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Dokumlerde Hacimsel Degisim Davraniglari

(Behaviour of Volumetric Change During Casting)

-istisnalar disinda tim dékiimler soguma ve katilasma sirasinda hacimsel olarak
kugulUrler. Bu hacimsel davranisa CEKME ad verilir.

*Cekme soguma sirasinda ug farkli asamada gercgeklesir.

*Celik dokumler ve aluminyum alagimlarinin dokumleri bu tur (duzenli) hacimsel degisim
gOsteren dokumlere ornek gosterilebilir.
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Sekil 1. Tek yonliu hacim degisimi (Uniform Volume Change)




=l Dokumlerde Hacimsel Degisim Davranislari

(Behaviour of Volumetric Change During Casting)

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. Kuresel grafitli ddkme demir, Sekil 3. Dokme demirlerin sogumasi sirasinda gift
(SEM) gorintisui (SG Iron SEM Viev) yonld hacimsel degisim. (Non-uniform volume

change during cooling cast irons)
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Grafitli dokme demirlerde hacimsel degisim davraniglar (Volumetric change
in graphitic cast irons)
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Sekil 4a. Tek yonli hacim degisimi
Orn. Celik (ST1030)
(Uniform Volume Change, eg.ST1030)
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Temperature —»

Sekil 4b. . D6kme demirlerin sogumasi
sirasinda gift yonli hacimsel degisim.
Orn. KGDD (GGG50).

(Non-uniform volume change during
cooling cast irons eg.GGG50)



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)
Katilagma Zamani, kesit kalinhigi, Modiil (V/A orani)

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

Dokum Sicakhigi

Hangi faktortn etkisi ne kadardir ve bunlar besleyici
tasariminda nasil kullanilir?..

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

Iron Temperature in Mould (*C) Iron Temperature in Mould (*C)
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Estimation of shrinkage and shnnkage time
from Analyss, Casting Modulus and Metal

Temperature

Example: 335% C,25% Si+ P
Casting Modulus: 20em
Casting temperature: 1300°C
Shnnkage: 1.6%
Shrinkage time: 550%
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Sekil 5. Aiman VDG Diyagramlari (German VDG Nomograms)
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Do not take mouid rigidity for granted. Rigid moulds are the

anent ones (sanal

INea Or NOTj, Vatuurn provess mouus,

perm Trene I
o thoro:aghly dried and cement bonded moulds. Adequate rigidity of Na-silicate or organically bonded sand aggregates needs be [15j
=X ascertained. If positive start with the Chart.
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Applied Feeding

Conventional Feeding |[257]
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Feeding with the
Running System [Ej

Proceed to Chart 05

Sekil 5. Karsay $Semalarn (Karsay Charts)
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Directly Applied ;
Fdading @ Feederless Design
Proceed to Chart 06 Proceed to Chart 03




1. Pertorm a careful MODULUS
ANALYSIS using Charta

10and 11.[37]

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

[
|
|
é
%z
4
|
I

,ﬁ

"

~

Using Chart 13, determine and
note My for avery heavy : ' iy N d ve
segment. VOLUME SHARE (i)

3. Adjcining segments with maduli 2 My (Transter modulus, cm) form one
FEEDINGUNIT. inthe EXAMPLE sagments !l and |11 as well as segments V and
VI are feading units. Vary often one casting is one feeding unit. .

4. Feeding units are enisled by segments on ail sides the moduli of which are smaliar
than the neighbouring My. (In the EXAMPLE dividing segments are | and IV}, 1o

5. For each feeding unit the moculus of the heaviest sagment Is SIGNIFICANT which
must ba free of swelling and thermal centre porosity. (In the EXAMPLE L
permitted in sagment V. Consaquently, SIGNIFICANT MODULUS (Mg cm) for
feeding unit 11711 is 1.5 cm and for feading unit V/VI is 1.4 cm.

