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Abstract

The purpose of this research is to design and create a module based on linear programming
in Microsoft Excel to calculate optimal raw material ratio in aluminium billet production.
Raw materials used in the production process are primary aluminium ingot, master alloy
and scraps from different sources, i.e. returned scrap, domestic scrap, and import scrap.
Major material is primary aluminium ingot which is high in price. In order to reduce
production cost, we need to reduce the amount of ingot and increase the amount of scrap
addition. However, the result of increasing the scrap ratio is that it is more difficult to
control chemical compositions of the product because scraps are from various sources in
different grades. The data were collected and analyzed to find out average of chemical
compositions and used in Microsoft Excel based on the linear programming method. The
program is used for calculation the amount of raw material, while maintaining minimal raw
material cost and controlling the chemical compositions to be within the corresponding
specifications. We found that raw material cost was reduced by 5% by reducing the amount
of ingot in production process and also from reducing the inspection time and adjusting
chemical component because the target composition could be reached at the first time. The
method can also be used to calculate the amount of materials used in modifying chemical

composition accurately and conveniently if needed.

Keywords : Aluminium / Linear Programming / Material Cost Reduction



PnAnssNlszma

vovouam Insamsatuayumsnama luladvesgaamnisy lng (ITAP) vosdninauwmun
a I'4 = [ a ~ 9 Aa o 3’; dy o 4
Inemdaiuazma luladuiana (@ms) Alanganuounuidteluniall voveugm gagwa
o ana o Yo A o < o A Sldy dy A o a

Saudidde (nssumagianmsusEv Inadinnea $ina) Nldwemeaniun Jagau waznarlums

o o o o A I a o [
Wnmsnaass aaeasulid S nuwasduuzihidauen uazvevounszaauiunaudmiy

v

1 o w o A 1 4 o a o
anunlonazidslaninaseuniifaeeriaele mivayumsanel iesennudusvesdive

9

9 Y
naziluusaladhdaumldmsduativasz luaseiiduiegars il 1dded

] ' 2

Y Y a 2 ) Jyy A Yo ' a Aan
ﬂ”liﬂuﬂ'ﬂ@ﬁiguﬁ'll’iﬁ]ﬁﬁ’)ﬂulﬂﬂﬂﬂﬂ Iﬂﬂulﬂiﬂﬂﬂ'mﬂ'?m'l@fﬂ\‘qufﬂ'lﬂ IA.AT. 1B1IDN aUUIIN

Q

an

£ v
[ [

A Y o Y A o A Y] o 9 Y a g 1 Y Y A YA =
‘Vlﬂlﬁﬂ'llﬁﬂ‘lsl'l HasUDBUUS ﬁ]uﬂﬁg1/]\‘lﬂ']'iﬂ'lluuﬂ']iﬁ]ﬂ‘l’l']ﬂ']iﬂ‘lfllﬂ'ﬂﬂﬁﬁgu’sjﬁ'Nhl‘]Jhlﬂﬂ'Jﬂﬂ ARRUEY
2 3 A o
ﬂ'J'l11“])"]°U"?QL!ﬁ%ﬁ@LﬂﬂWi%ﬂﬂl@ﬂTﬁﬂﬂ VDUDUAWU AT.FNHNY ut?g!,ﬁﬂi Uses1unssumsaoums
9 9 a A o v A Y Y a A Yo Y
AUANDATE WA WIUIU IAPIANUTIANIA NITUNMTADUNITAUAINDATE V]ﬂ?ﬂ!'ﬂﬁﬂ']ﬂéﬂ]&!"l wag I
o o ' o a o a 14
AULUSUN ma’amuuﬁmlﬂmgf@unwi’aﬂumimmiﬁ’uﬂ’iﬁaﬁiz Ll,ﬁ3ﬂmTﬂWiﬂiuﬂmgﬂﬁﬁﬂiﬁuﬁWﬁﬁi

' Ay ¥ Y ¥ Yo o Y
nnmu ‘w”lﬂngmﬂwmmguazlemuuzmmﬂmﬁuam



GARNIL

UNAAGN 11 Ing
UNAAYONTHIDINGH
naanssuilszme
GRRSIL
FIMIATN
s1emszihlsenan
undi
1 unin
1.1 ﬂ'smﬁﬁaguazﬁmmawmﬁ{fﬂ
1.2 agiszasfnuise
1.3 sz Temivazmaiimaiiee 1@5unnauise
1.4 voUlANUITY
1.5 ﬂ%umumiﬁnﬁmm
2 NYHHaTNUI Sefieatos
2.1 1lszineszqiition

a

2.2 oxglilsuuay lavignanvazgilition

[

o o C4 o a A
2.3 ﬂﬁﬂTViuﬂﬁiyﬁﬂEmﬁW‘l’iiU’fﬁ@jmuﬂNNﬁM

a A

2.4 yiavedlavizezgitlounay

2.5 ezgiillsunaununiiFeudaneu ey 6063

2.6 ANuazoIAvedBzgiileNiasNaIdIMIUMIHa lans

2.7 @WUUMIIAATINTNGINT

2.8 M3 lUsunsuFauduasa (Linear Programming)

2.9 dwuums llsunsuraduiuiudy (Integer Linear Programming Model)

2.10 NuATeNNe T4

A W W W R -

© o U1 o1 O

11
13
19
22
25
27



a13iiey (710)

3 MSANHUMSTIVY

3.1
3.2
3.3

3.4
3.5
3.6

AnudeyaieazidennenunszuIumsHaniiaanozgiition
= =S Au A A 9
AN IMYBUAzUITENNEITD
M33705WTeNNNanaNITHAN

4 4 <
3.3.1 nseslenldlumainusiusmdoya

a 4

3.3.2 METIUINLATINTIEHUNa
a5 amuDTIag

= v 79 Y o o a J
nadoutazgudunamIlszgnalddnuniiasanaadiamans

ajUwanazenilsrenansive

4 HanInaaed

4.1
4.2
4.3
4.4
4.5
4.6

° sl 2 A =
mamuaulefiFudmasaunaunual

J 3 ! U =t 1 a
nlefiFuamasdiunaumualivoudy lanzuaazsiia
AUDIUVULNNT FIUVOITIURNTUN AL VOUAY laviziaaz ¥iia

< 1 1 a

duilszansmsudlsmuvesdrunaumanlyousy lansuaas ¥iia

o a 14 - .
nuuiaeInNadiasdas (Linear Programming)

sounan (Cycle Time) uazndsnuil¥lumsnan

5 agdwamsauiivanusazdoavenuz

1PNATD1909

NANUIN

MawuIn n - Aluminium Alloy Castings

¢ 3 9
NARNUIN Y uuuﬂmumsmmayja

MAKLIN A JoyaasgIudIumaumualivesdaanezgiiiionnsaaiee

asy Y o
NARUIN I aﬁmﬂ%ﬂﬂﬂmmnmmm

15

A YA v

3

398

31
31
38
38
38
38
40
40
40

41
41
41
45
47
50
52

54

56
58
58
85
89
92
99



A1

1.1
2.1
2.2

2.3
2.4
2.5
4.1
4.2
4.3
4.4
4.5
4.6

n.1
n.2

v.1
v.2
v.3
v.4
n.1
.2
.3

INUNIAITIN

'd
agliSunamsldezgliitionuians

@ Y] P 9 a A Aa A
ﬁt:gaﬂymw“mmuazgmuamuazazgmuﬂuwﬁu
1 = a A S A an
TAIUATUMAUANVDIDEQUILIUNTUUUNUFINFANDUNUGAY 6063 AW
1a3g v TIMCO-STANDARD-TANDEM

un 9 a A A A an
AUUANNANUTOUVDIDLQUILIUNTULNNULFIUFANDUINBIAY 6063

Y2 a A A A an
AUUANNNAVDIDLQUIUINNTULNNULTINFAND UK NEAY 6063

v 2

AUDITUNIZ VU uazé’ﬂymzmmmﬂm’ﬂau%uﬂmm

S 3 4 l-ﬂ' [ =\ 1 a
WoFuARAsAIUNAUMIUATVIUAY lanz LAz YA
TR UANRATTIUNTUNIUANVDUAY larzuAas A
AUDGUVULNNT FIUVOITIURNTUN AN VOUAY lavizuaaz ¥iia
FONAUTIUTIULUNIATTIMVDITIUHANMUATLAY lavizuaas ¥iia

< 1 1 a
duilseansvesmsulsiuvosaiunaununiias lavzuaazsia

M3fFeumeunar lumsHaaazINUIUNTHANAIAD IUVDINOULASHAINT

NnAaAadl

Nominal composition and composition limits of aluminium alloy castings

Cross reference for older casting alloy designations and frequently used

specifications
Aa H Aa A

asvdeufimatazyiaveniezgliitioy
ATRABUAIUNANMAANNDUMTANIEY Tty
ATPADUAIUNANMUANNAINTIAIAY Tang

9
PAIMIMNUVeITUABU IUNTEUIUMIHER
AMNATTIUAGA — gagadIuRauMuAlvedliaanosgiltioy
ANATTIUEIURTUNIIANVOITatanoz gty

1 1 1 = =) Qd
ANATTIUAIURNAUNIUAN VDD gNITENLTgNT (Ingot)

10
12

12
12
15
42
44
45
47
48
52

67

86
87
87
88
90
91
91



2.1
2.2

2.3

2.4
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.1

4.2

4.3

4.4

semsjllszneu

TaseardraneganiaiasnnuusnudIunasve ez giiioy

v o 9 A 1 o A Ef A '
ANUAWHUTUBITD8Az VOB UTEAD TN YMAvRIaR U)o un e Ty
nMseImIny 20 lunsou

a o v d 1 a a 1 1
uHUYNANNTUHUTIEnINg Mg Nezglitisnrasuiiadnen Sludge Factor
av Tanan3tnanz N

a

by (2 a 9
puamalumsilesnumsinanznonTagldunug
Y

HHUYNLIAIIALTUADUYBINIHAND atan oz g NiTion
1wy Tangoazgiiounelu sy
iwy langozgiionnaluilszma
1Ay Tangazgiitiouaal semer

'
HNRLYUINBNLTGND
Datanez ity
ey Tansua 15 au
IMHADUUUIA 6 AU

1@

o laune
HUUdHIUMIHaataanosgilition
9
TugoulumsatinaIuIve

a J 3 s ' = '
nsmluaaamsnfFeumeunlesiFuamasvosdiumaunaunlveaey lansunas
AT
NTINUAAIN T oUNEUAITIUU AT FIUVOITIUHANNIUAT VDAY Tan
TELER T

= (3 a Q{ U 1 =
nsmlnaasmsfieueudulseansmaulsAuvesdunaununiivouey
Tanzunazwiia

9
2 o o a J
YUADUNITATUIUVDULUUIADINWNAUAAITAT

14
17

18

19
32
33
33
34
34
35
35
36
37
37
40
42

45

48

51



n.1

n.2
n.3
n.4
n.5
1.1
4.2
4.3
1.4
4.5
4.6
3.7
1.8
1.9
4.10
.11

s1em3jlilsznen (Ae)
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Alloy C355.0 fuel pump housing
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M99 2.2 AIURANNIUATVDI0LQUIEUNA NN TITINTANOUHNIBIAY 6063 AUNIATFIV

