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Casting made from alwminem siloy, having bigh but eresp aad Satigue regidianes

Fiohd of the lavestiag

waorking, af fesst In some of Sl sonss, ot high tomperatuens, o partivelae oylinder heads of
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arpetrol agle,
Hackgrownd of related ant

Dindess otherwies stated, all the valuey relating to the shomival composition of the alloys we

expressed ay a poreentags By waght

The alfoys usually used for the ovlinder heads of wmaas-produced motw veldcles we on tavahe hand

e

alloyy of thy tepe AIRITMe and ABHOMg, prasibly “doped™ by the addition of &

cappar, amst on the other hand alloys of the fanuly SIS o AIBIE-RORIMg

The allovs of the fist fvpe, ABIOMME sd ARUHOCOMg with T3 westment (dimple

atabilization) angd T7 trexiraon {(vomplote solution heab-trestment, quenching wind overaguing) bavs

sufficiont mochanieal charscteristios when hat op 1o spproximstely 230%0, but sol af 307, &

temperatuve whish will nevertheluss be reached By he valbes bridges of the new generstions of
¢

suparcharged dicse! sngines with a common rail, and sven the new doubly suparcharged petrol

SRgines,

At 3008, their vield strengh and thelr cresp strongth are particularly tow. On the other dawd,
becsuss of thelr good dustility theoughow! the temmperaturs rangs, Trom ambisal up to 380°C, they

satisfaotorily withetand craeking by thermad fatigue.

Allnye of the type AT o ARBBROGEMR IS o Q8 which have bettey shovated tenperstury
strenuth, have, i contrast, rather fow ductilily which makey them vy vilaerable & cracking by

7

thormal Shigue,

They sre sehdivided bt » family of allove oith low fron comtent, fyploally kwer than B2RG,
konowi ey primary alloys {obtained from o seaelter), which has good hot dogtility but remaing fragife

at ambient tooperaturs and g !“"amii}-' of allovs kumwn a sscondary sllizys {oblatned fron roeyeling)

with @ higher on content, frony (46% 0L 80% and sometine 194, witieh have low ductifity both

svhan hot and 8t amblent femperatire,

These problems were doveribed for sxample fn the artivle by B, Cholmert and M. Qarat “Choles of
ahuminoeny casting alloys for divsel eylinder heads sublected o strong forces” published i the SIA

Review of March 1850, Thix avticle sommarizad the propeetion of the thiee allovs exwnbied as

aliows:
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© o ARBCEIMy with lw fron content {18 %) rad fn stale TT: very good mechsnical revistance

b

iy de 2505C beooming average ot 3P, low dectility st smbient temperature, brooming good

S50 and 3RO

~ AIRBSGOMe with high bon content (8.7 36) snd o state F Owithow heet treatmenty averag
machanical vesistance at smbont tomperatiws, bevoming relatively higheet at 2538 sud 388°C
very by ductility throughout the Seld 3¢ - 3p0°C

o Q

= AISITMeh S withowt copper snd with low on content (0,15 %) and v state TT: mechanioad
resistange ot ambient femporature good, beeoming very low as of SHPC, very gosd dustidiy

dwroughout the feld 20 - 36470,

The progress made sinee 19 wae deseribed e the recent setish by M. Guat and GO Laslas
“Improved alanibnen alloys for diese! eovlinder boads™ published i the review “Hommss ot

Foonderis™ of Februwy 2008 In iis nrodustion, this srticle shetghey & vevdew of the various
farnies of allovs currently uxed and thelr sefationship with forces andergone and webitedturgg of

modern oviidee heads
It presents the resent devalopments i the Held of alloys:

Allsy AISITM03, with the additton of 6.50% of copper and By state T7, 8 sohaias today wsed
widely in indostry, provides @ very noticeable gatn ¢+ 284 of vield strentgh 2507, withow

toss of elougation. But the gain provided by this small adidition of coppet is completely tost at

R
3,
~ The addition of 0.153% of sirconhum in the same alloy makes 8 posaible o shightly improve the

yiokd stroneth s 300°C {196 and eapeoially to delay tertlary cresp at the same temperaturg at

ear of 23 MPa

A new type of AIRITCUISMaV T alloy without magnesiony was examined sod charsoterized.
¥ ohas execellent hot wechiival resistonce propertiss gt 30 and farly good ductiity

throughouot the field 20 - 30070, but low yield strenigth at smbiont tempacatute (about 150 0 335

i

MPa depending on iy shact vopper contenty. This alloy s in sonformity with pafents FR 2 857
378 angd BP 1631 787 by the applicaut,
FROZ 690 927 deseribes alupunune-bised casting alloys baving high bot Sroep resistance and with
additions of QRS TH 025 Jrand 8.2-0.4 %V, i particular on a base of & type &850

gompanition.

