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Rezumat. Sunt prezentate rezultatele tiolote prin  Abstract. The paper presents the results obtained by
simularea pe calculator a solidifii pieselor turnate computer aided simulation related to the solidtfma of
referitoare la influeta ricitorilor asupra fungonarii castings, concerning the influence of coolers cedés
maselotelorRezultatele arétca prin utilizarea &citorilor performance. The results reveal that feeder volaare
combinai cu maselote, volumul maselotelor poaiefie be considerably reduced by utilization of coolers

redus considerabil. combined with feeders.
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1. Introducere 1. Introduction
Maselotele di indeplinesc rolul dacin timpul The feeders fulfil their role if during

solidificarii aliajului lichid din formi este asigurat solidification of the liquid alloy in the mould the

un gradient de temperafusuficient dinspre piesa ensure a sufficient temperature gradient from the
turnat spre maselét Pentru aceasta este necesar c&asting towards the feeder. A requirement in order
intre modulul de solidificare real al piesei, alto achieve this is to ensure a ratio of at ledst.1/ 1.2
canalului de legfura si al maselotei, & existe cel [5, 9, 11, 12] of the real solidification moduli of
putin raportul 1 /1,1 / 1,2 [5, 9, 11, 12]. Aceastapart, the channel and feeder. This however requires
conduce ins la dimensiuni mari ale maselotgi  large feeder dimensions and thus causes a reduced
deci la un randament @t privind utilizarea efficiency of liquid alloy utilization.

aliajului lichid la turnare.

Este posibil ca gradientul de temperatpies — The part-feeder- feeding channel temperature
alimentator - maselatsi fie influentat favorabil prin  gradient can be favourably influenced by using
utilizarea de #citori in forma de turnare. Plasarea in coolers in the casting mould. Placing the coolers i
forma de turnare a unaoxaitori, in poziii favorabile,  favourable positions in the mould augments this
accentueaz acest gradient, influgind astfel gradient, thus benefiting the operation of the
favorabil fungionarea maselotelor. Se poate reducdeeders. Hence feeder volume can be reduced, and
astfel volumul maselotelor, mgorandu-se consumul consequently also the consumption of liquid alloy i
de aligj lichid la turnare. Ca urmare se reducéutos casting. The overall effect is a reduced
de fabricaie al pieselor turnate [1, 2]. manufacturing cost of the castings [1, 2].

In cadrul acestei lugri sunt prezentate The paper presents the results of research
rezultatele cerceatilor efectuate de autori care au conducted by the authors who aimed at revealing
urmarit sa puri in evidemd in ce nisui utilizarea  the extent to that cooler utilization can influence
de #citori poate influera consumul de aliagj lichid liquid alloy consumption in casting and thus the

la turnaresi deci costul pieselor turnate [6]. manufacturing cost of cast parts [6].
2. Mod delucru 2. Working methodology
S-au efectuat cercet prin simularea Research was conducted by computer aided

solidificarii pe calculator. Piesa conuweonak  simulation of solidification. Figure 1 shows the

asupra #reia s-au efectuat cerdete este aftati in ~ conventional part used for research, which by its
figura 1. Dug dimensiuni aceasta se incadéeiz  dimensions belongs to the category of small parts.
categoria pieselor mici. Rezultatele pot fi ans The results can however be extrapolated to medium
extrapolatesi Tn zona pieselor mijlociisi mari, and large parts, categories with a more significant
categorie pentru care efectul reducerii dimensounil effect of reducing feeder dimensions on the
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maselotelor asupra consumului de aliaj lichid laconsumption of liquid alloy in casting and on
turnaresi asupra costului de fabriga este mult mai  manufacturing cost.
important.

in tabelul 1 sunt date rezultatele unei analize  Table 1 shows the results of a summary
sumare a solidifirii acestei piese prin metoda analysis of the solidification of this casting, the
modulului de solidificare [13]. Pentru efectuareamethod of the solidification modulus [13]. In order
acestei analize, volumul piesei s-a &mjp in trei  enable solidification analysis the volume of thet pa
zone, conform sclei din figura 2. S-a calculat has been divided into three areas, as shown ingfigu
modulul de solidificare geometric al celor trei 2on 2. The geometrical solidification moduli of thedbr
Rezultatele analizei sunt date in tabelul 1. Damare areas were computed. Analysis results are given in
piesa nu prezigt goluri de dimensiuni mici, table 1. As the part has no small size holes, the
modulele reale de solidificare sunt apropiate cavalues of the real solidification moduli are cldse
valoare de modulele de solidificare geometrice. those of the geometrical ones.