¥99 TIMCO-STANDARD-TANDEM [2]

Yanamainay (%)

mqﬁwau
6063 Registered by USA 6063A Registered by UK
Fanou (Si) 0.20-0.60 0.30-0.60
man (Fe) 0.35 0.15-0.35
Tnnuiien (Ti) 0.10 0.10
noad (Cu) 0.10 0.10
uuniliFey (Mg) 0.45-0.90 0.60-0.90
daned (Zn) 0.10 0.15
wamMia (Mn) 0.10 0.15
Tnsdiow (Cr) 0.10 0.05
oun 0.05 0.05

ms197i 2.3 auianuanuiouvesezgiidliounauuuniliFouganouruieny 6063 [2]

auvAmannuieu (Thermal Properties)

gUNHIvasUINAd 655° C
ganqiiudia 615° C
Sulszantmsvenedaii 20° C 23.4 um/m.K
ANUTBUT UM 900 J/Kg.K
ANURULUY 2.96 g/cm®

M3 2.4 duiianNnavetoygiitiounauuniiFauFano sy 6063 [2]

Temper Tensile Yield Elongation | Hardness Shear
Strength Strength (%) (HB) Strength
(Mpa) (Mpa) (Mpa)
@) 90 48 25 69
T1 152 90 20 42 97
T4 172 90 22
T5 186 145 12 60 117
T8 241 214 12 72 152
T83 255 241 9 82 152
T831 207 186 10 70 124
T832 290 269 12 95 186
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3/ Yy A dy a g A A a A a aan
uonnuuuarIdauileuorvnavues lunsainusguayluezgliisnn1asnal §azen
A a [ a A ] A A A < = ~
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YUIALAN w‘%mﬂuaumﬂﬁﬁﬂmmzﬂmﬂuﬂqu “?Qﬁ']iJ'liﬂﬁ?]J'l’ﬂu@ﬂﬁNﬁ 2.5

v ] k4
M3197 2.5 ANUENTUNIE Ve tazanbazvesdsluilouytinaien [4]

Uszianvesds gastnil anymz AINHUWUY YA
Yuitlou (g/cc) (Micron)
pon lad (Oxide) Al,0; aYNA 3.97 0.2-30
Weiw 10 - 5000
MgO 2UNA 3.58 0.1-5
Weiw 10 - 5000
MgAI,O4 2UMA 3.6 01-5
Wetw 10 - 5000
SiO; OUNA 2.66 05-5
Wand (Flux) nan'lsa oUNIA 1.98 - 2.16 0.1-5
Waoo'lsa
s lud (Carbide) Al,C; aYNA 2.36 0.5-25
SiC UNIA 3.22
lulasd (Nitride) AIN oYNA 3.26 10— 50
Wau
Tu'ls4 (Boride) TiB, oYNA 4.5 1-30
NAUVDY
YMA
AlB; oUMA 3.19 01-3
aznou (Sludge) | Al(FeMnCr)Si 1NN >4.0

fan: NADCA, Metal Melting & Handling (In-Plant Study Short Course)




16

¥

2 Ay A A EN] J Z ' A '
auudeunnuuniigainiulszianesnlad  uenvInusIgUINEE Az 100E 1L

o]

= = A o Y a I S a 9 1 a L4 g’;
$Qll!‘l1lﬂll‘ﬂa'E]llL‘Wajﬂﬂﬂiﬂﬂ1ﬁﬂﬂ1i1’ilﬂﬂlﬂu9@ﬂll"lfﬂlclﬁcﬁﬂu L¥U ﬂTﬁLﬂﬂ@@ﬂhl“]fﬂ"U@\‘]TN

)

= =

a = A A A ' a - [ 3’, a A =
pzQililonuazuunindey  vienisend1 atliwa (Spinel) AvunIITHaoNBZgiiBUNY

) '
1 T A 1 a

1 = o J 4 a
uuntiFeveglutSuanin Wnnunlioon laduinniimsnasuezgiitiounquon  diud

a

Aaa 4

f 4 1 o [} 1 4 [
Puidloudus Minwueramnmih Jagnul wu mstiganeuns luangasenaimiud g
a A 1 9 [ o =Y a A A a a d' 1 9
pzgiitlonviaeuiad daumslsdandlulSmanniull wielimatianiaauilugndes
@ 4 1 3/ 9 dy Y] 3/ ARl =\
wivzay wazdngmariuainsati ldduwileununsesnladnieg vazaseainiiy
oA Y o Aa A o Y3 ~ o w o
nuuun Inamesnvezgiilisnrasumal M ldilumsennagimsnoonnenad
~Aa A A A& A A v d 9
HansznunnmsNauilou mslawudleuluergiienvaoumaliinduaumgueadyn

v ) [
muaee Worueezgiifisurasumanraniu )1 lunszuaumswas Feamwnsoagl 1314

De
=he

2 A ° 9 @ a A ° o P
- auludleurhldanuaunsolums Inadvesezgiitiouvaoumalaadas i ldd
a [ a 1 4 o & '
Tomendanis lua li@uuuy w%mw?aﬂ%’qmwgumgaﬂmﬁmﬁmﬂu HAE®IVEINA
aomsinagadellszanoun 1d
2 dy o Y LV 1 " A ] < A %
- guudloum Inuantan1enatgaInINAN U ANULTALTI ANVAIWIT IUNTINAD
(Elongation) aAnudumuusenszunn (Impact Resistance)
A dy A <3 o Y SR o
- auduwidleunatsdszianlianuuaauin sz lvanuaiuisalunisnasda
. - ° 3’, I J iaa 2 @
(Machinability) aa¢iad uana1niue19151n1) 130959808 NHIVBIFUNUKAINN
a ~ A 3 Y
MIYUAI MIMT taznszuaumsos Tulade fludu
2 dy v 2 9 a 9 2 1 g}/ dy 2
- auludlewinilugasuduvesmanagnguninms luruanuvas  nathwsz luag
& o A ' ' 2 o Y Ad A A = Y I oA
YuilouiniizesinvesemeasgnielugsimihiilugaGuvesinndod Idduodied

[ ?x}/ d' 9 a A ] o P a =
awluie ldozgiifisnriaouradlunszuiumsnas lane sz il Tomainagade

U

o X

o ! Y o { <
Usziangwguvesmagayuun awaasidlugin 2.2 Fuiluwan ldninmanudoya

NI lunszuIUMTHADLUURA



17

Combined data frem batch and consecutive experiments
E 4 E) =]

o - Large scale consecutive expenments
@ o Batch experimenis

Fejec Rae %)

] 2n 10 &0 an 100
Thousands of panides 20 mcons of langer (e k)

d‘ [ v J 9 = 1 o A dy d‘d [} 1
51N 2.2 ﬂ’JTiJﬁ‘JJW‘L!‘ﬁ‘U@Qi@ﬂﬁ$‘ll@ﬁﬂl’f)ﬂlﬁﬂ@]’f)%”I‘L!’JL!’E)‘L!fnﬂell@Qﬁﬁﬂulﬂﬂuﬂﬂﬂlu”lﬂﬂlﬁﬂ]uﬂ’ﬂ

U q

vsemny 20 Tuaseu [4]
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Y
aznownavUNINE1sUsEnou®e lane (Intermetallic Compound) o luozgiilounaouman
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CHAPTER 2[13]
Aluminium Casting Alloys

n.1 General

Aluminium casting alloy compositions parallel wrought alloy compositions in many
respects. Hardening and desired properties are achieved through the addition of alloying
elements and through heat treatment. Since work hardening plays no significant role in
the development of casting properties, the use and purposes of some alloying elements
differ in casting and wrought alloys.

The most important consideration in differentiating wrought and casting alloy
compositions is castability. While wrought products are typically produced in simple
round and rectangular cross sections by casting processes that minimize the depth and
maximize the uniformity of the solidification front, solidification in engineered castings
with complex shapes and variable rates of solidification present different demands on
alloy solidification behavior. Cracking during and after solidification and internal
shrinkage dictate alloys for shape casting that minimize these tendencies.

The term castability is not precisely defined. It is used to estimate the suitability of a
composition for solidification in a specific process to produce defect-free, sound
castings. For gravity casting, the components of castability are generally considered to
be fluidity as the measure of mold-filling capability, resistance to hot cracking during
and after solidification, and feeding characteristics that promote the flow of metal
during solidification to avoid or minimize the formation of shrinkage voids. For
pressure die castings, the criteria of castability are resistance to hot cracking, fluidity,
die soldering and surface finish.

Fluidity is a complex function that can be quantified and mathematically defined.
Fluidity is most strongly affected by temperature above the liquidus or degree of
superheat. More fluid compositions at conventional pouring temperatures are those of
eutectic or near-eutectic composition.

Improved feeding characteristics are usually associated with narrow solidus-liquidus
ranges and in greater percent liquid at the eutectic temperature.

The tendency for solidification and postsolidification cracking is dominated by element
effects on elevated-temperature strength and on solidification rate.

Die soldering is most strongly influenced by metal chemistry, but die condition and
other process parameters are also important.

The most commonly used castability ratings were developed by consensus estimates
based on practical experience. Castability ratings from A to F or from 1 to 10 imply
excellent to poor casting characteristics, respectively. Castability and other fabricating
and finishing ratings are summarized in Table 8.1 in Chapter 8.

The casting alloys used in the greatest volumes contain silicon in excess of that of most
wrought alloys. Solidification results in shaped casting are improved by fluidity,
elevated-temperature resistance to cracking, and feeding characteristics that sufficient
amounts of silicon impart.
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The optimal concentration of silicon depends in part on the casting process. Processes
characterized by higher heat flux use alloys with higher silicon contents since fluidity is
improved. Feeding, the compensation for internal shrinkage, also varies as a result of
gradients in the solidification zone that are process controlled. In general, castability, is
associated with alloys of reduced solidification range.

There are nevertheless many common foundry alloys that do not rely on silicon for
casting performance.

The recyclability of aluminium is a principal material advantage, and a number of
casting alloys have been developed specifically for production from remelted scrap.
These “secondary” compositions specify broader impurity ranges and include additional
elements as impurities to reflect variations in raw materials. By contrast, primary alloys
that are produced from smelted aluminium, metallurgical metals, and master alloys
display more restrictive and more limited, element-specific impurity limits.

.2 Specifications

Aluminium castings are the subject of numerous specifications and standards. Within
the United States, alloy chemistry and thermal practices are registered with the
Aluminium Section 2.3.1 of this chapter). Procurement specifications and standards are
developed and maintained by, among others, ASTM and Military and Federal agencies.
Procedural methods and standards are often referenced. These pertain to radiographic
and penetrant inspection, test procedures for determination of chemical, mechanical,
and physical properties, and other required procedures. In many cases, specifications are
written for specific parts or classes of parts by the purchaser. All specifications are
subject to negotiation and exceptions to be agreed upon by the casting producer and the
customer as part of the purchasing process.

Specifications for aluminium alloy chemistries include the effects of major, minor, and
impurity elements:

e Major alloying elements define the ranges of elements that control castability
and property development.

e Minor alloying elements control solidification behavior, modify eutectic
structure, refine primary phases, refine grain size and form, promote or suppress
phase formation, and reduce oxidation.

e Impurity elements influence castability and the form of insoluble phases that at
times limit or promote desired properties.

