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Rotas de Fabricacao Metalur

SMM0224

Fundicdo
Soldagem

Metalurgia do Po

Ex.: Hematita (Fe;O3),

Minérios

Bauxita (Al;03),
Cassiterita (SnO3)

Metal

Eletrdlise

Extragdo do

Ex.: Alto-Forno,

A

Ex.. Fe-C, Al, Al-Si,

Metais e Ligas

Cu, Ni, Sn
Estado Estado
Liquido Solido

Lingotes
e placas

Processos de
Conformacio
Ex.: Laminagéo,
Trefilagdo

A

P6 Metalico

Produtos Primarios
Ex.: Chapas, Barras,

Peca Semi-acabada

Ex.: Pistdes, Engrenagens

\
Processos de Usinagem e Corte  F~~__
Ex.: Torneamento, Fresamento I/“

Trilhos, Perfilados
Processos de
Conformacio A
Ex.: Forjamento, =~y
Estampagem .
A

Peca Semi-acabada
Ex.: Portas de carro,

Processos de Soldagem
Ex.: Soldagem a arco elétrico

Bielas, Parafusos,
Talheres

Tratamentos Térmicos
Ex.: Témpera e Revenimento

Tratamentos Superficiais
Ex.: Galvanizag¢do, Pintura "

ICd

.

Pegas d
Ex.

Produto Final

e carros, de avides, utensilios domésticos, etc.

engrenagens, parafusos, colheres, tesouras

Esses
processos
podem ocorrer
ou ndo
dependendo do
produto. O
numero e a
seqiiéncia
deles também
varia.




i Fundicao

= Producao de pecas pela solidificacao de
metal liquido em moldes

s Além de "dar forma” as pecas
determina as suas propriedades



i Fundigéo

Exemplo




i Exemplo de produto fundido
-~ t A K




Bronze
9,6 m diam.
130 t

Mecklenburger Metallguss GmbH
(MMG) - 2006

Navio: Emma Maersk (397 x 56 m,
171 kt)
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i Producao Brasileira

79,4%
10,8%
9,8%

8,1%

toneladas
Fonte: ABIFA

PERIODO DEZ/15 | NOV/15 | DEZ/14 | AB% | A/IC% | JAN-DEZ/15 | JAN-DEZ/14 | DIE %
METAL (A) (B) (C) (D) (E)

1- FERRO TOTAL 80.750| 145.122| 127.088 (38,2) (29,4) 1.890.932 2.256.869 (16,2)
2- ACO TOTAL 12.151| 14.241| 16.168 (14,7) (24,8) 243.085 262.815 (7,5)
3- NAO FERROSOS 11.083| 13.062| 13.142 (15,1) (15,7) 181.880 217.557 (16,4)
3.1 - COBRE 1.413 1.440 1.792 (1,9) (21,1) 21.749 22226 (2,1)
3.2 - ZINCO 86 99 120 (13,1) (28,3) 1.266 1.667 (24,1)
3.3 - ALUMINIO 9.172| 11.100| 10.837 (17.4) (15,4) 153.949 188.731 (18,4)
3.4 - MAGNESIO 412 423 393 (2,6) 48 4916 4.933 (0,3)
4 - TOTAL GERAL 112.984| 172.425| 156.308 (34,5) (27,8) 2.315.897 2.737.241 (15,4)

Aco bruto: ~2.400.000 t dez. 2015 (fonte:acobrasil)

Al primario: ~63.800 t dez. 2015 fonte.ABAL
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i Produtividade
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FoFo nodular FoFo branco

DEPENDE DAS CONDICOES DE PROCESSAMENTO
(tipo de molde, T inicial, impurezas, etc.)



(a)

(b)

Fig. 5.18 Tamanho de grdo da estrutura inicial re-
sultante da solidificagdo do Aluminio com diferen-
tes contatos térmicos na interface metal/molde:
(a) molde polido; (b) molde com revestimento con-
dutor; (c) molde com revestimento isolante.