The resulis of these latest developdients are supnparized o ably 1 below (tonsile stvength Bo
MPa, vield strength Rooo I MPaoand slongation st brogk & 88w poroontege, o reprosenting the

steesy i MPa lnading to s deformation of 8. 1% aller being Beld al the ssive temperane for 100hY



G /e : J08°8R

R 2 1Rm 1 & Bplids Bm A W2 i Bavy A
ARBTML T Fa 018, Poraam TE O§ AN LIS TEET L B8R 28 LAG.dR 4 83 1 Q% 4 RF
ARBITMERET (Fa 0018, Fomam TP L REY 1R BN a8 b oy 3R 388 P4 43 MR AT
AIREFOGE 84l AT Be 018, Primang TP oL oars o iERv i e b as loFy o idadl o aes el e Moy
ARGSELRIMROR Fa Q7 Svnandany) ¥ TR URST L Ry AT N3y VAR 8y fsui o we 12 38
ARGTORIMG0 2 {(Fa 044, Sasondarg TH PN RS2 A8 R0 L Mg o ay 401 8% A%
ABSLUINE0 ST Fe 018, Printeny TP oL oovt iassl 25 i e vl o 80 f4ry 82 1 B0 138
AT CeR VT iwithoul Me, Prvaani i 17 198 13361 S0 F R L Add e N 3
ABTNMa S Fa 018, Promang YO 234 AS8 &0 IR 188 1 1w S T L3 il

Maore racent veseaved carrtad out by the applicant, and not published up & now, hie showy that the
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low gyole fathpr Srongth (high stresses and; vousoquently, stuall number of vyelesy of this typ

et
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atoy without magnesiim wag deliniely lower than that of the A8

oy, whish is a

et ad

mair handicay owing o the faot tat ovlinder heads undergo sliersating forney at vaey high

sirasses ohoes to the vield strengh, n particolsr hecsuse of thermal ovoling relied to how the
. £33, pary 3 ]

e

saigines wank.

o

The Wikder vurves I figaese 1, T and 3 reprosent the fatipus strongh i tonslog {with o Sasturs
prabability of successively 3% show as a light hine on the Ief, 5096 s s dark e v the middis

wd O3% ag a light oo on the righty socording 1o the neber of gyveles,

%5

&3 fo Fatlers, Tor stresy fevels of about 3530 MPa, &8

o

- definitaly spposey that the raenber afaedd
tnited to approximately 1600 1o 2000 wyeley for now sllovy without wagnesions {figures ¥ and 3},

wiether the copper fovel is 3.3% o 3.8%, apainst ot lonst 20,000 for the AISIFCRIEMQS alloy

In high ovele fatigue, under 2 Jowor siress, abomt 150 MPy, the strength of the two fumiliss

L%

booowmessinvtlar, and e rescaveh pabished B thewrticle of thy reviow “Homniey ot Fonderke™ of

5

Febryary 280 showsed that the stvees Bmits at 10 nifBon eyvaleg on shel tost specineny were even

higher for the ASITCRASMaV Tl aliovs without magnssium, o bebween 123 asd 138 MPa

sgainst 115 MPa for the ABRTCu0.5Mgh 2 slioy,




The prolilem
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Taking those sonsiderstions into sccount, # olearly sppears that ay regards faigue, an obyvioas need

i folt o gremly bagvove fow gvole futigue strenptl withoad degrading e hig

strength.

-

Citver i addition that, fo futee disse] snglvey with sonunon rail or supercharged patvel enydnes,

the combustion chambsrs of the ovlinder honds, and in poticudar the vales brkiges, will reach

et

evan excred 300°C, and will andergo pressuves highsr Sum i provisus ganorstions of enghnes, %

appears that none of the known types of allove satisfetortly posvides the comblnation of deshred
proparties, namelys

< Fhgh vield strongth from ambiat terppstature 1o 38050

- High low oyele fatige strength,

- Fhgh fgh ovels faligue strongth,

~ Hligds crvep strongil st 300°C

- Good sdostiiity throsghout the anblent omperatire rangs up 10 30070 (minhmam elongation of

¢

s

3% at arnbiudd tlormperatars, 0% & 236°C and
Subjeot of the lpvestion

The suldest of the fvvention ix therelie & cast pat with high sechauical resistance and bot creep

X

strengdh, o partioudsr wround 300°C or sven above, combined with a bigh vield strength & amblent

