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Abstract. In the case of castings that have a hotspot at
the, top riser are normally used in industrial practice. It is
envisaged that the hotspot is very close to the riser. It is
considered that the liquid alloy flows more easily from
riser in the casting. The paper shows that this view is
wrong. Is analyzed by computer simulation, the part
solidification with top riser and with lateral riser. The
results show that for the same riser size, the top riser
assure not shrinkage elimination inside the casting, while
in the case of lateral is obtained the casting without
shrinkage.
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1. Introduction

Casting experience shows that a hot spot is
formed in the upper part of a piece. A direct riser is
used to eliminate any shrinkage. The method used
to eliminate shrinkage is to put the riser close to hot
spot area. Experience shows that using a direct riser
results in a higher percentage of defected pieces.
Often shrinkage from the riser extends to the casting
due to a lower yield value of the vertical direction in
the area placed under the riser. Increasing riser
dimensions will not lead to the removal of
shrinkage from casting.

2. Development scope and work mode

The objective is to outline the disadvantage of
using the direct riser by comparing the differences
between the direct riser and lateral riser. A working
riser is analyzed by simulating solidification on the
computer. Are used SIM-3D software, produced at
the Transilvania University of Brasov [9, 10]. Is
studied the solidification of a piece "suport consola"
(corbel support), showed in Figure 1. The piece is
casted from ductile grey cast iron. To determine the
position of the hot spot in casting, to view the
position of the riser we simulated at the beginning
of casting without riser. The ensemble mold-casting
and its dimension studied for solidification and are
showed in Figure 2. Table 1 shows geometric and
physical characteristics values used in simulation.

Rezumat. Tn cazul pieselor turnate care au noduri
termice la partea superioard, in practica industriala se
utilizeaza de obicei maselote directe. Se are in vedere ca
nodul termic este pozitionat sub maselota si aproape de
aceasta. Se considera ci aliajul lichid curge mai usor din
maselotd in piesa turnati. in lucrare se arati ci aceastid
conceptie este gresita. Este analizatd prin simulare pe
calculator solidificarea unei piese turnate cu maselota
directd si cu maselotd laterald. Rezultatele arata ca la
aceleagi dimensiuni maselota directd nu asigura
eliminarea retasurii din piesa turnatd, in timp ce in cazul
maselotei laterale se obtine o piesa fara retasura.

Cuvinte cheie: maselota, piesa turnata, simularea
solidificarii

1. Introducere

In practica turnarii, cdnd piesele turnate au
noduri termice la partea superioara se utilizeaza
maselote directe. Se are in vedere ca nodul termic
este situat sub maselota si foarte aproape de aceasta.
Se considera ca aliajul lichid curge usor din
maselota In piesa turnatd. Practica aratd insa cd in
cazul acestor maselote procentul pieselor cu defecte
este mai mare. Cel mai des, retasura din maselota se
prelungeste in piesa turnata. Cauza este gradientul
de temperatura foarte mic pe directie verticald, in
zona plasatd sub maselotd. Marirea dimensiunilor
maselotei nu conduce la eliminarea retasurii din
piesa turnata.

2. Scopul lucrarii si mod de lucru

Lucrarea de fatd urmareste sa puna in evidenta
acest dezavantaj al maselotelor directe. Tn acest
scop se face o analizd comparativd intre functio-
narea unei maselote directe si a unei maselote
laterale. Functionarea maselotelor s-a analizat prin
simularea solidificarii pe calculator. S-a utilizat
softul SIM-3D realizat la Universitatea Transilvania
din Brasov [9, 10]. S-a studiat solidificarea piesei,
aratatd In Figura 1. Piesa este turnatd din fonta
cenusie eutectica. Pentru a determina pozitia
nodului termic din piesa turnatd in vederea
pozitionarii maselotelor, s-a simulat mai ntai
solidificarea piesei fard maselota. Ansamblul forma
- piesa turnata fara maselota este aratat in Figura 2.
In Tabelul 1 sunt date valorile caracteristicilor
geometrice si fizice utilizate la simulare.
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Figure 2. Ensemble "casting — mold" studied with simulation
Figura 2. Ansamblul "piesa turnata — forma" studiat prin simulare

Table 1. The physical and geometrical characteristics for simulation
Tabelul 1. Caracteristicile geometrice si fizice utilizate la simulare

The characteristic / Denumirea marimii Symbol | Measure unit | Value

The step of mould mesh

1 Pasul retelei de divizare a formei A m 0.005
The time step

2 | Diviziunea de timp t S 0.5

3 Temperature of the environment Tex oC 20
Temperatura mediului exterior
The heat transfer coefficient between mould and environment )

4 e . . . . aex WIim#/K 20
Coeficient de schimb termic cu mediul exterior

5 The solldlflcatlo_n temperagure_of th_e liquid alloy Tsme oC 1150
Temperatura solidus a aliajului lichid
Thermal conductivity coefficient of the mould

6 Coeficientul de conductivitate termica a formei Asfo Wim/K 08
Thermal conductivity coefficient of the solid alloy

! Coeficientul de conductivitate termica a aliajului solid Asme Wim/K 40
Thermal conductivity coefficient of the liquid alloy