Tabelul 1 Analiza solidifigrii prin metoda modulului de solidificare
Table 1. Analysis of solidification by the methofttlee solidification modulus

No Area of the part Volume Cooling surface Geometrical solidification modulus
' Zona din pies Volum Suprafaa de #cire Modulul geometric de solidificare
- - \Y S M=V/S
u.m. - mni mnt mm
1 Area 1 (zona 1) 19200 3840 5
2 Area 2 (zona 2) 33280 5824 5.71
3 Area 3 (zona 3) 160000 18560 8.62
zona 3
.
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Figura 1. Piesa turnat Figura 2 Tmgrtirea piesei in zone pentru calculul
Figure 1.The casting modulelor de solidificare
Figure 2 Division of the part into areas for the
computation of the solidification moduli
Rezultatele aratca piesa prezirt (cum era de The results reveal (as could be presumed) a 40

intuit) un nod termic in zona cu grosimea de 40mm thick hotspot on the right hand side of the.part
mm, plasat in partea dreapt Pentru obnerea unei  In order to obtain a shrinkhole-free casting arkdte
piese fira retasufi este necesar ca la turnarg,se feeder is required placed in the area of the haotspo
utilizeze o maselétlateraf plasai in zona nodului In this case, in order to favourably direct the
termic. In acest caz, pentru a inflgerfavorabil  solidification towards the feeder an external coole
dirjarea solidificirii piesei spre maselat este can be used placed at the inferior part of the
posibil g se utilizeze unacitor exterior careasse  hotspot.

plaseze la partea de jos a nodului termic al piesei

Influenta  utilizarii  unui  racitor asupra The research on the influence of cooler
functiondrii maselotei s-a studiat prin simulare pe utilization on feeder operation was studied by
calculator. means of computer aided simulation.

S-a simulat solidificarea acestei piese turnate in  The solidification of this cast part was
patru variante de turnageanume: simulated in four variants of casting:

- piesi turnati fara maseloi si fara racitor; - casting in the absence of a feeder and cooler;
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- piesi turnati cu 0 maseld@tcu grosimea dm = 60 mm - casting with a feeder of thickness dm = 60 mm
si fara racitor; and in the absence of a cooler;
- piesi turnafi cu o maselatcu grosimea dm =60 mm - casting with a feeder of thickness dm = 60 mm
sl Cu un &citor exterior; with an external cooler;
- piesi turnati cu 0 maseldtcu grosimea dm =80 mm - casting with a feeder of thickness dm = 80 mm in
si fara racitor. the absence of a cooler.
in toate cazurile #timea maselotei a fost In all cases the height of the feeder was of

Hm = 120 mm. Modul de amplasare a maselotelorHm = 120 mm. Figures 3 5 show the locations of

a facitorului si dimensiunile acestora esteitt in  the feeders, the cooler and their dimensions.

figurile 3 + 5. S-au utilizat maselote cu seoe  Feeders of square cross section were used, what
patrati. Aceasta nu afectehdzingi concluzile however does not influence the conclusions

privind influena racitorilor asupra fungonarii regarding the influence of coolers on feeder
maselotei. operation.
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Figura 3. Schema tufrii cu maselat cu dm = 60 mmgi fara racitor
Figure 3. Schematic of casting with a feeder of=l60 mm and in the absence of a cooler
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Figura 4. Schema tufrii cu maselat cu dm = 80 mmgi fara racitor
Figure 4. Schematic of casting with a feeder of=l80 mm and in the absence of a cooler
(piesa = casting; canal = runner; masetofeeder)
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Figura 5. Schema tuirii cu maselat cu dm = 60 mrgi racitor
Figure 5. Schematic of casting with a feeder of=l60 mm and with a cooler