Exemplo de aplicacao do controle
da solidificacao

Eixo

Mola

Valvulas



Exemplo de aplicacao do controle
da solidificacao

FoFo branco

Eixo do comando
em corte
(Macrografia)

FOFO cinzento




i Solidificacao

Y

METAL
LiQuIipo

NUCLEAGAO
DO SOLIDO

|

CRESCIMENTO
DO SOLIDO

/

J

VELOCIDADE DE
SOLIDIFICACAQ

GRADIENTES
TERMICOS

COMPOSIGAO
QuIMICA

Y

REDISTRIBUICAO
DE SOLUTO

MORFOLOGIA DA
INTERFACE
sOLIDO/LIQUIDO

ESTRUTURA

SEGREGAGAQ
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Y

METAL
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i Nucleacao Homogénea

Super-resfriamento 1

—> REGISTRO T = f (1)

Super-resfriamento 2
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Raio critico e Energia critica

Nucleacéao Nucleacéao
Homogénea Heterogénea
Raio Critico 2Ys. T Homo
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Nucleacao Heterogénea
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Filme tensao superficial 4



i Nucleacao Heterogénea

Fig. 2.9 Casos-limite de molhamento entre o em
brido e o substrato na nucleagao heterogénea.

MOLHAMENTO MOLHAMENTO MOLHAMENTO
TOTAL PARCIAL NULO

e = 0° 0°< 6< 180° © = 180°




‘L Molhamento

B() Type of Nuecleation )
0 complete wetting no nueleation barrier (§) 0
10 000017
20 0.0027
30 0.013
40 0.038
20 0.084
70 heterogeneous 0.25
a0 0.5
110 .79
130 0.92
150 .99
170 0.9998
180 no wetting homogeneous 1

§ immediate growth can occur



Taxa de Nucleacao x Taxa de
resfriamento

(a) (b)

Fig. 5.18 Tamanho de grdo da estrutura inicial re-

sultante da solidificagdo do Aluminio com diferen-
tes contatos térmicos na interface metal/molde:
(a) molde polido; (b) molde com revestimento con-
dutor; (c) molde com revestimento isolante.




Nucleacao heterogénea
(inoculacao)

Fig. 2.11 Macroestrutura (x 1) da segdo longitudi-
nal de lingotes de aluminio solidificados ém molde-
coquilha de ago: (a) estrutura de solidificagdo nor-
mal, sem nenhum tipo de inoculagdo; (b) com ino-
culagdo prévia de boro-titinio para refino de grdo.

Filme Exemplo




i Segregacao de Soluto

TEMPERATURA
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Flg' 3 columnar dendrite



Super-resfriamento
‘L constitucional
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& Crescimento Celular




* Crescimento Celular







Crescimento Dendrltlco
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Formacao dos graos

= NO caso de crescimento dendritico

7 =
,,,,,,
,,,,,,,,

e - Primary dendrite arm spacing
re» Secondary dendrite arm spacing



Microporosidades de solidificacao interdentritica
(zona pastosa)




Microporosidade de solidificacao interdendritica

Acos ao carbono




Microporosidades de solidificacao interdentritica

Acos ao carbono (WCB)




Microporosidades de solidificacao interdentritica

»E B

Bronze 85-5-5-5 fundido em coquilha
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Microporosidades de solidificacao interdentritica

Liga Al- 8%Si + 3,5%Cu




Microssegregacao de gases e
inclusoes

o)
G o o]
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0 0
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(a) (b) (c)

Fi 3 Influence of interface shape on pushing or entrapment of particles. (a) Planar interface can result in pushing (left) or
g. pushing at interface and entrapment between cells. (c) Dendritic interface;
Source: Ref 9

engulfment (right). (b) Cellular interface showing
small particles are entrapped in interdendritic spaces while large particles are pushed



Macrossegregacao

| Positive segregation

Riser —
! inriser

A-segregation in
branched culumnar
dendrite zone

V-segregation
L in equiaxed grain
zone

—Negative cone

Columnar dendrite
zone

Chill zone

Fi 7 Typical macrosegregation observed in steel
ig. . - .

ingots. A-segregation and V-segregation
are discussed later in this article.



Fluxo de calor e direcao de

crescimento
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Conveccao e formacao de
novos nucleos

Equiaxed zone Mold

— T MOLDE
/

2o S
] / 7O\ - _METAL
M_|<> () ,H//souoo v
s § y ] %
- |
] | ! ] METAL
- ( ) > ] _~_LiQuIDO
: / ”‘” ‘

CORRENTE — ]

DE . ' _—

CONVECGAO| | ]

e a—

ZAERTIEE)

Columnar zone &Chill zone

Fig 11 Scher_natic qf micrgstrus:?ure zone forrr.lo-
B tion in castings. Directional solidification
conditions give rise to a columnar zone, while an
equiaxed zone is formed at the center where the liquid is
undercooled.