8 Coeficientul de conductivitate termica a aliajului lichid Mme Wim/K 30

9 Trje specific hea’E of the mpuld Csfo Ikg/K 1170
Cildura specifica a formei
The specific heat of the liquid alloy

10 Cildura specifica a aliajului lichid Clme Ikg/K 850
The specific heat of the solid alloy

1 Caldura specifica a aliajului solidificat Csme Jkg/K 750
The density of mould 3

12 Densitatea formei pfo kg/m 1550
The density of liquid alloy 3

13 Densitatea aliajului lichid pme kg/m 6,700
The latent heat of cast alloy solidification

14 Céldura latenta de solidificare a aliajului turnat Lme kg 220,000

15 The initial temp'e'ratvure of thg mould Tofo oC 20
Temperatura initiala a formei
The initial temperature of the liquid alloy o

16 Temperatura initiald a aliajului lichid TOme C 1350
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3. Simulation of casting solidification
without riser

In Figures 3+6 shows graphic results obtained
with simulation using the method of casting
solidification without riser. Figure 3 shows the
movement map of solidification front, showing that
the real hot spot from casting is located in the
vertical wall in the symmetry plan of the piece at
37.5 mm of the upper surface and 12.5 mm from the
vertical area on left side of the piece. The
solidification time of the hot spot is t_sol = 162 s.

Figure 4 shows the temperature distribution
(isothermal map) at the time of solidification
(t_sol = 162 s). It is noted that the difference
between the movement map of solidification front
and isothermal map. This explains that once
solidification started there is a redistribution of
temperatures in the solidified alloy. This
redistribution of temperatures is caused by the
transmission of heat through thermal conductibility
in the solidified layers.

Figure 5 shows the distribution of temperatures
in ensemble casting-mold, on the hot spot column.
Figure 6 shows redistribution of temperatures on the
hot spot line at an exact time (t_sol = 162 s).
Figures 5 and 6 shows the maximum curves that
correspond with the hot spot, showing the gradient
temperatures in the cast alloy in the hot spot area at
the time (end of solidification casting). The
temperatures gradient in hot spot area has a high
value of 6.77 °C/mm in vertical direction in upper
part of the hot spot and 7.52 °C/mm on the
horizontal direction on the right of hot spot. This
temperature gradient alows for macroshrinkage to
form, thus the total volume of piece is Vt = 138.75
cm®. Considering a total solidification contraction
of 3 % (for ductile gray cast iron) and in the
absence of supply with liquid alloy from gating
system or riser in the hot spot area would get a
shrinkage with a volume of Vr = 4.6125 cm?.

To remove the shrinkage from the casting a
riser is placed at the hot spot area maintaining the
piece configuration and the hot spot position. There
are two methods of utilizing the riser:

- direct riser placed over hot spot (v1),
-lateral riser placed on lateral vertical wall in hot
spot area (v2).

3. Simularea solidificarii piesei turnate fara
maselota

In Figurile 3+6 sunt reprezentate grafic
rezultatele obtinute prin simulare in cazul
solidificarii piesei fard maselota. In Figura 3 este
aratatd harta deplasarii frontului de solidificare 1n
planul de simetrie al piesei. Aceasta aratd ca nodul
termic real din piesa este situat in peretele vertical,
in planul de simetrie al piesei, la 37,5 mm de
suprafata superioara si la 12,5mm de suprafata
verticala din stanga a piesei. Timpul de solidificare
a nodului termic este t_sol = 162 s.

In Figura 4 este aratata distributia temperaturilor
(harta izotermelor) la momentul solidificarii piesei
(la momentul t sol = 162 s). Se observa ca harta
izotermelor la momentul sfarsitului solidificarii este
diferitd de harta deplasarii frontului de solidificare.
Aceasta se explica prin faptul cad dupd inceputul
solidificarii are loc o redistribuire a temperaturii n
aligjul solidificat. Redistribuirea temperaturii este
cauzata de transmiterea caldurii prin conductibilitate
termica in straturile solidificate.

Tn Figura 5 este aratatd distributia temperaturii
in ansamblul piesd turnatd - formd, pe coloana
nodului termic, iar Tn Figura 6 este aratata
repartizarea temperaturii pe linia nodului termic la
acelasi moment (t_sol = 162 s). Maximul curbelor
din Figurile 5 si 6, corespunde cu nodul termic.
Aceste curbe pun n evidenta gradientul de
temperatura in aliajul turnat in zona nodului termic
la momentul respectiv (sfarsitului solidificarii piesei
turnate). Gradientul de temperatura in zona nodului
termic are o valoare ridicata (6,77 °C/mm in directie
verticala deasupra nodului termic si 7,52 °C/mm in
directie orizontala la dreapta nodului termic).
Aceste valori ale gradientului de temperatura
determind conditii ca retasura sia aibd aspect de
macroretasura. Volumul total al piesei este
Vt = 138,75 cm®. Considerand o contractie totala la
solidificare de 3 % (pentru fontd cenusie eutectica)
si in absenta alimentarii cu aliaj lichid din reteaua
de turnare sau dintr-o maselotd, in zona nodului
termic s-ar obtine o retasura cu volumul
Vr = 4,6125 cm?. Tn realitate volumul retasurii este
mai mic datoritd alimentarii partiale din reteaua de
turnare, pe parcursul solidificarii.

