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(57) ABSTRACT 

There is disclosed a cast-forged product of an aluminum 
alloy consisting essentially of: 0.6 to 1.8 wt % of silicon; 0.6 
to 1.8 wt % of magnesium; 0.8 wt % or less of copper, 0.2 
to 1.0 wt % of manganese; 0.25 wt % or less of chromium; 
0.0 to 0.15 wt % of titanium; and unavoidably contained 
impurities. When the product is used as various parts for 
automobiles formed of aluminum, Such as Suspension parts, 
frames, and parts for engines, the product is more Superior 
in mechanical properties Such as a tensile Strength, proof 
StreSS, and elongation, and can be manufactured with a low 
COSt. 
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ALUMINUM ALLOY FOR CASTING-FORGING, 
ALUMINUM CASTING-FORGING PRODUCT AND 

PROCESSES FOR PRODUCTION THEREOF 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a cast aluminum 
alloy for forging and an aluminum cast-forged product that 
is used for a vehicular part or the like and is less costly, and 
a method of manufacturing an aluminum cast-forged prod 
uct. More particularly, it relates to a cast aluminum alloy for 
forging that is used to manufacture vehicular Suspension 
parts which are required to be light in weight to improve fuel 
consumption of an automobile and can use useleSS forging 
materials. Such as flash generated in a forging process, an 
aluminum cast-forged product that has high mechanical 
properties and contains particular amounts of Silicon, mag 
nesium, copper, and manganese, and a method of manufac 
turing an aluminum cast-forged product. 
0003 2. Description of the Related Art 
0004. It is said that global warming, which is one of 
global environmental problems, is greatly affected by carbon 
dioxide produced by all human activities, and a reduction in 
carbon dioxide discharged from factories and electric power 
plants and a reduction in fuel consumption of automobiles 
are Strongly required all over the World. At the third con 
ference of the United Nations Framework Convention on 
Climate Change, so-called Global Warming Prevention 
Conference COP3, held in Kyoto in 1997, Japan promised 
that the emission of gas causing greenhouse effect which 
mainly contains carbon dioxide will be decreased by 6% on 
average of values in 2008 through 2012 as compared with 
1990. Based on this promise, regarding the fuel consumption 
rate of automobiles, the target reference value of fuel 
consumption rate under Vehicle weight classification was 
determined with the target fiscal year being fiscal 2010 for 
gasoline engine and fiscal year 2005 for diesel engine. Also, 
in the taxation System, measures were taken to treat low 
pollution cars favorably. Hereafter, auto manufacturers will 
Strongly be pressed to promote technology development to 
improve fuel consumption and to develop an automobile 
having improved fuel consumption, with further progreSS of 
understanding towards environmental problems by automo 
bile purchasers and users. Such development will be needed 
to win competition among the auto manufactures. 
0005 The measures for improving the fuel consumption 
of the automobile include the use of new power Sources Such 
as a fuel cell, natural gas, and electricity, or the hybrid use 
thereof, the technical improvement in a motor System Such 
as a lean fuel engine and a direct injection engine, and the 
decrease of running resistance due to improvement in loSS of 
a power transmission System and improvement in vehicle 
body contours. Among these measures, a measure that is 
most effective and capable of being taken together with any 
other technology is the reduction in weight of the automo 
bile. If the automobile itself is made light in the weight, the 
load on the power Source is lessened, and the amount of 
power to be consumed can be Saved irrespective of power 
Sources. AS one measure for the reduction in weight of the 
automobile, the reduction in weight of the Suspension parts 
of the automobile is an object having a higher priority, 
because this reduction contributes to the improvement in 
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drivability and riding quality of the automobile. In recent 
years, frame parts or Some parts of the engine have also been 
regarded as the objects of the reduction in weight, and 
attempts have been made to use light metal materials there 
for. 

