——

BESLEYIiCISizZ DOKUM YONTEMi ILE DOKULEN BIR
KURESEL GRAFITLI DOKME DEMIR DOKUMUN
INCELENMESI

INVESTIGATION OF A RISERLESS CAST
SG IRON CASTING

Ramazan KAYIKCI'!, Murat NERGIZ2 , Ozkan BiLGIiN?2

'Sakarya Universitesi, Teknik Egitim Fakultesi, Metal EQitimi Bolumu,

Esentepe Kampusu, 54187 Sakarya, e-posta:rkayikci@sakarya.edu.tr
2Gursetas Dokim San. Tic. Ltd. Sti. Gebze, Kocaeli,

e-posta: ozkan.bilgin@gursetas.com



Dokumlerde Hacimsel Degisim Davraniglari

——

(Behaviour of Volumetric Change During Casting)

«[stisnalar disinda tim dékiimler soguma ve katilasma sirasinda hacimsel olarak
kUgulurler. Bu hacimsel davranisa CEKME adi verilir.

*Cekme soguma sirasinda ug farkli asamada gercgeklesir.

*Celik dokumler ve aluminyum alasimlarinin dokumleri bu tur (duzenli) hacimsel degisim

gosteren dokumlere ornek gosterilebilir.
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Sekil 1. Tek yonll hacim degdisimi (Uniform Volume Change)



Grafitli dokme demirlerde hacimsel degisim davraniglar (Volumetric change
in graphitic cast irons)

*Grafit olusturarak katilasan dokme demir dokumlerinin hacimsel degisim davraniglari ise
istisna grubuna girmektedir.
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Sekil 2. Kiresel grafitli dokme demir, Sekil 3. D6kme demirlerin sogumasi sirasinda gift
(SEM) goérintist (SG Iron SEM Viev) yonll hacimsel degisim. (Non-uniform volume

change during cooling cast irons)



Grafitli dokme demirlerde hacimsel degisim davraniglarn (Volumetric change
in graphitic cast irons)
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Sekil 4a. Tek yonlii hacim degisimi Sekil 4b. . D6kme demirlerin sogumasi
Orn. Celik (ST1030) sirasinda gift yonli hacimsel degisim.
(Uniform Volume Change, eg.ST1030) Om. KGDD (GGG50).

(Non-uniform volume change during
cooling cast irons eg.GGGS50)



Kuresel Grafitli Dokme Demirlerde Hacimsel Degisim Davranisini

Etkileyen Faktorler

(Factors Affecting Volume in SG Irons)

Karbon Esdegerligi; (Karbon + 1/3[silisyum + fosfor orani)]
Asilama Pratigi, Mg orani (Metalurjik kalite)
Katilasma Zamani, kesit kalinligi, Modiil (V/A orani)

Kalibin karsi koyma giicii (yas kum, kuru kum, regineli
kumlar)

Dokiim Sicakhg:

Hangi faktorun etkisi ne kadardir ve bunlar besleyici
tasariminda nasil kullanihr?..

(How to know which factor has how much effect ?...)

Ts To
Temperature

Volume Change, %



Iron Temperature in Mould [*C)
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Estimation of shrinkage and shrinkage time
from Analyus, Casting Modulus and Metal
Temperature

Example: 335 % C,25% i+ F

Casting Modulss: 2,0em
Casting temperature: 1300 *C
Shrinkage: 1.6 %
Shrinkage time: 550 %

Sekil 5. Aiman VDG Diyagramlari (German VDG Nomograms)
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Do not take mould rigidity for granted. Rigid moulds are the permanent ones (sanad linea or Not), vacuuimn process mouius,
thoroughly dried and cement bonded moulds. Adequate rigidity of Na-silicate or organically bonded sand aggregates needs be
ascertained. If positive start with the Chart.
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CHART 02
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Conventional Feeding

Applied Feeding |[13]

M(em) | Ce)le) ) e

l

Feeding with the
Running System

Directly Applied :
Feeding Q‘ij Feederless Design

Proceed to Chart 05

Proceed to Chart 06 Proceed to Chart 03

Sekil 5. Karsay $Semalarn (Karsay Charts)

M, < 0.75 0.75< M, <25 Ma>25 |[37])
[=]



Pressure Control Feeding System Design [37]

13.
14.
15.

