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Reaimat. Se prezint rezultatele unui studiu privind Abstract. The paper presents the results of a study on the
infuenta izokrii termice a maselotelor asupra influence of heat insulation of feeders on the
solidificarii pieselor turnate in forme din nisip de silice. solidification of castings in silica sand mould$feTstudy
Studiul s-a efectuat prin simularea solidific pe was conducted by computer simulation of castinge Th
calculator. S-a studiat influgmgrosimii maselotelasi a study concerned the infuence of feeder thicknes$ a
izolarii termice a acestora asupra solidific sistemului  heat insulation on the solidification of the cagtiieed er

piesi turnati — maselat. S-a urndrit infuenta grosimii ~ system. Further observation focused on the infaenfc
miezurilor termoizolante aplicate pe maselote, msup the thermoinsulating cores applied to feeders om th
dirijarii solidificarii sistemului pies turna — maselat si directing of the casting-feeder system solidifcatiand
asupra eficiefei maselotelor. on feeder efficiency.

Cuvinte chele piedi turnat, solidificare, maseldf miez Key words: casting, solidification, feeder,

termoizolant thermoinsulating core
1. Introducere 1. Introduction
Randamentul utilizrii maselotelor la turnarea The efficiency of feeder utilization in casting is
unei piese se calculeagrin relgia: computed by equation (1):
= Bt (1)
Np [Mpt +Mym

undem,reprezinti masa piesei tumate,,— numirul  wherem,, represents the mass of the cast pgit:
de piese turnate intr-o fotde turnarem,, — masa the number of parts cast in one moutd;, — the
totak a maselotelor din forma deturnare; total mass of feeders in a casting mould,;

Relaia de mai sus aratca pentru narirea The above equation shows, that in order to
randamentului utilizrii aliajului lichid la turnare increase the efficiency of liquid alloy utilizatidan
este necesarasse redug cat mai mult volumul casting processes, feeder volume needs to be
maselotelor,drd a se reduce timpul de solidificare a minimized, without however reducing their
lor. Metoda cea mai simplsi eficienta pentru solidification time. The simplest and most effitien
marirea randamentului maselotelor canstin @ method to increase feeder efficiency istheir thedrm
izolarea termig a acestora [1, 2, 3]. Miezurile insulation [1, 2, 3]. Thermoinsulating cores can be
termoizolante se pot aplica in trei moduga &um  applied in three ways, as illustrated by figures

este aitat in figurile 1 + 3: 1+3:
- numai la partea superigaa maselotelor; - only atthe superior side of feeders;
- numai pe suprafele laterale; - only their lateral sides;
- simultan latera$i la partea superioar - on both the lateral and superior sides.
Pentru a se asigura o dirijare coresptoare a In order to ensure an adequate directing of the

sistemului pies — maselai, se recomaridca intre casting — feeder system, the real solidification
modulul real de solidificare al piesei, al candlulu modulus of the part (casting), of the feeder —icgst
maselo — pied si al maselotei & existe reldile connecting channel and of the feeder are

(2) +(4): recommended to satisfy equations (2) + (4):
Mm=M =My, (2)
M =12Mp,, (3)
M¢ 21.IMp,, (4)
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unde M,, reprezini modulul de solidificare al whereM,, represents the solidification modulus of
maseloteiM, — modulul de solidificare al canalului the feederM, — the solidification modulus of the

maseloi — pied tumai; M, — modulul de feeder — cagting connecting chann#,, — the
solidificare al nodului termic din pigsalimentat de solidification modulus of the hot spot in the part
maselod. (casting) endowed with a feeder.
iz b
HEEIHIE . s I
maselota “{maselota o < | H maselota %

piesa piesa
ol cir b.iz cm b.iz
Figura 1. Maseldtizolata pe Figura 2. Maseldtizolati pe Figura 3. Maselatizolati lateralsi
suprafaa superioat suprafaa laterah sus
Figure 1. Feeder insulated on the  Figure 2. Feeder insulated on the  Figure 3. Feeder insulated on the
superior side lateral side lateral and superior side
Tntre modulul de solidificare reaM,,) al unei The real solidification modulud\,) of a part
piesesi timpul de solidificaref,) exist relaia: and its solidification timet{,) are linked by equation:
2
. (“" “pJ (5)
sol K '

undek reprezini constanta de solidificare. Valoarea wherek represents the solidification constant of the
lui k depinde de natura aliajulgi a formei de part (casting), depending onthe nature of theyallo
turnare. and the casting mould.