0006 Incidentally, when the lightening in the weight of 
automobile is intended, the up in the cost remains as a theme 
to be Solved. The weight lightening technology is broadly 
divided into a structure design technology and a material 
technology. In comparison with the drastic improvement in 
vehicle body Structure and construction elements, the 
change of material used is an easily employable measure for 
lightening the weight. However, Such a material for light 
ening the weight is generally expensive. Examples of the 
material for lightening the weight include resin materials 
Such as FRP, thinned iron sheets using high tensile Strength 
Steel sheets, aluminum alloys, magnesium alloys, titanium 
alloys, ceramics, metallic compound materials, and the like. 
Among these materials, aluminum alloys have fewest draw 
backS Such as corrosion resistance and the like, and are 
lowest in cost in the materials for lightening the weight 
although being higher in cost than iron, and can easily be 
applied as alternatives without requiring any large change in 
the basic design of the automobile. 
0007. The aluminum alloys, having a density about one 
third that of iron, have already been used for many easy 
to-manufacture castings Such as engine cylinder heads and 
engine cylinder blocks. These castings are manufactured by 
high-speed injection molding, a So-called high pressure die 
casting method, and thus can be manufactured at a relatively 
low cost with high production efficiency. However, castings 
having large thickness and high Strength cannot be pro 
duced. There is a problem that the application of cast parts 
to Suspensions as a part light in weight Since a failure of Such 
a part due to insufficient Strength directly leads to the Safety 
problem. 
0008 Referring to the suspension parts which have 
advanced in Studies of the weight reduction technology as 
examples, the present Status of the technology will be 
described. Materials used for the Suspension parts Such as a 
Steering knuckle and a Suspension arm are required to have 
high corrosion resistance, Sufficient properties Such as 
Strength and elongation, and few defects, and an A6061 
alloy forged product, an AC4CH alloy Squeeze cast product 
(low-speed injection molded product), and the like that meet 
the requirements have already been used. However, these 
materials still have an unsolved problem of high cost, So that 
the application thereof is extremely limited at present. 
0009 Reasons why so-called aluminum products formed 
only by forging, Such as the conventional A6061 alloy 
forged product are high in cost lie in that the number of 
manufacturing processes is large and that the raw material 
for forging itself is expensive and that wastes Such as flash 
are caused during the manufacturing proceSS and that useleSS 
materials. Such as the flash cannot be recycled as the raw 
material for forging. Also, for a Squeeze casting, because of 
a large number of processes and a low injection speed, the 
productivity is low and the cost reduction cannot be attained. 
0010 Thus, in particular, in order to reduce the weight of 
the vehicular part, an aluminum product having Superior 
corrosion resistance, Strength, and elongation, no defects, 
and a low cost has been demanded. To meet this demand, 
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various improved aluminum alloys have heretofore been 
proposed as a material for manufacturing an aluminum 
product. 

0011. According to JP-A-5-59477, an aluminum alloy for 
forging in which the coarseness of crystal grains is restrained 
by controlling a composition, whereby high mechanical 
properties are attained has been proposed. It is Stated that a 
tensile strength of 40 kgf/mm has been attained because of 
the improvement in Strength of matrix, and the restraint in 
not coarsening crystal grains by adjusting the composition 
So as to contain 1.0 to 1.5 wt % of silicon, 0.8 to 1.5 wt % 
of magnesium, 0.4 to 0.9 wt % of copper, 0.2 to 0.6 wt % 
of manganese, 0.3 to 0.9 wt % of chromium, and the like. 
0012 Although the strength is increased, there arises a 
new problem that a low cost cannot be attained, and the 
corrosion resistance is deteriorated because a larger amount 
of copper is contained than the conventional raw material for 
forging (A6061 alloy), and also the fluidity decreases So that 
the castability is poor because much magnesium is con 
tained. 

0013 Also, an aluminum alloy material for forging hav 
ing Superior castability and high Strength has been proposed 
in JP-A-7-258784. According to this document, the forma 
tion of crack during casting, which has been formed in the 
case where the conventional A6061 alloy is used as the raw 
material, does not occur, in the case of aluminum alloy 
forged product obtained by casting continuously a molten 
metal of an aluminum alloy material in which the compo 
sition is adjusted so as to contain 0.8 to 2.0 wt % of silicon, 
0.5 to 1.5 wt % of magnesium, 0.5 to 1.0 wt % of copper, 
0.4 to 1.5 wt % of manganese, 0.1 to 0.3 wt % of chromium, 
and the like with controlling a cooling rate in a Solidification 
process, thereafter Soaking the resultant, Subsequently hot 
forging aluminum alloy, thereafter Subjecting to a Solution 
heat treatment, and further an aging treatment, when the 
aluminum alloy forged product is cast into a shape close to 
a final product. 
0.014. In this proposal, although castability is improved, 
the low cost cannot be attained yet as compared with the 
conventional raw material for forging (A6061 alloy), also 
the corrosion resistance is deteriorated because much copper 
is contained, and there remains anxiety when this material is 
used for the Suspension part. Also, there arises a problem 
that the fluidity decreases because much magnesium is 
contained, and the above-described rigorous control is 
needed in the casting process, and the manufacturing cost 
rather increases. 