6 Determine transfor modull (Mg, €m) for each feeding ynit using Chart 13. This involives /
judgement on METALLURGICAL QUALITY. Use the upper line It 7
metallurgical quality is poor, the lower line i the is vory good //
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7. Design closad feeders using Charts 14 and 15 or Chart 40 i the parting Is vertical
during tha pour.
8. Design short contacts, If s, contact modulus (Mg, em) = 0.6 X My For shape

and size Chart 17 may bo L ///f

9. Aitach feeder to any segment in one feeding unit. Altampt to use one feeder for more 4
than ong feading wunit. |

U
10. The tops of all feeders must be in the same horizontal plane. [ 357 05 1o 15 2.0 25

11. Inspect feed liquid required (Chart 18) and avallable (Chart 19), —t
If necessary, incroase all feeder hoiohtan Mg(cm)

12, Gate modulus must not 0.3 % My Obtain sutficient choke cross sectional area gga
by uging several thin, wide and long gates, (Charts 17 and 26}

13 Control pouring tamperature sccording 1o Chart 08,
14 Vent generously and clearly through the cope.

15. Inspect leading distance. {Chart 20). This Chart is conservative. Stll, It
y, se1 additional feeders. For long production runs Chart 20 may be
disregarded and consigerad only if the trial castings are detective.

°

Pressure Control Feeding System Design [37]

FEEDING SYSTEM DESIGN COMPLETED.
Proceed to Chart 21

DESIGN CHART

Sekil 7. Karsay $Semalari (devami) (Karsay Charts, continued)



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 (M3, cm) [G7]

Sekil 8. Karsay $emalari (devami) (Karsay Charts, continued)
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Sekil 9. Karsay Semalari (devami) (Karsay Charts, continued)



2 Kirsel Grafitli Dokme Demirlerde Hacimsel Degisimin SolidCast Similasyon
Programinda Hesaplanmasi (Calculation Volume Change in SG Irons with SolidCast)

_Iox]
Casting Mateial | Cooling Curve | Mold Materials | HT Coefficients ~ Iron Calculation | Other |
Calculation ofvalumetric changes in castiron based on VDG Nomograms Type——
Carbon IB.E-E % Casting Modulus IE.E»I} cm * Ductile Iron
i Grey lron
Silicon I2,4 % Temperature in Mold |13-'4I} C oo
Phosphorus ID.[HE- G
Metallurgical Quality 51
A [ > _
Low Mediom High Calculate Iron Properties
Mold Rigidity 51
Kl | *
Low Medium High
Riser Design
Shrinkage Time in % .
of Sclidification Time 128 %
Expansion (+) / Contraction (-) 031 %
CFS Point 20 %
Shrinkage at Liquidus 055 <%
Shrinkage at ST Point 092 %

Shrinkage at Solidus 401

N

Sekil 9.

Close
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=22/ Kursel Grafitli Dokme Demirlerde Hacimsel Degigimin SolidCast Simulasyon

Programinda Hesaplanmasi (Calculation Volume Change in SG Irons with SolidCast)
=10/ x|

Calculation of volumetnc changes in cazt iron based on YDG Momograms

" Englizh % Metric

Carbior: |3 5a % Casting Modulus Ig an cm :_‘_I'Ip; e |
: : * Ductile Iron
Silicar: |2f4 4 Temperature in T340 C = Grey lron
P old:
Phospharus: ||:|f|:|5 % ¢ CG
bl etallurgical Clualiby
il 1 DIE
Lo b edivirm High
kold Rigidity
il 1 DIE
Lo bl edium High
CFS Paint: I?g %
. . e : . — Shrnkage Curve —————
Shrinkage Time in 2 of Solidification Time: |-| a8 %
&t Liguidus: I-D,EE
E xpanzion [+] / Contraction [-]: ||13-| 4 ALET Point IEIEM—
&t Solidus: |4

Rizer Design | E xit

Sekil 10. ae




2.Deneysel Calismalar ve Metod (Experimental)

Sekil 11.4800 Kg agiriginda GGG70 Dokum parga kati model gorinas
(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 (%) 360 1250 (0018030 (030 1,25 10,050]1,45 |0,20
Gerceklesen (%) 1359 1220 [003 [052 1034 |105 [0049[150 |0,36

13



Min:-592,57<Pos: 2,345  Max: 316,698
temp 1083,887 crt 0,518
sol 433,861 niy 3,352
cri 415531 hs-sol 1,235
lig 78,353 hs-cri 1,46
grd 2,412 dns 1,0
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Sekil 12. Deneme simulasyonu ile kesitlerde modul dagiliminin gizilmesi.
(Plot of module distribution in sections with try out simulation)
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Calculation of valumetric changes in cast iron bazed on %DG Namograms