Din relaiile (3) + (5) rezuli ca pentru a se Equations (3) +(5) show that in order to ensure
asigura o dirijare coretta solidificirii sissemului  a correct directing of the casting — feeder system
piesi — masela, intre timpul de solidificare a celor solidification, the solidification times of the d®
trei elemente (piés canal, masel@ trebuie § elements (casting, channel, feeder) need to satisfy
existe reldile: the following relations:

lsoim= l45tso|p, (6)

tsolc2 12tsolp, (7)

unde t,,, reprezini timpul de solidificare a wheret,, represents the solidification time of the
maselotei,t,,. — timpul de solidificare a canalului feeder,ty— the solidification time of the casting
piesi — maseld, t,, — timpul de solidificare a (par), t,, — the solidification time of the casting
piesei. (part).

2. Scopul cercetarii 2. Aim of the research

Dimensiunile si caracteristicile termofizice ale Dimensions and thermo-physical characteristics
miezurilor termoizolante aplicate pe maselote,of the thermoinsulating cores applied to the fegder
influenteaz  solidificarea sistemului piesa - influence the casting — feeder system solidificatio
maseloii. S-a realizat o cercetare pentru studiulResearch was conducted in order to study this
acestei influere. Tntr-un articol anterior [5] s-au influence. In a previous paper [5] results were
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prezentat rezultate privind influen grosimii presented on the influence of thermoinsulating core
miezurilor termoizolante aplicate la parteathickness applied to the superior part of the fegde
superioak a maselotelor (ca in figura 1), asupra(as in figure 1) on the solidification of castinghe
solidificarii pieselor turnate. Tn acest articol se present paper features research results on the
prezint rezultatele privind izolarea temidica thermoinsulation of feeders with cup type cores (as
maselotelor cu miezuri de tip pahar (ca in figura 3 shown in figure 3). These insulate the feeders on
Acestea izoledz maselotele pe suprafalaterai, both their lateral and superior side. Further study
cat si pe cea superioar S-a studiat de asemeneaconcerned the effect of feeder thermoinsulation on
efectul izofirii termice a maselotelor asupra the utilization efficency of the liquid alloy in

randamentului utilizrii aliajului lichid la tumare. casting.
3.Mod de lucru 3. Working method
S-a aplicat metoda sindwli pe calculator a The applied method was that of cast parn

solidificarii pieselor turnate. S-a utilizat softul solidification simulation by means of the Sim-3D
Sim-3D realizat la Universitatea Transilvania din software developed at the Transilvania Universtty o
Brasov. Piesaturnéta cirei solidificare s-a studiat Brasov. Figure 4 shows the cast part subjectedto the
este aiftatd in figura 4. S-a studiat solidificarea solidification study. The solidification of the tasart

piesei in prezaa atreitipuri de maselote: was studied in the presence of three types of feede
- maselote neizolate termic; - uninsulated feeders;
- maselote izolate numai la partea supetipar - feeders insulated only at their superior side;
- maselote izolate pe supredasuperioat si - feeders insulated on both their lateral and
lateral. superior side.
Dimensiunile formeisi ale sistemului piesa — Figure 5 shows the dimensions and form of the