0.015 Furthermore, according to JP-A-8-3675, an alumi 
num alloy for forging having Superior mechanical properties 
and involving the low cost has been proposed. It is Stated 
that the formation of the hot crack does not occur at the time 
of casting, and that the Strength after the forging can be 
improved by forging, with an upsetting ratio of 10 to 50%, 
an aluminum alloy whose components have been adjusted So 
as to contain 0.6 to 3.0 wt % of silicon, 0.2 to 2.0 wt % of 
magnesium, 0.3 to 1.0 wt % of copper, 0.1 to 0.5 wt % of 
manganese, 0.1 to 0.5 wt % of chromium, and the like, and 
also 1.5 wt % or more of MgSi. 
0016. In this proposal, although a shape close to that of 
the final product can be formed at the time of the casting, and 
the manufacturing cost can be reduced because the forging 
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can be performed by omitting an extrusion process, there 
arises a problem in that the Strength decreases because an 
excessive amount of manganese is contained. Manganese is 
an element capable of restraining the growth of aluminum 
crystal grains, keeping the gain Structure to be refined, and 
improving the Strength. If the content thereof is high, 
however, intermetallic compounds are liable to be formed, 
and the Strength is rather decreased. 
0017. In JP-A-2002-302728, the present inventors also 
have proposed a thick-wall aluminum processed product 
which is an aluminum cast-forged product having high 
tensile Strength, proof stress, and elongation and having 
improved mechanical properties as compared with the con 
ventional cast-forged product, and having Superior corrosion 
resistance and high quality without any defects and involv 
ing the low cost, and a method of manufacturing the product. 
In this proposal, there is proposed, as a cast aluminum alloy 
for forging which is the raw material for the forging, an 
aluminum alloy, characterized in that the alloy contains 0.2 
to 2.0 wt % of silicon, 0.35 to 1.2 wt % of magnesium, 0.1 
to 0.4 wt % of copper, and 0.01 to 0.08 wt % of manganese. 
0018 When the above-described material is used, a 
desired effect can be attained. However, in respect of the 
mechanical Strength, it cannot be Said that the material can 
Sufficiently Satisfy needs of the market, depending on use 
conditions. It is the present Situation that there Still exists a 
demand for a material more Superior in the mechanical 
Strength. 

0019. There has been a demand for a low-cost aluminum 
product which is more Superior in mechanical properties 
Such as the tensile Strength, proof StreSS, and elongation and 
which can be applied as various components for automobiles 
Such as the Suspension components, frames, and engine parts 
and which involves the low cost, but it is the present 
Situation that an appropriate aluminum product has not been 
proposed yet. 

SUMMARY OF THE INVENTION 

0020. The present invention has been developed in view 
of the above-described conventional problems, and an object 
thereof is to solve the problems with the conventional art 
and, more particularly, to provide an aluminum cast-forged 
product capable of Satisfying needs of the market as an 
aluminum thick-wall processed product and having high 
tensile Strength, proof StreSS, and elongation; and a method 
of manufacturing an aluminum cast-forged product. That is, 
the object is to provide an aluminum alloy material which 
can be cast/processed like high-concentration products Such 
as AC4CH containing 3 wt % or more of silicon and which 
can be processed in a final shape of a desired component like 
AC4CH without requiring low-speed casting, an aluminum 
cast-forged product cast/forged by the material, and a 
method of manufacturing an aluminum cast-forged product. 
Another object of the present invention is to provide various 
lightweight parts for vehicles brought about by the above 
described aluminum cast-forged product and the method of 
manufacturing the product, and accordingly to Save fuel 
consumption of automobiles and to reduce the amount of 
emitted carbon dioxide and to contribute to environmental 
measures Such as the prevention of global warming. 
0021. As a result of various studies on raw materials and 
manufacturing method for the thick-wall aluminum product 
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to Solve the above problems, the present inventors have 
found that an aluminum cast-forged product having a Suf 
ficient Strength capable of meeting needs of market can be 
obtained by making predetermined amounts of Silicon, mag 
nesium, copper, manganese, and chromium, and optionally 
titanium contain therein, with improving fluidity and casta 
bility. Thus, the present invention has been completed. 

0022. That is, according to the present invention, there is 
provided a cast aluminum alloy for forging which is usable 
for a material for forging, consisting essentially of 0.6 to 1.8 
wt % of silicon; 0.6 to 1.8 wt % of magnesium; 0.8 wt % or 
less of copper, 0.2 to 1.0 wt % of manganese, 0.25 wt % or 
less of chromium; 0.0 to 0.15 wt % of titanium; and 
unavoidable impurities. It is possible to use the present cast 
aluminum alloy for forging in manufacturing various parts 
for vehicles including Suspension parts having mechanical 
properties capable of Satisfying needs of the market Such as 
a tensile strength of 320 MPa or more, a proof stress of 280 
MPa or more, and an elongation of 10% or more. 