Perform a careful MODULUS
AMNALYSIS using Charts

1uand11,[3rj

EXAMPLE

5y 15

140My

If shape is complex, constructa
modulus distribution chart.
This may look like the Example
on the right.

My 105 My20.95 w105\ My [ 102
o8

MODULUS (cm)
3
5

¥ |a

Using Chart 13, determine and N IE i »

note My for every heavy o o
segment. VOLUME SHARE tu%l
Adjoining segments with moduli 2 Mt (Transfer modulus, cm) form one

FEEDING UNIT. Inthe EXAMPLE segments |l and |11 as well as segments V and
VI are feeding units. Very often one casting is one feeding unit.

Feeding units are enisled by segments on all sides the moduli of which are smaller
than the neighbouring My. (In the EXAMPLE dividing segments are | and IV).

For each feeding unit the modulus of the heaviest segment is SIGNIFICANT which
must be free of swelling and thermal centre porosity. (In the EXAMPLE porosity is
permitted in segment V. Consequently, SIGNIFICANT MODULUS (Mg cm) m for
feeding unit 11/111 is 1.5 cm and for feeding unit V/VI is 1.4 em.

Determine transfer moduli (My, cm) for each feeding ynit using Chart 13. This involves
judgement on METALLURGICAL QUALITY. Use the upper line if
metallurgical quality is poor, the lower line if the 8ame is very good.

Design closed feeders using Charts 14 and 15 or Chart 40 if the parting is vertical
during the pour.

Design short contacts,@lt so, contact modulus (Mg, cm) = 0.6 X My. For shape
and size Chart 17 may be Used.

Attach feeder to any segment in one feeding unit. Attempt to use one feeder for more
than one feeding unit.

. The tops of all feeders must be in the same horizontal plane. EEEj
. Inspect feed liquid required (Chart 18) and available (Chart 19).

If necessary, increase all feeder heights.[ 37

. Gate modulus must not exceed 0.3 X My. Obtain sufficient choke cross sectional area

by using several thin, wide and long gates. (Charts 17 and 26.)
Control pouring temperature according to Chart 09.
Vent generously and clearly through the cope.

Inspect feeding distance.[ Q3 J(Chart 20). This Chart is conservative. Still if
necessary, set additional feeders. For long production runs Chart 20 may be
disregarded and considered only if the trial castings are defective.

FEEDING SYSTEM DESIGN COMPLETED.
Proceed to Chart 21,

(€) Ferrous Casting Centre (Pty) Ltd.

l
i

_Transfer Modulus in Dependance of Significant Modulus and Metallurgical Quality

Minimum Pouring Temperature 1380 °C
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Sekil 7. Karsay Semalari (devami) (Karsay Charts, continued)
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Feed Liquid required to be located above the topmost point of the Casting

[Per cent of the Volume or Weight of Casting and Feeder(s).]

FEED LIQUID REQUIREMENT (%)

(RUNNING SYSTEM DISREGARDED)
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AVERAGE CASTING MODULUS (Mg, cm) [G7]

Sekil 8. Karsay $Semalar (devami) (Karsay Charts, continued)
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continued)

Sekil 9. Karsay Semalari (devami) (Karsay Charts



Progra minda Hesaplanmasi (Calculatlon Volume Change in SG Irons with SolldCast)
=10 x|

Casting Material | Cooling Curve | Mold Materials | HT Coefficients  Iron Calculation |[.‘!ther |