Eliminarea retasurii din piesa turnatd impune
utilizarea unei maselote plasata in apropierea
nodului termic, Avand n vedere configuratia piesei
si pozitionarea nodului termic, pot fi luate n
considerare doua variante de maselotare:

- maselota directa plasata deasupra nodului termic,
- maselotd laterala plasata pe peretele vertical
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lateral Tn zona nodului termic.

Geometric solidification module of piece in hot Modulul de solidificare geometric al piesei
spot area is Msp =~ 10 mm, resulting that is  turnate in zona nodului termic (peretele vertical cu
necessary a riser with solidification module of at  grosimea 20 mm) este Msp =~ 10 mm. Rezultd ca
least Msm = 12.5 mm [3, 4, 12]. This correspond to  este necesara o maselota cu un modul de solidificare
a riser with diameter Dm = 50 mm. de cel putin Msm = 12,5 mm [3, 4, 12]. Aceasta

corespunde unei maselote cu diametrul Dm =50 mm.
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0 # ) R T Figure 4. Isotherms map in the plane of symmetry of the
Outien, ¢ uey piece at solidification hot spot moment t_sol = 162 s
Figure 3. Map of the solidification front movement in the (piece without riser )
plane of symmetry of the piece (piece without riser) Figura 4. Harta izotermelor in planul de simetrie al piesei
Figura 3. Harta deplasarii frontului de solidificare Tn la momentul solidificarii nodului termic t_sol = 162 s

planul de simetrie al piesei (piesd fara maselota) (piesa fard maselotd)
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Figure 5. Vertical distribution of temperature on the hot ~ Figure 6. Temperature repartition on horizontal line from
spot where there is no riser solidification when hot spot in case solidification piece without riser at
t_sol = 162 s (hot spot solidification) moment t_sol = 162 s (solidification hot spot)
Figura 5. Repartitia temperaturii pe verticala nodului Figura 6. Repartitia temperaturii pe linia orizontald prin
termic in cazul solidificarii piesei fard maselotd la nodul termic in cazul solidificarii piesei fara maselota la
momentul t_sol = 162 s (solidificarea nodului termic) momentul t_sol = 162 s (solidificarea nodului termic)
4. The study of solidification using direct 4. Simularea solidificirii piesei cu maselota
riser directa
First is studied the possibility to remove the hot Intr-o primd etapd s-a studiat posibilitatea

spot from casting using a direct riser applied on the  eliminarii nodului termic din piesa turnatd cu
vertical wall of a piece in the upper part of the hot  ajutorul unei maselote directe, aplicatd pe peretele
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spot. A cylindrical riser with dimensions DmxHm =
5080 mm (Dm - diameter and Hm - height) was
used. Solidification module of the riser section is
Msm = 12.5 mm. Junction piece - riser is realized
with a channel with section 20x20 mm. Figure 7
shows the ensemble casting-riser-mold studied with
simulation solidification.

Figure 8 shows the map of solidification
movement front in system casting-direct riser in
addition it shows that two hot spot are formed in the
casting riser system. A principal hot spot is placed
in the riser and a secondary hot spot is placed in
casting. The principal hot spot is placed in the riser
in the symmetry plane of the system at 45 mm of
the upper surface of the riser and at 2.5 mm of riser
axes (12.5 mm of vertical surface from left piece).
The principal hot spot is placed on same vertical as
in the case of casting without riser. Alloy from the
riser (principal hot spot) is solidified at a time of
t sol_m = 277.5 s.The secondary hot spot from
casting is caused when contact between riser-
casting (supply casting with liquid alloy from riser)
is interrupted at the time of t_al = 149 s, long before
solidification is completed. The secondary hot spot
from of the piece is solidified at a time
t sol_ p=169s.
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Figure 7. Ensemble "casting-direct riser-mold" studied
by simulation
Figura 7. Ansamblul "piesa turnatd - maselota directa -
forma de turnare" studiat prin simulare

vertical al piesei, deasupra nodului termic. S-a
utilizat o maselotd cilindricd, cu dimensiunile
DmxHm = 50x80 mm (Dm - diametrul si Hm -
inaltimea). Modulul de solidificare geometricad a
sectiunii maselotei este Msm = 12,5 mm. Jonctiunea
piesa - maselota se realizeaza printr-un canal cu
sectiunea 20x20 mm. Ansamblul piesd turnati -
maselota - forma studiat prin simularea solidificarii
este aratat in Figura 7.