Preferred major, minor, and impurity element concentrations and relationships may not
be defined by alloy specifications. Optimal results are not implied by nominal
chemistries. The addition of structure-controlling elements or combinations of elements
can be contained within chemistry limits when not otherwise specified under “Other
Elements Each.”

Stoichiometric ratios for favored phase formation can be specified, but also may not be
controlled or defined.
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Concentration limits allow biasing of composition for castability and property
development. For maximum strength, the concentration of elements that form hardening
phases can be maximized. Improved ductility results from finer structures, restricting
insoluble- element concentrations, and by controlling the concentrations of impurities in
ratios that favor the formation of the least detrimental intermetallic constituents.
Composition biasing can be specified in ingot procurement or can result from alloying
adjustments in the foundry.

n.3 Alloy Designations

Designation systems and alloy nomenclature for aluminium casting alloys are not
internationally standardized. Many nations have developed and published their own
standards. Individual firms have also promoted alloys by proprietary designations. In
North America, the most commonly used system is that developed and maintained by
the Aluminium Association. General procurement specifications issued through
government agencies and technical associations and societies typically reference this
nomenclature.

n.3.1 The Aluminium Association (AA) Casting Alloy Designation System

The most widely used casting alloy designation system in the United States is the
Aluminium Association (AA) alloy and temper systems (Ref 1), which are described
below. Regrettably, the AA system is not universally used, and some of its earlier
modifications are still widely quoted. Therefore, subsequent sections discuss the earlier
variations as well as other rather widely used designations. In the AA alloy designation,
there are four numeric digits, with
a period between the third and fourth. The meanings of the four digits are:

« First digit: Principal alloying constituent(s)

« Second and third digits: Specific alloy designation (number has no significance

but is unique)
o Fourth digit: Casting (0) or ingot (1, 2) designation

Variations in the composition limits that are too small to require a change in numeric
designation are indicated by a preceding letter (A, B, C, etc).

The first version of an alloy, say 356.0, contains no letter prefix; the first variation has
an A, e.g., A356.0, the second a B, for example, B356.0, and so forth. The first digit
defines the major alloying constituent or constituents, with the following categories
being defined:

e Ixx.x, pure aluminium (99.00% or greater)

e 2xX.X, aluminium-copper alloys

e 3xx.X, aluminium-silicon _ copper and/or magnesium
e 4xx.x, aluminium-silicon

e 5xx.x, aluminium-magnesium

e 7XX.X, aluminium-zinc

e 8xx.X, aluminium-tin

e 9xx.x, aluminium _ other elements

e BXX.X, unused series
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In designations of the 1xx.x type, the second and third digits indicate minimum
aluminium content (99.00% or greater); these digits are the same as the two to the right
of the decimal point in the minimum aluminium percentage expressed to the nearest
0.01%. For example, alloy 170.0 contains a minimum of 99.70% Al.

In 2xx.x through 8xx.x designations for aluminium alloys, the second and third digits
have no numerical significance, but only arbitrarily identify individual alloys in the

group.

In all casting alloy designations, the fourth digit, that to the right of the decimal point,
indicates product form:
e 0 denotes castings
e 1 denotes standard ingot
e 2 denotes ingot having composition ranges narrower than but within those of
standard ingot

Designations in the form xxx.1 and xxx.2 include the composition of specific alloys in
remelt ingot form suitable for foundry use. Designations in the form xxx.0 in all cases
define composition limits applicable to castings. Further variations in specified
compositions are denoted by prefix letters used primarily to define differences in
impurity limits. Accordingly, one of the most common gravity cast alloys, 356, has
variations A356, B356, and C356; each of these alloys has identical major alloy
contents, but has decreasing specification limits applicable to impurities, especially iron
content.

Alloying-element and impurity limits for ingot are usually the same as those for
castings of the same alloy. When the ingot is remelted, iron and silicon contents tend to
increase and magnesium content decreases. For these reasons, ingot chemistry for some
alloys may be somewhat different from those specified for castings.

Despite the broad acceptance of theAAcasting alloy designation system, including
recognition by the American National Standards Institute (ANSI), it remains relatively
common to see the alloys listed with only the first three digits of the alloy designation,
for example, for 356.0, one may see simply 356 (see Section 2.3.3 in this chapter).
Technically, this is obsolete usage of the designation system, and for cast components
the “.0” should always be utilized. The nominal compositions and composition limits of

aluminium alloys in commercial use today are presented in a1513% n.1.
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m3513% 0.1 Nominal composition and composition limits of aluminium alloy castings

Based on industry handbooks, notably Aluminium Association Standards for Sand and
Permanent Mold Castings, and the Aluminium Association Registration Sheets for
Alloys in the Form of Castings and Ingot

Composition, wt%
Others

Alloy Type(a) Si Fe Cu Mn Mg Cr Ni Zn Ti Sn  Each(b) Totalb) Al
100.1 Nominal 0.7
Limits 0.15 0.6-0.8 0.10 (©) st © Vs 0.05 (c) i 0.03 0.10  bal
150.1 Nominal
Limits @ (d) 0.05 © — (©) s 0.05 ©) o 0.03 0.10  bal
170.1 Nominal
Limits (e) (e) s ©) s ©) st 0.05 (©) o 0.03 0.10  bal
201.0(f) Nominal
Limits 0.10 0.15 4.0-52 0.20-0.50 0.15-0.55 s win Tt 0.15-035 ... 0.05 0.10  bal
203.0 Nominal s s 5.0 0.25 s%is e 1.5 s 0.20 s 45 i sy
Limits(g) 0.30 0.50 45-55 0.20-0.30 0.10 a5 1.3-1.7 0.10 0.15-025 ... 0.05 020  bal
204.0 Nominal 0.25 0.22
Limits 0.20 0.35 4.2-5.0 0.10 0.15 siis 0.05 0.10 0.15-030 0.05 0.05 0.15  bal
A206.0 Nominal 4.6 0.35 0.25 0.22
Limits 0.05 0.10 42-50 020-050 0.15-0.35 ware 0.05 0.10 0.15-030 0.05 0.05 0.15  bal
208.0(h) Nominal 3.0 4.0
Limits 2.5-3.5 1.2 3.5-4.5 0.50 0.10 s 0.35 1.0 0.25 S e 0.50  bal
222.0(h) Nominal 10.0 0.25
Limits 2.0 1.5 9.2-10.7 0.50 0.15-0.35 T 0.50 08 0.25 e o 035  bal
224.0(h) Nominal 5.0 0.35
Limits(i) 0.06 0.10  45-55 0.20-0.50 TR0 iars a5 = 0.35 AT 0.03 0.10  bal
240.0 Nominal 8.0 . 6.0 0.5
Limits 0.50 0.50 7.0-9.0 0.30-0.7 55-6.5 Sl 0.30-07 0.10 0.20 e 0.05 0.15  bal
2420 Nominal 4.0 1.5 2.0
Limits 0.7 1.0 3.5-45 0.35 1.2-1.8 0.25 1.7-2.3 0.35 0.25 S 0.05 015  bal
A242.0 Nominal 4.1 1.4 0.20 2.0 0.14
Limits 0.6 0.8 3.745 0.10 1.2-1.7  0.15-025 1.8-23 0.10 0.07-0.20 ... 0.05 0.15  bal
249.0(h) Nominal s % 42 0.38 0.38 i 5% 3.0 0.18 o St Sl
Limits 0.05 0.10 3846 025-0.50 0.25-0.50 st SRl 25-35 0.02-035 ... 0.03 0.10 bal
295.0 Nominal 1.1 45
Limits 0.7-15 1.0 4.0-5.0 0.35 0.03 =S %5 0.35 0.25 =5 0.05 0.15  bal
308.0 Nominal 55 45
Limits 5.0-6.0 1.0 4.0-5.0 0.50 0.10 T T 1.0 0.25 ) i 050  bal
319.0 Nominal 6.0 35
Limits 5.5-6.5 1.0 3.04.0 0.50 0.10 s 0.35 1.0 0.25 s g 050  bal
328.0(h) Nominal 8.0 1.5 0.40 0.40
Limits 7.5-85 1.0 1.0-20 020-06 0.20-0.6 0.35 0.25 15 0.25 w55 s 0.50  bal
3320 Nominal 9.5 30 1.0
Limits 8.5-10.5 1.2 2.04.0 0.50 0.50-1.5 wiee 0.50 1.0 0.25 s - 050 bal
333.0 Nominal 9.0 35 0.28
Limits 8.0-10.0 1.0 3.0-4.0 0.50 0.05-0.50 o 0.50 1.0 0.25 i o, 0.50  bal
336.0 Nominal 12.0 1.0 1.0 25
Limits  11.0-13.0 1.2 0.50-1.5 0.35 0.7-13 e 2.0-3.0 0.35 0.25 O 0.05 i bal
354.0 Nominal 9.0 1.8 0.5
Limits 8.6-9.4 0.20 1.6-2.0 0.10 0.40-0.6 st weR 0.10 0.20 o] 0.05 0.15  bal
355.0 Nominal 5.0 125 0.5
Limits 45-5.5 0.6 1.0-1.5 0.50 0.40-0.6 0.25 i 0.35 0.25 sk 0.05 0.15  bal
C355.0 Nominal 5.0 1.25 0.5
Limits 45-55 020 1.0-1.5 0.10 0.40-0.6 i vt 0.10 0.20 siate 0.05 015  bal
356.0 Nominal 7.0 0.32
Limits 6.5-1.5 0.6 0.25 0.35 0.20-0.45 % T 0.35 0.25 Seoit 0.05 0.15  bal
A356.0 Nominal 7.0 0.35
Limits 6.5-75 0.20 0.20 0.10 0.25-0.45 e s 0.10 020 o 0.05 0.15  bal
357.0 Nominal 7.0 0.52
Limits 6.5-7.5 0.15 0.05 0.03 0.45-0.6 s el 0.05 0.20 G 0.05 0.15 bal
A357.0G) Nominal 7.0 0.55 0.12
Limits 6.5-7.5 0.20 0.20 0.10 0.40-0.7 _— a 010 004020 ... 0.05 0.15  bal
D357.0() Nominal 7.0 0.58 0.15
Limits 6.5-7.5 0.20 wswre 0.10 0.55-0.6 - e oy 0.10-0.20 ... 0.05 0.15  bal
359.0 Nominal 9.0 0.6
Limits 8.5-9.5 0.20 0.20 0.10 0.50-0.7 o stets 0.10 020 - 0.05 0.15  bal

360.0 Nominal 9.5 0.5
Limits 9.0-10.0 20 0.6 0.35 0.40-0.6 SrE 0.50 0.50 e 0.15 " 025  bal
A360.0 Nominal 9.5 0.5
Limits 9.0-10.0 13 0.6 0.35 0.40-0.6 56 0.50 0.50 s 0.15 BT 025  bal

(continued)

