.33 0.2689 0.9213 1.0001 1.0000
Znk 4.22 2.15  0.0391 ©0.9229 1.0037 1.0000
Total 100.00 100.00
Element Net Inte. Bkgd Inte. Inte. Error 0/B
Mak 27.65 20.53 9.70 1.35
A1E 1856.29 17.39 0.76 106.76
Cuk 474.60 15.08 1.53 31.47
Zrik 59.08 11.00 4.93 .37
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3.Sonug&Tartisma TITRESIMIN ETKISI page 123

Titresimsiz 670°C’de dokiilen

TUDOKSAD 19




3.Sonu¢& Tartisma

CEKME TESTI

1.12.2019
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3.Sonuc& Tartisma SEM MIKROYAPI ANALIZI

by 25 Hz at 635°C

"r‘-

—

‘ WD mag HV | HFW | ‘ W mag HV | HFW | 500 nm
“%]6.9 mm |39 385 x| 25.0kV |7.58 um | “1110.3 mm| 183 023 x| 25.0 kV [1.63 pm| METE-METU
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3.Sonuc¢c&Tartisma XRD SONUCLARI

300 squeeze casting 15hz t6-treated [F—=saveeze casting 1572 635°C t-treated)]
§ =,
3 15 - ™ ~
250 = =) 5
c 5
N =
o N
200 L L = s
? W-
z 33 z 3 3
G 150 5 L= <= ﬁ .
o
=
100 5
| . i
50  625°C - 38,62 ° 4516 ©
l | - 630°C L,
0 . - . ‘l = - 4033 2 - 6350C 0 o 1 a L 2 L o 1 A L A 1 ™
. . R . R 36 38 40 42 44 46 48
20 40 60 80 100 120
2 Theta (°)
2 Theta (°)

1.12.2019 TUDOKSAD 19 21



GENEL BULGULAR

1. Titresim altinda proses sicakligi distiiglinde, solidus/likidus sicakliklar: diistiyor.
2. Termal analiz sonug¢larina gore en 1y1 mekanik o6zellikler 630-625°C arasinda bekleniyor.

3. Fakat en yiiksek ¢cekme mukavemeti (483MPa), egme mukavemeti (1000 Mpa) 635°C’de elde
edildi.

4. Titresim uygulanarak egme ve ¢ekme mukavemetlerinde ciddi bir artis saglandi.

5. Bu calismaya gore; 7075 alasiminin yar1 kat1 dokiimii 1¢in en uygun titresim frekansi 25 Hz
ve dokiim sicakligr 635°C dir.

1.12.2019 TUDOKSAD 19 28
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