Figura 8 aratda harta deplasarii frontului de
solidificare in sistemul piesd turnatd - maselota
directd. Aceastd figurd aratd cd in sistemul piesa
turnatd - maselota se formeaza doua noduri termice.
Un nod termic principal in maselota si un nod
termic secundar in piesa turnatd. Nodul termic
principal este plasat Tn maselotd in planul de
simetrie al sistemului, la 45 mm de suprafata
superioara a maselotei, la 2,5 mm de axa maselotei
(respectiv la 12,5 mm de suprafata verticala din
stanga a piesei). Nodul termic principal este plasat
practic pe aceeasi verticala ca si Th cazul piesei
turnate fara maselotd. Aliajul din maselota (nodul
termic principal) se solidifica la momentul
t sol_m =277,5 s. Nodul termic secundar din piesa
turnatad este cauzat de faptul ca legatura maselota -
piesd turnatd (respectiv alimentarea piesei cu aliaj
lichid din maselotd) se intrerupe la momentul
t_al = 149 s, mult Tnainte de solidificarea completa a
piesei turnate. Nodul termic secundar din piesd se
solidifica la momentul t sol p =169 s.

20 a0 #o 0l o0 20

ch. d [mm)
Figure 8. Map of the solidification front movement in the
plane of symmetry of the piece
(piece with direct riser DmxHm = 50x80 mm)
Figura 8. Harta deplasarii frontului de solidificare in planul
de simetrie al piesei
(piesa cu maselota directa DmxHm = 50x80 mm)
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Figure 9 shows isothermal repartition in system
casting-riser-mold at a time of tal = 149 s
(interruption contact between riser-casting). This
map (isothermal at the time when supply is
interrupted in the piece from riser) shows the liquid
alloy that existed in the casting time to allow an
estimate volume of the secondary shrinkage from
the casting, thus the liquid alloy volume that is
solidified in the secondary hot spot s
VLP =3.86 cm®. At a solidification concentration of
3 % results that the volume of a secondary
shrinkage from piece is VRET = 0.1158 cm?® =
= 115.8 mm?3. This corresponds with a spheric hole
with a diameter 5.7 mm.

Figures 10 and 11 shows the repartition of
temperatures on the vertical and horizontal plane of
the secondary hot spot at the end of solidification of
the casting (t_sol_p = 169 s). These figures shows
that the temperature gradient from casting on that
direction at a specific time. Figure 10 clearly the
existence of a secondary hot spot in the casting and
interruption of supply before solidification of the
piece.

Figure 12 shows repartition temperatures on the
vertical hot spot immediately after the supply from
the riser is interrupted (at one second after the
interrupt junction of riser-casting). These figures
show that the temperature gradient on the vertical
direction at the specific time is null. There is the
possibility for a secondary axial shrinkage to form
into the casting.
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Figure 9. Isothermal map in the plane of symmetry of the
piece at solidification at the time when supply is
interrupted piece from riser at t_sol = 162 s (piece with
direct riser DmxHm = 50x80 mm)

Figura 9. Harta izotermelor Tn planul de simetrie al piesei,
la momentul intreruperii alimentarii piesei din maselota
t al =149 s (piesa cu maselotd directda DmxHm = 50x80 mm)

In Figura 9 este aratati repartizarea izotermelor
in sistemul piesd turnatd - maselotd - forma la
momentul t_al = 149 s (intreruperea legaturii
maselota - piesd turnatd). Aceastd harta (izotermele
la momentul Intreruperii alimentarii piesei din
maselotd) arata volumul de aliaj lichid existent in
piesa turnatd la momentul respectiv si permite sa se
estimeze volumul retasurii secundare din piesa
turnatd. Astfel volumul aliajului lichid care se
solidifica izolat in nodul termic secundar este
VLP = 3,86 cm®. La un coeficient de contractie la
solidificare a fontei de 3 % rezulta ca volumul
retasurii  secundare din piesa turnatd este
VRET = 0,1158 c¢cm® = 1158 mm® Aceasta
corespunde unui gol sferic cu diametrul 5,7 mm.

Tn Figurile 10 si 11 este reprezentata repartitia
temperaturilor pe verticala si respectiv pe orizontala
nodului termic secundar, la momentul solidificarii
complete a piesei turnate (t_sol_p = 169 s). Aceste
figuri aratd gradientul de temperaturd din piesd pe
directiile respective, la acest moment. Figura 10
pune in evidenta, foarte clar, existenta nodului
termic secundar din piesa si intreruperea alimentarii
piesei din maselota Tnainte de solidificarea piesei.

In Figura 12 este aritati repartitia temperaturii
pe verticala nodurilor termice imediat dupad
intreruperea alimentarii piesei turnate din maselota
(la o secunda dupa intreruperii jonctiunii maselota -
piesa turnatd). Aceastd figura aratd ca gradientul de
temperaturd pe directie verticald la acest moment este
practic nul. Ca urmare existd conditii ca in piesa
turnata s se formeze o retasura secundara axiala.

nod termic secundar
g secondary hot spot

1200,
1000 } -/\
| ; _ forma
bt maselota piesa 2 5
£ . inferioara
- riser turnata
¢ 600} " down
E casting
mould
g
5
& oo}
2001
ol
0 05 01 015 02 028 03 035

Distance from the upper border c;' the mould, d in [m]