(a) Both nominal compositions and composition limits are shown. Nominal values are
midrange of limits for elements for which a composition range is specified. Limits are
maximum unless a range is shown. (b) Maximum for “each” and “total” of elements not
shown and present at 0.010% or more each, when expressed to the second decimal. (c)
Ingot; 0.025% max Mn _ Cr _Ti _ V. (d) Ingot; 2.0 min Fe/Si ratio. (e) Ingot; 1.5 min
Fe/Si ratio. (f) Also contains 0.40-1.0% (0.7% nominal) Ag. (g) Also contains 0.20—
0.30% Sb (0.25% nominal), 0.20-0.30% Co (0.25% nominal), and 0.10-0.30% Zr, Ti _
Zr contents _ 0.50% max. (h) Alloy has been designated “Inactive” by the Aluminium
Association, but still occurs in some publications. (i) Also contains 0.05-0.15Vand
0.10-0.25 Zr. (j) Also contains 0.04-0.07% (0.055% nominal) Be. (k) Also contains
0.03-0.015 (0.010% nominal) Sr and a maximum 0.001% P. (I) If iron exceeds 0.45%,
manganese content shall not be less than one-half iron content. (m) Also contains
0.0003-0.007% (0.005% nominal) Be and 0.005% maximum B.
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13199 0.1 Nominal composition and composition limits of aluminium alloy castings

1
()
Composition, wt%
Others

Alloy Type(a) si Fe Cu Mn Mg Cr Ni Zn k)] Sn  Each(b) Total(h) Al
365.0 Nominal
Limits(k) 9.5-11.5 0.15 0.03 0.50-0.8 0.10-0.50 i Wi 007 0.04-0.15 0.03 0.03 0.10  bal
380.0 Nominal 85 35
Limits 1595 2.0 3.0-4.0 0.50 0.10 spavi 0.50 3.0 s 0.35 e 050  bal
A380.0 Nominal 8.5 35
Limits 7.5-95 13 3.04.0 0.50 0.10 - 0.50 3.0 s 0.35 Sere 0.50  bal
383.0 Nominal 105 25
Limits 9.5-11.5 13 2.0-3.0 0.50 0.10 28 0.30 3.0 . 0.15 T 050 bal
384.0 Nominal 11.2 38
Limits  10.5-12.0 13 3.0-4.5 0.50 0.10 s 0.50 3.0 a 0.35 §5 050 bal
B390.0 Nominal 17.0 45 0.55
Limits  16.0-18.0 1.3 4.0-5.0 0.50 0.45-0.65 ey 0.10 15 0.20 S 0.10 020  bal
391.0 Nominal 19.0 0.58
Limits  18.0-20.0 12 020 0.30 0.45-0.7 s - 0.10 0.20 s 0.10 020 bal
A391.0 Nominal 19.0 0.58
Limits(l) 18.0-20.0 0.6 0.20 0.30 0.45-0.7 s ae 0.10 0.20 s 0.10 020  bal
B391.0 Nominal 19.0 0.58
Limits  18.0-20.0 0.15 0.20 0.30 0.45-0.7 it et 0.10 0.20 asase 0.10 020  bal
413.0 Nominal 12.0
Limits  11.0-13.0 20 1.0 0.35 0.10 7= 0.50 0.50 e 0.15 Fee 025  bal
A413.0 Nominal 120
Limits  11.0-13.0 13 1.0 035 0.10 w3 0.50 0.50 o0 0.15 Nig 025  bal
443.0 Nominal 52 s @ wew
Limits 4.5-6.0 0.8 0.6 0.50 0.05 0.25 3 0.50 0.25 D s 035  bal
B443.0 Nominal 5.2
Limits 4.5-6.0 08 0.15 0.35 0.05 o St 0.35 0.25 3 0.05 0.15  bal
C443.0 Nominal 52
Limits 45-6.0 20 0.6 0.35 0.10 sra 0.50 0.50 Sia 0.15 it 025  bal
Ad4440 Nominal 7.0
Limits 6.5-1.5 0.20 0.10 0.10 0.05 - wiore 0.10 0.20 s 0.05 0.15  bal
512.0 Nominal 18 4.0
Limits 14-22 0.6 0.35 0.8 3.5-45 0.25 e 0.35 0.25 oo, 0.05 0.15  bal
513.0 Nominal 4.0 1.8
Limits 0.30 0.40 0.10 0.30 3.5-45 s o0 1422 0.20 s 0.05 0.15  bal
514.0 Nominal 4.0
Limits 0.35 0.50 0.15 035 3545 S s 0.15 0.25 s 0.05 0.15  bal
518.0 Nominal 8.0
Limits 0.35 1.8 0.25 0.35 7.5-85 @ 0.15 0.15 S 0.15 B 025  bal
520.0 Nominal 10.0
Limits 0.25 0.30 025 0.15 9.5-10.6 Wi o 0.15 025 s 0.05 0.15 bal
535.0(m)  Nominal 0.18 6.8 0.18
Limits 0.15 0.15 0.05 0.10-0.25 6.2-7.5 o . s 0.10-0.25 o 0.05 0.15  bal
705.0 Nominal 0.5 1.6 0.30 3.0
Limits 0.20 0.8 0.20 0.40-0.6 1.4-1.8  0.20-0.40 e 27-33 025 S 0.05 0.15  bal
707.0 Nominal 0.50 21 0.30 42
Limits 0.20 08 0.20 0.40-0.6 1.8-24  0.20-0.40 ik 4.045 025 au Ty 0.05 0.15  bal
710.0 Nominal 0.50 0.7 6.5
Limits 0.15 050  0.35-0.65 0.05 0.6-0.8 W s 6.0-7.0 025 0 0.05 0.15 bal
711.0 Nominal 1.0 0.50 0.35 6.5
Limits 0.30 0.7-14 0.35-0.65 0.05 0.25-0.45 g s 6.0-7.0 0.20 S 0.05 0.15  bal
712.0 Nominal 0.58 0.50 6.0 0.20
Limits 0.30 0.50 0.25 0.10 0.50-0.65 0.40-0.6 < 5.0-6.5 0.15-0.25 2 0.05 020  bal
713.0 Nominal 0.7 0.35 75
Limits 0.25 11 0.40-1.0 0.6 0.20-0.50 0.35 0.15 7.0-8.0 0.25 - 0.10 025 bal
771.0 Nominal 0.9 0.40 7.0 0.15
Limits 0.15 0.15 0.10 0.10 03-1.0 0.06-0.20 S 6.5-7.5 0.10-0.20 - 0.05 0.15  bal
850.0 Nominal 1.0 1.0 6.2
Limits 0.7 0.7 0.7-1.3 0.10 0.10 i 0.7-1.3 . 0.20 5.5-1.0 P 030  bal
851.0 Nominal 25 1.0 0.50 6.2
Limits 2.0-3.0 0.7 0.7-1.3 0.10 0.10 o 0.30-0.7 S 0.20 5.5-7.0 Sl 030  bal
852.0 Nominal 2.0 0.75 12 6.2
Limits 0.40 0.7 1.7-2.3 0.10 0.6-0.9 s 0.9-1.5 o 0.20 55-7.0 s 030 bal

(a) Both nominal compositions and composition limits are shown. Nominal values are
midrange of limits for elements for which a composition range is specified. Limits are
maximum unless a range is shown. (b) Maximum for “each” and “total” of elements not
shown and present at 0.010% or more each, when expressed to the second decimal. (c)
Ingot; 0.025% max Mn _ Cr _Ti _ V. (d) Ingot; 2.0 min Fe/Si ratio. (e) Ingot; 1.5 min
Fe/Si ratio. (f) Also contains 0.40-1.0% (0.7% nominal) Ag. (g) Also contains 0.20—
0.30% Sb (0.25% nominal), 0.20-0.30% Co (0.25%nominal), and 0.10-0.30% Zr, Ti _
Zr contents  0.50% max. (h) Alloy has been designated “Inactive” by the Aluminium
Association, but still occurs in some publications. (i) Also contains 0.05-0.15Vand
0.10-0.25 Zr. (j) Also contains 0.04-0.07% (0.055% nominal) Be. (k) Also contains
0.03-0.015 (0.010% nominal) Sr and a maximum 0.001% P. (I) If iron exceeds 0.45%,
manganese content shall not be less than one-half iron content. (m) Also contains
0.0003-0.007% (0.005% nominal) Be and 0.005% maximum B.
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n.3.2 Aluminium Association Casting Temper Designation System

The Aluminium Association Casting Temper Designation System uses letters and
numbers to indicate the major types of thermal treatments applicable to engineered
castings:

o F,as-cast

e 0O, annealed

e T4, solution treated and aged

e T5, precipitation hardened

e T6, solution heat treated, quenched, and precipitation hardened

e T7, solution heat treated, quenched, and overaged

Temper designation is presented immediately following the alloy designation. Thus, for
a 356.0 alloy casting that has been solution heat treated, quenched, and artificially aged,
the full alloy and temper designation would be shown as 356.0-T6. Examples of
registered temper variations are A357.0-T61, 242.0-T571, and 355.0-T71.

Other variations of temper designations are permitted by the Aluminium Association
Temper Designation System, the most common being the use of “P”” added to a standard
temper designation (e.g., T6P) indicating a producer variation of the standard processing
treatment. There is further discussion of temper designations in Chapter 7, “Heat
Treatment of Aluminium Castings.”

2.3.3 Evolution of Designation System; Cross-Reference to Older Designations

As noted previously, over the years there have been several evolutionary steps in the
development of the Aluminium Association casting alloy designation system, with the
result that it is not uncommon to find variations of the current designations appearing on
drawings and in publications from not too many years ago, and in some cases even in

current publications. To assist in dealing with such variations, a15199 .2 illustrates a
number of the variations in casting alloy designations over the past 50 years.

The overall most common variation is clearly the omission of the decimal point and the
fourth digit, always a .0 for a foundry product. While inconsistent with current
Aluminium Association standards, this variation is not usually a problem resulting in
confusion, as for example it is relatively clear that an alloy designated 354 may safely
be assumed to be 354.0 by today’s standard system.

While the most common variation is the omission of the decimal point and the fourth

digit in the designation, there are two other types of variations reflected in 15199 0.2

that are also seen frequently and can be more confusing. One variation is simply a
proprietary designation that has become rather widely known in the past, for example,
Hiduminium, Frontier 40E, Precedent 71, and

Almag 35. These designations originated before the alloy compositions were registered
with the Aluminium Association and had no formal basis. They cause confusion
because there is no obvious link to the current system if one does not have a conversion

guide such as 15199 n.2.

The other fairly often seen variation is the result of the significant revision of the
Aluminium Association system in around 1990, when the guidelines for registering the
alloys including copper and magnesium were changed. The result was that some alloys
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shifted classification; for example, alloy 195.0 became 295.0 and alloy 214.0 became
514.0.

n.3.4 The UNS Alloy Designation System

Another rather widely known alloy classification system is the Unified Numbering
System (UNS). The UNS system has the advantage of covering all metallic alloy
systems.

For aluminium alloys, as illustrated in @151991 n.2, this system is essentially an

adaptation of the Aluminium Association alloy designation system to fit the UNS
format. UNS numbers are obtained by taking the three digits to the left of the decimal
point in the Aluminium Association system and adding A9 (meaning aluminium alloys)
and a digit reflecting the letter prefix to the alloy designation.

For alloys with no letter prefix, the next numeric digit after A9 is a 0; for those with A,
the next digit is 1, for B, it is 2, and so forth.