maselofi sunt date Tn figura 5. S-a considerat c casting — feeder system. The feeders were assumed
maselotele au acegdungime casi piesa. De aceea to have the same length as the part (casting), thus
simularea solidifigrii s-a realizat in sistem 2D. In allowing 2D simulation. For uninsulated feeders
cazul maselotelor ne izolate termgia@l maselotelor and those insulated only at their superior side,
izolate numai la partea superidargrosimea feeder thickness varied betweep = 40 mm and
maselotei s-a modificat intog, = 40 mmsi d,,=80 d,, = 80 mm [5]. The paper presents the study
mm [5]. In acead lucrare s-a studiat influgm conducted on the influence of the insulating core f
grosimii miezului izolator in cazul maselotelor feeders insulated laterally and at their supetlit,s
izolate lateraki sus cu grosimea maselogy, = 40  with a feeder thickness df, = 40 mm. In this cease
mm. Tn acest caz s-au adoptat maselotd,ca 40 feeders ofd, = 40 mm were adopted, as the
mm deoarece izolarea pe o suptaf@mai mare a insulation of a large surface of the feeders would
maselotelor incetigee mult mai mult #cirea  excessively slow their cooling. This allows redagin
acestora. Aceasta permite reducerea diametruluhe feeder diameter and highlights the possibiity
maselotei si pune in evideta posibilitatea de reducing the consumption of liquid alloy in casting
reducere a consumului de aliaj lichid la turnare.The thickness of the thermoinsulating cobg”, was
Grosimea miezului termoizolantb,,” s-a mirit progressively increased up to 16 mm. Table 1
progresiv paa la 16 mm. Valorile nirimilor  features the values of the thermo-physical quastiti
termofizice ale formeki ale aliajului turnat, care of the mould and cast alloy utilized in the
s-au utilizat la simularea solidifidi sunt date Tn simulation of solidification, which are the same as
tabelul 1,si sunt aceled care s-au utilizat Tn partea those used in part | of the paper [5]. The values
I-a a lucgrii [5]. Acestea corespund pentru o gies correspond to a part cast from eutectic grey cast
turnati din fonti cengie eutectid in forma din  iron in a silicon sand mould. For simulation the
nisip de silice. La simulare ansamblul formelor deassembly of the moulds was divided into square
turnare a fost divizat in elementétate cu latura elements of side length = 4 mm, and time was

A = 4 mm, iar timpul a fost divizat in intervale divided into intervals ot = 0.2 s. A total of five

1 = 0.2 s. Sau studiat in total cinci variante devariants of part solidification were studied: oniehw
solidificare a piesei: una cu masalateizolaf si  an uninsulated feeder and four variants of feeders
patru variante cu maselote izolate lataiadus cu insulated laterally and at their superior side with
miezuri termoizolante cu grosimj, =4 mm, 8 mm, thermoinsulating cores of thicknesg = 4 mm,

12 mmsi 16 mm. 8 mm, 12 mm and 16 mm, respectively.
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Figura 5. Dimensiunile ansamblului pidsirnat — forma

Figure 4. Casting Figure 5. Dimensions of the casting — mould assgmbl

Tabelul 1. Valorile narimilor termofizice utilizate pentru simularea sbficarii
Table 1. Values of the thermo-physical quantitissdufor the simulation of solidification

Nr. | Marimea termofizig Simbol Unit. deniis | Valoare
crt. Thermo-physical guantities Symbol Unit of meas.| Value
1 Temperatura mediului exterior Tex o0 20

Environment temperature
2 Coeficient de schimb termic foim mediu exterior wex WK 10
Thermal exchange coefiicient with environment
3 Temperatura eutedti¢solidus) a aliajului turnat Tsme o0 1150
Eutectic (solidus) temperature of the cast iron
4 Coeficientul de con_dl_Jctivitate ftern!,iia formei din nisip s W/m/K 0.8
Thermal conductivity coefficient of mould '
5 Coeficientul de conductivitate termiia aliajului solidificat
Cast alloy thermal conductivity coefiicient in shktate Asme Wim/K 40
6 Coeficientul de conductivitate terriia aliajului lichid
Cast alloy thermal conductivity coefﬁcijent in ligustate Mme Wim/K 30
7 Coeficientul de conductivitate terrdia miezului termo izolant Aiz W/m/K 0.2
Thermal conductivity coefficient of the thermoinatithg core
8 Cildura specifi@ a formei
Speciﬁ(? heat ofthe mould Csb Jkg/K 600
9 Cildura specifia Tn stare lichid a aliajului turnat Clme JIkg/K 850
Specific heat ofthe alloy in liguid state
10 | Caldura specifé Tn stare solidl a aliajului turnat
Speciﬁg heat of the alloy in solidjstate Csme Jkg/K 750
11 | Gildura specifi@ a izolatorului Ciz JIkg/K 800
Specific heat ofthe insulator
12 | Densitatea formei 3
Mould density plo Kg/m 1550
13 | Densitatea aligjului turnat pme Kg/rr? 6700
Alloy density
14 | Densitatea mieZl_JIui termoizolator iz Ka/m? 800
Insulator density p 9
15 | CGildura lateni specifc a aligjului turnat
The specific latent solidification heat of the caby Lme Jkg 220000
16 | Temperatura ifala a formei Tob o0 20
Initial temperature of the mould
17 Tempe_ra_tl_Jra idiala a aligjului turr_1at_ Tome o 1350
The initial temperature of the liquid alloy
18 | Temperatura ifala a miezului termpizolant Tiz o0 20
Initial temperature of the thermoinsulating core
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4. Rezultate 4. Results