Figure 10. Vertical distribution of temperature on the hot
spot in case solidified piece with direct riser at
solidification time att_sol p=169s
(solidification secondary hot spot from piece)
Figura 10. Repartitia temperaturii pe verticala nodurilor
termice 1n cazul solidificarii piesei cu maselota directa la
momentul solidificarii piesei t sol p =169 s (solidificarea
nodului termic secundar din piesa)
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Figure 11. Temperature repartition at the time

t sol_p =169 s (solidification secondary hot spot from

casting) on the horizontal line from secondary hot spot

in case of the solidification piece with direct riser

Figura 11. Repartitia temperaturii la momentul

t sol_p =169 s (solidificarea nodului termic secundar

din piesd) pe linia orizontald prin nodul termic secundar
in cazul solidificarii piesei cu maselota directa

014 0'6

All figures show that the direct riser meets the
recommended condition for solidification module
(Mm : Mp > 1.2 : 1, where Mm - solidification riser
module, Mp - solidification casting piece module).
This process did not ensure removal shrinkage from
the casting.

5. Simulation solidification piece with lateral

riser

Second, are simulated the solidification casting
with the lateral riser. A lateral riser was used with
the dimension of DmxHmM = 50x90 mm (Dm -
diameter and Hm - height). The riser is applied on
the lateral part of the vertical wall. The lateral riser
has the same module of solidification like the direct
riser (Msm = 12.5 mm). In this case the height of
the riser is Hm = 90 mm (with 10 mm larger than
the first) to provide the pressure needed for liquid
alloy to flow into the casting. The junction piece-
riser is realized by a horizontal channel with a
section of 20x20 mm. The channel has the same
section as in the case of direct riser. Supply channel
axes are placed at 20 mm under the upper surface
level of the piece (at 17.5 mm above the hot spot
heat appears as in the case of solidification of the
piece without riser).

Figure 13 shows that the ensemble casting-
lateral  riser-mold  studied with  simulation
solidification.

1200 I .
forma din stan \
1000
maselota piesa | forma din
5 s riser turnata dreapta
o
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Distance l-n;m the u;u;er border of the mould, d in [m]
Figure 12. Temperature repartition on the vertical hot spot

in the case of solidification piece with direct riser at the time

t = 150 s (one second after supply is interrupted piece from
riser)
Figura 12. Repartitia temperaturii pe verticala nodurilor
termice in cazul solidificarii piesei cu maselota directa la

momentul t = 150 s (o secunda dupa intreruperea alimentarii

piesei din maselota)

Toate aceste figuri arata ca desi maselota
directa indeplineste conditia recomandatd pentru
modulul de solidificare (Mm : Mp > 1,2 : 1, unde
Mm - modulul de solidificare al maselotei,
Mp - modulul de solidificare al piesei), aceasta nu
asigurd eliminarea retasurii din piesa turnata.

5. Simularea solidificarii piesei cu maseloti

laterala

iIn a doua faza a studiului s-a simulat
solidificarea piesei turnate in cazul utilizarii unei
maselote laterale. S-a utilizat o maselota cu
dimensiunile DmxHm = 50x90 mm (Dm - diametru
si Hm - indltimea). Maselota s-a aplicat pe partea
laterala a peretelui vertical al piesei. Maselota
laterala are practic acelasi modul de solidificare
geometric, ca si maselota directd (Msm = 12,5 mm).
In acest caz inaltimea maselotei este Hm = 90 mm
(cu 10 mm mai mare decat n cazul maselotei
directe) pentru a se asigura presiune necesara
curgerii aliajului lichid spre piesa turnata.
Jonctiunea piesd - maselotd se realizeaza printr-un
canal orizontal cu sectiunea 20x20 mm. Canalul are
aceeasi sectiune ca si Tn cazul maselotei directe.
Axa canalului de alimentare este situatd la 20 mm
sub nivelul marginii superioare a piesei (la 17,5 mm
deasupra nodului termic care apare in cazul
solidificarii piesei fard maselotd).

Ansamblul "piesad turnatd - maselota laterala -
forma" studiat prin simularea solidificarii este aratat
in Figura 13.
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Figure 13. Ensemble casting-lateral riser-casting mold studied with simulation
Figura 13. Ansamblul piesa turnatd - maselota laterala - forma de turnare studiat prin simulare

Figure 14 shows the movement map of the
solidification front in the casting-riser system. In
this case a single hot spot appears which is situated
in the riser in the symmetry plane of the system
close to the riser axes at (2.5 mm on the left vertical
axes of the riser of the piece) just above the riser
channel-piece axes at (12.5 mm above riser to
channel). The time of solidification of the riser is
t sol_m =298 s. Casting is solidified at the time of
t sol p = 186 s and supplying time of piece from
riser is t_al 190.5 s. This data shows that
supplying the piece with liquid alloy from the riser
is possible at the time of solidification of the piece
results that the solidification is headed in the
direction riser- channel-casting. The solidification
casting is completed at a point placed at the junction
casting-channel, thus ensuring that the flow of
liquid alloy from the riser into casting until the end
of solidification. However there is a risk of an
angular shrinkage to occur into the casting at a
lower temperature gradient.