Thus, in the UNS system, 356.0 becomes A90356, A356.0 becomes A91356, C356.0
becomes A93356; and so forth.

The UNS system is not as widely used for aluminium alloys as for certain other classes
of alloys. An example would be copper alloys, for which the UNS designations have
been selected as the U.S. standards.
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a15199 0.2 Cross reference for older casting alloy designations and frequently used

specifications
Current Former
Aluminum  Aluminum Unified Numbering Former Federal Former ASTM Former SAE Former military  Current ISO  Current Euronorm
iath A . A Former prop Y System (EJNS) WI q:efllu:hl specification  specification specification specification
names
150.0 150 A01500 . o A1-995
201.0 201 Ko1 A02010 CQ51A 382 SEi
203.0 203 Hiduminium 350 A02030 s B
204.0 204 A-U5GT A02040 55 513 P
208.0 108 ateis A02080 108 CS43A ..
213.0 Ci13 A02130 113 CS74A 33 a5
2220 122 A02130 122 CG100A 34 Al-Cul0Si2Mg
2240 224 A02240 224
240.0 A140, A240 A02400 140
2420 142 A02220 142 CN42A 39 4222
249.0 149 A02490 149 Sy e S0
295.0 195 A02950 195 C4A 38 4231
296.0 B295 A02960 B195 _— 380 _— s1ary
308.0 A108 e A03080 A108 S s Al-Si6Cué 45000
319.0 319 Alicast A03190 319 SC64D 326 Al-Si5Cu3 45200
3280 328 Red X-8 A03280 o SC82A 327 S s
3320 F332 - A03320 F132 SC103A 332 Al-Si9Cu3Mg At
333.0 333 A03330 333 S S S5 sy
336.0 A332 A03360 A132 SN122A 321 S Al-Sil12Cu 48000
354.0 354 A03540 sis wiays C354 o sies
355.0 355 A03550 355 SC51A 322 4210 Al-Si5CulMg 45300
C355.0 C355 A33550 C355 SC51B 355 C355 - .
356.0 356 A03560 356 SG70A 323 356 S S
A356.0 A356 A33560 A356 SG70B 336 A356 Al-SiTMg 42000
357.0 357 A03570 357 s it 4241 i
A357.0 A357 358 A33570 5% A357
358.0 B358 Tens-50 A03580 s -
359.0 359 qm A03590 S TR 359 s ST
360.0 360 A03600 - SG100B s s _ visje
A360.0 A360 g A13600 S SG100A 309 Al-Sil0Mg 43100
365.0 o7 Silafont-36 A03650 TR T e e o
380.0 380 wors A03800 o SC84B 308 o575 sy
A380 A380 S A13800 § SC84A 306 Al-Si8Cu3Fe 46500
383.0 383 s A03830 s SC102 383 it o
384.0 384 5% A03840 S SC114A 303 Al-Si10Cu2Fe 46100
A384.0 A384 A143840
390.0 390 o A03080 S SC174B 5% Al-Si17Cud4Mg
A390.0 A13900
B390.0 e A23900 - SC174B -
391.0 Mercosil A03910 53 T s
A391.0 Mercosil A13910 - sin
B391.0 G Mercosil A23910 e S
393.0 393 Vanasil A03930 . siase
413.0 13 A04130
A413.0 Al3 A14130 305 Al-S§i12Cu 44100
B443.0 43 (high A24430 43 S5A
purity)
C443.0 43 A34430 43 S5C 304
A444.0 A34 A14440
511.0 F514 A05110 F214 .
512.0 B514 A25120 B214 GS42A
513.0 A514 A05130 A214 GZA2A T3 oroxe
514.0 214 A05140 214 G4A 320 Al-Mg5Sil 51300
518.0 218 A05180
520.0 220 wpire A05200 220 GI10A 324 4240
535.0 535 Almag 35 A05350 Almag 35 GM70B o 4238
A535.0 A218 A15350 A218 spacs ota -
705.0 603 Ternalloy 5 A07050 Temnalloy 5 ZG32A 311
707.0 607 Ternalloy 7 A07070 Ternalloy 7 ZG42A 312
710.0 AT12 e A07100 A612 ZG61B 313
711.0 c712 A07110 ZC60A 314
712.0 D712 Frontier 40E A07120 40E ZG61A 310 Al-Zn5Mg 71000
A7120 A712 . A17120
C712.0 c612
713.0 613 Tenzaloy A07130 Tenzaloy ZC81A 315
771.0 S Precedent 71A A07710 Precedent 71A s P
7720 B771 Precedent 71B A07720 Precedent 71B
850.0 750 W A08500 750
851.0 A850 A08510 A750
852.0 B850 A08520 B750
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n.3.5 International Casting Alloy Designations

Unlike the case for wrought aluminium alloys, there is no international accord on
casting alloy designations, and other systems are rather universally used overseas (Ref
3). Most systems employ some system based on identifying the major alloying
elements, but regrettably there are many variations of these.

One of the mostly widely used international systems is the Euronorm designation, and
so, where applicable, designations of that type have been included in Table 2.2. There
are no comparable Euronorm designations for about half of the alloys registered in the
United States, nor is there any simple guide to generate them.

n.3.6 Nomenclature System for Aluminium Metal-Matrix Composites

Aluminium casting alloys are now regularly used as the matrix material in metal-matrix
composites (MMC). The Aluminium Association, Inc, and ANSI H35.5 (Ref 4) have
published a standard nomenclature system for such composites that builds on the
standard casting alloy designation system as outlined below. Although this standard
nomenclature has been established, some MMC suppliers have preferred their own
designations. One reason is that matrix alloys may not coincide exactly with Aluminium
Association ranges.

The designation system for aluminium metal-matrix composites consists of four parts:

e The matrix alloy designation employs the Aluminium Association alloy
designation as described in Section 2.1 in this chapter. It is immediately
followed by a slash that separates it from the rest of the composite
designation.

e The composition of the reinforcement is shown immediately after the slash,
using the appropriate chemical designation, with the exception that no
subscripts or superscripts are used. Some common examples cited in the
standard are: C for graphite, SiC for silicon carbide, and AlI203 for
aluminium oxide (alumina). This reinforcement designation is also followed
without space by a slash.

e The volume percent of the reinforcement is shown immediately after the
second slash. It is always presented as two digits, for example, 05 for 5%, 10
for 10%, 20 for 20%, and so forth.

« Immediately following the percentage is a single lower-case letter for the type
of reinforcement: ¢ for cut or chopped fibers, filaments, or monofilaments; f
for continuous fibers, filaments, or monofilaments; p for particles
(particulate); and w for whiskers. Some common illustrations of cast
aluminium metal-matrix compositedesignations are:

o A356.0/A1203/05f: Alloy A356.0 reinforced with 5% aluminium
filaments

e 360.0/C/20c: Alloy 360.0 reinforced with 20% chopped fibers

e 380.0/SiC/10p: Alloy 380.0 reinforcement 10% silicon carbide
particulate
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n.4 Composition Groupings

Although a large number of aluminium casting alloys have been developed, there are
seven basic families:

e Aluminium-copper (2xx)

e Aluminium-silicon-copper (3xx)

e Aluminium-silicon (4xx)

e Aluminium-silicon-magnesium (3xx)

e Aluminium-magnesium (5xx)

e Aluminium-zinc-magnesium (7xx)

e Aluminium-tin (8xx)

n.4.1 Aluminium-Copper

Aluminium-copper alloys have been used extensively in cast and wrought form where
strength and toughness are required. These alloys exhibit high strength and hardness at
room and elevated temperatures.

The first significant aluminium casting alloys contained copper at concentrations up to
10%.With no understanding of heat treatment, these alloys displayed significantly
improved strengths and hardnessesin the as-cast state.

Many alloys containing 4 to 5% Cu have been developed, usually with varying amounts
of magnesium. Silver accelerates aging response and reduces the risk of stress
corrosion. These heat treatable compositions represent the highest-strength capabilities
of any commercial casting alloys. With controlled impurities, excellent ductilities are
also achieved. The combination of tensile properties and ductility provide exceptional
toughness.

Alloys of this type are susceptible to solidification cracking and to interdendritic
shrinkage. Exacting foundry techniques are required to avoid these conditions. In
permanent mold or other rigid mold casting methods, excellent grain refinement and
selective chilling are essential.

Copper-containing aluminium alloys are less resistant to corrosion, and certain
compositions and material conditions may be susceptible to stress corrosion. Copper is
typically the alloy basis for improved mechanical properties at elevated temperature,
often with nickel additions.

n.4.2 Aluminium-Silicon-Copper

Among the most widely used aluminium casting alloys are those that contain silicon and
copper. The amounts of both additions vary widely, so that copper predominates in
some alloys and silicon in others. Copper contributes to strengthening and
machinability, and silicon improves castability and reduces hot shortness. Alloys
containing higher hypoeutectic concentrations of silicon are normally better suited for
more complex castings and for permanent mold and die casting processes.

Aluminium-silicon-copper alloys with less than 5.6% Cu are heat treatable, but the more
important alloys of this family are those also containing magnesium. Heat treatment
response is enhanced, leading to a very attractive range of properties including
premiumstrength capabilities.
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Many hypereutectic silicon alloys (12 to 30% Si) also contain copper. The primary
silicon phase imparts excellent wear resistance, and copper contributes to matrix
hardening and elevatedtemperature strength.

n.4.3 Aluminium-Silicon

Binary aluminium-silicon alloys exhibit excellent fluidity, castability, and corrosion
resistance. These alloys display low strength and poor machinability. Ductility, which
can be exceptional, is a function of low impurity concentrations and microstructural
features.

The strength, ductility, and castability of hypoeutectic aluminium- silicon alloys can be
further improved by modification of the aluminium-silicon eutectic. Modification is
particularly advantageous in sand castings and can be effectively achieved through the
controlled addition of sodium and/or strontium. Calcium is a weak eutectic modifier and
a more lamellar eutectic can be achieved with antimony. Higher solidification rates also
promote a finer unmodified eutectic microstructure.

Aluminium-silicon alloys exhibit low specific gravity and coefficients of thermal
expansion.

In hypereutectic aluminium-silicon alloys, refinement of the proeutectic silicon phase
by phosphorus additions is essential for casting and product performance.

n.4.4 Aluminium-Silicon-Magnesium

The addition of magnesium to aluminium-silicon alloys forms the basis for an extremely
important and useful family of compositions that combines outstanding casting
characteristics with excellent properties after heat treatment. Corrosion resistance is also
excellent, and a low level of thermal expansion is retained.

While not as strong as high-strength Al-Cu and AI-Si-Cu alloys, the mechanical
properties of several Al-Si-Mg alloys provide mechanical properties in the premium-
strength range. Beryllium additions improve strength and ductility by affecting the
morphology and chemistry of the iron-containing intermetallic.

Eutectic modification remains important as a means of improving strength, substantially
increasing elongation, and improving casting results.

n.4.5 Aluminium-Magnesium

These are essentially single-phase binary alloys with moderate to high strength and
toughness. Their most important characteristic is corrosion resistance, including
exposure to seawater and marine atmospheres. This characteristic is also the basis for
extensive use in food and beverage processing. Aluminium-magnesium alloys offer
excellent weldability and are often used in architectural and other decorative
applications. Aluminium-magnesium alloys have good machinability, weldability, and
an attractive appearance whether as-cast, machined, polished, or anodized.