N

temperature and hgh fow syole and high corele mechanival fatigue strongth, ansd with gowd ductibity

froan ambdent ompstatige vp e 38, made of shunimun alloy of chemissl sompesition,

ages by waight

exprossed i pere
ST 3 11 9, proferably S8 00 %

Fo 050 %, profordbly < Q.30 %%, profivably snll <019 % v ovan 013 %

Cur 20 - 5056, praforably 3.5 - 42 %, profunably stli 3.8-4.0%
Mo 005 - G380 Yo, profovably .08 - 030 %

M 8 BES 0N ¥, preforably 010 B2 %

e

&

Zev B3 N, pretorably <61
B30 S preterably <G %
Y0 005 - 8015 Yo, proforably GO8 - G189 %6, proforably st G108 019 %%

e 003032

Y, preforably DO8 - 520 9%



aidly 005 - 020 %

odify culevtie 100 posyy and Ua

{30« 13 ppm), o clomonty to refine sutectioy, §H{

1.

Sthar slemerss < 0,055 sach and 015% fn tolal, the rost ahunbuam,

Deseription of the fgars

¥

cure | shows the Wakler curves, e the fatizue strengit in tonsion {with » fraciure probability of

sicovastvely 536 shown ss o Hght line on the fell SU%6 as s dark fine i the nitddle and 95% a8 8

light fine on the vighty secording s the nuber of oyeles for the ATl Mg 3 alloy,
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Figure 2 shoows the same curyen LAMEVETE alloys without magneshum, contabning

s

3.3% of eapper.

o \

Figre 3 shosve the same curves for ARITOA SMaVETE alloyy withowt magaeahng, sonisining

3.8 Mol enppes

Figure o shows the varistion in the static machanieal chorasteristivs, Rm, EpO.d and & % o
anidont ompseaturs sovording to the magneshing content for the varives allovs with copper content
of 3.5% tosted as Yexanpies” e key o the referenes mowrks gppearing on the right of the figure

avcording b dudions &t Tin secordance with tabde 3. The seviex of resulis Rp{},z, Ry and Ade

vatated FA G KOHIP 37 comaxpond o the complamsamtarny testy af the bottenv ol table

Fimre & ahows the Wahlerowrven, Lo the breaking ateess ¥ at roony tomperature secovding tothe
sunber of eyedes N (logarithode seale), the avavags obtained G alloye with copper contant of

3.5% rested Ay Mernples”™ and sscovding o thelr averige Mg conteng of &, 808 and G10%,

Figare 7 shows the variation B the satie mechanion! chaseteristios Ra gnd Bpdd st 380°%C
acsording to the magnssiun content for the various slloys with sopper vontent of 35% texted as
“examplex” and secrading fo thelr vanadinm content of § and G185, in ascordanes with the vabues
given i fsble 3

it

Figure § supts up the tosuls of the grovp tests af 3HPC glver in tobie §, numely bowding A ssa
pereentags obinined with & strain of 30 MPa according o time hoof the test from § o 380 hoary,
and for various magnesium and vanading sontents ndicated on the right of the Hgwe. B shows
thir breaking sone whish socurs befine 300 howrs only o the case of the compositim Ve §, Mg =

& 1%



Figure & shows the diffvrontial cnthalple avalysis

4

{hodtom cives) sl AT OMaV T dop vurves) and for varions magns gatum noatunts, how

ST ednieN

Figwe 1 shows the solubiity 8 of vapadin at equitibeiuns geosvding o the tompersture T oif
aifoy bath ARITCW SMaMaQ 3080 20T 28 comprising m dnitlel vanmtiom conter of §.28%
wroduced and solubifized at T80°C

Dexoription of the nvention

The tnvention 1y based on e oherrvation niade by the appliosnt that i s possidbletu provide magjot
Wnprovemonts © the charscteristics refunud to above of the AISITCRLAMaV T alloy in Keeping

with patenss FR 2 887 378 and BP 1 651 787 by the applicant, aod tharefire o solve the ohjeotive

problom, in twe comnplementary ways: the addition of & small amount of maguesiom and 2
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eermbined venadium- TREENEE

The addion of a sowl svwamt of nogoesium, from G0 fo Q3096 sakes § poasible W
considerably intrense nut obly the vield strongth at minbient temperaturs bt alen the low syele

fatigie swength, while presarving g selisftory degrse of slongation.
The applivant puts forth the hypothesls that this small addition of magoesting makes it pessible ©o

<,

foyny & fraction of the hardenlng phase A LM S vy, that v more affeative on cold strength than

N S

the ALUn phase formed i the absence of magnesturg, but that the definite prodonsinanee of sopper