In Figura 14 este aritati harta deplasarii
frontului de solidificare in sistemul "piesa turnata -
maselotd laterald". In acest caz, in aliajul turnat
apare un singur nod termic. Acesta este plasat in
maselotd, 1n planul de simetrie al sistemului,
aproape de axa maselotei (la 2,5 mm spre stdnga de
axa verticald a maselotei spre piesa), putin deasupra
axei canalului maselotd - piesa (la 12,5 mm
deasupra axei canalului). Timpul de solidificare a
maselotei este Tn acest caz t_sol_m = 298 s. Timpul
de solidificare a piesei este t sol p = 186 s, iar
timpul de alimentare a piesei din maselota
(intreruperea comunicatiei maselota - piesd) este
t al = 190,5 s. Aceste date aratd cd alimentarea
piesei cu aliaj lichid din maselota este posibild pe
toata durata solidificarii piesei. Aceste rezultate
aratd ca solidificarea aliajului este dirijatd in sensul
maselota - canal - piesd turnatd. Ca urmare sunt
asigurate conditiile pentru eliminarea retasurii din
piesa turnata. Solidificarea piesei turnate se termina
intr-un punct situat la jonctiunea piesd turnata -
canal. Aceasta asigura curgerea aliajului lichid din
maselotd spre piesa turnatd pana la sfarsitul
solidificarii piesei. Exista totusi un risc ca din cauza
gradientului mic de temperaturd in punctul respectiv
sd apara o retasura de colt 1n piesa turnata.
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Figure 15 shows isothermal repartition in
system casting-riser at the interruption junction of
lateral riser-casting. The indoor line from this map
corresponds with the solidification temperature
from casting alloy (Ts = 1150 °C). These figures
show that the solidification in this system is headed
from piece to riser to ensure the flow of liquid alloy
from the riser into casting at the solidification time.
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Figure 14. Movement map of solidification front in
symmetry plane of piece
(piece with lateral riser DmxHm = 50x90 mm)
Figura 14. Harta deplasarii frontului de solidificare in
planul de simetrie al piesei
(piesd cu maselota laterald DmxHm = 5090 mm)
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Figure 16. Repartition temperatures at the time
t sol_p =186 s (end of solidification piece) on the
horizontal line when solidification piece is ended
(piece with lateral riser)
Figura 16. Repartitia temperaturii la momentul
t sol p =186 s (sfarsitul solidificarii piesei) pe linia
orizontala unde se termina solidificarea piesei
(piesd cu maselota laterala)

0

Figura 15 surprinde repartizarea izotermelor n
sistemul piesd turnatd - maselotd la momentul
intreruperii jonctiunii maselota laterala - piesa
turnatd. Linia interioarda din aceastd harta,
corespunde temperaturii de solidificare a aliajului
turnat (Ts = 1150 °C). Aceasta figura aratd, de
asemenea, ca solidificarea in sistem este dirijatd de
la piesd spre maselotd. Este asiguratd curgerea
aliajului din maselotd spre piesa turnatd pe tot
parcursul solidificarii piesei.
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Figure 15. Isothermal map in symmetry plane of piece at
moment t_al = 190.5 s when supply is interrupted piece
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Figura 15. Harta izotermelor n planul de simetrie al
piesei, la momentul intreruperii alimentarii piesei din
maselotat al=190,5 s
(piesd cu maselota laterala DmxHm = 50x90 mm)
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Figure 17. Repartition temperatures on the vertical point
where solidification piece is ended at the end of
solidification piece t sol p=186s
(casting with lateral riser)

Figura 17. Repartitia temperaturii pe verticala punctului
unde se termina solidificarea piesei la momentul
sfarsitului solidificarii piesei t_sol_p =186s
(piesa turnata cu maselota laterala)
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Figure 16 shows temperature repartition on the
horizontal line placed at 2.5 mm under the channel
axes (the line when supply is intrerupted).

Figure 17 shows the repartition of temperatures
in the piece on the vertical point where
solidification is completed (t_sol_p = 186 s). Both
figures, 16 and 17, show that the solidification is
correctly headed in the direction riser channel-
piece.

Figures 13+17 show that the lateral riser
ensures the condition necessary to obtain a piece
without shrinkage.

5. Results about functionality and riser yield
Tables 2, 3 and 4 present numeric results

regarding the process solidification of alloy in the

casting-riser system, yield and efficiencies of riser.

Table 2 shows time values of solidification
time of casting, riser and supply time of piece from
riser (interrupt time of communication between
riser-casting). This value shows the numeric
direction of solidification of alloy in the system.

Table 3 shows results given concerning yield
using liquid alloy in the riser (1.U.). The yield using
the liquid alloy from riser is calculated with the
following equation:

LU.=100 - Vp/(Vp+Vc+Vm)=100 - Vp/(Vi),

where Vp is casting volume, Vm is riser volume,
Vc is channel volume, and V1 is total casting alloy
volume.