0023 To use the material in manufacturing a desired final 
product, assuming that a shape of the final product is 100%, 
the aluminum alloy is used to cast a preformed product 
having a forging ratio of 18 to 60%, and Subsequently the 
preformed product may be cast and formed in the shape of 
the final product. Accordingly, it is possible to manufacture 
the parts for vehicles with a lower cost and higher produc 
tivity as compared with low-speed casting using AC4CH. 

0024 Moreover, according to the present invention, there 
is also provided an aluminum cast-forged product which is 
manufactured by forging a preformed product cast from the 
above-described aluminum alloy consisting essentially of 
0.6 to 1.8 wt % of silicon, 0.6 to 1.8 wt % of magnesium, 0.8 
wt % or less of copper, 0.2 to 1.0 wt % of manganese, 0.25 
wt % or less of chromium, 0.0 to 0.15 wt % of titanium, and 
unavoidable impurities, the aluminum cast-forged product 
consisting essentially of 0.6 to 1.8 wt % of silicon; 0.6 to 1.8 
wt % of magnesium; 0.8 wt % or less of copper, 0.2 to 1.0 
wt % of manganese, 0.25 wt % or less of chromium; 0.0 to 
0.15 wt % of titanium; and unavoidable impurities. There 
fore, the manufactured aluminum cast-forged product has a 
Sufficient mechanical properties Such that the product is 
uSable as the Suspension parts for the vehicles, the frames for 
the vehicles, and the parts for the engines. 

0.025 Furthermore, according to the present invention, 
there is provided a method of manufacturing an aluminum 
cast-forged product consisting essentially of 0.6 to 1.8 wt % 
of silicon, 0.6 to 1.8 wt % of magnesium, 0.8 wt % or less 
of copper, 0.2 to 1.0 wt % of manganese, 0.25 wt % or less 
of chromium, 0.0 to 0.15 wt % of titanium, and unavoidable 
impurities, the method including: a melting Step of melting 
a material for forging which is an aluminum alloy consisting 
essentially of 0.6 to 1.8 wt % of silicon, 0.6 to 1.8 wt % of 
magnesium, 0.8 wt % or less of copper, 0.2 to 1.0 wt % of 
manganese, 0.25 wt % or less of chromium, 0.0 to 0.15 wt 
% of titanium, and unavoidable impurities at about 680 to 
780 C. to obtain a molten metal; a casting step of casting 
the obtained molten metal at a mold temperature of about 60 
to 150° C. to obtain a raw material for forging; a rough 
forging Step of heating the raw material for forging to a 
surface temperature at about 380° C. to a melting point or 
leSS and forging the raw material to obtain a roughly forged 
material; a finish forging Step of heating the roughly forged 
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material to a surface temperature at about 380° C. to the 
melting point or leSS and forging the roughly forged material 
to obtain a finish forged material; and a clipping flash Step 
of removing flash from the finish forged material to obtain 
a final product. 
0026. For the material for forging, while the respective 
components are adjusted So as to obtain the composition of 
the aluminum alloy according to the present invention, the 
flash generated at the time of the forging may be reused as 
the raw material. It is to be noted that assuming that the 
shape of the final product is 100%, a shape forging ratio of 
the raw material for forging, that is, the preformed material 
is preferably 18 to 60%. Therefore, it is possible to prefer 
ably manufacture the Suspension parts for the vehicles, the 
frames for the vehicles, and the parts for engine by the 
method of manufacturing an aluminum cast-forged product 
according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a side view showing one example of an 
aluminum cast-forged product in accordance with the 
present invention; 
0028 FIGS. 2(a), (b), and (c) are views showing one 
example of a method of manufacturing an aluminum cast 
forged product of the present invention, FIG. 2(a) is a 
Schematic explanatory view showing a difference in shape of 
a preformed material for each forging ratio at the time of 
casting, FIG. 2(b) is an enlarged side view showing one 
example of a cast body in which an internal defect is 
generated at the time of the casting, and FIG. 2(c) is an 
enlarged Side view showing one example of a cast body in 
which no internal defect is generated at the time of the 
casting; and 

