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Rezumat. La realizarea apliglor software destinate Abstract. To create software for casting solidification
simubirii solidificarii pieselor turnate este necesarse  simulation it is necessary to know the variationtlod
cunoasg varigia fragiei de aliaj solid Tn funge de  solidified alloy fraction in function of temperagurin the
temperatut. In lucrare se preziitrelaiile utilizate de  paper there are presented the equations used bgraut
autori pentru modelarea matematica acestei to mathematical model this dependence in the cése o
dependete in cazul solidifigrii pieselor turnate din unalloyed steel castings solidification. These ¢qua
oteluri nealiate. Reléle au fost utilizate de autori la were used by authors to create software desigrated
realizarea unui soft destinat siriil solidificarii pieselor ~ simulate the steel castings solidification. Thetwafe
turnate din eel. Softul realizat se bazeape un model realized is based on a finite differences matherahti

matematic cu diferea finite. model.
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1. Introducere 1. Introduction
Pentru realizarea aplitidor software destinate To create software for casting solidification

simulirii solidificarii pieselor turnate este necesar s simulation it is necessary to know the evolution of
se cunoasc evoluia fragiei de aliaj solid cu the solidified alloy fraction in function of
temperatura pe parcursul procesului de solidificaretemperature during solidification process. In the
in literatudi se 1intalnesc diverse réla care technical literature there are given divers equatio
modeleaz acest proces. In tabelul 1 sunt dateto model this process. In table 1 there are given
cateva reldi, utilizate de divegi autori pentru some equations, used by divers authors in modelling
exprimarea varigei fragiei solidificate cu the solid fraction variation with temperature, het
temperatura in cazul sindnii solidificarii unor  case of solidification modelling for any alloys [2,
aliaje [2, 4]. 4].

Notaiile au  urmitoarele  semnifiga: The symbols have the following meanings:
fs reprezind fragia solica si are valori intre 0 + 1; fs represent the solid fraction and has values
k — coeficientul de repatie dat de relga k =C4C,  between 0 + 1k — repartition coefficient given by
(Cs — este concentria curbei solidus la temperatura k = CJC_ (Cs —solidus curve concentration at
T, C. — concentrga curbei lichidus la temperatura T temperatureC, — liquidus curve concentration at
T); T+— temperatura de topire a componentului pur,T temperature)T+ — melting temperature for pure
in °C; T. - temperatura lichidus, Tn°C;  component, ifC; T, — liquidus temperature, {iC;

T — temperatura aliajului, i'C; a — coeficient dat T — alloy temperature, ifC; « — coefficient given
de rela;iaa=4Ds-t5/(Id)2; Ds — coeficient de difuzie by a = 4D5't5/(|d)2 : Ds — chemical diffusion
chimici, n (rr?)/s; ts — timpul de solidificare local, coefficient, in (rﬁ)/s;ts— local solidification time in
in secunde;ly — spaul interdendritic, in um; seconds; |y — inter dendritic space, inum;
o =1 —exp(-1d) — (1/2)exp(-1/2). o = 1-—exp(-1d) — (1/2)exp(-1/2).

Relaiile prezentate in tabelul 1 sunt utilizabile The equations presented in table 1 are useful
numai pentru anumite aliaje. Acestea nu pot fionly for some alloys. These equations cannot be
utilizate pentru aliaje care forméala solidificare  used for alloys that form peritectic or eutectic
compus peritectic sau eutectic. De asemenea elmmpound at solidification. In addition, they ate
sunt utilizabile in ipotezele entate de autorii care useful under the hypotheses enunciated by authors.
le-au propus. Refdle (1 + 4) au fost utilizate de Authors in the case of macrosolidification
autori in cazul modeatii microsolidificarii unor  modelling for nonferrous alloys [2 + 4] used the
aliaje neferoase [2 + 4]. equations (1 + 4).
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Evolutia fragiei de solid la solidificarea pieselor turnate dial

Tabelul 1. Reldi de dependeti a fragiei solidificate de temperatif2, 4]