Table 4 contains results about volume of usage
liquid alloy from riser. This represents volume
liquid alloy that may flow from riser into casting
until the solidification is completed. Useful liquid
alloy placed in riser must be placed at a higher level
piece to can flow into the casting on the static
pressure principle. To obtain a casting without
shrinkage this must compensate the contraction of
solidification casting and the contraction from the
riser which solidifies at the same time with casting.
The volume of useful liquid alloy from riser is
calculated with SIM-3D software [9, 10, 11]. Also
table 4 contains contraction value at casting
solidification which can compensate with riser (p).

In Figura 16 este aritati repartizarea
temperaturii pe linia orizontala plasatd la 2,5 mm
sub axa canalului (linia pe care se Tintrerupe
alimentarea piesei din canal).

In Figura 17 este aritati repartizarea
temperaturii In piesa pe verticala punctului in care
se termind solidificarea acesteia, la momentul cand
se termind solidificarea piesei (la momentul
t sol_p = 186 s). Ambele aceste figuri arata de
asemenea dirijarea corecta a solidificarii aliajului de
la piesd spre maselotd. Se observa ci solidificarea
piesei este dirijata spre canalul maselota - piesa.

Figurile 13+17 aratdi ca maselota laterala
asigurda conditii pentru obtinerea unei piese turnate
fara retasura.

5. Rezultate privind functionarea si
randamentul maselotelor

Tn Tabelele 2, 3 si 4 sunt prezentate rezultatele
numerice privind directionarea solidificarii aliajului,
randamentul si eficienta maselotelor in cazurile
studiate.

Tn Tabelul 2 sunt date valorile timpului de
solidificare a piesei turnate, a maselotei si timpul de
alimentare a piesei din maselotd (momentul
Tntreruperii comunicatiei maselotd - piesa turnata).
Timpul de alimentare a piesei din maselota
corespunde cu momentul Tn care se solidifica
complet o primd sectiune transversala a canalului
maselotd - piesd. Acesta este momentul cand se
Tntrerupe comunicatia maselota - piesa turnata.

Tn Tabelul 3 sunt date rezultate privind
randamentul utilizarii aliajului lichid in maselote
(I.LU.). Randamentul utilizarii aliajului lichid in
maselota s-a calculat prin relatia:

[%] @)
unde Vp reprezintd volumul piesei turnate, Vm
volumul maselotei, V¢ volumul canalului, iar Vt
volumul total de aliaj turnat.

In Tabelul 4 sunt date rezultatele privind
volumul de aliaj lichid util din maselota. Acesta
reprezintd volumul de aliaj lichid care poate sa
curgd din maselotd 1n piesa turnatd pand la
solidificarea piesei. Aliajul lichid util din maselota
trebuie sa fie plasat la un nivel superior piesei
pentru ca sa poatd sd curgd in piesa turnatd, pe
principiul presiunii hidrostatice. Pentru a se obtine o
piesa fara retasurd, acesta trebuie sd compenseze
contractia la solidificare a piesei turnate, dar si a
aliajului din maselota care se solidifica simultan cu
piesa. Volumul de aliaj lichid util din maselota este
calculat de softul SIM-3D [9, 10, 11]. De asemenea
in Tabelul 4 sunt date valorile contractiei la
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The value of this coefficient was calculated with
following equation:

solidificare a piesei turnate care pot fi compensate
de maselote (B). Valoarea acestui coeficient s-a
calculat prin relatia:

B=100-Vum/(Vp+Vms) =100 - Vum/ (Vt—Vum), [%] (2)
where: Vp is casting volume, Vum - volume of
usage liquid from riser, Vms - volume of solidified
alloy from riser at the same time with casting
solidification, Vt=Vp+Vc+Vm — total volume of
cast liquid.

unde Vp reprezintd volumul piesei turnate, Vum -
volumul de aliaj lichid util din maselotid, Vms -
volumul aliajului solidificat in maselota simultan cu
solidificarea piesei, Vt = Vp + V¢ + Vm — volumul
total de aliaj turnat.

Table 2. Results on the system casting - riser solidification
Tabelul 2. Rezultate privind solidificarea sistemului piesa turnatd - maselota

The variant of casting solidification t_sol_m t al t sol_p
Varianta de solidificare a piesei turnate [s] [s] [s]
1 V\{ltpout rlserv i 162 i
Fara maselota
With top riser
2 Cu maselota directa 2775 169 149
3 With Iatera[rlser ] 298 186 190.5
Cu maselota laterala
t_sol_m = Solidification time of riser / Timp de solidificare maselota
t_al = Solidification time of casting / Timp de solidificare piesa
t sol p = Feeding time of riser / Timp de alimentare din maselota
Table 3. Yield of cast liquid alloy
Tabelul 3. Randamentul utilizarii aliajului lichid la turnare
The variant of casting Vp Vm+c .U
Varianta de turnare [cm?] [cm?] [%0]
1 V\{ltpout rlserv 138.75 i i
Fara maselota
o |Withtopriser 138.75 168.0 45.23
Cu maselota directa
g | With lateral riser 138.75 188.0 42.46
Cu maselota laterala
Vp = Casting volume / Volum piesa turnatd
Vm+c = Riser + canal volume / Volum maselota + canal
1.U. = Yield of cast liquid alloy / Randament de utilizare aliaj lichid
Table 4. The casting contraction possible to feeding from riser
Tabelul 4. Contractia piesei posibila de compensat din maselota
The variant of casting Vp Vum B
Varianta de turnare [cm®] [cm3] [%]
1 V\{|tf10ut rlserv 138.75 . -
Fara maselota
p |Withtopriser 138.75 43.92 16.71
Cu maselota directa
g | With lateral riser 138.75 14.47 4.63
Cu maselota laterala