0029 FIGS. 3(a) and (b) are sectional views of the 
preformed material showing the forging ratio. 
0030 The numerical references used in the drawings 
denote respectively a part, an apparatus, a portion or the like 
as Specified below: 
0031) 21, 22. . . columnar test piece, 40 . . . steering 
knuckle, 41, 42, 43, 44. . . position from which test piece 
was taken, and 50 . . . internal defect. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0032 Hereunder, embodiments of a cast aluminum alloy 
for forging, an aluminum cast-forged product, and a method 
of manufacturing an aluminum cast-forged product in accor 
dance with the present invention will be described in detail. 
The present invention is not construed by being limited to 
these embodiments, and various changes, modifications, and 
improvements can be made based on the knowledge of those 
skilled in the art as far as Such changes, modifications, or 
improvements are within the Scope of the invention. 
0033. In the present invention, an aluminum alloy con 
sisting essentially of 0.6 to 1.8 wt % of silicon, 0.6 to 1.8 wt 
% of magnesium, 0.8 wt % or less of copper, 0.2 to 1.0 wt 
% of manganese, 0.25 wt % or less of chromium, 0.0 to 0.15 
wt % of titanium, and unavoidable impurities is used to first 
cast a preformed material, and next the preformed material 
is forged to manufacture a cast-forged product having a 
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desired shape. When the aluminum alloy constituted of the 
above-described composition is used, it is possible to pre 
pare an aluminum cast-forged product of the present inven 
tion, having mechanical properties meeting marketing 
needs. It is possible to preferably use the product in parts for 
vehicles in rugged environments, especially Suspension 
parts for automobiles, frames for vehicles, and parts for 
engines. 

0034. The cast aluminum alloy for forging and the alu 
minum cast-forged product of the present invention will 
hereinafter concretely be described. 
0035. The cast aluminum alloy for forging of the present 
invention is an aluminum alloy consisting essentially of 0.6 
to 1.8 wt % of silicon, 0.6 to 1.8 wt % of magnesium, 0.8wt 
% or less of copper, 0.2 to 1.0 wt % of manganese, 0.25 wt 
% or less of chromium, 0.0 to 0.15 wt % of titanium, and 
unavoidable impurities. 
0036) Silicon serves to enhance fluidity and to improve a 
casting shrinkage when contained in the aluminum alloy. 
Also, this element precipitates Mg-Si when coexisting with 
magnesium, and contributes to the improvement in mechani 
cal properties Such as elongation, tensile Strength, and proof 
stress. When the content of silicon is less than 0.6 wt %, a 
Sufficient mechanical property is not Secured. On the other 
hand, when the content of silicon exceeds 1.8 wt %, the 
elongation decreases, it is not possible to manufacture the 
product in accordance with marketing needs, and therefore 
this is not preferable. It is to be noted that the content of 
silicon is preferably 0.8 to 1.3 wt %, further preferably 0.8 
to 1.1 wt %. 

0037 Magnesium precipitates Mg-Si in a matrix, when 
coexisting with Silicon, and improves the mechanical prop 
erties Such as the elongation, tensile Strength, and proof 
StreSS when contained in the aluminum alloy. Since the 
present invention provides an aluminum cast-forged product 
Substituted for the conventional forged product although 
being low in cost, the Strength higher than that of the 
conventional product is indispensable, and magnesium 
needs to be contained. However, even if much magnesium 
is contained, there is no increase in Strength. With too much 
content, Since magnesium is an element liable to be oxi 
dized, oxidation of molten metal is accelerated, the fluidity 
decreases, and the casting defect is liable to be generated. 
Also, the corrosion resistance is deteriorated, So that the 
product cannot withstand harsh Service environments. 
Therefore, a rather low content is preferable. 
0038. It is preferable that 0.6 to 1.8 wt % of magnesium 
be contained in the cast aluminum alloy for forging. If the 
content of magnesium is less than 0.6 wt %, the amount of 
precipitation of Mg-Si is undesirably insufficient, and the 
strength is insufficient. If the content is more than 1.8 wt %, 
in addition to the insufficient Strength, quenching Sensitivity 
decreases, and thus the forging defect is liable to be gener 
ated. As a result, the quality of the forged material decreases, 
and the mechanical property also unfavorably decreases. 
The content is preferably 0.6 to 1.2 wt %, further preferably 
0.7 to 1.1 wt %. 

0.039 Copper is an element that can improve the strength, 
when contained in the aluminum alloy. For a copper-con 
taining forged material, an Al-Cu or Al-Cu-Mg based 
precipitate yielded by a So-called aging treatment, in which 
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the forged material is left to Stand at ordinary temperature 
after cooled and crystals are precipitated for a long period of 
time, can be obtained. Accordingly, a strength improving 
function by Mg-Si precipitated as described above is pro 
moted to enhance the Strength. In the present invention, 
Since the Strength higher than that of the conventional forged 
material is indispensable, it is preferable that copper be 
contained. However, in consideration of an application to 
products in which corrosion resistance is regarded as most 
important, Such as an automobile Suspension part, if too 
much copper, liable to be oxidized, is contained, the forged 
material is easily corroded, and it is therefore preferable that 
the content of copper be controlled to be as low as possible. 
0040. It is preferable that 0.8 wt % or less of copper be 
contained in the cast aluminum alloy for forging. If the 
content of copper is more than 0.8 wt %, the corrosion 
resistance is deteriorated, the alloy is liable to rust, and the 
Strength cannot unfavorably be maintained over a long 
period. The content is preferably 0.005 wt % or more, less 
than 0.3 wt %, further preferably more than 0.1 wt %, and 
less than 0.2 wt %. 