o
N

racitor 28 60

139



RECENT, Vol. 13, no. 2(35), July, 2012

3. Rezultate 3. Results

Simularea solidifigrii s-a realizat cu soft-ul Simulation of solidification was achieved by
SIM-3D, realizat la Universitatea Transilvania din SIM—3D software, developed at the Transilvania
Brasov [3, 4]. S-a considerat cazul térim piesei  University of Brgov [3, 4]. The case considered
din fonti eutecti@ cu grafit nodular. was that of casting from eutectic spheroidal graphi
Caracteristicile termofizice ale aliajului turnatie  cast iron. Table 2 features the thermo-physical
racitorului si ale formei sunt date in tabelul 2. characteristics of the cast alloy, the feeder dmed t

mould.

Tabelul 2. Caracteristicile termofizice ale matiefiar din ansamblul formei
(aliaj turnat folosit, #ciror, formi) utilizate la simulare
Table 2. Thermo-physical characteristics of theemials included by the mould assembly
(cast alloy, cooler, mould) utilized for simulation

No Thermo physical parameter Symbol um Value
' Parametru termofizic Simbol T Valoare
Cast alloy density 3
1 Densitatea aliajului turnat Pme Kg/m 6700
Specific heat of the alloy in liquid state.
2 Cildura specifia medie a fontei lichide Cume J/KgK 850
Specific heat of the alloy in solid state
3 Cildura specifié a fontei solide Csme JKgK 750
4 Initial temperatgrg of the mpuld Ty oc 20
Temperatura iniald a formei.
Initial temperature of the cast alloy 0
5 Temperatura iniala a fontei lichide Tome C 1350
Specific latent heat of cast alloy
6 Cildura latent specifié de solidificare a fontei turnate Lme kg 250000
7 Environment temperature T, oc 20
Temperatura mediului exterior
8 Thermal exchange coefficient mould-environment " W/MZK 10
Coeficientul de schimb deildura intre fornd si mediul exterior ex
9 Thermal conductibility coefficient of the solidifiealloy 2 W/mk 40
Coeficientul mediu de conductibilitate terin stare solid a fontei turnate sme
10 Thermal conductibility coefficient of the liquidlay ’ W/mK 30
Coeficientul mediu de conductibilitate terfin stare lichid a fontei turnate Lme
Solidus temperature of the cast iron 0
1 Temperatura de solidificare a fontei Tsme C 1150
Initial temperature of the cooler 0
12 Temperatura iniald a fcitorului Tor C 20
Mould density 3
13 | pensitatea formei pr Kg/m 1550
Specific heat of the mould
14| caldura specifid a formei Cet J/KgK 1170
Thermal conductibility coefficient of the mould
15 Coeficientul mediu de conductibilitate terria formei M WimK 0,85
Thermal conductibility coefficient of the cooler
16 Coeficientul mediu de conductibilitate terria facitorului Ara Wimk 40
Specific heat of the cooler
7 Caldura specifi¢ medie a acitorului Cra J/KgK 750
Cooler density 3
18 | pensitateaacitorului PRa Kg/m 7200
Pentru fiecare caz s-au determinat itoarele: The following were determined for each case:
- poztia (coordonatele) nodului termic; - position (coordinates) of the hotspot;
- timpul de solidificare a piesei si a maselotei; - solidification time of the part and feeder;
- repartizarea grafic a izotermelorsi a nodului - graphical distribution of the isotherms and hotsp
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termic Tn ansamblul formei de turnare la in the assembly of mould at the moment of
momentul solidifi@rii complete a aliajului turnat complete solidification of the cast alloy in the

in forma; mould;
evoluia temperaturii pe parcursulaairii = si - evolution of temperature during cooling and
solidificarii aliajului lichid Tn nodul termic solidification of the liquid alloy in the hotspot
(punctul ultimei solidifiéri) a aliajului turnat. (the final point of solidification) of the cast @yl
Rezultatele sunt date in tabeluki3in figurile Results are given in table 3 and figures 3 — 8
3-85i9-12. and 9 — 12, respectively.

In tabelul 3 sunt date rezultatele privind Table 3 features the results obtained for the
coordonatele punctelor in care se te#imin coordinates of the final solidification points dfet
solidificarea aliajului lichidsi timpul de solidificare liquid alloy and the solidification times of casirp

a piesesi a maselotelor. and feeder.

