
METHOD FOR PRODUCING EEAR-HET-SHAFE MATERIAL FOR ENGINE PISTON
TECHNICAL FIELD [0001]12.1.sent invention relates to a xwathod, of
paidunins a near-net -shape material. for an enpine piston of
aluminum alloy excellent in, wear resistance and high t.emperatu.re
chardacterist.iss and also relates to the near-net -shape material
for an en. ine p.iston. BACKGROUND TECHNIQUE               An enpine
piston used in an engine to be mounted on a irehicle such as an
automobile is required to have lightness to .reduce the inertia force
as munh. as possible, n temperstnie strengt1. at. the raised hictest
.temperature: durability at: the raised highest: temperature, low
thermal.. expansitdlity to reduce clearance vardsd_idus due to
theuneal on; 5110 wear resis:t_ance to reduce wear 01-, rinc grooves
due to slide ::::0:111:21.Ct Cit a piston ring and wear due to the
contact of a skirt p.ortibr. with. - gviininer surface. [0003]PUY:
tiTLIS I:ea:EC:a, in an-.Tine:st.c.::371.t)yg; as tile aluminum alloy
const.ituting t:he piStc')rt when wear :resistance is given greater
importance: an Which the additive amount. or 3:1 is the same as or
above the end:ectic point: has been used (she, for example, Patent
Document: I) . On the other band,. when high  temperature strendthor
high temperature fatigue strength is given greater importance, an
alloy in which the additive amount of Si is the same as or below the
eutectic point has been used (see, for example, Patent Document 2).
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PATENT DOCUMENTS [0004]        Patent Document 1: Japanese Unexamined
Laid-open Patent Application. Publication Do,H06-279904        Patent
Document 2: Japanese Unexamined Laid-open Patent Application
Publication No, 200i-181.769 PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]In the engine piston of aluminum alloy, however, in order to
enhance the efficiency of the engine, it is preferable to enhance the
high temperature strength and high temperature Fatigue strength while
maintainno the wear resistance.  [0006]The invention was made in view
of the aforementioned technical background, and its purpose is to
provide a method of prodncing a near -net-shape material for an
engirue pis tom of aluminum alloy excellent in wear resistance and
high temperature characteristics and to provide the near--net --shape
material for an engine piston_ [00071Other objects and advantages of
the present invention  will be apparent from the following preferable
embodiments. 



MEANS FOR SOLVING THE PROBLEMS iflnflQ1The present invention has the
following means, 100091[1]Ameifhod of producing a near-net-shape
material for an engine piston. the method including the steps of:
a continuous casting step of continuously casting a melt havinga
composition consisting of Si.: 11.0 to 13.0 mass%, Fe: 0.6 to 1,0
mass%, Cu: 3.5 to 4-5 mass%, Mn: 0.25 mass% or less, Mg: 0.4 to 0.6
mass%, Cr'; 0.15 mass% or less, Ni: 0.6 to f( -4/6) x [Cu.
v..ss%14-5)mass%, Zr: 0,07 to 0.15 mass%, P: 0.005 to 0.01.0 nasal:
Ca: 0,002 mass% or less, and the balance being Al and inevitable
impuxities by setting a. melt temperature before pouring. the melt
int() a. contiraious casting iwald to 720 dC or above to thereby
obtain a cast rod having a diameter of 85 mm or less:. and        a
forging. step of forging a forning material obtained by homogenizing
the cast :rod at a tv45e.raturei of 300 to 500 00 to obtain. a
near-net-shape material for an engine piston. [0010]The method of
producing. a. near-net-shape material for an engine piston as recited
in claim 1, wherein an additive amount. of P in the composition of
the melt. satisfiee the following formula (1): 0,0025 x an additive
amount. of Si 0.025 4 an additive amount of P0.0020 x the additive:
amount of Si - 0.02_Formula (I) where a unit of the additive amount
of P and a unit of the  



additive amount. of Si are amass%li, respectively. LUOli][3]A
near-net-shape material fox an engine p[ston produced by the method
of producing- a neat-net-shape material for an engine piston aA
recited in the aforementioned Item [1] or [2], wherein. there exists
primary. Si at least in a portion of near-net-shape material
corresponding to a. skirt portion and a portion of the near-net-share
material corresponding to a piston rixa groove portion, and wherein
there existe no primary Si. heAmLag a maximum diameter of 50 pm or
more and no Al -Fe -cr -Min series gigantic crystal having a maximum
diameter. of 50 um or more. [0012][4]A near-net-shape material for an
engine piston produced by forging, wherein. the near-net-shape
material, has a. composition. consisting of: Si: 11.0 to 13,0 n.ass%7
Fe: 0,6 to 1,0 mass%, Cu: 3.5 to 4.5 mass%, Mn: 0.25 sass% or less,
Mg: 0.4 to 0.6 mass%, Cr: 0.15 mass% or less,0,6 to {[-4/6) x [Cu_
mass%]+5)ress%, Zr.., 0.07 to 0.15 mass%,0.005 to 0.010 mass*, Ca:
0.002 saes% or less, and the balance being Al and. inevitable
impurities. [0013]E.51The near--net--shape material for an engine
piston as recited in .......im a -..:',,Pmnnmhn an additive exeunt of
P 1n. the cetm.]:xisition cf the near-net, sha[,:ma mateimial.
satisfies the following Mirmm (2.[ 0.0025 x:an addixicnamxiint of
Sieiladditiye amount. of P11 0.0025 x the additivb amount of Si -
0,02_Formula (l) where a unit of the additive amount of P and a unit
of the 



additive amount of Si are "mass%", reepectively. [6]Thenear -net
-shapescaterial for anengnepisnnon. as recited in the aforementioned.
Item [4] or 1.,H, wherein there exists primary Si at least in. a.
portion of the near-net-shape material corresponding to a skirt
portion and a portio:1 of the near-net-shape material corresponding
to a piston. ring groove pbrtibby and wherein there exists no primary
Si having a maximum di.ax:eter ot SU pm or more and no Al-Fe-er-Mn.
series gigantic crystal havlhg a maximhnt. diabeter. of 50 pm or
mbre_ EFFECTS OF THE INVENTION 10015[Accordin to the: preseht
invention, by adjusting the ad.Cbgiivear;:tftult of compoeristional
elements of the melt so as to tall within. a predetermined range and
prbducing a near -ret -shape material for an engine piston accornir
to the production method of mhe preserJt ruventiob, a neat-net-shape
material for an enbine bd..ston of a...'nuainum alloy e2x..enLient bn
-,aeurr resisteuice and high teD7(.;.-..Kgnature characteristics can
be obtejfied. Accordinc1.1.,,i" in the engine lois ton 12rocir.ced
ix...eue the i).:war -net - shaloenraterian ,becomes pessible te
improve Lhe performance efficiency of the ebpine and reduce a fnel
usage in an automobile or a motorcypie. [0016]Furthermbte, in the
near-net-shape material, since there exiets primaty i. at least at a.
skirt portion correepbnding portion cif the near-net-shape material
or at a piston ring groove portion corteeponAin portion of the
neat-net-shape material, at.  least these portions are excellent in
wear resistance . Accordingly, in the engine piston produced by the
near--net--shape material: wear resistance can be. controlled at
least: at. t.he skirt portion and the piston ring groove portion. 



BRIEF EXPLANATION OF THE DRAWINGS 10017] [Fig, 11Fig, 1 is a bottom
view showing a near-net-shape material for an. engine piston
according to an embodiment of the present invention. [Fig. 2]Fig, 2
is a front v.s....J.,Jw of the near-net--shape material. [Fig 3 ]Fig.
3 is a. cross-sectional view taken along the line K -X in Fig, 2,
[Fig. 4]Fig, 4 is a .t.ront. view of an en.gine piston produced
:Frog; the near-net -shape material , is cherna t c crossesv eW f a
norizontal continuous casting device.              Fl. is a. s
chemati.c cross-sectional viev;i of a not-top continuous casting
device, 



[Fig. 71fd.g- 7 is a cross-sectional view of a mold constituting a
forging device showlsiq one cle.X.(f.ealD e of a. step of forain.g a.
forging -material uelng the forging device, f.? g 8 ]Fig. 8 is a.
cross-sec txi. r41 view of a T.-td.d cxrns td. tAnYt.ng a forging
device showi 4 another examle of a step of to ing a forging-
reterial. using the forging device.  a melt of aluminum alloy. [Fie-.
10]Fig. 10 is a. structure image of Fc(c)ple 1 plicatom-a.T.:(aed by
mierbstructure chEervation. [Fig. 11]Fig, 11 is a strttotare image of
Comparatie E.Nmtmple 3 photographed by microstructure observation_
[Fig- 12]Fig, 12 is a. diagram showing a. relation between the
aCk].rtive aria:rat of P and the adtati.ve amcurU. of Si. in Emmoism:
9-12 and Comparative Examples 17-24. 