0041. Manganese is an element that restrains the recrys 
tallization of the aluminum alloy and the growth of crystal 
grains, when contained in the aluminum alloy. As a result, 
the grain Structure in the aluminum alloy is kept to be 
refined, and the Strength is maintained. In the present 
invention, Since it is necessary to maintain the mechanical 
properties Such as the elongation, tensile strength, and proof 
StreSS over the long period, a minute amount of manganese 
needs to be contained. However, if too much manganese is 
contained, workability decreases at the time of the forging, 
also intermetallic compounds are formed, and a decrease in 
the mechanical properties, especially the elongation, is 
found. 

0042. It is preferable that 0.2 to 1.0 wt % of manganese 
be contained in the cast aluminum alloy for forging. If the 
content of manganese is less than 0.2 wt %, a desired 
Strength cannot Sometimes be obtained. If the content is 
more than 1.0 wt %, formability undesirably decreases, and 
defects are liable to be generated. The content is more 
preferably more than 0.5 wt %, and 0.7 wt % or less. 
0043 Chromium forms dispersed particles, and it has an 
effect of inhibiting a grain boundary from moving after 
recrystallization, when contained in the aluminum alloy. 
Therefore, refined crystal grains and Sub-crystal grains can 
be obtained. It is preferable that 0.25 wt % or less of 
chromium be contained in the cast aluminum alloy for 
forging. Even when the content of chromium exceeds 0.25 
wt %, the desired effect cannot sometimes unfavorably be 
attained. The content is more preferably 0.04 to 0.25 wt %. 
0044) Titanium refines the crystal grains of a casting, and 
enhances workability at the time of the forging, when 
contained in the aluminum alloy. It is preferable that 0.0 to 
0.15 wt % of titanium be contained in the cast aluminum 
alloy for forging. It is to be noted that even when titanium 
is not contained, a considerably large trouble is not caused. 

004.5 The metals contained in minute amounts in the cast 
aluminum alloy for forging and the aluminum cast-forged 
product in accordance with the present invention are as 
described above, and the balance is unavoidably contained 
impurities and aluminum. It is preferable that the unavoid 
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ably contained impurities be contained by an amount as 
small as possible. The content is less than 0.1 wt %, 
preferably 0.05 wt % or less. 

0046. It is to be noted that in a casting/forging method 
according to the present invention, flash generated in the 
forging process and accounting for about 30% of the gen 
erally used raw material can be recovered and reused as the 
raw material of the aluminum alloy according to the present 
invention. Therefore, in the present invention, the cost of 
raw materials can be reduced. 

0047 Next, the method of manufacturing an aluminum 
cast-forged product of the present invention will be 
described. 

0.048 AS described above, it is preferable that the flash 
generated at the time of the forging be used as the raw 
material. This raw material is adjusted So as to allow the 
resulting composition to form the intended aluminum alloy 
consisting essentially of 0.6 to 1.8 wt % of silicon, 0.6 to 1.8 
wt % of magnesium, 0.8 wt % or less of copper, 0.2 to 1.0 
wt % of manganese, 0.25 wt % or less of chromium, 0.0 to 
0.15 wt % of titanium, and unavoidably contained impurities 
by measures Such as preparing of metals that are insufficient 
using pure metals, and mixing with another aluminum alloy. 
At this time, it is preferable that the unavoidable impurities 
be not contained in the aluminum alloy by 0.1 wt % or more 
in total. 

0049. These raw materials are charged in a melting 
furnace and is heated to a temperature at about 680 to 780 
C. to be melted, and next is charged into a holding furnace 
where a degassing treatment and deoxidizing treatment are 
done to obtain a molten metal. In this case, the temperature 
of a mold is preferably adjusted at about 60 to 150° C. Also, 
the mold preferably has a shape Such that a forging ratio is 
about 18 to 60%, assuming that the shape of the final forged 
product is 100%, because the strength is enhanced by the 
Subsequent forging and the forging proceSS can further be 
Simplified. That is, when the forging ratio is set to about 18 
to 60%, the Strength improving effect due to the forging and 
the cost reduction due to a simplified forging process are 
balanced. 

0050 Herein, the forging ratio means a value represent 
ing the degree of forming. For example, as shown in FIG. 
3(a), when a material A with an initial thickness D1 is 
formed by a load F and the thickness is changed to D2 after 
forming as shown in FIG.3(b), a forging ratio R is repre 
Sented by the following equation. 