Tabelul 3 Rezultate privind solidificarea piesigh maselotelor
Table 3 Results concerning solidification of cagtamd feeders

Solidification e . Feeder to part
. ; Solidification time e )
Coordinates of time of the solidification time
. . the hotspot casting of fche feeder ratio
No Variant of casting Coordonatele Timpul de Timpul de Raportul dintre timpii
) Varianta de turnare . . Impu solidificare a portu’ dir impi
nodului termic solidificare a . de solidificare al
Lo maselotei .. SO
piesei maseloteki al piesei
xOy fsoLp tsoLm tsowm /tsoLp
u.m. - mmx mm S S -
Part cast in the absence |of
1 a feeder 23; 34 621.6 - -
Piesa turnatfara maseloi
Part cast with a dm = 6p
mm feeder .
2 Piesa turnat cu maselat 28; 48 933.2 1538.0 1.65
cudm =60mm
Part cast with a dm = 6D
3 | mm feeder and a cooler 26: 52 560.4 1329.0 237
Piesa turndt cu maseldt
cu dm = 60mmi racitor
Part cast with a dm = 8D
mm feeder .
4 Piesa turnat cu maselat 24; 52 944.0 1975.0 2.09
cu dm =80mm
Note. The coordinates of the hotspots are measanediation to a frame of reference with its origirthe left hand side hotspot

2 # & o 00 130 B0 e 130
Figura 6. Repartizarea izotermelor in piggnati fara maselat la momentul sfaitului solidificarii piesei (tabelul 3, poz. 1)
Figure 6. Distribution of the isotherms in the gagtn the absence of a feeder at the final momeslidification (table 3,
pos. 1)
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Figura 7. Repartizarea izotermelor in piesa tdroatmaselat dimensiuni dnmx Hm = 60x 120 mm la momentul
sfawitului solidificarii (tabelul 3, poz. 2)
Figure 7. Distribution of the isotherms in the @agtwith a dmx Hm = 60x 120 mm feeder at the final moment of
solidification (table 3, pos. 2)
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Figura 8. Repartizarea izotermelor in piesa tarnatmaselota cu dimensiuni cdevHm = 60x 120 mmsi racitor cu
dimensiunile 40 x 40 x 20mm la momentul si@rui solidificarii maselotei (tabelul 3, poz. 3)

Figure 8. Distribution of the isotherms in the @agtwith a dmx Hm = 60x 120 mm feeder and 4040 x 20 mm
cooler at the final moment of feeder solidificatigable 3, pos. 3)
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Figura 9. Repartizarea izotermelor in piesa tarnatmaselota cu dimensiunile dnHm = 80x 120 mmgi fara racitor
la momentul sfaitului solidificarii maselotei (tabelul 3, poz. 4)
Figure 9. Distribution of the isotherms in the aagtwith a dmx Hm = 80x 120 mm feeder in the absence of a cooler
at the final moment of feeder solidification (taBlepos. 4)
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in figurile 6 + 9 este attati repartizarea
izotermelor in ansamblul formei de turnare laisotherms in the assembly of the mould at the final
sfawitul solidificarii aliajului turnat. Tn aceste figuri
se obser¥ pozitia punctului in care se terndin

solidificarea sistemului piés- maselat — racitor.

in figurile 10 + 13 este ditati repartizarea
temperaturii pe axa formei sitada nivelul piesesi
a alimentatorului la momentul solidifigi piesei
turnate. Aceste figuri pun in evidérgradientul de
temperatut n sistemul piesturnati — maseldt, la
acest moment. De acest gradient

functionarea maselotei.
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Figures 6+ 9 show the distribution of the

moment of alloy solidification. The figures reveal
the position of the final point of solidificatiorf the
casting — feeder — cooler system.