EMBODIMENTS FOR CARRXEING OUT THE INVENTION LUU.L0]Next, the
emIxxl-Mment. of the present invention will be detailed with
reference to figures, ]001.9]In this embodirmnt, %excellent in high
temperature. characteristics denotes that) the strength. at. 250 '3C
is eytwallent. In other wcais, it denotes that, at 250 90, the
tensile strength (i.e.. nigh temperature tensile strength) is 120 M2a
or mare and the fatigre strength. (i.e., high temperature fatiguc
strength is 50 MPa or more. [0020]In .Pict.. I. to 3, "11.7 denotes
a. near-a:Jet-shalommaterial far an engin- piston cf aluminem alloy
emxmirding to an embodiment of. the present invention,
[0021]jj.11:-1,,4. 4. "1" derm)teszalmlgitm-t.pistentdaltuminumalloy
produced from the near-net-shape material 11. [0022]In the fallowing
saglitanaantsn, the ex'pd....anation will be  made with the,. -;
.nlerstamding fhat: the direcnyio:a ifcom one et tnap 



and icaaer edges ot tIlei)aper depi.ctinn Fig, I to ttle other is
deltboed a5 a flfore-arK:-Haft directbon:Cfore ghe of tiae and. lett
edge ot the paper depb Inc:L. Fig. 1. to the other is defined. as a
"right -andelef t direction, and the direction froo one of the UPPer
and 1 OWar edCPE? 0 tpaper de; ctinci Fins. b amid :3 is 4-fined as
an "LID-and-dpwo. direction, " eAs shown in Fig, 4, tnp engine piston
1 is integrally. provided with a crown face portion 2 circular in a
plan view, a. .1:rod :boot :Lon 3 formed below the orcaan face
portion: a pair of skirt portiC ns 4 arranged. heaow tbce land
portion in. an opposed manner, a pair of pin boss bort ions 5, and
side wail portions 6 , The -land portion 3 has: of its Outer
peripheral. surface?: a ;Di arality p4.5 ton groove portione 7 ir,
which a pinghty of piston linQn" g. pressareoil ring-6 are to be
fitted.               As shown in Figs. 1 to 3, the near-net-shape
oaterial 1.1. tor an E.E.1"..1Oi.37.1e. cyrmsd :2v f: arc; tag and:
ts tbe same mans,,41":: as in. the engine piston I. is integ
corresponding to the crown face portion 2 (i.e. , the crown face
pprtion co.ryesponditai portion. a land portion corresppoding bort i
on 13 torme:d be lima the c.ft.i'van face 1-..,ert: on c; orr espondi
hg portion , a pair of skirt portion corres.pondin.g tknm'bione 14
and 14 attange.d below tile land. pOrt. 103,1 e Or r ponding
port:Lola, re an Oppo s ed. manner: a pair of pin. boss portioh
corresponding portions 15 and lb, and a side wall. portion.
correspondinp portions 16 and 16, The outer  peripheral surface of
the land portion corresponding portion. 13 and theitiner ssiic.t..-v
thereof is a portion. Yin whia pl tura 



C' f piston ring groove portions 31 axe formed. at the t :bre of tthe
final TgrOOVetRfltionCarreSpOriCing portion 17,               In this
near-set-shape material. 11; there exists pr.:noary SI at least at
the skirt portion corfetrxxid. 6 anC- the piston ring groove portion
corresponding. portion. 17. Purthermbre, in rhe entire near-net-shape
material, there exists no primary Si haying a iraxi.mum diamerer of:
50 'idm or more and no Al -Fe-Cr-Mn series gigantic crystal baAl Lac;
a. maximum diameter of 50 p.m Or 1110.r:E: " In ad.c.liti.on: in the
entire .near--net: -shape material, there exists no segregation of
primary Si, 0026]thly:.: exthodimen t" there exists primary S
specifically denotes that_ for example: after mirror polishins of the
material, when the mirror peaished. surface is subjecteci to
microstructure observation under a motallograph, there exist
gray-brown block-sr:aped crystals. Here, the maximum diameter of Dr
unary Si is defined. as Cl Ch. aine er ralzia.SUred at a port ion
where the primarybecomes maxim.o..m. II: ciJauIec.er. The
raa.X.10111.:M. CY: E.ME ter of 'Id-Fe-Cr-Mu series gig crystal is
defined. as a. diameter measured at a portion where the gigantic
crystEil. becomes maximum in. diameter, L00281A concrete m.:otimid.
of mea..:,:dring the maximam dialne ter f_ 



Primary ::".d artaKer.rdifted as fol.lou.s. For e \c C' e a ter rror
g of a. test. piece, when. the mirror polished surface is sutdected.
to a microstructure observation. under a. metallograph; recognizing-
a. gray-brown b.-lock-shaped. crystal. as primary. Si; the maximun
length cf. the crystal is measured using an image analysis device to
thereby obtain. the maximum. diameter of the primary- Si. As the
image analysis device; a product namm:d. LUZ:EXmade byl\i'irebo
Corporation csn he preferably- used [0029]A cscmtrete reelfbod ot
measeirlr: tne manelmum diameter of Al -F8 -CI -Mnseries gigantic:
crystal can DO exemplitiectas fhilhws. For example; atter mirror
polishing at a test. piece; when. the mir.ror poll shed surface LS
sUbjc:cted. 1:0 a microstructure onserva tier, -under a
metallograph.; recogniziL., Light gra\. color crystal as the Al -Fe
-Cr -Mh series gigantic crystal, the maximum length of the gigantic
crystal is measured using an image analysis. device to thereby.
obtain the maximum diameter of the Al -Fe -Cr -Mh. series gigantic
crystal. As the imsge anslys 8 device, a product named LUZEK made by
NIreco Corporation. can be preferably. used.               In this
embodiment, an Al-Fe-Cr-Mn. series crystal havi.-tic).: a 'maximum (a
i am e tiar If: 50 hm. or. more .3.1110110 1-F0?-Cr -Mn. series
crystals haying- various sizes wild be specJ.rliiV referred to as an
Al Fe Cr-Mn series gigantic crystal. An. Ai -Fe -Cr -Mn series
gigantic crystal is also called an2tl---Fe -Cr -Mn. series gigantic
intermetallic comphud. (giant compoiamd); L0031]the presEsht
liTvention,the criteria for C'C'cnalahhix-a exists secation gt
Lit:-.Mmary  Si is not specifically limited_ in this embodiment,
however, as to the criteria. for determination, in. cases where there
exists primary S1. aggregation formedor more. (preferably 3 or more)
primarySi gathered bar1ci ra\T:Lnq at least one of the distxicece the
adjacent primury Si which is shorter than a dia61E?ter of the primary
Si particle: it is determined that there exists primary Si, In cases
where there exists no such primary- Si aggregation,    is determined
that there exists no segregation. of prlmary Si. [0032] Next, as a
production. method. of a. near-net-shape material for 



an engine pistoxr according to one embodiment. of the present.
invention, a production method of the aforementioneg near-net-shape.
material 11 will be explained, r LULLi.DAThe product iph. niethod of
the nearenat-gCnape matey ial 11 includes a. continuous casting step
of continuously' casting a. melt of a predetermined. composition to
obtain a. cast rod. and a forg', stsT of ix,firig a. forging
inaterial. obtairad hm7 homogenlzln the cast roci to obtain a.
near-Petssthape material. [ 0034 [At the continuous casting step, it
is reduirei. to continuously cast the melt ; setting a melt
temperature before pouTxlng the melt. hit a cornbinuous ca::::ting
mold. to 720 or above. Furthermre." the diameter of tha cast rod to
be obtained at this continuous casting. step should be 85 mm or less,
0035iThe composition of the melt Includes Si: 11"0 t0 13,0 mass%, Fe:
0,6 to 1,0 mass%, Cn: 3,5 to 4,5 mass%, Mn: 0,25 mass% or. less, Mg::
0.6 to 0.6 mass, Cr: 0.15 mass% or less, Ni: 0.6 to  N -4/6) x [Cu
mass%]+5Imass%, Zr: 0,07 to 0.15 mass%, P: 0,005 to 0.010 mass%, Ca:
0,002 mass% or less, and the balance being Al and inevitable
impurities. [0036]At the forging step, the forging material should be
a material obtained. by homogEtnizing the cast rod at a. temperature
of 300 to 500 cC, 



[0037]Heeihafte-r. the reasons' for adding the composition elements'
of the aluminum alloy melt, the reasons for limiting- the
amount (concentration l th.eioeof. and the reasons for lisiting the
production conditions of the nee' -net es:n.pe. material 11 will be
explained. [0033]:About Si: 11.0 to 13.0 masp%:,        Si is an
element for reducing the thermal expansion of. the aliminum. alley
and erkpnoinq the wear resi.stance thereof In other words. the wear
resistance can be enhanced by controlling the crystallization. of
primary 31. in an appropriate status.  [0039]The appropriate thermal
expansion coefficient is determined. by- the saterial of the opppeite
member of the Erngine piston 1, i.e., the material (irph, or
aluminum) of the cylinder bleck. Flowevar, since the eylindetc block
partially reaches a 'high. iemporputure: but: . does not ert-Hely
reach a high. temperature (or takes a time to reach a hi b.
temperature.), and tilrefore if is preferable that. the thermal
expaheion coplficient is as small as possible.In general, in
designing- the engine piston I and selecting a piston ring, they are.
designed. or selected to have a  filey na.achel a. t: h t: elFor this
reason, if the bliermal e.xpansio.n Is excessivel.  large, the skirt
portion 4 becomes small in (llama:sr whexl rthe teraperatilre 15
.3.0VQ-1 wnxcn rea.dil..y causes yat -)f the engine piston I at the
time of the engine start. ThereforeT it is preferable that the
additive amount of Si. is as much ad possible from the view point of:
reucing the thergal. 