0051. However, when the thickness D2 after the forming 
is larger than the initial thickness, the forging ratio is 
represented by the following equation. 

0.052 That is, in the present invention, the fact that the 
So-called preformed material having a shape Such that the 
forging ratio is about 18 to 60% assuming that the shape of 
the final forged product is 100% is obtained by the casting 
means that the preformed material having a shape Such that 
the forging ratio determined using the thickness of each 
portion of the raw material for forging and the thickness of 
each corresponding portion in the final product obtained by 
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forging the raw material for forging is about 18 to 60% in 
each portion is obtained by the casting. 
0053 Next, the cast material obtained/molded using a 
casting apparatus, that is, the raw material for forging is 
heated to a surface temperature at about 380° C. to a melting 
point or leSS and is Stamped by a forging press to obtain a 
roughly forged material. The roughly forged material is 
cooled, thereafter heated again to the Surface temperature at 
about 380° C. to the melting point or less, and is finished/ 
Stamped by the forging press to obtain a finish forged 
material. The finish forged material is Subjected to clipping 
flash and heat treatment Such as T6 treatment to obtain a 
forged product. For example, to manufacture a steering 
knuckle which is one of the Suspension parts for the auto 
mobiles, the load of the forging press is about 2600 to 2800 
tons for rough forging and about 3200 to 3800 tons for finish 
forging. By this manufacturing process, the aluminum cast 
forged product in accordance with the present invention can 
be obtained. 

0054. In the present invention, the flash generated by the 
forge-pressing and clipping flash in the manufacturing pro 
ceSS of the present invention is collected by a flash removing 
machine, and can be reused as the raw material for the 
aluminum cast-forged product of the present invention. 
Therefore, all of the raw materials for forging are recycled, 
and are not disposed of as wastes or are not used as an 
inexpensive raw material for forging. 
0055. In the method of manufacturing an aluminum cast 
forged product of the present invention, after the raw mate 
rial is melted to obtain the molten metal, the mold for the 
casting is brought closer to the shape of the product as 
compared with the conventional raw material for forging So 
that the forging ratio is about 18 to 60% assuming that the 
shape of the final forged product is 100% while achieving 
the Strength improving effect by the forging, by which the 
pressing is facilitated. Therefore, unlike the conventional 
forging process, Steps of extruding, cutting, heating, rough 
forging, finish forging, and clipping flash are not observed, 
thus the manufacturing proceSS can be simplified, and the 
manufacturing cost can be reduced. 

EXAMPLES 

0056. Examples of the present invention will hereinafter 
be described, but the present invention is not limited to these 
examples. 

Examples 1 and 2 

0057 FIG. 1 is a diagram showing one example of the 
aluminum cast-forged product of the present invention. A 
steering knuckle 40 which is the part for the automobile is 
shown. A Small amount of copper was added to Scraps of 
A6082 alloy to prepare a raw material forming the alumi 
num alloy consisting essentially of 0.6 to 1.8 wt % of silicon, 
0.6 to 1.8 wt % of magnesium, 0.8 wt % or less of copper, 
0.2 to 1.0 wt % of manganese, 0.25 wt % or less of 
chromium, 0.0 to 0.15 wt % of titanium, and unavoidably 
contained impurities. Using this raw material, the Steering 
knuckle 40 having a shape shown in FIG. 1 was manufac 
tured in accordance with the following Steps. 
0058 After the raw material was melted at a molten 
metal temperature of 728 C. to obtain the molten metal, the 
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raw material for forging having a shape with a forging ratio 
of 30% assuming that the shape of the final Steering knuckle 
40 was 100% was cast at a mold temperature of 100° C. 
Next, die forging was performed using a forging press at a 
rough forging temperature of 395 C. (Surface temperature) 
by applying a rough forging load of 2770 tons to obtain a 
roughly forged material. Then, the roughly forged material 
was Subjected to the die forging again using the forging 
press at a finish forging temperature of 460 C. (Surface 
temperature) by applying a finish forging load of 3260 tons. 
Finally, the finish forged material was trimmed. After a 
Solution heat treatment which was a T4 treatment by heating 
the finish forged material at 530 C. for three hours, the 
finish forged material was cooled. Then, an aging treatment 
was done as T6 treatment by heating the finish forged 
material at 180° C. for six hours. Thus, the steering knuckle 
40 was obtained as a product. In Example 2, operations 
Similar to those of Example 1 were repeated to obtain the 
Steering knuckle 40, except that the molten metal tempera 
ture was set to 720° C. and the mold temperature was set to 
125 C. Temperature conditions and load conditions are 
given in Tables 1 and 2, respectively. 

TABLE 1. 

Molten metal temperature Mold temperature 
( C.) ( C.) 