Il = English i+ Metric

| ) _ — Type
Carbon: 358 % CLaslingModulus  [375 em & Ductile Iron

Silicorn: Igfm 4 Temperature in ™ Grey lron
Maldk [1350 C -G
Phospharus: Illﬂ'l 5 4

b etallurgical Guality

4] 1 ][50
Low Ik ediurn High
b4 old Figidity
4] | | 50
Low I edium High

CF5 Paint: I?g 4

Shrinkage Time in % of Solidification Time: | 49 % — Shinkage Curve
At Liquidus: I'DfE?
Expanzion [+] / Contraction [-): ||1-|4 4 A4 ST Paint =T

At Solidus: |3fg-|

Rizer Design |h 2 E =it

Sekil 13. Girilen 6zelliklere gore dokme demirin hacimsel degisim degerlerinin hesaplanmasi.
(Calculation of volume change of cast iron for given properties).




N ™
k| B3 Iron Casting: Riser Design C=TC = g

Percent Salid for Riser Desigr: I?gj 4
Enter Casting "/ eight ar %alume;

nght | \olume | 4900 Kg .......................... H

< MNET ExPANSION: MO RISER REQUIRED

I —
Casting Modulus: Ig 76 Crn . .
. Rizer Diamneter: I i

Rizer Height: I T

—— Sleeve Type:
i~ Mone - Gated Through MHeck Dimenzions:
i Ingulating Rizer

& Exothermic Round Meck: Diameter = I T
{7 Exothermnic Mini-Riser Square Meck: Size = I mm
Propaortion of Liquid ketal Removed [%] |25

Rect. Meck [4 = B]: Enter Dim & I mmo
Moduluz Increase Factor |-| a3
Calz Dim B | I mm
Rizer Height: Diarneter A atic: |-| 5

’7 Riser Type Riger M oduluz: I cm

" Side Rizer i+ Top Rizer Meck Modulus: | o

[~ Short Neck R atio of Riser Moduluz ; Cazting Modulus: I

Ratio of Meck Modulus : Casting b odulus: I

Cloze |

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



Temperature: 132222 C Percent Sclid:  Solid Shrinkage 0223 %

Set Niyvama Pt Draw Sol. Curve
Set CF Solid Pt Draw Shrk Curve

Sekil 15. Katilasma ve Hacimsel Degisim Egrileri (Solidification and Volume Change Curves)
1 24



. 4 Adet 0.8 dm’
ekzotermik gomlek

Kromit maga

2 Adet yolluk girisi
¢ap=50 mm

Sekil 16.a. Dokiim modeli (Casting model), b Kromit maga (Cromite core)
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= ' 3. Sonuglar (Results)

Sic akhk dagiimi C. (Tempereture distribution) Katilasma zamani dak. (Solidification time min.)

40653
11262

1000,59 2688

839,11

635,56

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 igsleme tezgahinda (Part ready for machining)

20



4. Genel Sonuclar_(Conclusions)

1. Bu galismada dokum agirhgr 4800 Kg olan tek pargali bir dokimun kuma dokum yontemi ile
GGG70 sinifi kuresel grafitli dokme demir malzemeden dokimu incelenmisgtir.

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

3.Gercek dokumhane ortamda yapilan dokumlerde simulasyonlardan alinan sonucglara benzer
sekilde ¢cekme boslugu ve gozeneklilige rastlanmamig, kullanilan sembolik besleyiciler de dahil
olmak Uzere dokum tamamen dolu olarak kaliptan alinmistir.

4.Bu ¢alismanin 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 gostermistir. Besleyicisiz dokumler daha az sivi metal ile daha fazla dokum
yapiimasi (yuksek verim) anlamina geldiginden gerek rekabet ve karlilik gerekse cevresel etkilerin
azaltiimasi agisindan dnem tasimaktadir.
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TESEKKUR
Yazarlar bu calismanin firma icinde yapilmasina ve sonuglarin yayinlanmasina izin
veren Gursetas Dokum San. Tic. Ltd. $Sti. Gebze, Kocaeli, Firmasina tesekkur eder.
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