-i.-.pansion. The preferable thermal expansion coefficient is 19 x
/K to 21710-6/K at. the range of. 25 to 250 Cr and the additive
amount. of Si to obtaid such thermal expansion. coefficient is 1.1.0
to 13.0 mass:5, [0040]On, the other trand.i Such acfciit.j.ve
a.raCrjrit 0 f Si conventionally' caused. unstabae crystallization.
of primary Si due to continuous cast: ing as follows, In detail,
since the eutectic point of Al-Si aaioy isnorm:a:13y 11.7 mass%, no
primary Si will be crystalliscxl at la..0 maL:&3er.-;.::. For tini.s
reay,xnai in. cases ,xfuels Si is added. by an amdunt in the
vicinity- of: the &atechie point, continuous casting could not be
performeci ea that the primary Si cryst.L.li.sa.tion status becomes
staeie. Ix other words, if the addifive amount: of. Si. fell. within
the range tOr eXaMple, 11:70, mass%T the crystallization. of ru-.y Si
due to corniinuous casting was conventionally uns table_ 1004'
:e present: -.1.-.0yEnntm-:" however: hasteigxlspecifigailoy
COMpOSitions end production conditions capable of obtaining eNC
ellent high tegperature strength add. high temperature fatigue
strength wfdie maixtaldrug wear semnbi..3tance even in. casex where
Si  is added. by an. amount in the vicin.c the eutectic point.
[004.2]Thet is. aEcording t0 the composition of the melt of the
present invention, by- adding Ca or P. pzimery Si will be
crystallized stabiy due to the mutual actions with them even in cases
where Si is addeolmiana=nht in the-,,Pitiinify of the eutectic point,
which enables to improve the wear resistance, It is more preferable
that the additive amount of Si exceeds 12,0 mabs%. 



1,00431If the additive amount of Si is less than 11.0 mass%, the
thermal expansien becomes large mnd that crystallization of primary
Sirs rest.ra.ined; resulting in. -poor iAiear resistance, which is
not preferabje.               If the additive ampunt of Si exeeeds 13
mass%, the cryetallized primary- Si is aggregated to cause a.
startinh point of fatigue breaking. deterioratinh gh temperature
fatigue strength, which. is not preferable. [0045]Especially when
fo1.171.g Ma etobtained by hamogenizind the cast: rod at a
predetermined temperature into a n e .ar s liar.Kuma lei 1 f
(h7h.m.-1 eng ne piston. r e f er aid 1 e filet , at the outer.
peripheral portions of the cast rod corresponding to the shili
portion 4 and the piston ring. groove portion. 7 of the engine piston
I. the distribution state of the primary Si is evetr and the size of
the primary- CO minute. [0046j<About0.6 to 1.0 mass%> Fe is rir
ajlized tog et er th Cr nuclei: into ran--crene, seri a 3 lilt. e.
nmet,a1:1.cOn11)01.W.C.-1 3,11;,:tC ry ti a 1C eines a dispers .1 on
contributes to improvement of the high temperature strength, [0047]If
the additive amount. of Fe is less than 0.6 mass%, the amount of
dispersion strengthening phase is small, resulting. in less
improvement of the high temperature stz.mzngth, wirich is not " 



On the other hatml, if the additive amount: of Fe exceeds 1,0 mass%,
needle-like Ai -Fe-Cr -Ma series gigantic crystals WILL be generated
to cause a starting point of fatigue brealzirmT, deteriorating high
temperature fatigue. strength, which is not. preferable, [0049]In
gene-nit. if Fe: Cr: and Mn are added in large amount., there is a
possibility that an Al -Fe -Orseries gigantic crystal. is generated
to deteu.igrate bigsh temperature fatigue strength. Considering it,
in the present Invention, in cases where the total amount et Fe" Cr
and Mn ls large: it is espepially preferabje that Cr. and Hs. are
added so that: the total additive amount of Cr and Hn is controlled
to be 40% or less with respect to the additive amount of Fe, By-
doinci Sc), even. if the additive amount:. of Fe is large,. it is
possirde to restrain. crystallization of gigantic , [0050]Further, Fe
will be crystallized into an. Al-Fe-NivOu series intermetallie
compound stable even at high temperatures together with A.1., Fe and
NI., which contribut es to improvemeut of high ter:psi:at:are
strength,  10051]Therefore, it is specifically preferable to add Fe
within a range in which no AjFe -Cr -Mn. series gigantic crystal is
genera  [0052]<1=iboUt Cr: 3.5 to 4.5 maas%> 



Cu will be crystallized into an Al -.C...,mHT4g) series
coraPoarld, arid the presEamice thereof enhance's strength and.
fatigue. strencth. at 150 or less einafter referxed to as normal
temperature strength and normal temperature fatigue strength,
respectively). [0053]Further, Cu will. be or7sarillize4:',
togetherwith.A1, Fe, and Ni. Lh to an AT- Fe- Ni-Cu series
intet:metallic et7p01..Ind wThj.i sta.:ate even at. high temperatures
, \-,'"fhic:b courribates to enhancement of hig)cl temperature
strength, L0054jIf the additive amount of Cu. is less than. 3.5 th.e
amount of deposit of an .hl-Cu(--N.g) series int.erraetallic
com.pound is sn,eal, and the amount. of crystal of an Al -Fe -Nd -Ca
series C-' C-'compound. is amall, which is.C'               Cp. is a
heavy elemet, an& therefore if the. additive amooht of Cu is large,
the lightweight properties inherent. in al.aminumedlc
e11.11)edeterlorated. Althoughi.dlesolillsolubility Limit g.f. Cu is
5.65 alas . even ill Cole added SC as to exceed 4.5 ifiaSS%c less
effect of enhancing' normal temperature strength ahl. norral
temperature fatigue strength can be expected. Therefore, the upper
limit of the additive amount of Cu is set to 4.5 mass%. [0056] <About
MnT 0.25 mass% or less>.           Mn is an element which will be
crystallized to ether with Fe and/or Cr into an in t. :Me t a.11ic
compound, resulting in a dispersion strengthening phase to contribute
to enhancement of high temperature strength. However, Mn readily-
creates on Al-FesCr-Mh series gigantic crystal as compared with Fe,
For this reason, the additive amount of Mn. is set to 0.25 mass% or
less. The additive amount of Mn. is preferably as small as possible,
more preferably less than detection limits. The most preferable
additive amount of Mn is 0 mass%, 



r00571<About Mg: 0.4 to 0.6 mass%>        Mg is an element which
enhances normal LempEnture strength and normal temperature fatigue
strenmth when existed together silth Si and/or Cu_ If the additive
amount. of Ma is less than. 0.4 mass%, the aforementioned effects
become less effective, which is not preferable. Even if Mg is added
so as to exceed 0,6 mass%, the aforementioned effect will be
saturated. Therefore, the additive amount of Mg is set. to 0.4 to 0,6
mass%. [00561<About. Cr: 0.1.5 mass% or less>        Cris an sdkunect
sfl:rech. will be crystallized together with Fe anehlor Mn. into an
if:term:stela ic compound, result.inn na dispassion. strengthening
phame to contribute to enhancement of high temperadanee strength.
Howeeci-: Cr rea.d.v. creates an fe-Cn:-Mrl. series gipant:Lc
cayst,a1 as compaxed v.nitn. Fe, For t.b :r re::.:darn the additive
amount of Cr is set to 0.15 miss % or less: The additive amount of Cx
is pmcfeacabdy as Email as possible, more prefenably  less than
detection limits, The most preferable additive amount of: Cr is 0
mass:). [00591<About0.6 to ; (-4/6) x [Cu. mass%]+51mass%>        As
mentioned above, Ni will he crystallized together. with Cu into an Al
-Fe-Ni-al series intEmnmetallic compoummi wirl.ch is stable even at
high temperatures ancl enhances high temperature strencith and high
temperature fatigue strength. Such. crystal. a:rep:refer:ably as
TtLICrl as possible. However, if the atiffMA-*me amount of Ni is less
than. 0.6 mast%, the aforezzotiaued effect becomes less effect)vsa
Therefore, the additive amount of Ni is set to 0.6 mass% or more, On
the other hand, if the additive amount of Ni exceeds (-4/6)    [Cu
mass%]+5}m.as % " cracks will he generated during the forging step,
and therefore it is not preferable For this reason) the upper limit
of the additive amount of Ica is set. to(-4/6) x mass%]+5)mass%.
Therefore, if the additive amount. of Cu is 3.5 mass% which. is the
lowerthe upper limit of the additive amount of Niis 2,7 thaS S ,
Furthermore, if the additive amount of Cu is 4.5 mass% which is the
upper limit, the upper limit of the additive amount. of Ni is 2.0
ma.ss%. 