Filme



i O Molde (partes basicas)

CAMARA DE
VAZAMENTO MDNTANTE

ALIMENTADOR

CANAL HORIZONTAL

———— CAVIDADE DO MOLDE

CABEGA DA CAMARA MONTANTE
CANAL ENTRADA DE VAZAMENTO
CABEGA DO ALIMENTADOR
CAVIDADE DO MOLDE
CANAL HORIZONTAL

FUNDIDO

CANAL ENTRADA

PECA FUNDIDA



* Contracao na Solidificacao

Void Solid skin Isotherms

(a) (b) (c)

(d) (e)

Fig 2 Schematic of sequence of solidification shrinkage in an iron cube. (a) Initial liquid metal. (b) Solid skin and

formation of shrinkage void. (c) Internal shrinkage. (d) Internal shrinkage plus dishing. (e) Surface
puncture



* Rechupe e Massalote

et - Radiation

shield y
Insulating

(c) (d) (e)

Fi 3 Methods of controlling shrinkage in an iron cube to reduce riser size. (a) Open-top riser. (b) Open-top
9. riser plus chill. (c) Small open-top riser plus chill. (d) Insulated riser. (e) Insulated riser plus chill

[ SR O



i Projetando Moldes (massalote)

= Modulo de Resfriamento

Volume
Superficie

MR =

= Tempo de Solidificacao
TS= C(M ?)n 15<n<?2

= Exemplos:
« Calcular p/ Esfera, Chapa, Cubo, Cilindro
= Como maximizar MR p/ Cilindro?
= Comparar



Projetando Moldes
(massalotes, coquilhas e isolantes)

Shrinkage

(d)

P A
2.3 .
—————-—-————/,’v\ \ Insulator or exothermic pad
= g 2y
e e o e e B S
__________ S
| S’ OO TO aTeTeToa aTeseTeeToTererer:
PXXXRHXRNXRHRARAKRRKRA, o~~~ N
SEEEE====2000
(b) \ ‘—*—:::::::—:::~-/ /
ROCCTRAXIITTIXTIITKICHICRS ™ __ 7
BRI

(e)

. Risering of isolated heavy sections joined
Flg‘ 16 by a thinner section to minimize shrinkage
and number of risers. (a) Workpiece with no risers. (b)
Riser added to one side. (c) Risers located on both ends.
(d) Chill applied to one end and riser to other end. (e)
Riser used on one end and insulator or exothermic pad on
opposite end

(c)



rojetando Moldes (posicses)

Shrinkage

i

V/ISA —

(b) Distance X —»
Fi 3 Casting design and solidification of a simple
9. wedge. (a) Riser placed at narrow end of
wedge; shrinkage occurs at wide end. The crosshatched
region represents the approximate area of the casting
where solidification is first complete, thus cutting off the
feeding path of the casting. (b) Correct riser placement.

VISA is the volume-to-surface-area ratio (casting modu-
lus).

Shrinkage due to
Riser insufficient
feeding distance

Greater than
feeding
distance

T-section of rib
provides feeding
path to feed plate

If feeding path distance
between ribs is exceeded,
resort to branched ribs

(c)

o Feeding path design considerations. (a)
F|g‘ 16 Circular flat plate with a single riser. (b)
Addition of wedge-shaped ribs to ensure proper solidi-
fication. (c) Branched ribs to overcome feeding problems
at the circumference of the plate



i Projetando Moldes (canais)

Pouring
basin

Velocity

Runner

Filme
turbuléncia

Frictional loss

Potential head (wZ) + Pressure head (wPv) + Velocity head (wV#%2g) + Friction loss of head (wF) = Constant (K)

Flg. 2 Schematic illustrating the application of Bernoulli's theorem to a gating system. Source: Ref 1



i Projetando Moldes (canais)

7 ) v,

L S — | Low-pressure
—_— — area; air
h / aspiration

(a) ' (b) (c)

Fig. 3 Schematic showing the advantages of a tapered sprue over a straight-sided sprue. (a) Natural flow of a
9. free-falling liquid. (b) Air aspiration induced by liquid flow in a straight-sided sprue. (c) Liquid flow in a
tapered sprue

| e |




Projetando Moldes (canais)

Pressure head (wPv) + Velocity head (wV?) = Constant (K)

For same size runners
unequal flow

Low pressure
High velocity

High pressure
Low velocity

(a)