In fiecare caz in parte s-a determinat timpul de  In each case the solidification times of the
solidificare a piesei, timpul de solidificare a casting, the feeder — casting channel and the feede
canalului maseldt — pied, timpul de solidificare a were determined, as well as the posttion of the end
maselotei, pozia punctelor in care se termin points of solidification of these elements, theexsp
solidificarea acestor elemente, aspectul izotermeloof the isothermal lines in the mould — casting
in ansamblul forr — pied la momentul sfaitului assembly at the completion time of feeder
solidificarii maselotei. solidification.

Pentru a evalua dirijarea solidifigi sistemului In order to evaluate the directing of the casting
piedi tumati — maselot s-au calculat rapoartele — feeder system solidification the ratiagt/ ts,
tsoic/ tsoip $1 tsoim/ tsop- VValorile acestor rapoarte s-au and tom / t,, Were computed, and subsequently
comparat cu valorile recomandate prin tfié&a(6) compared to the values recommended by equations
si (7). (6) and (7).

n tabelul 2 sunt date rezultateletiobte prin Table 2 features the results obtained by
simulare privind timpul de solidificare a piesei, asimulation concering the solidification times bét
canalului pies — maseladt si a maselotei, In figurile casting, the casting-feeder channel and the feeder.
6 + 11 este dtata repartizarea izotermelor in Figures 6 +~11 showthe distribution of the isothar
ansamblul forr — pied — maselai la momentul lines in the mould — casting — feeder assemblizet t
sfaritului solidificarii maselotei. time of completion of feeder solidification.

Tabelul 2 Timpul de solidificare a sistemului piesmaselat
Table 2 Solidification time of the casting — feedgstem

. Raportul timpilor de
Varianta de Grosimea G_r05|_mea Timp de solidificare solidificare
.| miezizol. - ) . . - .
Nr. crt. turnare maselotei - Solidification time Ratio of solidification
. Insulating .
No. Variant of Feeder core times
casting thickness thickness Piesi Canal Maseloti | Channel/ Feeder/
Casting | Channel | Feeder Casting Casting
Symbol _ dm hz tap 1:splc ool teg C/Tsol P tsQ MfEQ p
u.m. - mm mm S S S - -
1 A - - 816.8 - - - -
2 B 40 - 1247.8 1660.6 1596.4 1.33 1.28
3 C 40 4 1303.6 1731.Q 1968.8 1.32 1.51
4 C 40 8 1304.0 1736.2 2200.6 1.33 1.69
5 C 40 12 1308.0 1747.4 2366.4 1.34 1.81
6 C 40 16 1315.2 1761.9 2484.9 1.34 1.89

A - Fari maseloi / No feeder; B - Maseldtneizolati /Uninsulated feeder; C - Maseidrolati lateralsi sus / Feeder

insulted at lateral and superior side

Figura 6. Repartizarea izotermelor in ansambluhfor pies, fira
maselod (varianta 1, tab. 2)
Figure 6. Distribution of isotherms in the mouldasting assembly,
in the absence of a feedgariant 1, tab. 2)
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Figura 7. Repartizarea izotermelor in ansambluhdor pies pentru
simularea solidifiérii, maselod laterah neizolag, d,,= 40 mm
(varianta 2, tab. 2)

