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Fig. 16.6 Growing cementite and ferrite lamelle may nucleate each other

Fia. l.§,4 Pearlite consists of plates of FcJC in a matrix of ferrite. {(Vilella, 1 R,
Metallographic Technique for Steel, ASM Cleveland, 1938). 2500 x
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misura

dellimbutibilita |

delle lamiere |-

nel caso di scodellini.|

- non circolari:

} - Matrice.
A

: - \\u“}ﬂ—/{/nisco

Fig. 1 - Prova di imbutitura secondo 1 metodo Swifl.

et

s . -
Fiz. 8 - Schema della prova di imbutitura Fukui, i, di-
~schello; 2, punzouc; 3, corpo di lol'mait‘xra.
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Figura 1 Tnfluenza degli elementi leganti sulla massa volumic
delle leghe di Alluminio.
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Figura 2 Influenza degli elementi leganti sul modulo elastico
delle leghe di Alluminio.
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fect on the cost of an end ltem. For
mill quantities of material, the pur-
@ ? chaser may specify the tolerance
G as all plus, pius and minus, or all
nifnus. - Thus;-materigi--ordered as
0.063-1n, sheet could vary from 0.057
to 0.069 in., depending on how it was
ordered. For a product where the
exact thickness is not critlcal, a
manufacturer may wish to purchase
material to an all minimum toler-
ance and take advantage of the
welght savings. This 0.006-in. thick-
ness of material in a standard sheet
36 by 98 in. equals approximately
2 1b, or about $1.50 in raw material
costs.
A manufacturer originally de-
signed .& lawn chalr using alloy
6061-T6. . At the time of design, this

was the lowest-strength alloy with
the minimum required tenstle
strength., The introduction of the
less expensive alloy 6062-T6 by the
industry permitted a cost feduction
in the product. Also, because of the
lower chromium content (0.04 to
0.14% Cr, Instead of 0.15 t0 0.35% Cr
in 6061-T6), finishing characteris-
tics were improved, with & reduc-
tion in polishing time. -

The development of alloys 6063-
T832 and 6063-T831 resuited in even
greater economy from lower costs
of raw material and improved sur-
face finish, compared with the ¢062-
T6 alloy. Further improvements
were made by reducing the wall
thickness of the {ube from 0.063 to
0.049 in. The smaller-size tube In

Tesmrer DESIGNATIONS FOR ALUMINUM ALLOYS

the high-strength 6063-T812 alloy
permitied bending without a man-
drel in the tube; yet the Anisheq
product was strong enough to re.
sist permanent deformation, The
Introduction of welded and drawn
tubing in grade 3003-H181 brought
about another improvement in de-
sign, since this was svallable with
a bright surface that did not require
finlshing operations. »

With the most recent ‘develop-
ment, the introduction of welded
tube in grade 3003-H281, the furni-
ture became even less expensive,
although some manufacturers have
found that, because of the flash on
the tube, a slight additional finish-
Ing cost is necessary to hide the
weld seam. P

Tember Designation System for Aluminum Alloys

THE'STANDARD temper designa.
tlon system for aluminum and
aluminum alloys, both wrought and
. cast, consists of a letter indicating
the basic temper which, except for
the annealed and as-fabricated
tempers, is more specifically defined
by adding one or more digits.

There are four main basic tem-
pers, namely, -Qirm%l_l_eg.._s_‘:—
as-fabricated, H — strain hardened,
amd-T==Nent tFEated. A symbol, W,
STusen i wesignate the unstable
condition following solution heat
treatment and, if time subsequent
to ‘heat treatment is indicated, it
may be considered a basic temper.

A description of the system s giv-
en in the following explanatory
notes and examples. It is a princi-
ple of this system that a change in
8 temper designation is made only
when some variafion in the same
basic operation significantly alters
the characteristics of the product.