Table 1. The dependence of the solidification foacbn temperature [2, 4
Equation to compute solid fraction Author
No. (f9) in function of temperaturel} (Year) Equation no.
1 T -7
1 fg= Tk BTI.;T Lever Law (1)
1
—T k=1 Scheil Model
2 fo=1- T -T |k-1 2)
s [—TT T (1942)
! dy-Flemi
Te =T, -k Brody-Flemings
3 fg=(1+ak) 1—(uj Model 3)
T -T (1966)
1-2ak
4 fo = 1 1- T -T | k1 Kur(zlg/lé)ld)elul (@)
1- 2wk TT _TL
Se poate considerad @n cazul unor Zciri lente, It can be considered that in the case of slow

macrosolidificarea aliajelor se d&gfaai Tn  cooling, the alloys macro solidification develop in
concordari cu diagramele de echilibru, deoarececoncordance with equilibrium diagrams, because
procesul de subcire la germinare este relativ redus. the under cooling process at germination is
In cazul aplicgilor software pentru simularea relatively reduced. In the case of software for
macrosolidifié@rii pieselor turnate, varie fradiei castings macro solidification simulation, the solid
solidificate se poate determina cu ajutorulfraction variation can be determined applying the
diagramelor de echilibru, prin aplicarea legii lever law. The equations to model the solid fractio
parghiei. Relgile de modelare a dependen dependence by temperature must be singularized for
fractiei solidificate in funde de temperatértrebuie  each alloy type and composition, in concordance
particularizate pentru fiecare tip compoziie de  with each equilibrium diagram specificity.

aliaj, Tn concordai cu diagramele de echilibru.

Deoarece tlurile prezini transformare Because steels present a  peritectic
peritecti@, evoluia fraaiei de solid cu temperatura transformation, the solid fraction evolution with
la solidificarea acestora este mai compldrcat in  temperature at their solidification is more complex
cazul fontelor. Ca urmare modelele matematice than in the case of cast irons. As result, the
aplicgiile destinate simdkii macrosolidificirii mathematical models and software designated for
pieselor turnate dintel sunt mai complexe. in steel castings macro solidification simulation are
aceast lucrare se preziatrelgiile matematice care more complex. In this paper there are presented the
modeleaz variaia fradgiei de solid in funtie de  mathematical equations that model the solid fractio
temperatut in cazul eelurilor. Acestea au fost variation in function of temperature in the case of
utilizate de autori pentru realizarea unui softsteels. Authors, to realise software for steeliogst
destinat simuirii solidificarii pieselor turnate din solidification, used these equations. The
otel. Modelul matematic al software-ului realizat se mathematical model of the software is based on
bazeaz pe metoda diferealor finite. finite differences method.

2. Modelarea matemati@ a temperaturii de 2. Mathematical modelling of steels
solidificare a atelurilor solidification temperature

in condtiile unei rciri lente, solidificarea In the slow cooling conditions, all alloys
tuturor aliajelor, inclusiv a aliajelor Fe-C arecltn  solidification (including Fe-C alloys) develops in
conformitate cu diagrama de echilibru. Diagrama deconformity ~ with  equilibrium  diagram. The
echilibru furnizeaz date privind temperaturile equilibrium diagram gives information about
critice  (temperaturile  lichidus si  solidus), critical temperatures (liguidus and solidus),
constitueni si fazele care se formeam condiii de  constitutes and phases formed in solidification
echilibru la solidificaresi fractia de fa solidk care  equilibrium conditions and solid fraction in
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este Tn echilibru la diverse temperaturi. equilibrium at various temperatures.

De aceea studiile Tn vederea madelsi a For this reason, the studies for modelling and
simulirii solidificarii aliajelor au la baz diagramele  simulation the alloys solidification (macro and
de echilibru. Diagrama de echilibru a aliajelor Ge- micro solidification) are based on equilibrium
este redatin figura 1. diagrams. The equilibrium diagram for Fe-C alloys

is presented in figure 1.
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Figura 1. Diagrama de echilibru Fe-C (Fe®r
Figure 1.Equilibrum diagram Fe-C (FezEg