In comparison with aluminium-silicon alloys, all aluminiummagnesium alloys require
more care in gating, larger risers, and greater control of temperature gradients.
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Magnesium in aluminium alloys increases oxidation rates. In the molten state,
magnesium losses can be significant and oxides of aluminium and magnesium can
affect casting quality. Spinels of aluminium and magnesium oxides form with
unprotected exposure at high molten metal temperatures. The potential for inclusions is
especially important because many applications involve polishing and/or fine surface
finishing.

Alloys containing >7.0% Mg are heat treatable, although thermal treatments are more
typically used to stabilize properties that could otherwise change, in some compositions,
over long periods of time.

n.4.6 Aluminium-Zinc-Magnesium

Many alloys of this type naturally age, achieving full strength within 20 to 30 days at
room temperature after casting. Solution heat treatment is not typically necessary for
property development. Rapid solidification in these alloys can result in
microsegregation of magnesium-zinc phases that reduces hardening potential.
Conventional solution heat treatments can be used when adequate property development
does not occur through natural aging.

Since high-temperature solution heat treatment and quench are not normally required,
the cost of heat treatment, high residual stress levels and distortion are avoided.

Artificial aging treatments can be used to accelerate the hardening process, and
annealing treatments accomplish the same purpose with improved dimensional and
structural stability.

These alloys typically display moderate to good tensile properties in the as-cast
condition. The melting temperatures of alloys of this group are high, an advantage in
castings that are to be brazed. Machinability and resistance to general corrosion is
usually good. The chemistry of most alloys is controlled to minimize stresscorrosion
susceptibility.

The castability of Al-Zn-Mg alloys is poor, and good foundry practices are required to
minimize hot tearing and shrinkage defects.

n.4.7 Aluminium-Tin

Tin is the major alloying element in compositions developed for bearing applications. It
has also been employed with bismuth, lead, and cadmium at lower concentrations to
provide free-machining properties. The 850-series alloys can often be substituted for
660 or similar bronzes. Their light weight minimizes loads in reciprocating applications,
and heat dissipation improves bearing life.

Alloys containing 5.0 to 7.0% Sn are broadly used in bearings and bushings in which
low friction, compressive strength, fatigue strength, and resistance to corrosion are
important criteria. Additions of copper, nickel, and magnesium contribute to hardness
and strength, and silicon is added to improve castability, reduce hot shortness, and
increase compressive yield strength.
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Most bearings are produced by the permanent mold process. Higher-solidification rates
promote the finer, more uniform dispersion of tin. Larger, special-design, and low-
volume bearings are nevertheless cast successfully in sand molds. Because most
bearings are simple hollow or solid cylinders, the direct chill (DC) casting process has
also been used for production.

Aluminium-tin alloys are unique among significant compositions. Aluminium and tin
are essentially immiscible. Before and after solidification, tin is present in dispersed
form. Mechanical agitation is required initially to achieve suspension of tin, and,
because of density differences, gravity segregation may occur over time in the molten
state.

Aluminium-tin alloys containing copper are conventionally precipitation hardened and
may be fully heat treated. Because most bearings are cast in simple solid or hollow
cylindrical shapes, parts may be plastically cold worked to improve compressive yield
strength. Solidification and thermal stresses are also relieved by axial compression
resulting in 4% permanent deformation.

n.5 Effects of Alloying Elements

n.5.1 Antimony

At concentration levels equal to or greater than _0.10%, antimony refines the
aluminium-silicon eutectic. The effect is essentially that of modification, but a distinctly
lamellar eutectic rather

than a fine fibrous form results. The effectiveness of antimony in altering the eutectic
structure depends on an absence of phosphorus and on an adequately rapid rate of
solidification. Antimony also reacts with either sodium or strontium to form coarse
intermetallics with adverse effects on castability and metallurgical structure.

Antimony is classified as a heavy metal with potential toxicity and hygiene
implications, especially associated with stibine gas (SbH3) formation and the effects of
human exposure to other antimony compounds.

n.5.2 Beryllium

Additions of a few parts per million beryllium can be effective in reducing oxidation
losses and associated inclusions in magnesium- containing compositions.

At higher concentrations (>0.04%), beryllium affects the form and composition of iron-
containing intermetallics, markedly improving strength and ductility. In addition to
changing the morphology of the insoluble phase from script or plate to nodular form,
beryllium changes its composition, rejecting magnesium from the Al-Fe-Si complex and
thus permitting its full use for hardening purposes.

Beryllium-containing compounds are, however, known carcinogens that require specific
precautions in melting, molten metal handling, dross handling, dross disposition, and
welding.
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n.5.3 Bismuth

Bismuth additions improve the machinability of cast aluminium alloys at concentrations
greater than 0.1%.

n.5.4 Boron

Boron combines with other metals to form borides, such as AlB2 and TiB2. Titanium
boride forms stable nucleation sites that interact with active grain-refining phases such
as TiAI3 for grain refinement.

Metallic borides reduce tool life in machining operations and form coarse or
agglomerated inclusions with detrimental effects on mechanical properties and ductility.
Borides also contribute to

sludging, the precipitation of intermetallics from liquid solution in furnaces and
troughing.

Boron treatment of aluminium-containing peritectic elements such as titanium,
zirconium, and vanadium is practiced to improve purity and conductivity in electrical
applications. Rotor alloys may specify boron to exceed titanium and vanadium contents
to ensure either the complexing or precipitation of these elements for improved
electrical performance.

2.5.5 Cadmium
In concentrations exceeding 0.1%, cadmium improves machinability. Precautions that

acknowledge volatilization of cadmium at 1413 uF (767 1C) are essential.

2.5.6 Calcium

Calcium is a weak aluminium-silicon eutectic modifier. It increases hydrogen solubility
and is often responsible for casting porosity at trace concentration levels. Calcium
greater than approximately 0.005% also adversely affects ductility in
aluminiummagnesium alloys.

2.5.7 Chromium
Additions of chromium are commonly made in low concentrations to room-temperature
aging and thermally unstable compositions in which germination and grain growth are
known to occur.

Chromium typically forms the compound CrAl7, which displays extremely limited
solid-state solubility and is therefore useful in suppressing grain-growth tendencies.
Sludge that contains iron, manganese, and chromium is sometimes encountered in die
castingcompositions, but it is rarely encountered in gravity casting alloys.

Chromium improves corrosion resistance in certain alloys and increases quench
sensitivity at higher concentrations.

n.5.8 Copper

Copper substantially improves strength and hardness in the ascast and heat treated
conditions. Alloys containing 4 to 5.5% Cu respond most strongly to thermal treatment
and display relatively improved casting properties. Copper generally reduces resistance
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to general corrosion and in specific compositions and material conditions increases
stress-corrosion susceptibility. Conversely, low concentrations of copper in aluminium-
zinc alloys inhibit stress corrosion. Copper reduces hot tear resistance and increases the
potential for interdendritic shrinkage.

n.5.9 lron

Iron improves hot-tear resistance and decreases the tendency for die sticking or
soldering in die casting. Increases in iron content are accompanied by substantially
decreased ductility. Iron reacts to form a number of intermetallic phases, the most
common of which are FeAl3, FeMnAl6, and _AlFeSi. These essentially insoluble
phases are responsible for improvements in strength, especially at elevated temperature,
but also the embrittlement of the microstructure.

As the fraction of insoluble phases increases with increased iron content, casting
considerations such as feeding characteristics are adversely affected. Iron participates in
the formation of sludging phases with manganese, chromium, and other elements.

2.5.10 Lead
Lead is used at concentrations greater than 0.1% to improve machinability.

2.5.11 Magnesium

Magnesium is the basis for strength and hardness development in heat treated
aluminium-silicon alloys and is commonly used in more complex aluminium-silicon
alloys containing copper, nickel, and other elements for the same purpose. The
hardening-phase Mg2Si displays a useful solubility limit corresponding to
approximately 0.70% Mg, beyond which either no further strengthening occurs or
matrix softening takes place.

Common high-strength aluminium-silicon compositions specify magnesium in the
range of
0.40 to 0.070%.

Binary aluminium-magnesium alloys are widely used in applications requiring a bright
surface finish, excellent response to chemical finishing, corrosion resistance, and
attractive combinations of strength and ductility. Common compositions range from 4
to 10% Mg, and compositions containing more than 7% Mg are heat treatable.
Instability and long-term room-temperature aging at higher magnesium concentrations
can be avoided by heat treatment.

n.5.12 Manganese

Normally considered an impurity in casting compositions, manganese is controlled to
low levels in most gravity cast compositions.

Manganese is an important element in work-hardened wrought alloys through which
secondary foundry compositions may contain higher manganese levels. In the absence
of work hardening, manganese offers no significant benefits in cast aluminium alloys.
Some evidence exists, however, that a high-volume fraction of MnAl6 in alloys
containing more than 0.5% Mn may beneficially influence internal soundness (Ref 5).
Manganese can also be employed to alter response in chemical finishing and anodizing.
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Iron and manganese may be considered isomorphous, and alloy chemistry may reflect
stoichiometries favoring the least detrimental insoluble Al-Fe-Mn phases.

n.5.13 Mercury

Compositions containing mercury were developed as sacrificial anodes for cathodic
protection systems, especially in marine environments.

The use of these optimally electronegative alloys, which do not passivate in seawater,
was severely restricted for environmental reasons.

n.5.14 Nickel

Nickel is commonly used with copper to enhance elevatedtemperature properties. It also
reduces coefficient of thermal expansion.

n.5.15 Phosphorus

As AIP3, phosphorus nucleates and refines primary silicon-phase formation in
hypereutectic aluminium-silicon alloys. At parts per million concentrations, phosphorus
coarsens the eutectic structure in hypoeutectic aluminium-silicon alloys and diminishes
the effectiveness of common eutectic modifiers, sodium and strontium.

n.5.16 Silicon

The outstanding effect of silicon in aluminium alloys is the improvement of casting
characteristics. Additions of silicon dramatically improve fluidity, hot tear resistance,
and feeding characteristics.

The most prominently used compositions in all aluminium casting processes are those
in which silicon plays a major role. Commercial alloys span the hypoeutectic and
hypereutectic ranges
up to about 30% Si.

Increasing silicon content improves fluidity for filling thin walls and for reproducing
more intricate designs and details. Aluminiumsilicon alloys are typically more resistant
to solidification cracking and display excellent castability and feeding characteristics.

Percent liquid in the solidification range is dictated by the initial composition and by the
degree of nonequilibrium cooling. For higher-solidification-rate processes such as
pressure die and permanent mold casting and for thinner sections in which more rapid
solidification takes place, shrinkage porosity is strongly affected by the temperature at
which mass feeding from liquid to partially solidified structures no longer occurs.
Feeding to minimize shrinkage porosity improves as the volume fraction solidified is
increased at the temperature at which mass feeding ceases. For this reason, the most
desirable silicon content of aluminium-silicon alloys corresponds to the characteristic
process solidification rate. For slow cooling rate processes such as plaster, investment,
and sand, the preferred range is 5 to 7%, for permanent mold 7 to 9%, and for die
casting 8 to 12%. The bases for these recommendations are the relationship between
cooling rate and fluidity and the effect of percentage of eutectic on feeding as
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solidification progresses. Silicon combines with magnesium to form Mg2Si in heat
treatable alloys. It combines with iron and other elements to form

complex insoluble phases. Silicon also reduces specific gravity and coefficient of
thermal expansion.

n.5.17 Silver

Used in only a limited range of aluminium-copper premiumstrength alloys at
concentrations of 0.5 to 1.0%. Silver contributes to precipitation hardening and stress-
corrosion resistance.