F, As-Fabricated. This designa-
tONANRIEStop13ducts supplied in
the condition resulting from normal
manufacturing operatlons, without
speclal practices to control the
amount of straln hardening or
thermal treatment,

For wrought

products, there is no uanf&fﬁ!

anical pro . For castings

€ (ATM _means as- m%:

0, Annealed, Recrys This

desfg’naﬁon applies Eg the softest
temper of wrought alloy produects.

H, Strain Hardened. This designa-

tion applies to those wrought prod-

. uets that are not subjected to ther-

iiemal treatments to increase their
mechanical properties, 1 3,

thelr stren
RErdentns

gth_Increased by st

.
"H 15 always followed by two

. ‘or more digits. The first diglt indi-

cates’ the speclfic gombination of

basic operations and the following
digiter digits the final degree.of
strain hErdeniiyg. The digital sy5-
tem is explaliiéd below.

Hl-, Straln Hardened Only. As indi-

cated sbove, the second diglt designates
the amount of cold work performed., The

- digit 8 has been selected to represent the

hardest commercially practical temper,
wrilted as_H18. Material with tensile

strength hEllway bétween o't and Tull

T DA

diglt is often used to identify
2 special set of propertles. For example,
H14! may represent the same minimum
propertles as HI14, b} with maximum
values that are closer than standerd. The
third digit may also denote values slight-
ly different from those of H14, but not
sufficlently different to place it in the
HI3 or H1% classification.

Extra-hard tempers are designated by
use of the second digit 8, with or without
a8 third digit. The HI112Z tempeér for
wrought alloys 1s generally considered a
“controlled” F-temper with guaranteed
mechanical properties.

H2~, Straln Hardened and Partial An-
nealed. “TE S ottar destrabie 1o obiain
Certain strength range in the strain hard-
ened alloys by working to a harder tem-
per and then reducing the strength to the
destred level by partial annealing, This
process Is identified by the figure 2 in the
first digit place, and the residual arnount
of cold work is then designated by the
seme method employed for the Hi series.
Thus, J28 is full . B2 Jf hard,
and so on, For alloys age solten &t
RiGM temperature, the H2 tempers have
approximately the same tensile strength
25 the corresponding H3 tempers, For
other alloys, the H2Z tempers have ap-
proximately the same tensilé strength as
the corresponding H1 tempers and slight-
1y higher elongations.

H3-, Stratn Hardened and Then Stabil
ized, The properties of magnesium-con
taining alloys in the strain hardened con
dition are stabillzed by a low-tempers:
ture heating, thus slightly lowering the
strength and Increasing thelr ductility,
the treatment is not employed, then th
change of properties occurs oyer, a long
time at room temperature. Use of this
treatment is indicated by ‘the digit 3 fol-
lowing the H, and the degree of étrain
herdening is indicated in the nsual way
by one or {wo following digits.

W, Unstable Condition Following
Solution Heat Treatment. This des-
ignation, because of natural aging,

is specific only when the period of
-aging is indicated, for e 1e,
z_o%?gaw i% grjé Zggs-g ]?_ mog.

, Lrea roduce able

Tempers Other Than F, 0, or H.
This designation  applies to prod-
ucts thermaslly treated to produce
stable tempers with or without sup-
plementary strain hardening. The
T followed by the numerais 2 to 9,
inclusive, designates one specific
combination of basic operations,
thus 6061-T6. Should variation of
the same basic operation be ap-
plied to the same alloy, resulting in
diflerent characteristics, other dig-
its are added to the basic designa-
tlon (6061-T61 or 6061-T62). .
It should be understood that =a
period of natural aging at room
temperature may occur between or
after the operations listed. Control
of this period is exercised when it
is metallurgicelly important, but is
not indicated by the designation.
Basic subdivislons of the T-temper,
ranging from annealing to complex
aging treatments, are as follows:

T2, Annealed (Cast Producis Only).

ppiies
Annealing 1s used for such purposes as
improving ductility and Increaging di-
mensional stabllity.