Tabelul 2. Coordonatele punctelor critice din diaga de echilibru Fe-C (C', E’, F, S’ - ndtgentru diagrama staB)i[1]
Table 2. Critical points coordinates from equilibri diagram Fe - C (C', E', F’, S’ - notation foable diagram) [1]

Temperature, ifiC Carbon content, in %
Critical Hansen STAS Metals Giesserei | Hansen STAS Metals | Giesserei
point (1958) 2500-66 | Handbook | Kalender (1958) 2500-66 | Handbook| Kalender
(1973) (1986) (1973) (1986)
A 1534 1536 1538 1536 0 0 0 0
B 1493 1493 1495 1493 0.51 0.5 0.5 0.5313
C 1147 1147 1148 1147 4.3 4.3 4.3 4.30p
C 1153 1153 1154 1153 4.25 - 4.26 4.256
D - - - 1252 6.67 6.67 6.67 6.689
E 1147 1147 1148 1147 2.06 2.04 211 2.14
E’ 1153 1153 1154 1153 2.03 - 2.08 2.089
F 1147 1147 1148 1147 6.67 6.67 6.67 6.689
G 910 911 912 911 0 0 0 0
H 1493 1493 1495 1493 0.1 0.1 0.10 0.08p
J 1493 1493 1495 1493 0.16 - 0.16 0.16
K 723 723 727 727 6.67 6.67 6.67 6.689
L 500 400 400 - 6.67 6.67 6.67 -
M 768 769 770 - - - - -
N 1390 1392 1394 1392 0 0 0 0
O 768 769 770 - - - - -
P 723 723 727 727 0.02 - 0.0218§ 0.034
Q 500 400 400 - 0.006 - 0.002 -
S 723 723 727 727 0.8 0.8 0.77 0.758
S’ 738 738 738 736 0.69 - 0.68 0.688
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Tabelul 3. Ecugile temperaturilor lichidusi solidus a aliajelor fier carbon
Table 3. Liquidus and solidus temperature equationson-carbon alloys

,c\lrrt Line type sl);:rqgol Validity range Equation
u.m. - - %C T [°C] and C [%]
1 Lichidus AB 0+0.533 Tas= —80.6754C + 1536
2 Lichidus BC 0.533+4.302 Tec=—91.8015(C —0.533) + 1493
3 Solidus AH 0 + 0.086 Tay= —500C + 1536
4 Solidus HJ 0.086 + 0.16 Thy = 1493
5 Solidus JE 0.16 +2.14 T =—168.4518C—0.16) + 1493

Particularitatea principala acestei diagrame de The main feature of this equilibrium diagram is
echilibru const in aceea & ea prezirk dow  that it present two aspects, one stable (Fe-C) and
aspecte, aspectul stabil (FeChaspectul metastabil another metastable (FeJ&). The unalloyed steel,
(Fe-FeC). GQelurile nealiate, inclusiv telurile  including those in castings, all time solidify in
turnate n piese, se solidifictotdeauna dup concordance with metastable diagram. In the table 2
diagrama metastabil In tabelul 2 sunt date are given the critical points coordinates from #on
coordonatele punctelor critice din diagrama decarbon equilibrium diagram (C', E', F, S’ are
echilibru fier — carbon dupdiveri autori (C’, E’,  notation for stable diagram).

F’, S’ sunt notdile pentru diagrama stabjl

La realizarea modelelor matematice realizate in  To realise the mathematical models in this
cadrul acestei ludri s-au utilizat valorile furnizate research it will be used the values given by
de Giesserei Kalender (1986), considerand c Giesserei Kalender (1986) considering that are more
acestea sunt mai recent@eci mai realiste. recent and more realistic.