Reduce runner
size at each
ingate for

equal flow

Equal
pressure

Equal velo

city

(b)

Fi 9 Applying Bernoulli’s theorem to flow from a runner at two ingates for a filled system and comparing
g. velocity and pressure at the ingates for two runner configurations. (a) Same runner cross section at both
ingates. (b) Stepped runner providing two different runner cross sections at each ingate. Source: Ref 1



i Projetando Moldes (canais)

Stepped-down runner
or
reverse sprue

/ Y
/ =

(a) (b)

Fi 10 Comparison of flow patterns in two vertical gating systems. (a) Poorly designed system. (b) Properly
g. designed system utilizing a tapered runner that equalizes flow through the ingates




‘L Projetando Moldes (canais)

S aspiratioh
; _and ent_rai_nment :

Low-pressure, .
“dead” regions i .

(@) (b) (©)

Fi 7 Schematic illustrating fluid flow around right-angle and curved bends in a gating system. (a) Turbulence resulting from a sharp corner. (b) Metal damage resulting from
9. a sharp corner. (c) Streamlined corner that minimizes turbulence and metal damage



i Projetando Moldes (canais)

T

(a) (b)

Fi 4 Choke mechanisms incorporated into
9. straight-sided sprues to approximate liquid
flow in tapered sprues. (a) Choke core. (b) Runner choke



* Projetando Moldes (filtros)

q 7
K /

e %
M -

(@)

MA

Filter ———

(b)
Fi 14 Several common filtration and flow modification devices (from left to right): strainer core, extruded
ig. ceramic filter, ceramic foam filter, mica screen, and woven fabric screen. The two types of ceramic
filters are by far the most widely used.
Filter
]! ’
7
7
s
(c)

Fi 16 Common methods of filter placement in horizontally parted molds. (a) Parallel to parting line. (b)
9. Between 0 and 90° to parting line. (c) 90° to parting line. Arrows indicate the direction of metal flow.



i Comparacao de processos

Processo Limites de |Menor seccao| Acabamento Tolerancia dimensional
peso (mm) superficial (um) Dimensao de x (mm)
Areia 30g a 200T 3a6 4a8 0.005x a 0,03x
Casca 30g a 1,5a3,5 2,5a6 0,01x a 0,025x
120Kg
Gesso 100g a 1,5 1 0,005x
50Kg
Cera 2g a 25Kg 0.8atl 1 0,003x a 0,005x
Perdida
Molde Cheio - - - 0,002x a 0,007x
Molde 100g a 3ab 2 0.01x a 0,025x
Permanente 50Kg
Sob pressao | 15g a 50Kg 0.8 1 0,0015x




Comparacao de processos
p/ ligas de Al

I Capacidade A . Custo de
Processo ~ Tolerancias Superficie L
Producéo Maquinario
. De 0,05 +£0,001 20,25 m 63-250 RMS $8000a
: ' : 120000
Molde cheio 4 150 Kg +0,0007/metro ¥
+0,001 40,127m $4000 a
. 0,05 ; ’ 63-250 RMS
o +.0,0007/metro $40000
Cera Perdida 210 Kg
. +0,007a1,5m 200-550 $1000 a
Fundicao em ~ 003 +.0,0007/metro RMS $10000
Arela a toneladas
0,05 $10000 a
D Y +0,0005/metro 32-63 RMS
Injecao a1l0Kg $300000
Molde 0,5 +0,003t0 0,25 m 150-300 $12000 a
a50Kg +.0,0005/metro RMS $100000

Permanente



Moldagem em Areia
Caixa (areia verde ou cura a frio

METADE INFERIOR APLICAGAO DA SUPERFICIE ENCHIMENTO COM AREIA
DO MODELO DE SEPARACAO

MACHO | METADE INFERIOR
DA CARCACA

METADE SUPERIOR

REPRODUGAO
DO MACHO
LINHA DE MESA DE
SECGAO MOLDA RASPAGEM DO EXCESSO
METADE
INFERIOR SOLAGEM DE AREIA
MODELO
| APARTE INFERIOR DO MODELO E COLOCADA SOBRE A MESA 2 PREPARAGAO DA METADE INFERIOR DO MOLDE
DE MOLDAGEM , NA PARTE INFERIOR DA CARCAGA
CANAL VERTICAL TOFO BACIA DE VAZAMENTO
CANAL DE ENTRADA CONJUNTO DO MACHO
CANAL
VERTICAL
BASE
= |
O
3 A METADE INFERIOR DO MOLDE E INVERTIDA,EA 5. A CARCAGA £ SEPARADA, OS MODELOS sA0 REMOVIDOS, 6. QUANDO AS CAIXAS SAO FECHADAS E FIXADAS
METADE SUPERIOR DO MODELO E DA CARCACA SAO 0 MACHO E POSICIONADO E ENTAO, AS CAIXAS SAO FE - LATERALMENTE,O CONJUNTO ESTA PRONTO —
FIXADAS NA POSICAO. CHADAS. PARA' O VAZAMENTO