LN

{typioally 3.595) b relation to magnesiom means that the amount of ALCH phass, \‘om‘mwngix

mors offentive for hot strenpth, v not sigsifivantly ndueed by the addition of magnesiun, 50 that

the properties whes hot (yploally ot 250 and 300°C) are nen deteniosated,

Table 2 below tndivatas, scoording to the avnount o magnasiim sdded, the guantities of hardening

wd SMaVErDY base, wt ‘qziiii‘a}rﬁsm at

SN

phases ALCH and GoALMESROn: formed i the ANTC

,,,,,, F3

TG0, after selotion heastreabment followed by quenehing. Theevaloey (expressed iy tlv oass as
gy ptopde porcentt gre cgliulated using the theermudynamic sinndation softwars “Frophase”

devetoped by the applicant

Mg (0 by weight) &, im U5
f?si& 1

As will appear o the following syamplex and fgures whish explaln the resulis of thesg, in
particular fgurs €10 guin in orms of yvield strength 88 2000 & substantially 100 MPs (ooving

Froon 28t apprchmately 300 MPuay velth s addition of onby §110%,



S, quite unexpectadly, the offeet of magnesium is abeelataly not Hnsar in the

neghyiide botwaon § and §.05%, intonse bebween 0.03 aned 81055 smid aplatenn i then observed ap

0 @ somontof substantialhe 2200

O the other band, also saaprisingly, elomgation iy redoced sady frong S0 8% %}§-' thiv inorsaae in the

o

magnsshn content {in the reference condithban of alloys & fo K owith HIE an
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aoprer pottent of 33% L

Th aaene absence of lnearity and the pleteas fons 8,18 1 sobsimially 80
gpain observad
This same plateay, as & Rmotion of the Mg vontent batwesn 0,10 and substantially 8.20%, s abe

obsarved in the case ol g copper content of 4.6% as Hbstrated by Biawe &

o

Simueitancousty, the gan in low syele fatizus streagth s quite constderable ag shown dn Hgwe o

For stressas of 220 and 270 MPy, the Hespan of the tost specimens sidgested fo an altsrnate tonsion

R

o

force (Lo, with & oo B = minioens stross/nmdnnis strses of « 1) fe muitiplisd substantisdly by 10

it

by the ashdition of 601 0% of sagnesium.

Hore ton, the wffect s absolutely not ey, the resuliy for g mugnesions codent of £.03% belng no

ditferem Honuthoss obiatuad foe aatrtotly i sontent.

Ax regards high oyele Buigue strength {ow strosses

of abowt 130 to T4 MP), magresian no

X

sffect on the sndurance Hmit, about 130 MPa ot 107 cyeles, smoe agads

fonger hat z votable

accovding fo Sgure &

As for the slatic wechaningd sharacteristis &y Z30°C ared HPC, a6 b tlustrated i Bguee 7 i
particudar, r&i;ﬁing to the chavacteristios at 3607, thesw ars only slightly madified by tds additiom
arnd romain sxeellund, & cortaln galn b over o he poted B yvigdd streupth Rplth2 at 306°C without

gy by of elrgation,

fn the case of parts for which colid elongation v not critival, contenty up o 0.45% can be tolerated,

witile, fo presevve sosrinin vold doctility, cpto 8.25%, and bettre sl 8.20% nan be allowad.

2 .

Finatly, the sloys of type AL SBOW and AIBITOWS seeording fo the mvention, with a relatively

fow magnesiion cotent, of wp o substantially 0.20%, unlike alloys with & higher magneshan

pontent,. Hpinally fven &

¥
v

8 fo GASM, di nof have the final quatormary cutestic ARSRALTe

o

Al MgSil

s neltig at SO avconding to the phass dlageams by BLW.L, Philips (Bauilibrivem
Digerams of Alondou Aley Systems. The Alonidon Developent Asseciation fuformation

Baelletly 258 Looulon I961Y or at 3080 sccording o other authors, T

detcravned by Gffvceniial anthalpio analesis {DE& iz sabstantially 5



s

Thiv makes 1§ possible to apply 5 sofution hesttreatnent ot SUS°C, typivally botwegn 308 and

S13AC, withenst rivk of burning, with standard heat trontment aquipment, whereas the sloysof prive

ard v tregted ot SOORC af the most and s 4885 i penerat

But a sseond componeny of s bovontion Hes B combining an addition of vasudinm
above-mentionesd sddifion of magrsian

o
&

Cuite surpisingly, the applicant olwerved the existenes of & strong bteraction hotwesn mouguestay

aued vanadhon on visld strongth and an oven grogler 08¢ an wrenp stisagth o 3HRC
indeed, as & kuown, theee twa eloments do not act by means of absobdely the same metathagicsl

mechanisim and these mechanizoes o Sictact w copygsletely opposiie ways,

o

.