1.5.18 Sodium

Sodium modifies the aluminium-silicon eutectic. In the absence of phosphorus,
recovered concentrations of 0.01% are effective. Sodium interacts with phosphorus to
reduce its effectiveness in modifying the eutectic and that of phosphorus in the
refinement of the primary silicon phase. Sodium at less than 0.005% is embrittling in
aluminiummagnesium alloys.

Sodium is rapidly lost in molten aluminium through its high vapor pressure so that
modifying effects are transient. Periodic additions are required to maintain modification
levels. Sodium increases surface tension and through addition methods can increase
hydrogen content. Overmodification increases misrun tendencies in gravity casting.
Unlike some other modifiers, sodium provides effective aluminium- silicon eutectic
modification under all solidification conditions.

1.5.19 Strontium

Strontium modifies the aluminium-silicon eutectic. Effective modification can be
achieved at very low addition levels, but a range of recovered strontium of 0.008 to
0.04% is commonly used.

Lower concentrations are effective with higher solidification rates. Higher addition
levels are associated with casting porosity. Degassing efficiency may also be adversely
affected at higher strontium levels. Strontium has been regarded as ineffective as a
modifier at slow solidification rates, but some investigators report beneficial effects in
AFS Level 4 and 5 structures in 319.0 and 356.0 alloys when >200 ppm Sr is present.

1.5.20 Tin

Tin is effective in improving antifriction characteristics and is therefore useful in
bearing applications. Casting alloys may contain up to 25% Sn. Additions of tin also
improve machinability.

n.5.21 Titanium

Titanium is extensively used to refine the grain structure of aluminium casting alloys,
often in combination with smaller amounts of boron. The operable phase is TiAlI3 with
lattice spacing

closely matched to that of aluminium. Titanium in excess of the stoichiometry of TiB2
Is necessary for effective grain refinement.
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Titanium is often employed at concentrations greater than those required for grain
refinement to reduce cracking tendencies in hot-short compositions.

1.5.22 Zinc

Zinc offers no significant benefits in aluminium casting. Accompanied by the addition
of copper and/or magnesium, however, zinc results in attractive heat treatable or
naturally aging compositions. A number of such compositions are in common use. Zinc
is also commonly found in secondary gravity and die casting compositions.

In these alloys, tolerance for up to 3% Zn allows the use of lower-grade and wrought
alloy scrap.

1.6 Alloy Groupings by Application or Major Characteristic

n.6.1 General-Purpose Alloys

Alloys with silicon as the major alloying constituent are the most important commercial
casting alloys, primarily because of their superior casting characteristics. The large
number of alloys of this type that have been developed displays a broad range of
properties.

Binary aluminium-silicon alloys (443.0, 444.0, 413.0, andA413.0) are low-density,
weldable, and resistant to corrosion. Although castings of these alloys are somewhat
difficult to machine, good results are obtained with cutting fluids, sintered carbide tools,
and chip breakers. Alloy 443.0 is used with all casting processes for parts in which
strength is less important than ductility, resistance to corrosion, and pressure tightness.
Permanent mold alloys 444.0 and A444.0 display high ductility and are used where
impact resistance is a primary consideration.

Alloys 413.0 and A413.0 are close to the eutectic composition and, as a result, have
very high fluidity.

They are useful in die casting and where large-area, thin-walled parts with cast-in
lettering or other high-definition details are required.

Representative applications for these alloys are:
o Architectural panels and spandrels
e Outdoor lamp housings
e Lawn mower decks
e OQOutdoor grills
e Marine components
o Cooking utensils
o Parts used in food, dairy, and beverage processing
e Medical and dental equipment
o Electronic cabinet frames and components
e Tire molds
o Escalator and moving sidewalk tread plates and parts

e Highway railing posts (gﬂﬁ n.1); alloy A444.0 being the standard for this
application
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511 n.1 Example of one of the many highway railing post designs utilizing aluminium

castings that have been developed. The alloy is A444.0- T4 with minimum
elongation in permanent mold castings of 20% in front flanges for maximum
energy absorption during impact.

Aluminium-silicon-copper alloys such as 308.0, 319.0, 360.0,380.0, and 384.0 offer
good casting characteristics, higher strength and hardness, and improved machinability
with reduced ductility and lower resistance to corrosion. These and similar
generalpurpose alloys are often produced in the as-cast condition.

Artificial aging can improve hardness, stability, and machinability. Typical applications
include:
e Machinery

Transmission cases (31 n.2)

Engine blocks

Gas meters and regulators
Gear blocks

Gear cases

Fuel pumps

Impellers

Instrument cases
Lawnmower decks

Intake manifolds
Cylinder heads

Clutch housings

Oil pans

Outboard motor propellers, motor parts and housings
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s1#i 0.2 Die cast alloy 380.0 transmission case

Aluminium-silicon-magnesium alloys including 356.0 and A356.0 have excellent
casting characteristics and resistance to corrosion. Heat treatment provides
combinations of tensile and physical properties that make them attractive for many
applications including machinery, automotive, military, and aerospace parts.

Higher tensile properties are obtained with 357.0, A357.0, 358.0, and 359.0 alloys. The
high properties of these alloys, attained by heat treatment to the fully hardened
condition, are of special interest in structural applications. Developments in high-
integrity die casting have resulted in low-iron, manganese-containing Al-Si-Mg alloys
such as 365.0 and AIMg3Mn. Some typical uses include:

e Automotive space frames

e Automotive wheels

e Truck wheels

Axle and differential housings (317 n.3)

Pump bodies

Meter bodies

Compressor bodies

Intake manifolds

Cylinder heads

Dies for plastic injection molding

Machine parts

Truck and bus frames and chassis components

Suspension saddles (gﬂﬁ n.4)

Aircraft pylons, canopies, flaps, speed-brakes hatch covers, and other
fittings

Impellers

Wave guides

Electronic cases

Fuel pumps
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o Missile bodies, fins, and other structural parts Industrial beam heads
o Brake cylinders
o Automobile cross members and suspension components

Aluminium-silicon-copper-magnesium alloys such as 328.0. 333.0, 354.0, 355.0, and
C355.0 offer excellent strength and hardness with some sacrifice in ductility and
corrosion resistance. Casting characteristics are good, but inferior to those displayed by
copper-free aluminium-silicon alloys. Properties in the as-cast condition can be
acceptable for some applications, but these alloys are typically heat treated for optimal
properties. Alloy C355.0 with low iron is a higher-strength version of 355.0. When
premium-strength casting processes are used, even higher tensile properties can be
obtained with heat treated Alloy 354.0. Alloys of this type are routinely cast in sand and
permanent mold.

31 n.4 Alloy A356.0 trailer suspension saddle
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Applications include:
« Engine cooling fans
e Clutch housings
o Crankcases
« High-speed rotating parts such as fans and impellers
 Structural aerospace components
e Air compressor pistons

« Fuel pumps (gﬂ‘ﬁ 1.5)

e Compressor cases
e Rocker arms

o Timing gears

e Machine parts

gﬂﬁ 1.5 Alloy C355.0 fuel pump housing

n.6.2 Elevated-Temperature Alloys

Many aluminium alloys have been developed to provide strength, wear resistance, and
hardness at elevated temperatures. The retention of these properties as temperature
increases is an advantage in many applications.

Cast aluminium alloy pistons featuring low specific gravity, low thermal expansion,
elevated-temperature strength, wear resistance, and high thermal conductivity are the
international standard for internal combustion engines. Lower inertial forces permit
higher engine speeds, reduced bearing requirements, and lighter, simpler crankshaft
designs.

Aluminium pistons are usually permanent mold castings. Wrist pin bore struts and
compression ring-groove inserts can be cast-in; in large diesel engine pistons, integral
cooling passages can be incorporated through copper coils or coring methods.

The alloy most commonly used for pistons in passenger cars, sports-utility vehicles, and
light trucks, 332.0-T5, demonstrates a desirable combination of foundry, mechanical,
and physical characteristics, including low thermal expansion. Precipitation hardening
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from air or water quenching from the mold improves hardness for improved
machinability and eliminates or reduces changes in dimensions from residual growth at
operating temperatures.

More complex aluminium-silicon alloys have been developed to meet the demands of
high specific output, fuel-efficient engines that operate at higher temperatures. Some of

these alloys retain yield strengths over 10 ksi (70 MPa) at temperatures exceeding 500 g

F (260 5C). Piston alloys for heavy-duty and diesel engines include lowexpansion alloys

332.0-T5 and 336.0-T551. Alloy 242.0-T571 offers higher thermal conductivity and
superior properties at elevated temperatures.

Other applications of aluminium alloys for elevated-temperature use include air-cooled
cylinder heads for aircraft and motorcycles. Alloy 220.0-T61 was once used extensively
for this purpose, but has been largely replaced by more castable 242.0 and 243.0 alloys
with superior elevated-temperature properties. Alloys 295.0, 355.0, and C355.0 have
been extensively used in applications requiring strength and hardness at temperatures up

to 350 gF (175 §C). They include aircraft motor and gear housings. Alloy A201.0 and

204.0/206.0 type alloys have also been used inthis temperature range when the
combination of high strength at room temperatures and elevated temperatures is
required.

Applications include:

Cylinder heads

Motorcycle engine parts

Gear housings

Pistons

Structural parts exposed to elevated temperatures

n.6.3 Wear Resistant Alloys

Alloys containing greater-than-eutectic silicon concentrations display low specific
gravity and elevated-temperature strength and are often used in applications requiring a
high degree of wear resistance. While wear resistance is usually associated with surface
hardness resulting from matrix properties or anodized coatings, wear resistance in these
alloys results from the presence of a large volume fraction of hard primary silicon
particles in the microstructure. Growth in the popularity of these alloys has accelerated
in recent years. Alloys include 390.0, 392.0, and 393.0.

Hypereutectic aluminium-silicon alloys are relatively more difficult to cast and
machine, but are used in all casting processes. Matrix-hardening alloys also provide
improved wear resistance. Alloys of the 2xx.0 and 355.0 family are considered wear
resistant.

Applications include:

o Brake rotors
Cylinder blocks
Cylinder liners
Marine engines
Pistons
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n.6.4 Moderate-Strength Alloys with Low Residual Stresses

A number of casting compositions have been developed to provide strength and
hardness without heat treatment through natural aging. These alloys offer dimensional
stability that reduces dis-erances. The cost of heat treatment is avoided or reduced and
postweld heat treatment is typically not required.

In many cases, properties in the as-cast condition approach those of higher-strength heat
treated alloys. Castability is distinctly inferior, and full properties may not be realized
for days, weeks, or longer periods of room-temperature hardening. Stability can be an
issue addressed by artificial aging or heat treatment without quenching.