Figures 10 to 13 show the distribution of
temperature along the mould axis located at casting
and feeder channel level at the moment of casting
solidification end. These figures reveal the
temperature gradient in the casting - feeder system

depindét this moment. This gradient determines the

functioning of the feeder.
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Figura 10. Temperatura pe axa orizohtabiesei, la momentul sfétului solidificarii acesteia
(t_sol_p=621,6s) (varianta 1)

Figure 10. The distribution of temperature along ilerizontal casting axis at the moment of pattigaation end
(t_sol_p =621.6 s) (variant 1)
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Figura 11. Temperatura pe linia orizogitdln ansamblul formei (situata nivelul azei alimentatorului)
la momentul solidifiarii piesei turnate (t_sol_p = 933,2 s) (varianta 2)
Figure 11. The distribution of temperature along tiould axis located at casting and feeder chdawvel
at the moment of casting solidification end (t_got 933.2 s) (variant 2)
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Figura 12. Temperatura pe linia orizogitdln ansamblul formei (situata nivelul axei alimentatorului) la momentul
solidificarii piesei turnate (t_sol_p = 560,4 s) (varianta 3)
Figure 12. The distribution of temperature along ittould axis located at casting and feeder chdewvel at the
moment of casting solidification end (t_sol_p = 366) (variant 3)
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Figura 13. Temperatura pe linia orizotitalin ansamblul formei (situata nivelul azei alimentatorului) la momentul
solidificarii piesei turnate (t_sol_p =944,0 s) (varianta 4)
Figure 13. The distribution of temperature along iould axis located at casting and feeder chdewvel at the
moment of casting solidification end (t_sol_p = $4) (variant 4)

4. Concluzii

Analiza rezultatelor a condus la uitoarele
concluzii:

In cazul solidificrii piesei turnate #ra
maselod nodul termic este plasatséacum era de
asteptat) Tn piesa turngt In centrul zonei cu
grosimea maxim Aspectul izotermelor aratca
solidificarea piesei este dirifatde la stanga spre
dreapta piesei (figura 6). Aceastdirijare a
solidificarii este favorabd utilizarii unei singure
maselote laterale Tn partea dréaptpiesei, in zona
nodului termic.

in cazul utilizirii unei maselote laterale cu
grosime redus (dm = 60 mm) nodul termic este
situat Tn maseléf nsi este plasat lateral, n
imediata apropiere a canalului masglet pies
(figura 7). Aceast poziie este defavoralail
deoarece existriscul ca retasuraasse extind spre

4. Conclusions

Analysis of the results yielded the following
conclusions:

In the case of solidification of a part cast in the
absence of a feeder, the hotspot is located (as
expected) centrally in the area of maximum
thickness of the casting. The aspect of the isotker
shows that part solidification is directed from the
left to the right hand side of the casting (fig@e
The direction of solidification is favourable for
placing a single lateral feeder in the right hait s
of the casting, in the area of the hotspot.

In the case of utilizing a lateral feeder of
reduced thickness (dm = 60 mm) the hotspot is
located in the feeder, but laterally, in the imnageli
vicinity of the feeder — part channel (figure 7Thi§
position is unfavourable, as it entails the riskhaf
shrinkhole to expand towards the feeder and even
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alimentatorsi chiar in pies§, fiind posibil ¢ apai 0 the cast part, and of an area of microporosity to
zom cu microporoziiti in piesi, Tn apropierea occur in the casting next to the feeding channie¢ T
canalului de alimentare. Raportul dintre timpul defeeder to casting solidification time ratio is
solidificare al maselotai al piesei este suficient de sufficiently great (tsolm / tsolp minim = 1.65, tab
mare (tsolm / tsolp minim = 1,65, tabel 3, poz. 2),3, pos. 2), greater than the minimum value
fiind mai mare decat valoarea mirimecomandat recommended in literature (tsolm / tsolp minim =

de literatug (tsolm / tsolp minim = 1,45, 1.45, corresponding to a ratio of the solidificatio
corespunator unui raport al modulelor de moduli of Mm/Mp =1.2).
solidificare Mm / Mp = 1,2). The utilization of a larger feeder (of thickness

Utilizarea unei maselote mai mari (grosimeadm = 80 mm, two times the thickness of the part)
dm = 80mm, dublul grosimii piesei) deterrmim  determined a more favourable position of the
pozitie mai favorabil a nodului termic, respectiv a hotspot and the shrinkhole, respectively, namely in
retasurii, in maselat(figura 9). In acest caz nodul the feeder (figure 9). In this case the hotspot is
termic este situat spre mijlocul maselotei, mailocated towards the centre of the feeder, further
departe de piesa turdiat ceea ce garantegaz away from the casting, hence ensuring the casting
obtinerea unei piese compacte. Raportul timpilor deof a compact part. The feeder to part solidifioatio
solidificare maseldat — pied este in acest caz time ratio in this case is tsolm / tsolp minim 2.
tsolm / tsolp minim = 2,09 (tabel 3, poz. 4). (table 3, pos. 4).