Pentru aliajele utilizate Tn praciiccare coftin For the alloys used in practice, that contains
si elemente Tngitoare, coordonatele unor punte accompanying elements, the coordinates for some
critice din diagrama de echilibru se pot calcula incritical points from equilibrium diagram can be
funcie de compozia chimiad prin relaii calculated in function of chemical composition
matematice. Astfel, solubilitatea maxim a  using mathematical equations. So, the maximum
carbonului Tn austerniitla temperatura eutectiCz  solubility of carbon in austenite at eutectic
— concentrg@ia in carbon a punctului E din diagrama temperature (E— carbon concentration in E point
de echilibru) se poate calcula prin tedd1]: from equilibrium diagram) is given by relation [1]:

Ce=2.03-2.08-Ti—0.35-P-0.3-Mo - 0.12-W —@&il2 0.09-Ni — 0.08-S — 0.07-Cr — (5)
—0.017-Co + 0.006-Mn + 0.014-Cu + 0.08-Al + 0.18-\[%]
Temperaturile de transformare eutettién The eutectic transition temperatures in the

sistemul stabil T¢') si Tn sistemul metastabillf) se  stable systemTg) and in the metastable system
pot calcula Tn funge de cofinutul de elemente de (Tc) can be calculated in rapport of alloying

aliere prin reldile [1]: elements content using the equations [1]:
Tc=Tcgw = 1153 + 7.5-Si -30-P — 2,C{°C] (6)
Te = Teme = 1145 - 10-Si - 30-P + 30,Cf°C] @)
Pentru calculul temperaturilor lichidussi To calculate the lichidus and solidus

solidus ale eelurilor turnate nealiate se utilizeaz temperatures of the unalloyed steels the metastable
diagrama metastabil Temperaturile de inceput de diagram can be used. The solidification starting
solidificare a aliajelor Fe — K€ utilizate in temperature for Fe — k@ alloys used in foundries
turnatorii (oteluri OT si fonte albe) pentru turnarea (OT steels and white cast iron) for castings, are
n piese, sunt date de linia ABCD (linia lichidus), given by ABCD line (liquidus line) and

iar temperaturile sfaitului de solidificare sunt date solidification ending temperature are given by
de linia AHJECF (linia solidus). Pentru a fi posibi AHJECF line (solidus line). To make possible the
modelarea matematica solidificrii in vederea solidification mathematical modelling with the aim
realizirii de software destinat siniinli acestui of creation software designated to simulate the
proces, este necesar ca temperatura coresfpang  process it is necessary to express the temperature
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acestor curbeasse exprime analitic in furfie de  corresponding to these curves in function of carbon
procentul de carbon. Cea mai sithplproximare a percent. The easiest approximation of this
ecuaiei acestor curbe este prin curbe de gradul unudependence is by first grade curves. This
O astfel de aproximare este suficient de aprépiat approximation is very close to reality. The

realitate. Aproximarea prin ediiade gradul unu approximation by first grade equations assures a
asigui o modelare matematic mai simpi a  simplest mathematical model for the solidification

procesului de solidificare, conducand la programeprocess, conducting to simplest computer programs.
pentru calculator mai simple. In aceste c@idi In these conditions, the equations for liquidus and
ecuaiile curbelor lichidussi solidus din diagrama de solidus curves from iron — carbon metastable

echilibru fier — carbon metastabgunt urnitoarele: equilibrium diagram (figure 1) are the followings:
Ecuaia curbei AB, curba lichidus pentru aliaje The equation for AB curve, liquidus curve for
Fe — C (eeluri turnate nealiate), cu comut de Fe — C alloys (unalloyed cast steels), with carbon
carbon intre 0 + 0,533 %C: content between 0 + 0.533 %C:
Tg—-T
Tiichidus = Tag = —2—2-0C—Cp) +Ta, [°C] (8)
Cg —-Ca
Pentru aliaje Fe — B& cu coninut de carbon For Fe — Fe¢C alloys with carbon content
intre 0,533 + 4,302 % feluri si fonte hipoeutectice) between 0.533 + 4.302 % (hypoeutectic steels and
ecuaia curbei lichidus (curba BC) este: cast irons) the liquidus curve equation (BC cuise)
Tc -T
Tiichidus = Tec —CE—BE«: Cg)+Tg. [°C] ©)
Curbele solidus au ectiisaseninatoare. Astfel The solidus curves have similar equations. So
curba AH pentru camuturi de carbon 0 + 0,086 % the AH curve for carbon content of 0 + 0.086 % is
are ecuga: given by:
_ T -Ta C
Tsolidus - TAH |]C C ) + TA’ C] (10)
C, -C,
Curba JE corespunde unor dooturi de The JE curve corresponding to carbon contents
carbon 0,16 + 2,14 % are ecuga: 0.16 + 2.14 % has the equation:
Te-T
Tsolidus = ToE ——CE CJ QC-Cy)+Ty, [°C] (11)
in relaiile (8) + (11),C reprezini cortinutul de In the equations (8) + (11§ represent carbon