O the mne band, mugnesiim, & cuterdis sloment with 3 sirong diffinion coetfictend, takes past i

¥

ket with g

5, througd the formation of cohgrent hirtesmetatiic

R

stnsctural havdening after agie

B
alosinany matrty, in St viz phase § mentired shove, bat 1t gradually losts #s havdoning effe

T
,

by cosdescenee of aadd phase st 3PC gnd abovs

On the other hand, and conversely, vanadium, & peritotly elonent with & very low dilffasion

v precimtate

aostficient, v presert I8 2 solid sclution snviched i the dendilte cores and tgy poss

gt the fam of sady sembcoberent disporsoids ARYSSD which romain stabls & fompersiures gronter

than 4009

The resubte of the exampley show, however, that the allovs combiniig g pagneshan content of 8,18

1o 8.19% and a vasadien content of 847, 018 o Q.21 resixt considurably better iy those which
conrtin only vanadions oy only mugnesitm, This iy Hustrated parfoatly 2}};" figure ¥, concerning the

statie pochanical charactoristics, and figure &, for the creep strength.

Adding wore than D219 of vonadium fs possible and s just as beneficwd for cvsep strangthy, kg

the soluhility of vanadium fo Higaid alfoy s Bimited

The applicant carried out nedepth fasta to deterndne the sedebility of vanston according to the
temperature of the molen metad bath, oan slley scconding o the invadtbsy of the
AIBITCuI S MMl 30E0.20T10.20 type fonially condaining 028% of vanadhum hntrodusad s

sobbiitad st T8GR,

Solubility at squilibrivo avcorsting to the kolding tonwerature of the bath 4s shown dn Bgure 10

I ix noted frove thiv that, oo mainiadn b solution a fovel af 2386 of vanadinmy, the bath must be

srantntabned at o tapersture of at feast TN, Lo, gorelatively high value fir shelbaneld (permanent

§

gavily oral low DESau:

muctal sould) casting of oylinder hoads by



A3 no redutiion i crep sttengh i obssrved when i vanaclion Content il

%, an addittonad veducton In the saount vanadium tv very much @ ;:ss:fts;\?‘ihi‘. i

gruder consideration using the “low prosage” proveas iy which the temp

onby SR, o vanadiam contet from .88 o §

N

&%

“ander i}mgwm*t‘- that se heat treatable, for oxomple 88 vacnum, ﬁ;.‘e—. convantional holding

HE dower than SRO%C and s vanadiom pontent of BB

Coneernittg the other slments meking up the type of alloy secording 1o the inventhuy, thel

eantents avs fuetified by the hllewing considerations

Siticon; this fv exssntial to obtaln good fnundey properiiey, auch sa Hoblity, shennoy of hot waring,
anel proper ('@miing of the slrinRage anvities,

4\\\*

For g content lower than 39, (hese propertier avy inseifiokoyt for shellanold casting wheress for

sontents above 1% e shrinkage plps & too soporatrated and lonpstion e low.

 addition, & compromibe generally considersd as optimun batwean these properties and dustility
ratiges hatweers § and 9%, This range comsspends o the majority of the apphioativas of the internal
goanbustintengine eylinder head type.

3

I ¥ s wellknowsn tat this clement significantly veduces the slongation of alloys of the ALS

tvie. The exanypes describad Below coutivm this o the case of the inventinn,

Depending on the type of thermoemechaional stress undergous ‘3}‘ sach parlisudar part moded, s

sppropriate fevel of fron tderance can be chosm, knowing t

B

FREAIEE 2 Y ST \gxf Gt
S, HY pariiewiar willy

vegand f ron, s o Thotor mpasting sost. For parts forwivch cold elongation s not oritieal, contents

upy fo G50% can be olerated, whdle, 1 proserve g ogrln coldatuotiity ordents wp 1o §.30% may

<.

be aflowed, and for pany wadergoing o great amount of sitess is‘”ss;ks;%‘riu.g for wold working, 8
sasiname ol 41 9% 3¢ o be preferved, o levst specified by Fraoch standard BN 1788 R alloys with

high chgracietistivs BN ACQ 1100, 2160, 42200 arpb 48000, and botler st 0.1 8,

Coppsy: The copper sontent of such heatsesistant alloys ds s:<tem~'es1§tif_ss§aié}f i the rangs of 2 10 59,

Proferably, the range bebegen 203%%, o soswre o suffictently bigh vield §§3“es§g§t§1 and alovated