100601<About Zr: 0,07 to 0,15 maps%>        )..)r ) s mh ed+anwx: t
yliitsb will. he tiv/s tali. zed at a ttatpmtca tar e of 350 'C Cr
more into an Al- 2r e 5 intetmetallis compound to enhance high
tembexatare strendtb pi an ailoy material, If the additive amount of
Zr is let s than 0.07 ma ss% tint: edguvmmettmd C' becomes les::: ef
(am:naive. lt the +additive amount of: exceeds  0.15 pass%, the
aforemeeiticrned effect will be saturated_ For this reason, the
additive amount of Zr is set to 0,07 to 0.1'0 mass%, [0051] <About P,
0.005 to 0.010 unss%>        P is an element which moves the lower
limit of the additive amount of Si at which primary Si is
crystallized toward the lower amount of Si and miniaturizes the
Particle diameter of the crystal of primary Si, in cases where the
additive amount of Si is relatively :high, no addition of Pcaases
rough)primarySi. if the additive amount of P is less than 0,005
mass%, the aforementioned effect is less effective, and therefore it
is not preferable. On the other hand, if the additive amount of P
exceeds 0.010 mass%, the aforementioned effect is saturated, and
needle-shaping of eutectic Si will be enhanced, resulting
deteriorated toughness, which is not preferable, Therefore, the
additive amount of P is set to 0.005 to ,0010 mass%. By setting so,
the maximum diameter of the primary Si can he controlled to 50 pm or
less. LQ,AiEspecially, it is preferable that the additive amount of P
satisfies the following formula CU.With this, crystallization of the
primary- Si. due to continuous casting can be assuredly stabilized.
As a result, it becomes possible to realize that primary Si assuredly
exists in the entire near-net-shape material and also possible to
assutedly prevent segregation of prienry Si.Furthermore, eutectic Si
can be assuredly formedi into a spherical shape.As a tesult, a
neat-net-shape material for. an engine piston excellent in wear  



resistance and high temperature characteristics car be assureifi.v
obt:ained. [0063]0.0025 x an a.dditive amount of Si -- 0,025 fl; the
additive amount: of P0.0025 x the additive amount of Si 0,02."Formula
(1)        where a unit of the additive amount of P and a unit of the
additive amount of Si are nmass%99 respectively, 10064]P alone is
sm.a.1.91. in melting amount into a melt ',i.e. " additive amountP)
and is hard to hand.le, In order to increase the a da ive amount: of
P and enable easy handling; it is preferable that P is added to a
melt in the form of P--Cu alloy (0 mass% of P, 92 mass% Cu of mother
alloy) 10065]<About Ca: 0,002 mass% or less>         Ca is an
element: winch iniirtitle mini.a.turiza.tion and .harde:nina of
r"ddr,oary Sl doe to P. Therefore, ELn.2: including- magnesium
chloride (4.9:i.11,-,) is added to a melt and. :::mhring their to
reduce the amount of Ch in the melt so that the additive amount 01:
Ce. becomes 0.002 masse or lehs, More pref,dsably, the additive
aw.ohnt of Ca and p ;unit mat:s%) is 8c:ft to rhiF9) case: even in
cases wtareIS ad.d1:30_ ;4' an ,;:r-1.0 Lin i.311 the viniiiityrhe
eutectic po-int .not It9e depleted. This rase:Itscreat2a2s.2Ci.2 and;



and tnis ect lye pi. t,e_haves rilic ; ens tor creating
heteroginneons nucleus of primary Si, which mates it pessibje to
crystallize priela.ry Si minute.' y and. evhnly, As a. result, the
wear re:sista:lee car: .be a:II:lanced, The additive amount: of Ca is
preferably  as small. as possihde, more preferably less than
detection iiMitS, The most preferable additive amount of Ca is 0
mass%, 00551At. the continuous casting step. the reason uzia t the
melt, temperature is set to 720 5C or above is ae follows.
[0067]Casting the melt before start solidification. while holding it
in a high temperature situation controls creation of an Al-Fe-Cr-Er.
series gigantic crystal during the solidification step, and. aipo
contributes to . niaturization and even distribution
oftprinary5.1.whichwillbec,15,ptallicilintiteT-3castrod. Therefore,
the casting temperature is set to 720 5C or above. This can be
realized by settira the melt temperature before pourf , into a.
continuous casting mold. to 720 C or above The more preferable
meld:temperatureis740caCor'above, Bysettirpthemeittelaperature to 720
5C br above, at the time of fo inp the. forging material obtained by-
bomocTenizing the cast rOd into a. near-net -shape material. of an
engine piston; the orystallizatipr status of. rimary Si. can. he made
to berainiaturizedand. even at the out.:Pzpocijaheral portion of the
cast rod corresponding the skirt portion 4 and the piston ring
gr000eportions 7 ot the engine pibton 1, The upper. liadt of the melt
temperature is not specifically limited, and can be, for examr,de;
550 5C ',preferably 75M cO). Hi0681At: the continuous casting otep;
the reason that the diameter of the cast. rod is set to 85 mm or leop
is as follows.  [0069] iftfi...e.fdifeter (i,e,; the
castin2f3iLmeter) the cast: rod. becomes larger; the cooling rate at
the center of the ihqot  becomes slow, which readily- credt es an Al
-Te-ac-Mri series crystal and innihdts miniaturization. and even
distribution. of primary Si at. the center portion of the cast rod.
If the diameter of the cast: rod. is 85 mm, or Ic::es: the difference
between the ,-,-_..ocdjdig rate 



at the center of the cash: rod and the cooling rate ad: the oin-,..er
peripheral portion thereof can be kept small, preferably 100 oc/o or
less. Ibis controls cr ea t on or. an Al -Feb Ctseries  gigan
csystal. Thbrelore, thb diameter of the cast rod is set to 85 ma: or
less. By setting: so, at the ti.me at t:erg-Mg the fording.
mate.ri_ai obtained .by.ztile cast. rod into a near -netmaterial for
Itt engine piston,. at .L.be center :pottlon (-)f the east rod
corraspcineLbac t:o the cibown face -1-._)ort:i.c.n. 2 of the eilgine
piston. 1".     A.1-Fe-Cr-Fir, series gigantic. compound ,,q..11.1
exist, and the crystallization status of primary. Si can be made to
be minute: and even such that the lax] nun diameter is less than 50
pm," Thb lower limit of the diameter of the cast rod is not
specificail.. and can be, for example, 20 mm.               The
reason that the cast rod. is homogenized at 300 to 500 8F2 is as.
follows, [007:L]it the a.re; of: the bal.:0:10,1E12:y pliaSe beEween
an. AI-Si ses crystal or an Al -Febnr-Mn series crystal_ altd. the
aluminum, base inrreases ah Al-Fe-eit-Mn series crystal functions as
a. resistebee at theof plastic clef ormationhigh telliperaturas :
which harms plastic deformation at hio- temperatures. As a result,
high 



temperature strength and high temperature fatigue stxength will  be
enhanced_ 1.00721However,a. homogenization treatment generally
performed. to improye Lo ging performance immediately below the
solidue temperature is high in. processirg temperature, cauailig
segmentation of the Al-Hi series crystal. or -Ai -Fe -Cr -Mn series
crystal into a spherical shape, which redures the area of the
boundary pnase. In. the present invention, the upper limit of: the
treatirrdt tsmiperatiNbe is set to a texTugature which does not cause
segmentation of the Al -sa series crystal or Al--Pe -Cr -mn series
crystal into a. spherical shape. Howeyer, if the homogenization.
treatment temperature is lowered excessively, deformabality becomes
insufficient at the time of f, .ing, causing defects such .as cracks.
Therefore, Lhe .homogeni zat: CreatimenL temperature is set. to 300
to 500 C, more preferably set to a temperature as low as possible
within a range in which the for-cr,ing material does not cause cracks
at the time of forming into the shape of the engine Piston. The
homoqeni5atibn. treatmert time is preferabae set to 1 hours or more
in bolding. time. By performing a homogenization treatment of the
cast rod under such treatment conditions, it. 1:-.)ecomes
pcissi.bleassuredly Keep the state in which no A.1---S1 series
crystal or no 21 -Ne-Mn series crystal will he segmented into a
spherical shape. The upper limit of the holding time of the
noaigenizatixxi. tdxw,Atmc,nit time is not. speciticailyiimiti:
Eu*Icxua be, for example., within. 24 hours. [0073]Next, a continuous
casting- devxce used at the time of  continuously casting the melt.
will be explained. 00741As a, contihrious casting device, the type is
not lirmLted 