Figure 7. Distribution of isotherms in the mouldasting assembly
for simulation of solidification, uninsulated feedd,, = 40 mm
(variant 2, tab. 2)

Figura 8. Repartizarea izotermelor in ansambluhdor pies pentru
simularea solidifiérii, maselod izolata sussi lateral, izolator de
b, = 4 mm,d,,=40 mm (varianta 3, tab. 2)

Figure 8. Distribution of isotherms in the mouldasting assembly
for the simulation of solidification, feeder instdd on its
superior and lateral side, insulatotbgf=4 mm,d,, =40 mm
(variant 3, tab. 2)

Figura 9. Repartizarea izotermelor in ansambluhdor pies pentru
simularea solidifiérii, maselod izolata sussi lateral, izolator de
b, =8 mm,d,,= 40 mm(varianta 4, tab. 2)

Figure 9. Distribution of isotherms in the mouldasting assembly
for the simulation of solidification, feeder instdd on its
superior and lateral side, insulatotgf= 8 mm,d,,= 40 mm
(variant 4, tab. 2)
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Figura 10. Repartizarea izotermelor in ansamblahdo- pies
pentru simularea solidificii, maselot izolati sussi lateral,
izolator deb, = 12 mmd,,= 40 mm(varianta 5, tab. 2)

Figure 10. Distribution of isotherms in the mouldasting assembly
for the simulation of solidification, feeder instgd on its
superior and lateral side, insulatoibgf=12 mmd;,=40 mm
(variant 5, tab. 2)

Figura 11. Repartizarea izotermelor Tn ansamblahdo- pies
pentru simularea solidifizii, maselof izolati sussi lateral,
izolator deb;, = 16 mm d,,= 40 mm(varianta 6, tab. 2)

Figure 11. Distribution of isotherms in the mouldasting assembly
for the simulation of solidification, feeder insigd on its
superior and lateral side, insulatogf= 16 mmd,,= 40 mm
(variant 6, tab. 2)

5. Condluzii 5. Conclusions

Pe baza rezuttatelor din tabelul 2, in figura 12 Based on the results of table 2 the graph (figure
s-a reprezentat grafic influen grosimii miezului  12) ilustrating the influence of thermoinsulatiogre
termoizolant asupra timpilor de solidificare, irz@a  thickness on the solidification times was plotted f
maselotelor cu grosime, = 40 mm, izolate lateral feeders of thicknesd,, = 40 mm insulated on their
si sus. In tabelul 3 sunt date dimensiunilelateral and superior sides. Table 3 features thdde
maselotelor care asiguraceesi succesiune a dimensions that ensure the same sequence of
solidificarii aliajului tumat de la pigsspre maselat  solidification of the cast alloy from the casting
Raportul timpilor de solidificare pigs— canal — towardsthe feeder. The ratio of the casting —ohlan
maseloll este acekd ty, pteo ot v = 1:1.34:1.87. feeder solidification times remains the sarg sty
Pentru aceste maselote este calculat randamentglt,,,, = 1:1.34:1.87. The efficiency of alloy utilization
utilizarii aliajului Tn maselai. in the feeder has been computed forthese feeders.

Analizdnd rezultatele din tabelul 2, poai Upon analyzing the results of table 2, the
izotermelorsi a nodurilor termice din figurile 6 + 11 position of the isothermal lines and of the hottspo
si curbele din figura 12, n plustiade concluziile of figures 6 + 11 as well as the curves of figute 1
prezentate n patea l|-a [5], se potawgh certain conclusions can be formulated in additon t
urmatoarele concluzii privind influega grosimii  those presented in the first part of the paper [5]
miezului izolator asupra solidificii sistemului  conceming the influence of the insulating core
piesi maselat: thickness on the casting — feeder system solitidica
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Figura 12. Influeta grosimii miezului izolantb,” asupra
timpului de solidificards a piesei, a canalulgi a
maselotei (maseldtcu grosimeal,, = 40 mm). Maslat
izolati lateralsi pe suprafa superioat

Figure 12. Influence of insulating core thicknebg, < b,” on

1 the solidification time; of the casting, the channel and the

, feeder (feeder thicknesk, = 40 mm) (piesa=casting,

H canal=channel, maselota=feeder)