Example 1 728 1OO 
Example 2 720 125 

0059) 

TABLE 2 

Rough forging Finish forging 

Surface Surface 
temperature temperature 

Load (ton) ( C.) Load (ton) ( C.) 
Example 1 2770 395 3260 460 
Example 2 2730 400 378O 445 

0060. The test pieces were cut out from thus obtained 
Steering knuckle 40, and tensile Strength, proof StreSS, and 
elongation were measured as mechanical properties. The 
results are shown in Table 3. 

TABLE 3 

Tensile Proof 
strength StreSS Elongation 
(MPa) (MPa) % 

Example 1 358 323 14.7 
Example 2 378.6 335.8 14.3 
Required value 32O 28O 1O 
from market 

0061 The results of Examples 1 and 2 reveal that the 
mechanical properties of the aluminum cast-forged product 
in accordance with the present invention were capable of 
clearing the Standards as needs of market in all of the tensile 
Strength, proof StreSS, and elongation. 
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0062. As described above, in accordance with the present 
invention, there is provided an aluminum cast-forged prod 
uct further Satisfying needs of market in mechanical prop 
erties Such as a tensile Strength, proof StreSS, and elongation 
with a simpler manufacturing process with good productiv 
ity and at low cost. Moreover, by this aluminum cast-forged 
product, various lightweight and inexpensive vehicular parts 
Such as Suspension parts for vehicles, frames for the 
vehicles, and parts for engines are provided. Through light 
ening of weights of the vehicles, fuel consumption of 
automobiles is Saved. As a result, emitted carbon dioxide is 
reduced, and an effect of contribution to prevention of global 
warming is also attained. 

1. (canceled) 
2. A use of an aluminum alloy in manufacturing an 

aluminum cast-forged product, wherein a preformed mate 
rial is cast from the aluminum alloy consisting essentially of 
0.6 to 1.8 wt % of silicon, 0.6 to 1.8 wt % of magnesium, 0.8 
wt % or less of copper, 0.2 to 1.0 wt % of manganese, 0.25 
wt % or less of chromium, 0.0 to 0.15 wt % of titanium, and 
unavoidably contained impurities, and the preformed mate 
rial is forged to manufacture an aluminum cast-forged 
product. 

3. The use in manufacturing an aluminum cast-forged 
product according to claim 2, wherein the preformed mate 
rial has a shape indicating a forging ratio R of 18 to 60%, 
wherein the forging ratio is given by either one of following 
equations: 

4. The use in manufacturing an aluminum cast-forged 
product according to claim 2, wherein the aluminum cast 
forged product is a Suspension part for a vehicle, a frame for 
the vehicle, or a part for an engine. 

5. The use in manufacturing an aluminum cast-forged 
product according to claim 3, wherein an aluminum cast 
forged product is a Suspension part for a vehicle, a frame for 
the vehicle, or a part for an engine. 

6. A method of manufacturing an aluminum cast-forged 
product consisting essentially of 0.6 to 1.8 wt % of silicon, 
0.6 to 1.8 wt % of magnesium, 0.8 wt % or less of copper, 
0.2 to 1.0 wt % of manganese, 0.25 wt % or less of 
chromium, 0.0 to 0.15 wt % of titanium, and unavoidable 
impurities, the method including: 

a melting Step of melting an aluminum alloy consisting 
essentially of 0.6 to 1.8 wt % of silicon, 0.6 to 1.8 wt 
% of magnesium, 0.8 wt % or less of copper, 0.2 to 1.0 
wt % of manganese, 0.25 wt % or less of chromium, 0.0 
to 0.15 wt % of titanium, and the unavoidable impu 
rities at about 680 to 780 C. to obtain a molten metal; 

a casting Step of casting the obtained molten metal at a 
mold temperature of about 60 to 150° C. to obtain a 
preformed material which is a raw material for forging, 

a rough forging Step of heating the raw material for 
forging to a Surface temperature at about 380 C. to a 
melting point or leSS and forging the raw material to 
obtain a roughly forged material; 
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a finish forging Step of heating the roughly forged material 
to a surface temperature at about 380° C. to the melting 
point or leSS and forging the roughly forged material to 
obtain a finish forged material; and 

a clipping flash Step of removing flash from the finish 
forged material to obtain a final product. 

7. The method according to claim 6, wherein the alumi 
num alloy includes the flash generated at the time of the 
forging as a portion of a raw material. 
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8. The method according to claim 7, wherein a forging 
ratio R of the shape of a preformed material is in a range of 
18 to 60, wherein the forging ratio R is given by either one 
of following equations: 

R%=(D1-D2)/D1x100 (D12D2), or 
R%=(D2-D1)/D1x100 (D2>D1). 

9.-14. (canceled) 