as long as it can obtain a cast rod. of 85 mm or- less in diameter in
a state in which the melt tempertere is maintained. at 720 'C or
more. For examcde, a vertical type semi-continuous casting device, a
hot-teo continuous casting devioe, a horizontal coetinuous casting
device, gr a gas pressure continuous casting dovice can. be used.
100751Fig, 5 is a cross-sectional view slaowing an ezample of  a
h.cpricoxital contintieut3 casting- devic-a.pert ormincm b.;
:yabp.prtal cont irawmis castwNig. This continuous casnlnaq device
20A is provided with a melt receptor- 21 for storing an aluminum
alloy melt 30 and. a solidifying- cor.wibnucue casting- water cooled.
mold (water cooled casting maid) 22 taaving a melt rassage 'fhe
ocial. 22 is arranged horizontally- so as te. be in fluid
communication with the medt receptor 21 via the melt inlet 23. The
reference numeral. "24" denotes a. coolirg- water passage formed in
hhe mold 22. The mold 22 as.. the cast rod 31 drawn from the...mole:
22 are coolcj want 003ling water 25 injected. from the cooling- water
passage fli-C-7  bc.1: rS sect*Dnal vioAAT shovg an. El:X.311T". rzi
;): a hot-top continuous casting device. This continuous casting.
device 2013 is ba.[-_-)-cbi.ded with a melt: rebeptor 21 and a.
solidifyibgcuntintlono casting water cooled mold 22 arranged below-
the melt rec.,.i[I.Moor 21 and haATing a melt pa.owrage 22a, The mold
22 is ariaa-).-c;ed. so as to he in fluid communication with. the
melt receptor 21. via the melt inlet 23 with the outlet of the melt
passage 22a facing-downward_ In this continseus casting device 20'3,
thr[ alieninum alloy-melt 30 in the met receDtor 21 is intflodiaied.
Lstc the cooled n:]old22 from the abovevia.It:emelt00 intrediiced
into thp mold 22 is drawn downward from the mold. 22 while forminp a
hard. shell (solidified shell) at the portion  in ccinozi.c.t.the
mold 22. The cast rod 31 drawn from the mold 22 is cooled with
cooling water 25 injected from the cooling wster passage 24,
[00771In, the pcesent iniantlic)n, in each. of the aforecaert,cmed.
continuous card:Lc:9- devices 2021. and. 20E mentioned abosey it is
IT.aieferable that a melt:. ten'i4.-.eirature is 720 C or wore,
'.,,,ijsuE-c1.-n the melt. temperature is defined as a temperature of
the melt. $0 at the position C imnediately before a position
i,,..rhere the melt: . 30 is iritrc.x1luced into the mold 22. In the
co1bran of [Example.] which will be descs-sLbed latN:Jsr, the
teinpc=ngatoare of the melt 30 at t.his position C denotes the melt
temperature, 



ro07s]Next, a. homogenization treatent fsrnaee nped in. homogenizing
thp forged rod will be explained below. [0079]A homogenization
trestment furnace can he any corwentioneily uai.3ed furnace, such as
y e. g.. either a. dii:ect. hea.teirilg furnace or a radiant tubular
furnace in the rase of a circulefien hC' t air furflace. Or either a
contiimeous .LEcnace or a. batch farnace     ti.116: ae (1) t a
COT:Vey ng type laugnace, a.11.1 aC .................. the cast. rod.
are: p.form a hor,iegenizatian. treiitment at. a treatment
temperature of 300 to 500 C.  material will be explained below.
Ffli,n11A. forging device can. be any device equipped with a nid for
f 'ging a fo- ihg material into a. -'C' mJ.3.terial or an. ilrigliJe
piston. It is especially pin-rife:ex:Idle talow the forqdhg device is
further providedf with a. pteh.E.Nit. tteed-...ment 



and a lubricant applying device. Thegida mold. is preferably
a.n mold. 5peciticaLiy.as a. f cegrng desr-.L:e, a knadde press, a.
crank. press, a friction press, a. hydraalic Press. and. a serve
press can be used_ 10082]A. production method of i hear-net:-El:ape
material arcordUng to the embodiment will be carried out as follows_
100881Using a. cextinuous castdrig device, a melt. ha,Tng a
predetermined csmpositioh is continuously- cast. into a cast rod. of
or less at a Neat temperature of 720 8C or more c!,.(.:ontinuour
Casting Ste]]....u. The cress-sectional shape of this cast rod is
preferably a round stsrxi" i.e., tbe cast rod is preferably a. round
rod shape, [00841loy subjecting the cast rod to a. homogenizatio]t.
treatment. at a temperature of 300 to 500 8C, a forging material. is
obtst.-hiedIn the ..ma t er I; at ter the hemK-.,c]-,]E:ni sat .1_
cx-.1 the outer renxbeheral surface of the material is subjected. to
a. Pf=EiCLing treatment Nduter perighs:ral sLif:-.Eace cutting-
treatment) as needed. Thereafter, the material is cut. in the
longitudinal directien of the material into a predetermined.
lertchj-.1 (thickness)  to obtain a circulat late or a circular
ctiluhn, The cut sui.fa(mos of the cast rod are defined as an upper
sium[ace mad a. lower surface of the mateilal, anh the outer
peripheral surface of the cast. rod or the inner vicinity therepf is
defined. as an outer peripheral suit: ace of the haterial, This
material is subjected. to an upset treatment, a. lubrication.
treatment and a preheat treatment as needed. [0085]Nxio, the
material. is .orged into a near-net-shape 



material of an. engine piston shape [Forging. Step]. 10086iFigs, 7
and 3 are figures showing forging steps for forging a. material
usirici ci forging device, [0087]The molds 41 of the forc4ir.c4
devices 40 shawa in Figs, 7 and 3 are each constituteci by ay',.
upper mold. 42 and a lower mold 43. When the upper and lower molds 42
and 43 are tit:ted. with each. other, a circlar plate or a circular
column material 32 is forged .(Aii.thip. a. closed torming space 44.
Thus, a near-net-shape material 11 for an engine piston can be
obtained_ [0083] In Fig, 7 One reference numeral 32A denotes aig
ging rod stumaed. material 32A C'C' by. homt.igthisin......, the cast
rod 31. A circular. plate or niius4lar coinmn. material 32 obtained
by cpttd j the rod shaped material. 32A into a predetermined lenct.h
(thickness) is arranged in. the lower mold. 43 of the. forxm  40 and
thereafteT pressed in the axial. direction of the material 32 with
the upper mold. 42 fitted. in the lower mold 43, nm.s.. the phaterial
32 is forged. into a 0'C' shapb in. the closed  



forming space 44, As a result a near-net-shape material 11 for an
engine piston can be obtained., The mold 41. of the Lorqanqfldevice
S hOW11 in iv '7 S cont Toted to extrude forwarci the skirt portion
correnpondi 7 portion (not illustrated) and. the pin boss portion.
corresponding -pea:Liao. 15 and 15, L00891In. Fig, 8, in the same
manner as in the for rug method. shown in }fig, 7. the matetia.1 32
is torged to obtain a nearenet.--shape mai-bola" itc.m.: an. eng ne
piston, The mold 41. ot the torea.n.:t device 40 shown in Fig. 8 is
configured to extrude rearward. the skirt pcanrban c orrespanding
portion (not i t:ratrma ) and the pdn. boss portion cortesponding
portion 15 and. 15.               As shown in Figs, 7 and. 8, the
material 32 is arranged IL the 1,:matr :veld. :13 SO that. the up.par
or iower surrace the material 32 is formed into a. crown face portion
corresponding portion. 12 of the near-net -eape material 11 and that
the outer peripheral surface of the material 32 is formed into the
piston ring groove. portion corresponding portion 17 and the skirt
portion corresponding portion (not illustrated) . 0091It is
preferable that the trea.tm.ent temperature ot the preheating
treatment to be per f....nrmed. imm.edi at ely bt:ore-Lhe. forcing
and the materiaj. te)rperature at the time of the forging are 470 c7C
or below anr1 kept as short as 11:essibie : the temhorat-ure in.
preferably lower than a homogenization treatment. temperature.
Furthermore, as a heating- time, the hearing. time can be a.
snertest. timC' capable of 1.3:1C IC i .11-g this temperature to
th.e..treatment  temperature We., 470 C. or below). Such a low
temperathte and short time treatment can maintain the status of the
homogenised. Al-Si series crystal or Ai-Fe-Cr-Mr. series crystal
everl after the 