¥

tomperature strength, aud 42%, the approcivate solubility Bt of copper s base conduining

frovn 43 0 LO% of silicon and up to DA% w, wilh be chosen with solution hesb

reativent al ¢ tempershive Tower thetr orequal o 3



s

frgh

The exaraples described below show that tncreasing the copper crortent g 3.3 1o 4.0% renilts in

a pain of abeut 36 MPa i toree of vield strengih and 13 MPa for altioale tersike strongth, bol aise

i dons of 1% foe elongating, ax o somparison betwoen Hgures 4 and 3 shunes, Taling o acsount
thess reaulls awd the noed, fo the case of eylinder hoads underguing s gragt smount of stvess, fov g

good comprinnise between sirength and dustifity, the most sintable range for coppny soums to be 3

1o &%,

Manganese: Frony previces sesesrch deseribed i the sbove-mentioned atliels, published i

“Hommes of Fonderie” of Felrugyy 2088, the applivant haz slready idontified that a manganese

<

content fron 0,08 to 4.20% buproved the effect of zivcordion on crenp strength at 300%C

In addition, on the assumpton o w firly high bow content, about Q30% and hetter stil] {30, tw
addition of wpr to D509 of wanganees makes ¥ possible fo convert the soionier and suleittiing
AlFeli phase fots a soscalled “Cliness woript™ gquatermry and lose endwitting Al{Fe Ml

s

o

L&

e

A
g
Fos
.
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o
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A
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s
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o
s
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L
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Fimer It fe chossn to we the varkant with @ high fron content, 1y
1o cupitalize on this vholve, to alio tolorste 8 ding comtent of up 1o §30%, I the peoforred Case
where an alloy with high on meity, of primary origly, eed the sl content oan advantagemsly
be lingted to D15,

Wicheh as with zing, thix clement, whith guits substindislly reduovs slongation, van be olerated &
g pontent of up o G300 In sy oy woith an bron contentof ap 10 §.50%, Bt 3 will preterably be

Prmvitad g0 QU1 0% whinn hugh deatilitywreguind

Zirpoptom: dwring prior rossarcl the appliowrt hay slready wWiowtified e postiive sifest of

ongth when bot dwough the foorution of stable dispersold phases of the

sarticelacly underiined B patonte BR 2 841 164 and FR 2 857 378 by the applicant

and, i the seconsd, preferably 032 1o 0208950 A content

rangiing from .08 w 0300 B a balaneed compronuse, given that too high a content, abod 8.25%

e

e

femds to vosvae and embrittiing primary phasss, aud that too kow & contant proves iwuitisient as

rapardy overp strangth

g

Tiantum: this elhauwat aots soeseding te twe joint modex: i hedps rofining of the primagy alombaag
grafn, snd alvo contribates 1o croep strengah, s dentifiad v partent FR 2 841 184, tking part in the

formathn ol divpersotd ARSI s,

&,

These two ohjaotives we sioniliancously altsingd By contonts ringing betwsan 01 and {258%,

sod pre forably botween 005 and 28%,



sigsbie i order B improve the elong

s

This modillogiion is obtabied by G addition of cre oy eore ofthe alementy strontiom {hom Mo

o b3

SO ppe, sodiu (roes 20 to 100 prant or calohusn {frowt 30 10 120 ppngd. Avasther way of refirdng

& {-} A

the AR euloutie v add

tnony {trom 885 1o 42

“; 2

5

¢t the mivention arg generdly subjeeted lo heat eabment

&

Heut tostmendy cust parly sevording

cspnprising solutivg Regt-reatment, (§{!§ff§€-§"i§ 1w and aging

TRY

inthe case of Inlemal combuastion sagine ¢

including over-ggeing which has the advamage of satsz‘i&si‘éi::iimg the part,

Byt for ather applisations, in particular sn bt for & hot part of o caxt part, TR type breatment &
soepossibiis,

The detaile of the invention will by understond better with the help of the examples balnw, whish
are not hosvever reairictive i thelr scops

Exaumples

o 130

elostric fomave with g sificon cwbide crocible a sevfey of ahuninmy alovs was

produced sid cast v the foras of test specimens {rough shedbamold test spevimens of T8 mm ax per
French standard AFNOR NP-ASTIOR). These alloys have the Sdlowing vompasitions:

i T

Fau 0,105 oxoxptonst Tat 838 %

Tl v lovels 35%%

M 815 %

X

M vare ng Trom QLo 819%, seetable 8

Tl ia %

A for fovels Q0086 DTG, D% and Q.2 1%, see table 3

Jeliid %

Sr S0 100 ppm,

Seane of the tost sprelmens cast undarwent R isostatio pressing (hnow to specialists by the name

of SRR e 2 bots st QHSSC GRNTERE) and 1000 bar,

Al

et

the tost specimens S undevwent TT heat towiment appropeiats for ek composition, naawly;