T3, Bolutlon Jeat Treated and Cold
Worked, Naturatly Ared to Substantizlly
Stable Condition, This designation applies
o ihose wrought products that are cold
worked for the primary purpose of im-
proving the strength (for instance, 2024-
T36) and also applies to those products
in which the effect of cold work, such as

eat trented by the supplier 1s des-
lgnated 2024-T3). No controt is exg;'\‘ésed
to cold work at any particular stege duf-
Ing the natural aging cycle. s
T4, Solatien Heat Treated and Nator-
aliy Agéd to a Substantially Stable Condi-
tion. This designation spples when th:
product is not cold worked after heal

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 93 di 106




Ripredutions vistata ~ UNI « ENTE NAZIONALE ITALIANG DI UNIFIC.AZSONE + 20123 MILANOG, plazza A, Dlax, 2

UNIMET

J\IGUIIITIIIU (™) 4\.’56(4\3 AL sAtRACEEatiiv l.ll EESICAL 4T Lk . Uj
lavorazione plastica |4 s
Prospetto delle qualitd normalizzate

Worought aluminium and aluminium alloys - Summary of standard qualities

s

{t proapetio ciports ls qualith di alluminio e loghe di altuminio primarie da lavorstiona plastice allvalmente normalizzate.
Far ta composirions chimica detla quslith indicate, vedare l¢ corrlspandeati norme « il foglio di aggiomamento UNI FA 60,

Pradatto

Detignatlons canventiodsle

Desigaszione
numerica *

Riterimento delta normas
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42.742?:_75? -

P-Al Zr4, 5 Mg

7020

PALP 99,0 1200 UNL 3567-66
o . P-ALP 98,5 1050 A UNL 4507
Alluminio puro
P-ALP 95,7 1070 A UNE 4508
P-ALP 99,8 1080 A Ui 4509
P-Al Cu2,5 Mg Si UNI 3577
P-Al Cu3,5 Fa Mg Ni UNT 35786
P-Al Cud Mg Ma UNIL 3579
P-Al Cu4 Mg Mn placcata e UNE 3580
teghe Al-Cu P-Al Cu4,4 Si Ma Mg" UNI 3581
P—klguw4.4§i Ma Mg placcata = UNt 3582
(P-Al Cu45 Mg Ma™) o024 UNI 3583
P-Al Cu4,5 Mg Mn placcata - UNI 3584
P-Al Cu5,5 Pb 81 2011 UNI 6362-68
P-Al Mnt,2 3103 UNI 3568
Leghe Al-Mn P-Al Mal,2 Mg 3004 UN{ 6361-68
P-Al Mnt,2 Cu 3003 Uil.... (a pr;puruione)
Leghe AL-Si P-Al SH12 Mg Cu Ni - UNI 3572
P.Al Mg0,9 — UNI 4510
P-ALR Mg0,5 . — UNI 4512
P-ALR Mg2 — UNI 4511
: P-Ai Mg0,9 Cu - UNI 6360-68
£-A Mg0,8 6005 UNI 5764-66
P-Al Mgt,5 — ' UNI 3573
Leghe Al-Mg P-Al Mg2 Mn 5251 Utll.... (in prepacazions)
' P-Al Mg2,5 5082 UNL 3574
P-Al Mg2, T Mo 6454 UNL.... {in preparazione)
P-Al Mg3,5 —_ UNL 3575
P-Al Mg, 4 5086 UNL 5452.64
P-Al Mgd,5 6083 UNI.... (in prepacrazione)}
e-Al Mg5s §058 A UNI 3576
P-Al Mg Si 6260 UKL 3560.66
P-Al Mg Sl Cu - UNt 6359-68
fLeghe Al-Mg-Si P-Af 5i0,5 Mg - —— UNI 3570°
P-AL SHT Mg Mn 6082 UNi 3571
P-Al Mgt Si Cd 6061 UMl 6170-68
Qﬁ;&LE‘iﬁﬂwﬂi‘:@j} @ Ut 3735
P-Al Zn5,8 Mg Cu placcata — UNI 3736
Leghe Al.Zn P.AL 207,82 Mg Cu — UMt 3737
P-Af Zn7,8 Mg Cu placcata _ UN? 3738

Unl.... (in pmpl.nzione)

UNE! 7426.75.