[0092]The obtained near-net-shape material 11 is sub:;to a solution
treatment and an aging treatment as needed. [0093]The solution.
treatment temperature is pteferably the suarae (Dr below the soild.us
teinicerar.ure. Thereasonis ;Inaattre status of the homogenized-Si
series crystal or-Fe -Cr -Mc series crystal can be maintained.
0094iAs to the agin temperature and aging time, it is preferable to
adjidst the temperature and. tine so as to perform the ac.;i10.2 tr
ea Latent a ii oJ: :iv excess i\rej-Y, 1-3y doing so; the...5-3"te,
(-srowth t: 0 the aging a 1:IHIC: 0 :F.: OS I fig the product}De ced
This near-net-shape material 11 is subjected. to final fproc.essnlg
la-maclfthme procesc.fl-0:heand tliethLma tag:ed into an. engine
piston byg attached by another parts such as piston rinds. [0096]The
near-het-shape mEdnatihl 11 prod1.1cedacta9rd.ssice 



wiLit the production method of the near-- fet-shape material of this
embodiment as explained.na.s no cracks in the crown. tace portion
corresponding portion 12 at the time of the forging processing,
C'C'shelLy exists rhidmary Si at least attile skirt. csild-ion
sxxtresT.xxiding portion. 14 ar99pistxxl ring groove POrl:J.011
corresponding portion 17, there exists no primary Si having a.
maximum diameter of 50 um or more, there exists no segregation of
primary- Si, Euld there exists no -Fe-Cr-Ma series gigantic crystal
having a maximum diameter of 50 pm or more_ Therefore, an engine
piston 1 produc ed US ing this tear -nEt- shape illaterial 11 is
excellent in wear resistance  and also excellent in normal
temperature tensile characteristics and high temperature
characteristics (i.e., high temperature tensile characteristics, high
temperature fatigue characteristics). L0097]Although an embodiment of
the present invention was explained above, the present invention is
not limited to the embodiment and. be changed in a various manner
within. a range not deviating. From the gist. of the present
invention, [EXMPLES] [0098]Next, concrete Examples and Comparative
Examples of the present:. invention. will be shown, It should be
noted that: the present inwent ion is nnt limited to the following
examples. 



<Examples 1-S, Comparative Examples 1-16>  01. 0 0 j[ Tab e ct. r"
12:  C., CC    



a.    \ 0.4Lc.0 :     



umass%t . In the column of Ni in Table I, "A" denotes (-4/6) x [Cu
mass%14-5}mass%- [0103].rhe Al alloy- melt having a. composition
shown. in Table I was cordjrxrdusly cast using- a hot-top continuous
casting devips (see Fig, 6) to obtain a cast. root having a round rod
shape. In the continuous casting, the melt temperatures before
pouring the continuous ware set:. as deee'Ll-sed in. the "Melt
te.(4), in Table 2. The diameter of the obtained cast rod is shown.
in the column of "Diameter ot cast: rod" in Table 2, [0104]In c];
;Jting, a melt, was txxrced irds a mold accculLag to      12613. to
obt a in at. arenc iS sample 50 ot an approximately disk shape as
shown in Fig. 9. rising this analysis sample 50, the composition
elements of the melt was subjected to quantitative analysis by
emission coectrochemical analysis according to JIS H 1305, Ffg 9,
'-'51" denotes a portion to be analyzed. This portion 51 was cut with
a. milling machine about: 0.5 rsa (0,3- 0 .6me) and then. analyzed.
The dimensions of each portion of the analysis sample. 50 were A-56
B=30 mm, Dr5mm, Es-5mrt, and. 1"-35raL ;01051 Next, the cast rod was
cut into a length. of 6,000 sp," Then, the cut cast rod was
homogenized, IS this homogenization trealnilent" the treatment
temperalnares wore set. as descr:ibeci in the column cxe
'IlorotsnizEdnion Tempt iia. asiscHe 2. The tnuEnitmkx-it; tirsywas 7
hours in each case.               ThereaJ.U.-er, rile cast: rod. was
cut to Ismsve the oiX5er periphery- to have a diamet er of 50Futthet,
the cast rod was  cut into a. length of 60 mm to obtain. a circular
columnar shaped forging material, [0107]Next: this mat anal was
pr(E?-frsated at 420 'DC: apd. then. the mate:tie:1 was pressurized
from its end .Eace in. the axial direction to upset. forge the
material into a. thickness of le =1. This upset fC' rging curt
e:spond..s to the :forging at the t orging step ot the present
invC'ntion anti wa.s psuotormed. at a f ergs T.irocessing rate
corresponding to the forge processing rate at the time of actually
forging. a material into a near-net-shape material for an engine
piston, [0106]Thereafter, the upset: forged product was SUt5lectecl
to 



a T6 beat treatment. Concretely: the upset target: roduct was
subje.cted to a solution treatment at. 495 C and then to artificial
aging under the conditions of the acing temperature of 200 QC and.
the aging time of 6 hours. 101091With respect to the upset forged
product to which a TB heat treatment was subjected, it was visually-
examined to confirm whether there exist surface cracks and hole
defects in the upset forged proder ty by a solvent: removal
pc,flietrant test. (color caheck Thereafter, the upset orge'.61
re,d1,1t.ft wasthe cut sarrface was T.s..iror polished: and the
microstructure of the mirror polished surface was observed from the
center pcaubon of the upset ftTged. product. to tj-:.e outer
petinheral portion using a metallograph to cherk. ..,ru,yg:.'ner
there exist priffency Si. primary qi beRring a maflimrrn
de.n-...euter of 56 um of more: Al-Fe - C rseW., es giganric crystal
and. segregation of primary Si, These results are shown in. the
column  of "Presence or absence of Primary JIM the column of
"Presence or absence of primary Si 50 or more", the column. of
"Presence or absence ; gigantic crystal" and. the column of "Presence
or absence or segregation. of primatv SA!' in Table 2. "In each. of
Examples 1-6, there existed primary Si in. the entire upset. forged.
product, FurthtE',r, the upset forged product to which a Te heat
rreatmentwassubjectedwasevaivated.Inncrmaitemperaturetensile
characyteristics, high tempsviinare tens,ilectRLcact.eicist-Mcs
andhitlh temcorature fatigue characteristics, [0110]Among structural
images of EXampaes i -8 photographed at. the microstructure
observatien, a. structure image of Example 1 is shown in Fig, 10 as
an example. Among structural. images of Comparative Examples 1-16
photographed at the microstractilre observation, a structure image of
Comparative Example 3 is shown in Pig, 1 as an example, As an imace
analyzing device analyzed. the image of the structure imu ce. a.
device called PUZEN made by El Nireco Corporation was used_ [Dill]In
the stnnvattare Lmage, the]J_E--C:rttiI series. crystal.
cisi c.tcystaii th.s. 1.1)2sis.a.ry is a. gra.-y--- brown
:c)lcsc.k.-- shaped crystal, and eutectic Sigrayebr.own crystal
smaller rnan. primary SI ann having an average grain. diameter ot
aboat 5 ;am_ In cases where there exists Al-Fe-Yd-eu seriea crystal
in Mhe upset forged product, in the structural imaqe, the Al-FeeNi-Ca
series crystal is observed. as a crystal of a gray- color. lighter
than the Al-Fe-Cr-Mh series crystal, 



LE4121It the t.ise shrqu in. Big. 10 (Hurample I): there sod s t&d
many eutectic Si in a ( rbersed marhier... and the average grain.
diam(Woer thereof was about 5 Lim. Thcnce existed many plxbmary Si in
a. disnodmugd marmer and themaxitormi. grain diaauft.er truereof
\Ai:as arx)iit 25 pm a.nd the a'...rerage grain diameter was about:
20 pm. However', there existed no primary- Si having a maxi-t hm.
diameter of. 50 pm or here. and the average gyain diameter. was about
5 um. however, there existed no Ai -Fe-Cr-Mn series gigantic crystal
having a. maximup.    anle e ca: SO pm or nuahg . firtheir, th.E.n:e
axnUwged many- ?dg-Fe. series crystals in a dispersed manner, and the
averse grain diameter was about 5um. [0113]In the case shown. in Fig.
11 (Comparative Fixa...(ole 3), there existed :ma.ny eutectic Si in a
d:Lspersed mann.er andaverage grain diameter was about. 5 um, There
existed primary. Si in an.              diaagriblneed3wurier. the
:ma:rim:arm diamethac was about. 35 rm.. and the average gdgx]..n
diametxr was about; 20 pin. There EX1Stect two kinds of Ai-Fe-Ct-Mr.
series crystals . Betweeii them, one of them P55 a crystal. having an
average grain diameter of about 5 um. and there existEgdmany suon
crystals in a oispersed.manner, The other. ot then': was a. block
snaged :7171h:tall hatTing an EIVer a me grain diameter of about. 60
pr, and there existed AI -Fe-Cr -Mh series gigantic crystal having a.
maximupl. graiin diameter of 50pm or mode. [01.14]The eve, ua I. en
method o tenor ma etnipez.tenS Ei eharacteristics wab 55 follows. 