Alloys of this type include selected Al-Mg, Al-Zn-Mg, and Al- Zn-Mg-Cu alloys such
as 535.0, 712.0, 771.0, and 772.0.

Typical applications include:

Tooling plate

Complex thin-walled shapes such as impellers and cooling fans
Explosion-proof enclosures
Electrical fittings

Brazed parts

Machinery

Instrument cases

Marine components

Pistol frames

Food and beverage processing
Decorative parts

Reflectors

Optical systems

n.6.5 Bearings

Aluminium-tin alloys 850.0, 851.0, 852.0, and 853.0 are specialized compositions
displaying excellent bearing characteristics under moderate loads and with effective
lubrication. Castability, hardness, compressive yield strength, and other properties are
influenced by alloy variations involving silicon and copper additions.

The principal applications for these alloys are bushings and bearings. 2.6.6 High-
Strength Alloys High-strength alloys include compositions designed to provide high
strength and ductility and in the case of premium engineered castings also imply high
levels of internal soundness and microstructural refinement. Alloys considered premium
strength by definition and specification (AMS-A-21180) areA201.0, A206.0, 224.0,
249.0, 354.0, A through D356.0, A through D357.0, 358.0, and 359.0. Other alloys
displaying high strength are 204.0, 206.0, C355.0, and metal-matrix composite
compositions.

Applications include:
e Missile bodies
e Missile fins
e Aircraft pylons



Aircraft canopies

Wing flaps

Speed brakes

Hatch covers

Hydraulic pumps

Automotive suspension systems and cross-members
Fuel pumps

Brake valves

Armored cupolas

Aerospace structural parts
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%Fe | %Si | %Mg | %Ti | %Mn | %Cu | %Zn | %Cr
Composition
(Before
charge)
Ingot STD 0.0778 | 0.0345 | 0.0014 | 0.0039 | 0.0011 | 0.0009 | 0.0020 | 0.0009
M31T 2.3 AsvaeUdINHaNMaATng MRy Tang
BUAVDUAY TANL oo
%Fe %0Si %Mg | %Ti | %Mn | %Cu | %Zn | %Cr
Composition
(After charge)
Ingot STD 0.0778 | 0.0345 | 0.0014 | 0.0039 | 0.0011 | 0.0009 | 0.0020 | 0.0009
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d % % % % % % % % % %
fiatan Si Fe Cu Mn Mg Cr Zn Ti Each Total
1050 0.25 0.30 0.03 0.05 0.10 0.03 0.05 0.03 0.05 0.15
Max Max Max Max Max Max Max Max Max Max

6018 0.30- 0.22 0.04 0.05 0.25- 0.03 0.03 0.008- 0.05 0.15
0.35 Max Max Max 0.30 Max Max 0.02 Max Max

6060.20 0.39- 0.22 0.03 0.05 0.44- 0.03 0.03 0.008- 0.05 0.15
0.42 Max Max Max 0.47 Max Max 0.02 Max Max

6063.20 0.41- 0.22 0.02 0.05 0.44- 0.03 0.03 0.008- 0.05 0.15
0.47 Max Max Max 0.50 Max Max 0.02 Max Max

6063.21 0.41- 0.23 0.05 0.05 0.50- 0.03 0.03 0.008- 0.05 0.15
0.47 Max Max Max 0.56 Max Max 0.02 Max Max

6063.22 0.47- 0.23 0.05 0.05 0.44- 0.03 0.03 0.008- 0.05 0.15
0.55 Max Max Max 0.50 Max Max 0.02 Max Max

6063.25 0.41- 0.25 0.05 0.05 0.44- 0.03 0.03 0.008- 0.05 0.15
0.47 Max Max Max 0.50 Max Max 0.02 Max Max

6063.40 0.40- 0.60 0.18 0.15 0.44- 0.15 0.15 0.008- 0.05 0.15
0.55 Max Max Max 0.60 Max Max 0.02 Max Max

6063ES 0.63- 0.25 0.03 0.04- 0.46- 0.03 0.03 0.008- 0.05 0.15
0.68 Max Max 0.08 0.52 Max Max 0.02 Max Max

6063.91 0.41- 0.28 0.05 0.05 0.46- 0.05 0.05 0.008- 0.05 0.15
0.47 Max Max Max 0.52 Max Max 0.02 Max Max

6063.92 0.41- 0.30 0.05 0.05 0.44- 0.05 0.05 0.008- 0.05 0.15
0.47 Max Max Max 0.50 Max Max 0.02 Max Max

6063.93 0.42- 0.31 0.05 0.05 0.44- 0.05 0.05 0.008- 0.05 0.15
) 0.48 Max Max Max 0.50 Max Max 0.02 Max Max
6063.94 0.42- 0.32 0.05 0.05 0.49- 0.05 0.05 0.008- 0.05 0.15
) 0.48 Max Max Max 0.56 Max Max 0.02 Max Max
6060ES 0.50- 0.22 0.03 0.04- 0.36- 0.03 0.03 0.008- 0.05 0.15
0.55 Max Max 0.08 0.42 Max Max 0.02 Max Max

6005A.01 0.72- 0.26 0.03 0.08- 0.55- 0.03 0.03 0.008- 0.05 0.15
0.80 Max Max 0.12 0.62 Max Max 0.02 Max Max

6061 0.65- 0.22 0.18- 0.07 0.80- 0.07- 0.03 0.008- 0.05 0.15
0.75 Max 0.25 Max 0.90 0.12 Max 0.02 Max Max

6082 0.80- 0.30 0.10 0.45- 0.70- 0.15 0.10 0.05 0.05 0.15
1.10 Max Max 0.85 0.85 Max Max Max Max Max

3003 0.38- 0.25 0.05- 1.00- 0.05 0.05 0.10 0.01 0.05 0.15
0.45 Max 0.20 1.10 Max Max Max Max Max Max

6063 0.40- 0.15- 0.01 0.02- 0.45- 0.01 0.01 0.003- 0.01 0.10
0.46 0.19 Max 0.04 0.51 Max Max 0.01 Max Max

6063 0.40- 0.15- 0.01 0.02- 0.45- 0.01 0.01 0.014 0.01 0.10
(65047) 0.46 0.19 Max 0.04 0.51 Max Max Max Max Max
6063 0.41- 0.15- 0.02 0.02 0.48- 0.02 0.02 0.02 0.02 0.10
(65048) 0.46 0.19 Max Max 0.52 Max Max Max Max Max
6005A 0.67- 0.18- 0.07- 0.20- 0.47- 0.007 0.007 0.02 0.03 0.10
(65342) 0.73 0.22 0.13 0.28 0.53 Max Max Max Max Max
6005A 0.75- 0.15- 0.03 0.15- 0.47- 0.03 0.03 0.03 0.03 0.10
(66341) 0.85 0.19 Max 0.19 0.53 Max Max Max Max Max
6061 0.55- 0.16- 0.20- 0.03 0.90- 0.05- 0.03 0.03 0.03 0.10
(69240) 0.65 0.20 0.30 Max 1.00 0.11 Max Max Max Max
6060 0.42- 0.15- 0.02 0.02- 0.37- 0.02 0.02 0.03 0.03 0.10
(64041) 0.48 0.19 Max 0.04 0.43 Max Max Max Max Max
6063 0.35- 0.14- 0.02 0.02 0.45- 0.02 0.02 0.03 0.03 0.10
(65041) 0.45 0.20 Max Max 0.55 Max Max Max Max Max
6005 SF 0.60- 0.35 0.10 0.10 0.40- 0.10 0.10 0.10 0.05 0.15
0.90 Max Max Max 0.60 Max Max Max Max Max

6060 SE 0.30- 0.10- 0.10 0.10 0.35- 0.05 0.15 0.10 0.05 0.15
0.60 0.30 Max Max 0.60 Max Max Max Max Max
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MASTER ALLOY
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= S S X S S S S X S S <
AISi20 | 20.00 | 0.70 0.20 0.40 0.50 0.10 | 0.20 | 0.10 | 0.05 | 0.15 | Remainder
AIlSi30 | 30.00 | 0.50 0.50 0.10 0.10 0.00 | 0.10 | 0.00 | 0.05 | 0.50 | Remainder
AIlSi50 | 50.00 | 0.35 0.20 0.40 0.50 0.10 | 0.20 | 0.10 | 0.04 | 0.10 | Remainder
AlFel0 | 0.50 | 10.00 | 0.20 0.40 0.50 0.10 | 0.20 | 0.10 | 0.05 | 0.15 | Remainder
AICr10 | 0.30 0.30 0.05 0.05 0.05 | 10.00 | 0.05 | 0.10 | 0.04 | 0.01 | Remainder
AIMn20 | 0.30 0.25 0.01 | 20.00 | 0.05 0.01 | 0.05 | 0.02 | 0.01 | 0.00 | Remainder
AlICul5 | 0.50 0.50 | 15.00 | 0.30 0.08 0.15 | 0.10 | 0.10 | 0.05 | 0.15 | Remainder
AICu30 | 0.15 0.30 | 30.00 | 0.10 0.50 0.00 | 0.10 | 0.00 | 0.04 | 0.10 | Remainder
AICu50 | 0.50 0.70 | 50.00 | 0.40 0.50 0.10 | 0.20 | 0.10 | 0.05 | 0.15 | Remainder
AlMg 0.03 0.02 0.00 0.03 | 99.90 | 0.00 | 0.00 | 0.00 | 0.01 | 0.05 | Remainder

d' J ! =S 1 a A a Q‘{
M519N 7.3 ﬂﬂJWlij@Tuﬁ’JuNﬁiJ‘VINLﬂlIﬂJE’NLWN@ZQlILumﬁﬁ’g‘ﬂ‘ﬁ (Ingot)
% % % % % % % % %
Si Fe Cu Mn Mg Cr Zn Ti

Ingot Standard 0.0345 0.0778 | 0.0009 | 0.0011 | 0.0014 | 0.0009 | 0.0020 | 0.0039
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5. 1denuiy (Tab) foya (Data) > Solver

@\W‘) o Sample Program New - Microsoft Excel
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6. luniha1e Solver Parameters azuanstoyans
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- Set Target Cell : idon Mincost ins1zdesmsmuimdunumskaniaiga
- Subject to the Constraints : Yemuaa19 Tumsmuin

v ! v
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Set Target Cell:
EqualTo: (O Max @ Mn () Valueof: D
By Changing Cells:

TotalMat Guess
Subject to the Constraints:

Cr <=MaxCr ~
Cr »=MinCr D
Cu <= MaxCu
Cu »>= MinCu
Fe <=MaxFe

Fe == MinFe 2l - -
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8. idenaisa¥n (Speadsheet) fineh Input na Sum

THAI METAL
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11. #aannin ldanmsnun
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QA Engineer
Thai Metal Company w.q1. 2552-2554

Senior Supplier Quality Engineer
Dana Spicer (Thailand) Latkrabang Plant w.f.2554-uns1ay 2557

Suppier Quality Development Engineer
Nissan Motor (Thailand) un31ay 2557-guen 2557

Senior Supplier Development Engineer
Dana Spicer (Thailand) Latkrabang Plant nsngiau 2557-1a91iu
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