* La designzrione numarice sostituizce il contrazsegna (facoltative) ed & elaborata secondo quanto iadicate neflz

P
1000 = s 4, twsrnpmnmmnnd
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i Ty Cegey MAAmE Cpug OF J:“}g_ J.E}'—l'_),(ﬁ)_

X—solid solution. -
X A—quenched, solid solution retained.
AB—age-hardened, precipitation sfarts
{submicroscopic).
x_IC——overaging, precipitate agglomerates.
X D-—anneal, grain boundary precipitate.

AL e

"Pempe

Temperature ——e

L Sy ..

Time —— B

20-4 Age-hardening process (95.5A1-4.5Cu). Maxi
. roc . . X mum hardness occurs when the cf i
consiitute the pre.precipitate are still submicroscopic. Flusters of Cukla which

o Solute nfom o Solvent atom - )
:ooo‘o‘obcoou cooOGCeDO0O0 000 086 000D0DOCQOCse
5200000600600 S conocooo00QO0 COe0BOOOO00OG
s D O.000C00DOC 00000000‘0430 000000000000
-:_ooo-o-o‘onoo 00000000000 ooags'ggo
sno0000D000 Co0Das o ¢ 0 #00° 00;2032300
z 000000000 cocp v 0 8 0000 eos 879 O 800
60000068000 cooe ® * 0 eco0o .go08s 0 & O 8Dop
10008000000 coo0 0000000 co0oODODOGOa0
600000000 sQ00OO0 0 0CO0O0O0O0S 5600000000
snoe0000000 58 0C0D00Q00O oo 00000¢eO0S
2 -5 0000%0000 b coocoooOODOBO €& ©0000GO0COO0S

z5-5 Age-hardening mechanism. (2} X solid solution.

(b} Age-hardened; the § precipitation has been

s -izted, Since the two structures are coherent at this stage, there is a siress field around the precipitate,

<) Oeerapged. There are two distinct and noncoherent phases, Kand 8. A limited number of solute aloms

- [ provide the greatest interference to dislocation movements in (b). (A. G. Guy, Elernents of Physical
“sszfiurgy. Reading, Mass.: Addison-Wesley, 1959, p. 448.)

(213 g g’t
j

Hurdness, Ra
-]

-3
(=]

e 4 g kel E

21°C

| s o prtanl ] it

P M RIT] S

0.1 1.0

100

16 100
Time, hr {(log scale)

236 Overaging (carbide and nitride precipitation in‘iron). Overaging securs when the precip_itaf‘e becon}es
~zeccherent (Fig. 20-5c). Compare with data in Table 20.1. (Adapted from Davenport and Bain, “The Aging

== 2tesl.” Trans. A.5.M,, 23, 1835, p. 1011)

I8

the matrix and through the cluster, or pre-precipitate.® In this case the beundalry
enéfg},% ,isjc?'w, because of the registry, or coherency. Note, however, that the Iat.t:ce
is dis({;)ried"‘ﬁn'd strained in’ the vicinity of the cluster. ‘As a result, anc}.:or points
areprowded whiclt “lock™ dislocation movements and interfere with _silp (Cl.mp—
ter 11). Theeffcel 'of thi-tlustering is:magnified because the surrounding strained
miume is appreciably greater than the actual volume of the clusters themselves.
... Continted precipitation and .growth (AC of Fig. 20-4) permits the clusters to
: form larger but, fewor units, The colicrency and accompanying strain are progres-

I

- ErEYt

ot et i e Ve }\wm theniifind in aluminum-copper-ailoys., The. -
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