Calculation ofvolumetric changes in castiron based on VDG Nomograms Type—
Carbon [358 % Casting Modulus [2,90 em * Ductilelron
" Grey Iron
Silicon |24 % Temperature in Mold |'|34'|]' i  ce

Phosphorus Iﬂ'.{H 5 %

Metallurgical Quality 51

ﬂan Medi# High ﬂ Calculate lIron Properties
Mold Rigidity 51
Kl [ I

Low Medium High

Riser Design

Shrinkage Time in %
of Solidification Time -39

Expansion (+) / Contraction (-] 0,31
CF5Point 80
Shrinkage at Liquidus ) 55
Shrinkage at ST Point Qg2
Shrinkage at Solidus 401

ELE L

Close

Sekil 9.

11



Programinda Hesaplanma3| (Calculatlon Volume Change in SG Irons with SolldCast)
=10 x|

Calculation of wolumetnic changes in cast iron based on YDz Momograms
" Enaglizh f+ Metric
Carbior: |3 5a x Casting Moduluz Ig a0 ety :_‘l_"p; e |
: : + [Ductile lron
Silicar: |2J4 x Temperature in £ Grey lran
Mald 1340 L ~ G
Phozpharus: ||:| 05 x
ketallurgical Quality
A BIE
Lo t ediuim High
ald Rigidity
[ [l DE
Lo kd ediLim High
CFS Paink: I?g A
— Shrinkage Curve —

Shrink.age Time in % of Solidification Time: |-| a8 A

Expanzion [+] / Contraction [-]: ||:|J3-| z

Rizer Design |

Sekil 10.

At Liguidus: I-EI,EE
&EST Paint: |_|:|J94
At Solidus: |4

E st

12



2.Deneysel Calismalar ve Metod (Experimental)

Sekil 11.4800 Kg agiriginda GGG70 Dékim parga kati model gortintsu
(Solid model of GGG70 cast part weighted 4800 kg).

Tablo 1.Simulasyon ve dokimlerde hedeflenen ve gerceklesen kimyasal bilesim degerleri (Chemical analysis)
Element C Si P Mn Cr Cu Mg Ni Mo

Hedef (%) 3,60 [250 10,018 (0,30 0,30 |1,25 ]0,050]| 1,45 [0,20
Gerceklesen (%) 13,59 12,20 [0,03 [052 |0,34 [1,05 [0,049|1,50 |0,36

13



' Custom -High (XY)

6,38

3,31

0,58
x 118115
y: =303, 731
Z:-2,345

]

Min:-592 57:Pos: -2 345 Max: 316,652

temp 1083387 crt 0,513
sol 433,661 niy 3,352
cri 415,531 hs-z0l 1,235
lig 78,353 hs-cri 1,46
grd 2,412 dns 1,0

Sekil 12. Deneme simulasyonu ile kesitlerde modiil dagiliminin gizilmesi.
(Plot of module distribution in sections with try out simulation)

14



55 Iron Volumetric Change:

| i~ Englizh i+ Metric

Carbar: IS,EE 4
Silicon; |2J4|:| 4
Phospharus: ||:|f|:|-| 3 k4

I| Calculation of wolumetric changes in cast inon bazed on DG Momograms

_ Type———
Caszting Modul I
AsHng e 8.76 e f* D uctile Iran
Temperaturne it i Grey lron
Muold: |135':' C LG

Metallurgical Guality

< 1 ][50
Lo b edivirm High
Mald Rigidity
< 1 | [=0
Lo kedium High

Calculate Iron Properties h 1

Shrinkage Time in % of Solidfication Time: | 49 4

Expanzion [+] / Contraction [-]:

Rizer Design |h 2 E =it

Sekil 13. Girilen 6zelliklere gore dokme demirin hacimsel degisim degerlerinin hesaplanmasi.

CFS Paint; I?g A

— Shirinkage Curve

At Liquidus: I-D,E?

% .
0.14 AEST Paint: |1 19

At Solidus: |3fg1

(Calculation of volume change of cast iron for given properties).

