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Tixoconformacao:
Conceitos e
Potencialidades

Eugénio Jose Zoqui
DEF-FEM-Unicamp

zoqui@fem.unicamp.br
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Tixoconformacao:

* Tixoforjamento: Matrizes
Abertas e Fechadas com Alta
Fracao Solida.

* Tixo-extrusao: Matrizes
Fechadas com Alta Fracao
Solida.

» Tixo-injecao: Matrizes Fechadas
com Baixa Fracao Solida.
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 Produtos
Tixoconformados:

Semi-Solid Metal Castings

Part Name: Multi-Link

Application: Rear Suspension Support
Part Weight: 15.0 Ibs.

Alloy: A356

Heat Treatment: 15

Special Low weight, high strength
Requirements:

New Part or MNew Part
Substitution:

Customer: Alfa Romeo

Nadca, 2006
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 Produtos
Tixoconformados:

Semi-Solid Metal Custings

Part Name:
Application:
Part Weight:
Alloy:

Heat Treatment:

Special
Requirements:

New Part or
Substitution:

Customer:

Steering Knuckle

Automotive

4.8 |bs.
357
15

Low weight, high strength
Substitution of cast iron

Alfa Romeo

Nadca, 2006
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Al-0,6wt%Si-0,4wt%Mg
Agitacao Eletromagnética —»

Al-0,6wt%Si-0,4wt%Mg
< Refinada




Al-6,5wt%Si-0,4wt%Mg
< Refinada

Al-6,5wt%Si-0,4wt%Mg
Agitacao Eletromagnética —»
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Conjunto redutar

Forno de ezpera
Termopares

Aguizigdo de dados

kMadulo de controle

Sequéncia de bobinasz de dados

Sisterna de refrigeracio s

Cadinho

Placas de protecio e
lateral

Formo-poco

Lingoheira s

Sistema de Lingotamento Semi-Continuo c/ Agitacao Eletromagnética
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Sistema de Lingotamento Semi-Continuo c/ Agitacao Eletromagnética
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Temperatura ('C)

Diagrama Al-Si :
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Viscosidade (Pa.s)

Tixoconformacao
10° T T T T
m Al-7Si-0,5Mg RQI=0,49
e Al-4Si-0,5Mg RQI=0,60
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Ligas Al-xwt%Si-0,5wt%Mg a 580°C ~ 45fs
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AWt%Si - 45% fs
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Agitacao Eletromagnética Liquidus
N U a RGFIR G
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= I W Tixo-Injegdo [ f N .. Solidus
= Tixoforjamento

Obtencao Processamento
« < >
Tempo -

Rota — Obtencao de Peca por Tixoconformacao
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Tixo-Injecao
Segue Principios
Basicos da
Injecao

Maior Controle
-Temperatura
- Forca
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Biihler AG — Liga A356 (Al-7,0wt%Si-0,5wt%Mg)
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Tochigi R&D Center, Honda R&D Co., Ltd

FoFo:

2,30-2,40 wt%C
1,95-2,05 wt%Si
0,06-0,70 wt%Mn
0,50-1,00 wt%Ni
0,00-0,50 wt%Cr
<0,035 wt%P
<0,040 wt%S
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Load a billet in pallet

(a) (e)

(c) Carry it in semi—solid state

Take out a product
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2 ’-;' " Gl pump cover

(h) Induction heating (dy Open a die after forming

Tochigi R&D Center, Honda R&D Co., Ltd



R FAPESP

Propriedades pos
Trat termico:
Cinzento:
400-600MPa
Nodular:
600-800MPa

Aco Microligado:
600-1000MPa

Tensile
strangth Heat—treatment (Hardness HB)
i : Annealing Furnace cooling  (HB 150-200)
950°C x 60min.
500~ ¢
T00MPa Cooling rate
=0.05~0.10°C/sec.
ii : Annealing Air cooling.”” :}ggf_zsili'r!_g'l;twu steps)
{HB 200-350)
950°C x 60min.
600~ T_°C X tmin
S00MPa
i
Air cooling | Air cooling
\| 1
Cooling rate = 2.0°C/sec.
ili: Thermal refining ~“Austemper(HB 250-350)
800~ T "C % tmin.
1300MPa

_T °C X 60min. \
k\
%
4

il quench Air cooling

=2
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Tixoforjamento:

Flange Secundaria
De Exaustao de Gases
De Combustao

Bernd-Arno Behrens, INTRODUCTION.OF A FULL AUTOMATED PROCESS FOR THE
PRODUCTION OFAUTOMOTIVE STEEL PARTS, S2P Conference, Chipre, 2004
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Originalmente: Forjamento ém 4_Et_apas.
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Tixoforjamento: ......mu

uppar die

Armaring

lower die 1._

kerar stamp [ ejecton m—— |

F:hlp

Phasze 3: End of forming operation Phasa 4: Opening of dies and
ajection of the part
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Tixoforjamento:
Convencional Tixoforjament

Peso da Matéria Prima 13429 /2 Partes gOSg 1
Peso Antes da Usinagem 350g /1 305g /1
Peso Apo6s Usinagem 2169 /1 191g /1
Perda de Peso 455g 1 1149 /1
Numero de Passos no Proc. 3 1
Forca Maxima Requerida < 870Ton/2 <50Ton/1
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Honda
CTDi Diesel
2,0le 2,4L

Koichi Kuroki, ESTABLISHMENT OF A MANUFACTURING TECHNOLOGY FOR
THE HIGH STRENGTH ALUMINUM CYLINDER BLOCK IN DIESEL ENGINES
APPLYING A RHEOCASTING PROCESS, S2P Conference, Chipre, 2004
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Honda

CTDi Diesel
20l e24L
Al-Si-Mg-Cu
15 a 25%
Fracao Solida
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Honda

CTDi Diesel
20le 2,4L
Al-Si-Mg-Cu
15 a 25%
Fracao Solida
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Projetos em Andamento

Eugenio Jose Zoqui
DEF-FEM-Unicamp
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| .m Porqué Baixo-Silicio?
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Tab 3 — Propriedades de de Pecgas Tixoforjadas em Prensa Excéntrica

Tensao de Escoamento Alongamento
(MPa) (%)
Liga 45% fq 60% fg 45% fg 60% fg
Al-1wt%Si-0.5wt%Mg 72 70 1.5 <1.0
Al-2wt%Si-0.5wt%Mg 100 104 3.1 2.7
Al-4wt%Si-0.5wt%Mg 115 108 4.2 3.0
Al-7wt%Si-0.5wt%Mg 122 116 4.4 3.5

Comportamento Similar:
4wt%Si e Twt%Si
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Ligas com 2 ou 4wt%Si possuem
comportamento reologico similar a 7wt%Si.

Viscosidade Aparente ~ 2*10° Pa.s.

Pecas Semi-solidas podem ser produzidas
via tixoforjamento em prensa exceéntrica.

Pode-se produzir pecas com baixa
porosidade e boas propriedades
mecanicas finais.

Conformacao via tixoforjamento em prensa
excéntrica mostrou excelente
preenchimento a baixas cargas (S000N ~
500kgf ~ 1100l1bf).
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