Utilizarea unui &citor plasat la partea de jos a The utilization of a cooler located at the
piesei, chiar in prezem maselotei cu grosime nic inferior part of the casting, even in the presevica
(dm = 60 mm) determindeplasarea nodului termic thin feeder (dm = 60 mm) determines the location
spre partea superioara a maselotei, imd@pd in  of the hotspot towards the superior part of the

acest fel retasura de piesa tuiinat feeder, thus distancing the shrinkhole from the
Prin utilizarea #citorului, raportul dintre timpul  casting.
de solidificare a maselotesi a piesei crge Utilization of a cooler cause a significant

considerabil, tsolnd tsolp minim = 2,37. Aceasta increase of feeder and casting solidification time,
evideniazi cresterea accentuata gradientului de the ration being of tsolm / tsolp minim = 2.37. §hi
temperatut dinspre pies spre maselét si o reveals a large increase of the temperature gradien
imburatatire considerabil a fungionarii maselotei.  from the casting to the feeder and a considerable
De asemenea pune in evigeai exist o rezerd in ~ improvement of feeder functioning. It further
privinta reducerii dimensiunilor maselotgi deci  reveals a reserve existing in relation to reducing
este posibdi o ameliorare considerabil a feeder dimensions and thus a considerable
randamentului de utilizare a aliajului lichid la improvement of liquid alloy utilization efficiendp
turnare. Aspectul izotermelor din ansamblul formeicasting. The aspect of the isotherms in the assembl
(figura 8) evideriazi, de asemenea, accentuareaof the mould (figure 8) also reveals the
gradientului de temperaturde la pies spre augmentation of the temperature gradient from the
maseloi. casting towards the feeder.

Analiza curbelor de vani a temperaturigi a Analysis of the variation curves versus time of
fractiei de solid in funge de timp Tn nodul termic temperature and solid fraction in the hotspot rksvea
arati cinetica solidifi@rii acestuia si pune de the kinematics of its solidification and also the
asemenea in evidgnefectul favorabil considerabil considerable favourable effect of cooler utilizatio
al utilizarii racitorilor Tn combingie cu maselotele in combination with feeders on the operation of the
asupra fungonarii maselotelor. Se pune in eviden latter. The effective solidification time of the
ca timpul de solidificare efectiv al nodului termic hotspot (duration of the horizontal phase of
(durata palierului curbei de vati@a a temperaturii) temperature variation curve) is proved as much
este mult mai mic. Durata mai scud solidificarii shorter. This swifter solidification facilitates
creeaz condtii pentru compactizarea retasurii. shrinkhole compacting. Thus the risk is diminished
Scade riscul ca aceasth s disperseze sub foim of its dispersing in form of porosities and expedi
de poroziiti si sa se extind intr-un volum mai into a larger volume, what would affect the casting
mare, care ar putea afecta piesa in cazulatlul in cases of the hotspot being located close to the
termic este apropiat de pies part.

Efectul #&citorului asupra gradientului de The effect of the cooler on the casting — feeder
temperatut piesi — maselat se expli@ prin  temperature gradient is explained by the accelgrate
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accelerarea transferului termic de la aliajul ihn  heat transfer from the liquid alloy undergoing
curs de solidificare, spreaaitor si forma la solidification towards the cooler and mould at the
suprafaa de contact piés— racitor. Avand in casting-cooler contact surface. Considering this

vedere acest mod detame este necesar Cgitorii effect, the coolers need to be placed at the base o
si se plaseze la baza nodului termic din fiéa  the hotspot in the casting, at the opposite sidbeo
partea opusa maselotei. feeder.
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