A JIS 14A compai'atkve Lest piece was otht=il.hed from the upset for
ed preduet to which a T5 heat treatment was performed, and the
tensile strength of this test piece at 25 C wasmeasured. Wheh the
tensile strength was 350 MY.S or more, it was evaluated as 9Good,
while the tensile strength was less than, 350-.Nma" it. was evaluated
as "Not Good'. The results are shown in the COlUT,11 of "Normal
temperature tensile, characteristics" in Tahle 2.  [01161The
evaluation method of the high teglicsiTure tehpilp characterdsLios
was as follows, At ter ncTicting an Up Set fOr gea prcycluowhic.h a
T6 heat ttmilmf!ent was pe ormed. at 250 9C for 100 hours, a. JIS 14A
comparative flealged test piece was obtiLuecl fnam the upset
fcv.::3i3. product, At the time of. the strength tGsC-.., after
holding- the test piece at 250 C for 15 minutes, the tensile strength
of the test piece was measured. at 250 c..C, When the tensile
strength. was 120 MPa or more, it was evaluatecl as v'Goodif, while
when the tensile strength was less than 1120 M2a, it was Evaluated as
"Net Good'''. The results are shown in the column. of "High
temperature tensile aharacteristics" in Table 2. The '.7C' gmhimpa of
the high temerweure faJticrTe characteristics was as follows.
[0119jAlimi.n:holdiriganupset forgedprodhct ft: whiclia.T611;:mt
treatment. was performed at 250 9C for 100 hours, a. fatmghe test
piece was obtained from the upset: forged. product. A. fatighe test
of the test piece was performed. at 250 9C with a Ono type rotary 



bending fatigub testing machine. A stress value at which no fracture
occurs even. at 10,000,000 cyciles is defined as a fatigue. strength.
WI-lentils: strei:s,Aluewas6OHY.,achfuicex-eu it was evaluated as
mGoob.", while when the stress value was less than. 60 ME.,e, it was
evaluated as "Not Good"'" The results are shewca in. the coluein. of:
temperature fatigue characteristics" in Table 2,  [01 In. Examples
leS, since they. satisfy all ot the requirements cf. the present
invention, no crack was formed, there existed primary Si entireJy in
the upset. forged product, these ex-isted no .1"4-bmary Si having a
maximum diametims of 50 ;in or mole,. There existed. no Al-Fe-Cs-MU
series gigantic crystal having. a. at:Esc:L.:du:II dia:iiatxuof 50 um
or more. anci there existed:ha seglnegatidxi            ary- Si,
Further, theywere excellent in normal temperature tensile
charg.icterlstIcs, high temperatusb tensile cheriuiteristic.s, and.
hinb. texcpe3iiilire fatigue charactbristics,                   In C
Oinp r .9AT e E X an p e 1 , since the addl.-tar:7e amount of Si. was
anall, there existed no priwery SI, Xi. CMC:',D r a 1:11:1 e EXF.:
rap e 2, sinceackii.tive amount: et
SiwJiustxx)much,primasySiwoasegregated, SincettN?graihdiameter of the
primary Si was Large.; cracks starting- from the prtmar occurred at.
the time of the upset forging.               In Ccmxirative Exam:ole
I, since the additbme amount of ,was too mu.ch-Cr-mn series gigantic
crystiai.sc;:eneratec:i anC' cr,:acits startin.gthe gigarc: c cryst
a.ls occurred at tile time of the upset forging,  L01241In
Comparative Example 4, since the additive amounts 



of Mn and Cr were too much, Al-Fe-Cr-Mn series gigantic crystals were
generated, and cracks starting from the gigantic crystals occurred at
the time of the upset forging, [0125]In Comparative Example. 5, since
the additive amounts of Cu and. Mg were too small, the normal tensile
characteristics were deteriorated. [01261In Comparative Example 6,
since the additive amount of Zrwas too small, high temperature
tensile nharacteristicsEnadhigh temperature fatigue characteristics
were deteriorated,  [01271InComparative.Examole 7, since the additive
amount of Fe was too small, high temperature tensile
characteristiosarihigh. temperature fatigue dharacteristice were
deteriorated, [0178]Ir.:ComparativeExample 8, since the additive
amount of Si waz too small. and no P was added, there existed no
primary Si, [0129]InComparatinnaFxample9, since the additive amount
of Si was rather large and no P was added, the primary Si grew. up,
0130]In Comparative Example 10, since the additive amount 



of Ca was not. reduced. O. fl. r, the primary Si grew up. [0131]In
Comparative Example 11, since the melt: temperature was too low,
segtegetion of: orimary Si. occurred. 01321Comparative Example 12,
siflC@ the diameter of the cagf. upset forgod product grew ofu
E01331Comphrafive Example 13, einge the homogenisation.  treatment
temperature was too low, eutectic Si, etc. were not sufficiently
formed into a sphemical. shape, caused cracks at the time of the
upset forging. [0141In Comparative Example 14, since the
homogenization treatment temperature was too high, eutectic melting
occurred by preheating before the upset forging, caused cracks
starting the molten portion at the time of the upset forging, ro131In
Comparative Example 15, since the additive amount 



of NI was too small, theim, existed smaller amount. of crystals
stable even at hign. temperatures, Therefore, high temperature
tensile characteristics were deteriorated. [0136]In Comparative
Example 16, since the additive amount. of Ni was too mud:: and
exceeded c ( -4/6) x [Cu. mass% +5 )mas s% , caused cracks at the
time of upset forging. <Examples 9-12, and Comparative Examples
17-24>      UI Ca X VI 



L614.0]In. Table 3, fhe ufliff, of the con:position,nte "mansQ."
respec:f,r,f, the colitani tri Table 3. ( -4/6) 2, [Cu. [6141] Fig,
1.2a diagra';:, ebowing fhe telation between fhu  and. Comparative
Examples 17-24. In the formulas shown in this figure, [P] denotes an
additive amount of P st;EH396) and [Si] denotes an additive amount.
of Si (unit l mass10/ [0142]The Al alloy melt having the composition
shown in Table 3 la,=,'S continuously cast using a hot-top continuous
casting device (see Fig .6) to obtain a round rod-shaped. cast rod..
In this continuous casting, the melt temperature before pouring- into
the continuous casting meld was set to 750 C and the diameter of the
cast rod was set to 55 mm,               In castinxT, the melt was
poured into the mold in. accordance with 3-13 z 2611 to obtain an
analysis sample 50 having an approximately disk shape as shown in Fig
9. Using 'this analysis sample 50, the composition elements of the
melt was quentativelv analyzed according to JIS H 1305. [0144]Next/
the cast rod was cut into a lengt of 6,000 mm. Then, the cut cast rod
was homegenizedunder the conditions of the treatment temperature of
470 c'C and the holding time of :rLo.irs. [0143] Thereafter/ the cast
rod was cut to remove the outer periphery to have a. diameter. of 50
mm.. Further, the cast rod wae cut into a length of 60Imrto
obtaineiroundcolumnan shaped forging material, 



[0146]Next, this material was pretested to 420 c=C. and then N,
ressurized from its end. face in. the axial direction to perform  ng
into a tHicxness ot 10 mm. nii3 upset forging  corresponds to the
inng- at the forging step ot the Titesent  processing rate corres:xi6
L,Ig. to the forge processing rate at the time of actually. f orfting
the ma1:er:1.8.1. i o a. near-net:- shape raa.t.erj.a.11. for an
engine piston. [0147]Thereafter, the upset forgeci proc.hict. was
ssdwjected to a T6 heat treatmht. In detail, the upset forged product
was subjected to a solution treatment. at. 495 C and then to
artificial aging. under. the conditions of. the aging tEmperature of
C and the aging time of 6 hours, [0148]The upset forged product to
Which a T6 heat treat:Enact was subjectedwas ch..t and the cut:
surface was tilirrOf polished, and the ros truc ture the mirror
polishe.d su.rf ace was obsersn.4d tr,-);4; the center portion of the
upset forged product to the outer petiphral portion using a
metallograph to check. whether there exisUnad primary. Si,
segregation of primary SI, and the shape of eutectic Si. 