carbon in procente in aliajul analizaf, Tg, Tc, Ty, percent in the analyzed alloy,, Tg, Tc, Th, T3, Te
T, Te reprezini temperaturile punctelor critice din represent the critical point temperatures from ion
diagrama fier — carbon, i&,, Cg, C¢, Cy, C;, Ce— carbon diagram, an@,, Cg, Cc, Cy, C;, Ce — the
continuturile de carbon in procente corespitoare  carbon percent corresponding to critical points.
punctelor critice.

in tabelul 3 sunt date edii®e cu coeficieni In table 3 are given the equations with
numerici obinute pentru aceste curbe pe bazanumerical coefficients for this curves obtained
valorilor temperaturilorsi continuturile de carbon based on temperature values and carbon content

din tabelul 2 (valori dupGiesserei Kallender). from table 2 (values from Giesserei Kallender).
3. Variatia fractiei de solid la solidificarea 3. The solidified fraction variation at steels
otelurilor solidification
Expresia fragei de solid la solidificarea The solid fraction equation at unalloyed steel

otelurilor turnate nealiate s-a determinat princastings solidification was determined by applying
aplicarea legii parghiei la diagrama de echilibru athe lever law for equilibrium diagram of
aliajelor fier — carbon. iron — carbon alloys.

Pentru ¢eluri cu cominut de carbon in For steels with carbon content in the range
intervalul 0 + 0,086 %C (& C < Cy) varigia 0 + 0,086 %C (0< C < Cy) the solid fraction
fractiei solidificate Tn intervalul de solidificare variation in the solidification interval, + Ts was
T, + Ts se modeleaizconform schemei din figura 2 modelled using the sketch from figure 2 and is
si este dat de relaia: given by the equation:
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TrC] T[°C]

A TL T L

T vé/ ) T fs _T-T
. ol B fsmax T —Tg
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‘ Ts .
e Cn=0.086 % C 0 fsmax=1 fs
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Figura 2. Schem pentru calculul fratei solidificate la aliaje Fe — C cu cgmut de carbon & C< Cy
(0< C< 0,086 %C); a) diagrama Fe — C; b) vasdradiei solidificate in funge de temperatérintreT_si Ts
Figure 2. Diagram to compute the solidificationctian for Fe — C alloys with carbon contert € < Cy,
(0< C<0.086 %C); a) Fe — C diagram; b) the solidificaticaction depending on temperature betw&eandTg

fg=ab 1 12

STT s (12)
unde T, reprezind temperatura lichidus (linia AB), where:T_ — the alloy liquidus temperature (AB line)
iar Ts temperatura solidus (linia AH). andTs— solidus temperature (AH line).

Pentru geluri cu coninut de carbon cuprins in For steels with carbon content in the range
intervalul 0,086 + 0,16 %C feluri situate in 0.086 + 0.16 %C (alloys situated in line with
dreptul orizontalei peritectice int@, si C;) fragia  peritectic horizontal betwee@, andC;), the solid
solidificati la o temperatdrT, cupring n intervalul ~ fraction at a temperature T, in the temperature
de temperatdr T, (linia AB) si Ty (temperatura interval T, (AB line) and Type (peritectic
peritectic) se stabilgte pe baza schemei din figura temperature) can be established based on the sketch
3si este dat de relaia: from figure 3 and is given by:
_n-T USDZ T -T DCB—C