Vp = Casting volume / Volum piesa turnata

Vum = Useful liquid alloy available in riser / Volum util de aliaj lichid in maselota

B = Casting contraction possible to feeding from riser / Contractia piesei posibila de compensat din maselota

Results from Tables 2+4 leads to the following
conclusions:
- Placing risers near casting determine a slight

Rezultatele din Tabelele 2+4 conduc la
urmatoarele observatii:
- plasarea maselotelor in apropierea piesei turnate
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increase in the solidification time of casting; in
the analyzed case this increase is measured
between an interval of 7 — 24 s. In the case of the
lateral riser this increase is even larger. This
explain that the nearness from lateral riser and
casting;

- The direct riser and lateral riser have the same

section and same solidification geometric module
(12.5 mm). However, the lateral riser has a
solidification time larger than the direct riser
around 205 s. This is explaining by heating the
mold mixture placed between lateral riser and
casting. This heating has the effect to reduce
thermal flux from the surface of the riser placed
into casting;

- Channel riser-casting has the same dimension as in
the case of direct riser. The supply flow to the
piece from riser is stopped before solidification,
thus making a secondary hot spot and shrinkage
appearing in the piece;

- The lateral riser usually has a larger height as to
guarantee metal static pressure needed to flow
liquid alloy into the casting;

- Lateral riser has a lower liquid yield of alloy;

- Direct riser contains sufficient liquid alloy
available to flow into casting;

- Liquid alloy available in direct riser could
compensate a solidification contraction of a large
piece (B = 26.24 %, enough to remove shrinkage
from casting). Shrinkage from the piece is not
eliminated because of premature interruption of
alloy flow communication riser-casting;

- The lateral riser contains a sufficient quantity of
liquid alloy to flow from casting to compensate
the solidification contraction (possible solidifica-
tion contraction is § = 4.63 %);

- As a results of the solidification at the same

section (same solidification geometric module)
the lateral riser works better than direct riser;
More study is required to determine the
optimization dimensions of lateral riser to
increase usage yield of liquid alloy; to this end we
can study various ways to reduce the section riser
and thermal isolation.

determind o usoard crestere a timpului de
solidificare a piesei turnate; Tn cazul analizat
aceasta crestere este de ordinul 7 - 24 s. Cresterea
este mai mare in cazul maselotei laterale. Aceasta
se explicd prin vecindtatea dintre maselota
laterala si piesa turnata;

- desi maselota directa si maselota laterala au aceeasi

sectiune si practic acelasi modul de solidificare
geometric (12,5 mm). maselota laterald are un timp
de solidificare mai mare cu cca. 205 s, ceea ce
aratd cd modulul de solidificare real al maselotei
laterale este mai mare decat al maselotei directe.
Aceasta se explicd de asemenea prin incalzirea
amestecului de formare situat intre maselota
laterald si piesa turnatd. Aceastd incélzire are ca
efect reducerea fluxului termic prin suprafata
maselotei plasata spre piesa turnata;

desi canalul maselota - piesd turnatd are aceleasi
dimensiuni, Tn cazul maselotei directe alimentarea
piesei din maselotda se intrerupe finainte de
solidificarea piesei, ceea ce face ca in piesd sa
apard un nod termic secundar i deci o retasurd
secundara;

pentru a se asigura presiunea metalostatica
necesara curgerii aliajului lichid in piesa turnata,
este necesar ca maselotele laterale si aibd o
inaltime mai mare;

ca urmare maselota laterald are un randament de
utilizare a aliajului lichid mai scazut;

maselota directd contine o cantitate suficientd de
aliaj lichid, disponibild sa curgd in piesa turnata
pe parcursul solidificarii piesei mult mai mare
decat maselota lateral;

aliajul lichid disponibil in maselota directd ar
putea sa compenseze o contractie la solidificare a
piesei turnate foarte mare (B = 26,24 %, suficienta
pentru eliminarea retasurii din piesa turnatd).
Retasura din piesd nu este insa eliminatd total
datoritd 1intreruperii premature a comunicatiei
maselota - piesa turnata;
maselota laterala contine la randul ei o cantitate de
aliaj lichid disponibild sd curgd 1n piesa turnata,
care este suficienta pentru compensarea contractiei
la solidificare a piesei (contractia la solidificare
posibil de compensat este = 4,63 %);

in concluzie la aceeasi sectiune (la acelasi modul
de solidificare geometric) maselotele laterale au
eficientd mai buna decat maselotele directe;

se impune ca in continuare sa se efectueze studii
pentru optimizarea dimensiunilor maselotei
laterale in vederea maririi randamentului de
utilizare a aliajului lichid; Tn acest scop se pot
studia variante de reducere a sectiunii maselotei
sau de izolare termica.
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