4 A METADE SUPERIOR DO MOLDE E PREPARADA
DA MESMA FORMA QUE ANTERIORMENTE.



Moldagem em Areia
Caixa (areia verde ou cura a frio)

Mechanical drawing of
desired part

Step 1
Core prints
' ! ' Gate ]
Core halves
Core boxes pasted together
Step 2 Step 3 Cope pattern plate Drag pattern plate
Step 4 Step 5

Risers

Flask |
25

e N
=)
©

Bottom
Cope after ramming with board

Cope ready for sand sand and removing Drag ready for sand Drag after

Step 6 pattern, sprue, and risers Step 8 removing pattern
Step 7 Step 9
Cope
Drag
Bot
Closing b%;%“ Casting as removed Castings ready
pins from mold for shipment
Drag with core Cope and drag Step 12 Step 13
set in place assembly ready
Step 10 for pouring
Step 11

.
Flg. 2 Basic steps involved in making a casting from a green sand mold



Moldagem em areia
Compactacdo Automatizada (caixa)

Fig. 6.6 Componentes essenciais de: (a) equipa-
mento de moldagem com vibragdo. A vibragio é
produzida por levantamento e abaixamento do su-
__ PINO DE porte; (b) equipamento de moldagem por vibragdo-

cuiA compressdo. Apés a compactagdo pela vibragdo, é
aplicada uma pressdo de compressao.

(a)
PISTAO

DE .

VIBRAGAO

__CILINDRO
DE AR

PINO DE DESMOLDAGEM

e
ZTiTiTiT“iTl
Y

g7l

PINO DE GUIA

2 o,‘

e &3\\\\\

(b)

31ptjos

B >
CILINDRO
DE AR PINO DE DESMOLDAGEM

1 ogdeol



Moldagem em Areia
* Automacao (processo Disamatic)

= B

Sand enters the Molding Chamber for the next mold.
Iron is poured into the pouring sprue on top of the
formed molds.

Castngs
forming
inside the
mold




i Fiimes

m Link 1

= Cura a frio mais comum:
= Resina fenolica + trimetilamina

m Link 2




Moldagem em Casca
i Shell Molding (cura a guente)

Fig. 6.9 KBtapas da produgdo de molde em casca
usando uma caixa basculante.

SUPORTE

L)
(7
8

SUPORTE

\
\
\
\
\
\
\
\
\
\
=,
N
RAE ¢,

T
| AREIA MODELO \F
\
\
MATERIAL —— \
DE MOLDE \
CAIXA pszed

o BASCULANTE

N (b) MODELO CONECTADO A CAIXA/SUPORTE

RETIRADO/A AREIA SOBRANTE CAl

MODE LO

et .

(a) MODELO SENDO LEVANTADO PARA
A CAIXA BASCULANTE



Moldagem em Casca
!L Shell Molding (cura a guente)

CAIXA
BASCULANTE AREIA EM
EXCESSO
— SUPORTE
CASCA
_——— MODELO
CASCA .
MODELO

(d), POSIGAO ORIGINAL , O SUPORTE RETEM
[ 0 EXCESSO DE AREIA, OMODELO E A
| CASCA SAO ABAIXADOS

EXCESSO DE AREIA

(c) MODELO E CAIXA INVERTIDA,O EXCESSO DE

AREIA CAl, O SUPORTE E TRAZIDO PARA A _ i i
POSIGAO INICIAL Molde para virabrequim fundido