T - Ty TL-Tw Cg—Cy

In aceast relaie fs reprezind fradia In this equatiorfs represent the solid fraction
solidificati Tn imediata apropiere a orizontalei in the vicinity of peritectic horizontal (at
peritectice (la temperatuff,). Valoarea frafiei fs temperatureT,). Its value {s) can be obtained
se ohine prin aplicarea legii péarghiei la nivelul using the lever law at the peritectic horizontadele

fs (13)

orizontalei peritecticei are valoarea: and has the value:
+ _ Cg-C
feo = _~B ~ 14
®"Ccg-Cy (14)
unde C repreziatcortinutul de carbon (in %) dintel. where C represent the steels carbon content (in %).
Fraaia solidificat calculad cu ajutorul relaei The solid fraction calculated with equation (13)

(13) ia valori intre Gi fs . La aceagtgani de aliaje  has values between 0 afad At this range of alloys

fractia de lichid Emas la temperatura peritectic the liquid fraction rest at peritectic temperature
f, = (1 —fs) se solidifici la temperatur constant ~ f° = (1 —fs) solidify at constant temperature by
prin transformarea periteciic eliberand &ldura  peritectic transformation, releasing the latent

latent de solidificare. solidification heat.
Pentru ¢eluri cu cominut de carbon in For steels with a carbon content in the range
intervalul 0,16 + 0,533 %C feluri cu transformare 0.16 =+ 0.533 %C (alloys with peritectic

peritectiéc cu compozie intre C; si Cg) intervalul  transformation and composition betwe@nandCg)

de solidificare este cuprins Tintre temperaturathe solidification interval is comprised between
lichidus (curba AB)si temperatura solidus (curba liquidus temperature (AB curve) and solidus
JE). Fraga solidificati se exprini pe baza schemei temperature (JE curve). The solid fraction is
din figura 4. expressed based on sketch from figure 4.
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T[°C] T[°C]
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Figura 3. Schempentru calculul fragei solidificate la aliaje Fe — C cu aomut de carborC,; < C< C;
(0,086 C< 0,16 %C); a) diagrama Fe — C; b) vaddradiei solidificate in funde de temperatéarintreT_si Ts
Figure 3. Diagram to compute the solidificationcfian for Fe — C alloys with carbon cont&it< C< C;
(0.08& C< 0.16 %C); a) Fe — C diagram; b) the solidificatfaction depending on temperature betw@&eandTs

T[°C] T[°C]
L
A Sty T4 _T,-T
y 5: >TL\B TB TS
S
| n
Ts
v '
‘ ‘ Ts
0 C s % C 0 s* fsv fs max=1 TS
=0.16 =0.533
a) b)

Figura 4. Schem pentru calculul fratei solidificate la aliaje Fe — C cu cgmut de carborC; < C< Cy
(0,16 C< 0,533 %C); a) diagrama Fe — C; b) vaadradiei solidificate in funde de temperatdrintreT_si Ts
Figure 4. Diagram to compute the solidificatiorctian for Fe — C alloys with carbon cont&y< C < Cy
(0.1&< C< 0.533 %C); a) Fe — C diagram; b) the solidificatitaction depending on temperature betw&eandTs

In intervalul de temperatircuprins intreT, si
Tyse fracia solidificat este dat de relaia (13). La
acest tip de aliaje o parte din ftiaclichida ramasi
la temperatura peritectic(Tyz = 1493 °C) se
solidifica la temperatdr constard conform
transfornarii peritectice. Fraga de solid care se
solidifica la temperatdr constarit (la temperatura
peritecti@) este dat de relaia:

— ¢
Af peritectic — fS

undefs reprezini fragtia de solid calculatpe baza
legii parghiei imediat sub orizontala peritegtic
Valoarea fragei fs este dat de relaia:

In the temperature range and T, the solid
fraction is given by equation (13). At this alloype
a part of the liquid fraction rested at peritectic
temperature Te = 1493°C) solidify at constant
temperature in conformity  with  peritectic
transformation. The solid fraction that solidify at
constant temperature (peritectic temperature) i
given by the equation:

- f& (15)
where fs" represent the solid fraction calculated

with the lever law quite under the peritectic
horizontal. Its valuef{") is given by equation:

_Cg-C
Cg-Cy
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La aceast gani de aqeluri, sub orizontala
calculeaz
conform schemei din figura 4b prin re&a

peritectia,

fragia solidificad se

fsz

fl+

Tg-T
Tg-Ts

14

At this range of steels, under the peritectic
horizontal, the solid fraction is computed using th
sketch from figure 4b with the equation:

(17)

In aceast relaie Ts reprezini temperatura where Ts represent the alloy solidus temperature
solidus a aliajului datde curba JE.