15



9. Iron Casting: Riser Design

E nter Cagting Weight or Yolume;

Weight | Yallme | Ile':“:I ka

Casting Maduluz: 8.7 cm
—— Sleeve Tope:
i Mone r I5ated | hrough
i Inzulating Rizer
* Ewathermic

™ Exothermic Mini-F izer
Proportion of Liquid Metal Bemowed (2] |25

|1 33

Maodulus Increaze Factar

Rizer Height; Diamet er B atio;

s

Rizer Type

’7'[“ Side Riser * Top Riser

[T ShartNeck

Percent Solid far Rizer Desigr: I?gj 4

<

MET ExFANSION: NO RISER REQUIRED

I—mm
I—mm

Rizer Diameter:

Rizer Height:

Meck Dinersiorns.
Found Mecl: Diamctor =

Square Neck: Size =

/]

Rect. Heck (4« B):

Calz Dim B

i

Rizer Modulas:

Meck Modulds;

Ratio of Rizer Moduluz : Casting bModulus:

Ratio of Meck Modulus : Casting hodulus:

iyl

mrm

Erker Drim & I mn

I—mm
|—|:m
|—|:m

—
—

Sekil 14. Net genlesme (besleyici gerekmiyor) uyarisi.
(Indication of Net Expansion:No Riser Required)

Cloze |

16



|

Temoerature: 132222 C Percent Sdlid:  Solid Shrinkage 0223 %

Set Mivama Pt Draw Sol. Curve Done
Set CF Solid Pt | Draw Shrk Curve Reset

Close

._kﬁ_

Sekil 15. Katilasma ve Hacimsel Degisim Egrileri (Solidification and Volume Change Curves)
11



4 Adet 0.8 dm’
g ekzotermik gomlek

Kramit maca

2 Adet yolluk girisi
cap=50 mm

Sekil 16.a. Dokiim modeli (Casting model), b Kromit maga (Cromite core)

18



3. Sonuclar (Results)

Sicakhk dadm C. (Tempereture distribution) Katilasma zamani dak. (Solidification time min.)

405,53

2888
137 43
287

1262

1000,59

Malzeme yodunludu (Material density) Mikro porozite (Micro porosity)

Sekil 17.Simulasyon sonrasi sonuglarin degerlendiriimesi (Evaluation of simulation results)
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Sekil 18. Parga isleme tezgahinda (Part ready for machining)

20



4. Genel Sonuclar_(Conclusions)

1. Bu calismada dokum agirhgr 4800 Kg olan tek pargali bir dokimin kuma dokum yontemi ile
GGG70 sinifi kuresel grafitli dobkme demir malzemeden dokimu incelenmisgtir.

2.Verilen malzeme ve dokum sartlari esas alinarak yapilan simulasyonlarda dokumun buyuk oranda
pozitif bir hacimsel degisim etkisi altinda katilasacagi belirlenmis ve buna bagh olarak hacimsel
genlesme basincinin etkisi ile besleyici gerekmeksizin bu dokumun dokulebilecegi belirlenmistir.

3.Gercek dokimhane ortamda yapilan dokimlerde simulasyonlardan alinan sonuclara benzer
sekilde ¢cekme boslugu ve gozeneklilige rastlanmamis, kullanilan sembolik besleyiciler de dahil
olmak Uzere dokim tamamen dolu olarak kaliptan alinmistir.

4.Bu calismanin sonuglari kuresel grafitli dokme demirden dokulen bu ve benzer dokumlerde sartlar
uygun oldugunda ek besleyici kullaniimadan dokumlerin yalnizca yolluk baglantisi ile saglam bir
sekilde dokulebilecedini gdstermistir. Besleyicisiz dokimler daha az sivi metal ile daha fazla dokim
yapilmasi (ylUksek verim) anlamina geldiginden gerek rekabet ve karlihk gerekse cevresel etkilerin
azaltilmasi agisindan onem tagimaktadir.
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