A&, Dand Gy
SEE S GNN

- Holution heat treatmant S 10 howe

and for 18 howrs ot JURC foralloys containing 84

sfloys without a8 hoars g

Caste 82, G, F oand ¥ were Ruther chavactovized af anbiont eratuve with only

]
"
o
o
L&
v
s
L
&
i

treatnent for $9C for D and G without magresivny and fir 10 hours &t S08°C
sid K owith 9.10% of magneshun, followed for the four casts by watyr guenching ot 30°%0 and 3

2008 50 as to be wiore diveotly comparably with casts L 0

i1 another heat treatment variant, the solutinn heabireatment of alloys Lo T s shovtensd 10 3

fours mstead of 10 hous

~

Tha statle moechanival charnotsristios were measured i te following conditiony:

~ ot anddent lomperglue, W the case of the ¢

N

on iisi‘\z‘\u

ot
s

machined o 1308 s, clingation messsursiment basts 88 mn, I the conditions lald down |

standacd EN FOOQE-1.

<&t 250 and 300%C, the luet specimens hoing taken Boan the swpe AFNON shell blanks of

divigeter T8 mi shen sachined 1o the dlameter of § s

u/

aud proviomsly prebented for 108

hours o the tomporstary under considerstion so tat the bulk of the structieal s:iz;:ss}gt‘- i

achivved, then stretohed 28 250 or 30000 {n the conditions Bid down b standard BN 10002+

Mechanival fatigue strength st ambdeond tooparature wie messured in fonslmvoomprossion, with a

patio R {mintmax stressd of <1 for sound test spectinens of dlamester 3 rowy, also machined from

AFNKOR shell Blanks.

423

The creep lests &t 300%0 wore carvied out on test specimens machined o & diameter of 4 mm from

the same AFNOR blanks, preheated st 306°C for U hours befuirs the tist fgelf

prase

Uhis ipvobesd subjetting the test specimen o o consiant stross il 1o 30 MPa for up to 300 housg
and recording bending A v @ percentage of the tast specimen. Hois obvise that they fower thig

gﬁ'{fi?\_(f:gii}g* the better 8 the wosp stsngth of the alloy, The test specimens cast frony the alloy whith

X

S b

gave the lowest cresp tesuly, ov conpovition O witheat vanadiom, & fact broke well belors 300

angle Roin

howrg, with bendiog & break ranging botween 4 and 4%, which gre shown by the v

¥

figare X



}‘ i‘ & ‘“’“}i
MFa, vie

sornposition

acwordin 2

pee

(atrosses Foin MPa), and those of the sreop tosts by wddde 3 {clongatbm & as s po

1o the holding tme H at 300%C, Trom § e 300 hours, a8 38 MPay,
They are sasior 10 interpret with the help of the curves of fiperes S0 &
Concerning the sitic mechaniest charsceristios {fmmre 43 and the meshanioal fatiges sirength

ambdiont temperatiurs (Bgure 8) for allovs with & copper content s 1.3%, the intense aad vonlinenr

affest of magneshon can very cleardy beosean,

While practically oil batwesen § and §.88%, it I8 very strong betwaen 003 aab 4.10%. The vield

substnwially 100 MPa while the low oyele faigue Hfe o the feld

stvength then incrsases Iy

sanging fom S0 270 MPa s muliiphed by almost 16,

From 010% o 019% 2 completaly unsxpeciod platesy of statle mechanioal charagtenistios &t

asddent hpeahurs s then observed,

As omuld Yo expected, vanadbon doss not bn contvast have sy solable effent on these dwo
properiios monsursd st anbiond vraperature,

»

The incrsase i the copper content from L8 1o 405 resulis b g gatn of about 30 MPa for the §'§fﬁ@,§s:§
sirength and 18 MPy for altmete tenadle strength, buy alen i a lose of 1% for elongation,

cramparisan betwoen figures 4 and § shows,

Ag rogards the mechanival charasten QO°C, s particolar objective of the vew type of alley

&

aveording to the wvention, 1 san be noted from table ¥ that dectility byvery high {greaterthan 28%

toival pases withsolation Bead-traaiment of 10 hoangy

G S

Figare 7 sdditionally indicwies that ot sdditions of magnssium ab & yate of betwegny 007 and

} R L

o oand vanadiey ol aorde

T hovwenn 1T and G219 make i peasible by improve the vield
strength by substantially 8%,

As regards orsep strength of 30070, the resulty, dn table S are evan morg dbvargenn:

« Alky € contadning 1165 of magpesiuny, bul withoat vanadina, does not fast for 308 hours at

IGG7C and 33 MPy; i breaks betwsen 150 and 200 hours with bending ranging hetwesn Jd and

4%%;

< Aoy G owithont magnesiusy but comtaining 0.21% o vanading, Tnety for 300 howrs, B shows

final sversge beadbg of 3.83%;



.