Pentru celuri

cu coninut de carbon in

intervalul 0,533 + 2,14 %C (intr€g si Cg) fragia
solidificati se calculeazpe baza schemei din figura fraction can be computed based on the sketch from
5. In acest caz fraa de solid la temperatufT,
cuprinse in intervalul de solidificard (- Ts) este

dati de relaia:

fs

T -T
T -Ts

given by JE curve.
For steels with carbon content in the range
0.533 + 2.14 %C (betwee@s and Cg) the solid

figure 5. In this case the solid fraction at
temperature, inside the solidification range £ Ty
is given by the equation:

(18)

undeT, este temperatura lichidus a aliajului situat where T, is alloy liquidus temperature situated on
pe linia BC, iarTs este temperatura solidus situat BC line, andTs is the solidus temperature situated
pe linia JE. Fraga solidificaé calculai cu aceadt
relaie ia valori intrefs = 0 + 1.

T[°C]

H
N

on JE line. The solid fraction calculated with this
equation has values in the rarige 0 + 1.

T[°C]
A L+6 fS _ TL _T
-/ B L T fomax T, -Tg
J \< T fs
\ T
1wl
Y iE‘
| 1 Ts . f
Ce C Ce % C 0 _Is
=0,553 =2.089 fs marl

b)

Figura 5. Schempentru calculul fragei solidificate la aliaje Fe — C cu c@mut de carboriCz < C< Cp
(0,53% C< 2,14 %C); a) diagrama Fe — C; b) védddradiei solidificate in funde de temperatdrintreT_si Ts
Figure 5. Diagram to compute the solidificatiorctran for Fe — C alloys with carbon cont&y< C < Cg
(0.53% C< 2.14 %C); a) Fe — C diagram; b) the solidificatfaction depending on temperature betw@&eandTs

4. Concluzii

Se obser¥ ci in cazul celurilor nealiate

varigia fraaiei solidificate cu temperatura este steels

influentatd foarte mult de compoga chimic. Din
aceast cauz nu se poate elabora un model composition. For this reason, it cannot be elaleorat
matematic unic pentru simularea solidific

intregii game de teluri turnate. Practic pentru solidification for entire
fiecare grup de aeluri (cu 0 — 0,086 %C, cu Practically

0,086 — 0,16 %C, cu 0,16 — 0,533 %C cu
0,533 - 2,14 %C) trebuie elaborat un model0.16 — 0.533 %C and with 0.533 — 2.14 %C) a

matematicsi un soft destinat simatii solidificarii.

Pentru practica industrialcel mai mare interes 1l
prezint grupa cu 0,16 — 0,533 %C, ghim care se
incadreaz cele mai multe @rci de geluri nealiate

turnate n piese.

4. Conclusions

It can be observed that in the case of unalloyed
the solidified fraction variation with
temperature is much influenced by the chemical

model to simulate the
range of cast steels.
for each group of steels (with
0 — 0.086 %C, with 0.086 — 0.16 %C, with

a single mathematical

mathematical model and a simulation software must
be created. For industrial use the greatest irtéses
presented by the group with 0.16 — 0.533 %C, that
comprises the most unalloyed steel marks used for
casting.
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in cazul aelurilor aliate diagramele de
echilibru sufei modificari substariale. De aceea
pentru modelarea matemditia solidificirii pieselor
turnate din ¢eluri aliate este necesar se analizeze
diagramele de echilibru a acestaelari. Modelele
matematice si respectiv aplicgilor software
destinate simarii solidificarii pieselor turnate din
oteluri aliate trebuie &sse elaboreze in concordan
cu aceste diagrame. Utilizarea in cazuglarilor
aliate a aplicgilor software concepute pentru
simularea solidifidrii otelurilor nealiate nu este
corecti si poate conduce la erori.
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