Tabelul 3 Randamentul maselotelor care asigoeesi succesiune a solidifidi piesi — canal — maseldt
Table 3. Effciency of the feeders that ensurestiiae sequence of solidification of the castingannkl — feeder system

Tip de Dimensiuni maselat Grosime miez | Raportul timpului relativ| Randamentu
Nr. crt. maseloi Dimension of feeder izolator de solidificare Maselotei
No. Type of Grosime Inaltime Insulating core| Ration of solidification | Efficiency of
feeder Thickness Height thickness times the feeders
Simbol ts.oIP . tsoIC . 1:soIM
- d H : :
SymbOI " " QZ tspoP tsoIP tsoIP Rm
u.m. - mm mm mm - -
1 E 72 100 - 1:1.34:1.87 0.37
2 F 60 100 16 1:1.34:1.87 0.41
3 G 40 100 16 1:1.34:1.89 0.50

E - Maselo# neizolafi /Uninsulated feeder; F — Maselarolati sus / Insulted feeder at superior side; G - Maselo
izolati lateralsi sus / Feeder insulted at lateral and superiar sid

in cazul maselotelor izolattermic grosime
miezului izolator nu influeteaz practic timpul
de solidificare a piesai a canalului;

cresterea grosimii miezului izolator influeeaz
numaitimpul de solidificare a maselotei;

Cu cat crgte grosimea stratului izolator, dirijarea
solidificarii de la pie& spre maselat este mai
accentudt (in cazurile studiate dirijarea cea mai
putemic se oline pentru o grosime a miezului
izolatorb;, = 16 mm);

- izolarea termig a maselotelor pe toate
suprafeele (lateraki sus) asiguf cea mai bui
dirijare a solidifiarii si cel mai mare randament
de utilizare a aliajului lichid;

in cazul piesei studiate, 0 maselaolata pe toate
suprafeele cu grosimead, = 40 mm este
echivalent cu o maselatizolatd numai pe fea
superioaf cu grosimead,, = 60 mmsi cu 0
maselot ne izolal cu grosimeal,, = 72 mm
(acestea asigiiracelai raport al timpilor de
solidificaretsy ptsoicitsgm =1:1.34:1.87);

maselotele izolate pe toate suptakepot asigura
0 succesiune coresputaare a solidifidrii
chiar la o grosime a maselotei egatu

In the cast of thermoinsulated feeders |
thickness of the insulating core has practically no
influence on the solidification time of the casting
and the channel,

- The increase of insulating core thickness infigmn

only the solidification time ofthe feeder;

- With the increasing thickness of the insulatiagglr,

the directing of solidification from the casting
towards the feeder is more pronounced (in the
studied casesthe strongest directing is obtamed f
an insulating core thicknesslpf= 16 mm);

- Thermoinsulation of feeders on all sides (lateral

and superior) ensures the best directing of
solidification and the highest efficiency of liquid
alloy utilization;

- In the case of the studied cast part, a feeder of

thicknessd,, = 40 mm, insulated on all sides is
equivalent to a feeder insulated only at the
superior side, of thicknesk, = 60 mm andto an
uninsulated feeder of thicknedg =72 mm (this
ensures a ration of solidification times of
tsoptsoictsorm = 1134187),

Feeders insulated on all sides can ensure an
adequate sequence of solidification, even for the
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grosimea piesei; same feeder and cast part thickness;
- repartizarea izotermelor in cazul maselotelor- The distribution of the isothermal lines for feesl
izolate pe toate supradde este mult mai insulated on all sides is significantly more

favorabik pentru fungonarea acestora; in cazul  favourable to their operation; for such feedersthe
acestor maselote solidificarea aliajului lichid se  solidification of the liquid alloy is completed at
termind la partea superioan maselotei; aceasta the superior side of the feeder, what allows

permite & se redug si Tnaltimea maselotelor, reducing also feeder height, thus enhancing
ceea ce conduce la un randamgemhai mare de further the utilization of the liquid alloy in the
utilizarea aliajului lichid in maselat feeder.
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