Fand ¥, both w

tining (.0

snoond .21%, have vivtpally deanticgd ix@h‘;i\:'icr_, sfornng much better tan G and ) no treak

jonoted, sverage berding {y sady 040 nd 8,545, which is sot signifivantly different taking inte

accoint the discrspaney bebwesn 195t spacuuass

Figure § nakos i pos ¢ better visealize the sealy of the inferavtion betwesn vanmditnt and

THREHERINNT On Croey strength &8 30°C

w

whs of these sty abso

hoew that the “HIPY westment, which rodugss

gation bovauwse of s, by spproximately % gt ambiest

microepomaity, ceriminly improves ols

¥

tempseatiy, but aleo slighthy “soflens™ the alloys; the visld strengths are systamatically lower, a8

shonw, pactielily for 2 magnseium content of BT W the vicinity of the bewd in

i,
pot)
%
]
o
fo
e
3
Py
B2y
£
=
T
L2
5
z

The noreass i the trom content front (L1085 fo 0.19% reduces clongatinn at ambient temperature

by ag;gmx.ésmtai}-‘ 3% ae v relative valug, with or without “HEP” treatment; this appea

cornparig the level of the platean for & magnesion comant of 41T o 019% offallays Q- R -

with that of alloy T @ Table 3, AP 350 and 30000, the offeat of this same inorsase besomws
negligible, howave

Now-

The redocting of solution heatdreatiment thme fronn 18 1o § houss doxe not votably affect the
characteristies of alfovs M« KR < O sither, sven though thess are blghly charged with copper,
clrarmaterictics which sorresprand o the platesu of Brwe 3. & move deastic seduetion, dowa to haif
s hour, iv conmelvable, v particular becavse of the possibilities offered By thy solutfon hew

freatroent beg Huidieed bad,
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LOnivday, wnely megy st mechantval saillededy

Mnd
3

folvishatderal rondelbeik, Mltndeen JEOCon, &8 a7 aldbid

adott contben w Kiwethezdk kel gy vagy b suchifaeaddesiy elenn

Se 20 S0 pony, War 38 - 108 ppem & Qa2
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o Fermrneadd rdsm s handn s,

spviteelomek epvang 38 Dusvesen .18

.

LA L dpdnypont srerintl Qatvdny, aveal lellomerye, bogy s seilichmtariglons 50 6 80 36 Rabul
& # ; :

Loighnvpont srenihy Sufvday, avnad elemenve, hogy 8 sagndzhuntaction U &

4042 1.3, pduvpontoh birmeiyike saorint Sabvdiy, aveal jellvmerve, hogy & vansdiomtacisiom 88

A5 V% kowdi,

3,

«f. igdnypontok birmedvike seerintt Oontvday, axeal fellowerve, hogy # vastartalom 830 %

%7
i
~
Vi

e

& &z DA pduyvpontok birmelvie szevintl Sotvdny, saesl jollemerve, bogy a réaantalom I3 &

428 Blsstn

3,

ToAR DA iptaypontak bamelvike saenintl Sutvény, aveal fellomerve, bogy o mangdntartalom 808

(\

Sx G20 So kst

R odx b7 gdoypontol Ddmmelyike srerintt Smtvday, el fellonteeve, Bogy 8 cinkiantalmn 8,10 %

gl

YTITBAETHBKY EPI3Isaian

s

s
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8, Az L gdoepomod bivmelviie ssoriat Sntvdiy, szl fellemerve, bogy a nikheltartalom $18 %

alam.

o As B ipdwvponiok hdomelyvike s

B

v, azzal jollumenve, hogy o crkduimatalm

{108 &5 8,20 %% Rzt

11 Az 118, ipdnypontok birmelyike seorhell Sutvdny, szzal jellesierve, bogy & toantarialom G033 &5

.29 B kdwiuth

x

13 Az 11 igenypontol birmelytks weovintt Sntvduy, sneal jellemave, bogy o réatartalom 3,0 &

44 Y ki

13 A 1120 igsmypontoX blomelvike socrintt Satviny, azeal jelemerve hogy a vanddiuntartakm

Rt O S0 QIR 90 kot

14, Ar 130 fpdaypontol hdrmelyike ssorin Satvduy, azeal jellonsesve, bogy az egy belsBégesii mo-

pad

e hangertje.

18, Az 1-14. igdnvpontok birmetvibe srovintt Sutveny, aal jollonssave, hogy a2 ogy Sndvény meleg

W

dxedher vald et
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