Silicato de Sodio

5
(o PN l D2

Na28i205 D"zoa) + Coz(g) - SiOZ(gel) + NaZCO3 |:I_IZO(vidI‘O) ‘

)

i | | = - |

S

AREIA ]
ENDURECIDA
~ i R (G) MODELO (b)
Quando nao se usa silicato de sodio:
= ligante organico
= Resina Fenoluretanica + vapor de
amina (dimetilamina ou
trimetilamina)
= Resina Epoxiacrilica + didxido de AREIA

enxofre ENDURECIDA

CO, =

™ pLACA- MOLDE




ALIMENTADOR

" ESFERICO
<3

o e%eds K
%% % KS
KT R xx ]
SRR

PLACA PERFURADA
MANTA POROSA

f~— PESOS

VIBRADOR

PORTATIL \'E

i Molde cheio (lost-foam)

ALIMENTADOR
_—DE AREIA

AREIA NAO
LIGADA

v.‘o'i:::
STIRAIK
3 :20,0‘

X
35558
K4

N RECICL AGE M

QPAM O FUNIL

POLIESTIRENO

AREIA NAO LIGADA (SILICA ZIRCONITA,ETC)
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Refractory
Consists of a variety of specially
blended groups of refractory
powders.

Step 1

@
\

SN

Stripping
The gelled refractory mass is
stripped from the pattern by hand
or with a mechanical stripping
mechanism.

Step 5

e

Binder
The liquid medium is usually based
on ethyl silicate and is specifically
produced to proprietary formula-
tions.

Step 2

Burn-off
The moldisignited. It burns until all
volatiles are consumed; this sets up
the microcrazed structure.

Step 6

o
Flg. 1 Sequence of operations used in the Shaw all-ceramic mold process

i Molde Ceramico

Mixing
Asmall percentage of gelling agent
is added to the binder and mixed
with the refractory powder to
produce a creamy slurry.

Step 3

)

Baking
The Shaw mold, now immune to
thermal shock, is placed in a
high-temperature oven or skin
heated with a torch until all traces
of moisture are driven off.

Step 7

Pattern
The slurry is poured over a pattern
made of wood, metal, plaster,
plastic, and soon. Itis then allowed
to gel in about 2 to 3 min.

Step 4

Pouring
Cope and drag mold pieces are
assembled, along with any
necessary cores, and the casting is
poured.

Step 8



Cera perdida (Fundicdo de Precisao)

Pattern assembly
Step 3

Completed mold Dewax the shell mold
Step 6 Step 7

ooooo g/casting
Step 9



Cera perdida (Fundicdo de Precisdo

Fig. 6.13 Molde tipico de uma fundigio por cera
perdida.

142 / Tecnologia da Fundigdo — Cap. 6




i Cera Perdida (filme)
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Exemplo: Cera perdida
Palheta de Turbina (Solid. Direciona

Comparison of equiaxed (left), directionally solidified (center), and single-crystal (right) nickel-base alloy turbine blades for an aircraft engine. Courtesy of Howmet
Corporation, Whitehall Casting Division
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i Fundicao sob pressao

Fig. 6.19 Ciclo de operacio de um equipamento MATRIZ
de fundigdo de cdmara fria horizontal em matriz. EJETORA

MATRIZ FIXA
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i Fundicao sob pressao

Gas/oil accumulator
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Fig. 1 Schematic showing the principal components of a hot chamber die casting machine
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Fig. 2 Schematic showing the principal components of a cold chamber die casting machine



‘L Fundicao sob pressao (filmes)

Link Filme 1
Link Filme 2



Fundicao Centrifuga horizontal

6.10 Fundigdo Centrifuga

A fundigdo centrifuga envolve a solidificagio de metal num molde rotativo. Sua
maior aplicagdo é em moldes horizontais, que giram ao redor do seu eixo de simetria. O

CAMISA D' AGUA

PANELA

\DETALHE A

81CO DA COBERTURA
DETALHE A

PLACA DA
EXTREMIDADE

BLOCO DE PUXAMENTO

TUBO FUNDIDO

EQUIPAMENTO DURANTE A DESMOLDAGEM

Fig. 6.21 Fundicdo centrifuga de um tubo de fer-
ro fundido.



‘_L Fundicao centrifuga vertical

270

Um sdlido de revolugao Varias pecas



i Lingotamento Continuo
—_— .

= L L. \““" /
r esTicIo 3 i
FLﬂ >
S(C IO
(@b@m@) C/ -




‘L Lingotamento Continuo (filme)

Link



/ Tixofundicao

ao

* Reofundic




i Reofundlgao / Tixofundicdo




‘L Reofundicao / Tixofundicao




* Reofundicao / Tixofundicao
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