[014.91As to the presence or absence of primary. 51, it was judged
based on whether there existed. gray-brown block -shaped crystals
when microstructure observation was performed.
2-Its tiO tile Presence. or ab e of. egr C'" C" E primary Si, it was
jtylcred that there existed sefptegatibn. of pcduary Si. when three
or more primary. Si were c:ithered and there existed a primary Si
agf,.[..mgation in. which at least onm? of. distances between primary
Si is shorter than the grain diameter of C , and judged.  no such
pr3i. -v- Si aggregation. [01511Eutectic Si is a gray-b..fown
cryetal. smaller than primary- Si. When the size of eutectic crystal
was measured, if tmaximum laogth"/"minimum. length." is $ or pore, IL
was juAged that: eutectic Si. was formed into a needle -shape, If the
ratio was less than. 2, it was judged that eutectic Si. was formed
into a s])heticad. shape: [0152]In. the column. of "-Evaluation" in
Fig, 12, -0, denotes that it is suitable for a. near -neteshapo
material for an. engine p.istcn, and. ":" derotes that. it. is not
suitable_ [01531As shown. in. Table 1. and Fig. 1.), in. Examples.
9-12, the additive mount of Si. was wdthdn the range of 11.0 to 13,0
mass%, the additive amount of P was within. the range of 0.005 to
0,010 mass%.; and. the additive amount of P satisfied the
afoxementioned formula (1). Therefore, the crystallization of primary
Si d.u.e to continuous casting becomes stable. As a result- pripoy-
Si. entirelye:xisted.frtmitrce3xx-xfportifniot the:upset forged
product to the out:et peripheral portion thereof; and there existed
no segregation of primary. Fo.rtinermore; eutectic Si was formed into
a. spherical shape., Accordingly, an. excellent microstrpcture was
obtained. [01541in Comparative Examples 17; 23, and 24; since the 



additi-se,3aoicinntofSiistciosmvall,priraryiwaspartial rexisted in
the upset forge:: product; i.e. primary Si was not entirely. existed
in the upset. forged. product.  of Si was within the range of
thepresent invention, since the additive amount of P was too snail,
primary Si existed only at the center port ion of the upset forged
product and no primary. Si was existed at the outer peripheral
portion,               In Comparative Examples 19, 20, and 21, since
the additive amount. of Si was too much, segregation. of primary- Si
occurred, [0157]In Comparative Example 22: although the additive
amount. of Si was within the range of the present invention, since
the additive amount of P was too much, eutectic Si was formed into a
ne.&dle-shape, Thus, the toughness of the upset forged product was
1.0158]This application claims priority. to Japanese Patent
Application No, 2009-250278 filed on October 30: 2009, and the entire
disclosure of which is incorporated herein by reference in its
entirety, [0159]It should he undersimd.that the terms and expressdens
used herein are used for explanation. and have no nntention to be
used to construe in a limited manner, do not el imina t.e airy
equivalents of featureb shown and mentioned herein, and allow various
modifications: rallinq within the claimed scope of the present
invention. 



[0160]While the present invention may be embodied in many C'
ifferent. forme, arnaaberofillustrativeembodimentssoedescribed
herein with the understanding that the present disclosure is to be.
considereo. as providing examples. of the pi eciples of the
inveliti..cm:t and sudh examples are not: intended to limit titue
insesUliion to preferred embodiments described herein arid/or
illustrated. herein. ufm,f;While illustrative embodinents of the
invention have beeh described. herein, the presEsat inisnroien is not
limitmed to The various: preter.red embotirmen.bs; des:cr.:L:3er."
berefs, but ir.p.brucjes axv and all embodiments havng equivalent
elements, modifications, omissions, combinations (e.g., of aspects
across vafic.us emhuxfMnents ) , adaptations and/or alterations as
would be appreciated Or those in the art based or. the present
disclosure. The lifaitat:Mmas in the cis:fins axe to he irrerpreted
brstsidThy basmd or. the language employed in the clituass and not
liffited to exampdes described in the present specification or dating
the of: the application, which examples are. to be construed as
non-exclusive. For exam.1.21e, in the presenh discaosure, the term
''preferabay" is non-empinsive and. meare "preferahay, but not
limitedMeans -plus- fuuct i oh or step-plus-function limitations
willbe amployed where for. a spec Hfic claim ltation. all of the foA
lowing conditions are present in that limitataen: a) "..tfeas for or
"step for" is expressly recited: ft) a. correspondihq functien is
expressly recited; and c) structhre, material or acts that support.
that structure are not. recited.In. this disclosure and during the
prosecution of this application_ 



the terminology "present invention': or "invention" may be used as a.
reference to one or more aspect within the present disclosure. The
language present inverdnipn. or invent i Oil should riot be
big)roperly interpreted as an identification of criticality, should
not be improperly interpreted as applying across all aspects or
embodiments (1,s,, it should be understood that the present invention
has a number of aspects and embodiments) , and should not he
improperly interpreted as limiting the scope of the application or
claims, In this disclosure anci da)Mag the prosecution of this
application, the terminology "embodiment" can be used to describe any
aspect, feature, process or step, any combination thereof, and/or any
portion thereof etc. In some examples, various embodiments may
include overlapping features, In. this disclosure and during the
prosecution of this case, the following ahbreviated terminology may
be emilX1.0yedm "e.g. " whlb.h. means "for example; and "NE)" which
means "note well, if INDUSTRIAL APPLICABILITY 0162 ]The present
invention can be used for a production method of producing a
neaiHdmat-shape material for an engine piston to be unnunPI on A
varicie atoEbH lc:: or ..torcycle rv'i a r*,r--arba.-haw, material
for an engine b:H.n DESCRIPTION OF THE REFERENCE NUMERALS [0163]
enoine piston crown face portion 4skirt portion 7piston ring groove
portion 11near-net-shame material for an engine piston 



12crown face portion corresponding portion. 14skirt portion
corresponding portion 17piston ring portion corresponding portion 20A
horizontal continuous casting device 208 hot-to p continuous casting.
device nr) continuous casting mold melt 31cast rod .fforging material
40forging. device  1A method of producing a near-net-shape material
for an engine piston, the method including. the steps of 



a continuous castinC1. step of continuously casting a melt having a.
composition consisting of Si: 11,0 to 13,0 mas:i& Fe: 0.6 to 1.0
mash%, Cu: 3.5 to 4,5 mass%, Mn: 0.25 mass% or less, Mg: 0.4 to 0.6
mass%5 Cr: 0,15 mass% or less. Ni: 0,6 to f(-4/6) x Cu
mass%]4.5)mass%, Zr: 0,07 to 0.15 mass%, 2: 0.005 to 0.010 mass%, Ca:
0.002 mass% or less, and the balance being Al and inevitable
impurities by setting. a melt temperature before pouring the mat into
a continuous casting mold to 720 0C or above to thereby obtain a.
cast rod having a diameter of 85 ilo or less: and           forging
step of forging a forging material obtained by h.omogenizin. .he cast
rod, at a temperature of 300 to 500 (5c to obtain a near'-net-shape
material for an engine piston,               The method. of producing
a near-net-shape material for an engine piston as recited in. claiml,
wherein an additive amount of P in the composition of the melt.
satisfies the foll(xedna formula (1): 0.0025 zadadditive.ixfonutof51
--025 :=.=-adTh-iveflount 3.0025 x the additive amount of Si. -
0.02_Formula (I)        where a. unit of the additive amount: of P
and a unit of the additive amount of Si. are 'h.fass%", respectively.
Aneal-nst-shapomaterialforanengineigist5nproduced. b:'," the metbod
of producing a near-net-shape ma.teriai. tor an engine pistpn. as
recited in claim 1 or 2,        wherein. there exists n: leerySi at.
least in a portion of the near '-net -shape material corresponding to
a skirt portion and a poitIon of the near-net-shape material
corresponding to a pistofl ring- groove portion, and.        wherein
Crknos exnJrCs no primary Si hav.'ong a. MaYijalli'M diamet:e.:r
o:tsOijra or more and no Ai-Fe-Cr-Mr series gigantic crystal hedri.:m
a. raximdm diameter of 50 nm or more, 1.A..near-net-snape rmateria.1
tor an. engi....A: piston. produced by forging, 



whersin the near-net-shape material. has a composities. consistinn f:
Si: 11,0 to 13,0 mass%, Fe: 0.6 to 1.0 rass%, Cd: 3,5 to 4.5 mass*,
Mn: 0,25 mass% or lees, Mg: 0.4 to 0,5 mass%, Cr: 0.15 mass% or lees.
Ni: 0.6 to P, -1/6) x [Cu mass%je5-jmaes%, Zr: 0,07 to 0,15 mass%,
0.005 to 0,010 M3SS%, Ca: 0,002 mass% or less, and the balance being
Aa and inevitable :impurities, 5.The nedr-net-shape material for en
engine piston as recited in claim. 1. wherein an additive amountP in
Cne composition of the near-net-shape raterial satisfies the
following formula (1):           0.0025 x an ad.dlticai. amount of Si
0,0257;i: an addi Live amount of P0,0025 x the additive amount of Si
- 0.02_Formula (1)        where a unit of the additive amount of P
and a ur:1-1t of the additive amount of Si are. v'mass%",
respertively, 6.The near-net-shape material for an engine piston as
recited in claim 4 or 5,        wherein there exists primary Si at
least Inc portion of the: near-net-shape material corresponding to a
skirt portion anci a portion of the near-neteshape material
corresponding to a piston ring groove pciction, and        wherein
there exists no primary Si having a. maximum diameter of SO pm or
more and. no Al.-Fe-Ch:--iyin series gigantic crystal having a
maximum diameter of 50 pm or more. 








