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é which can be successfully subjected to mechanical pressure working, i.c.,

% rolling, forging, and pressing, and should have high plasticity. Shaping alloys
B! ‘are used for such products as sheets, ribbons, plates, bar stock, tubing, wire,
kX etc., by hot or cold shaping methods, Their brand designations and chemical

g ° composition according to GOST 478449 are listed in Tables 3 and 4 of the

¥: document, The main alloying additives for shaping alloys, as in the case of

!  casting alloys, are copper, magnesium, manganese and silicon. English
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Casting alloys are used

GOST 2685-53 lists the chemical composition

and mechanical properties of casting alloys.
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ABSTRACT ; ™ The classification, chemical compositior and mechanical characteristics’
of aluminum alloys produced in the USSR are presented, e
divided into two categories - casting and shaping.
intricately shaped castings, and their chemical composition
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2. CLASSIFICATION, CHEMICAL COMPOSITION AND MECHANICAL CHARACTERISTICS
OF ALLOYS PRODUCED IN THE USSR [15], [16]

b okl i et AL T RN R R BRI i

The nomenclature of alloys put out by the domestic industry is

PR vt
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extensive. The pﬁysicomechanical properties of alloys depend on the
chemical composition and to a large degree on the character and se- E
quence of heat treatment and machining of the products. z

Alloying admixtures to aluminum in various combinations and quan-

tities makes it possible to obtain alloys with the most varied proper-
ties.
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Copper, sillicon and magnesium form compounds which are soluble in
aluminum and which are instrumental in hardening the alloy on heat
treatment. Copper, hardening the alloy, rrduces its corrosion resis-

tance. Silicon, increasing the strength, simultaneously reduces the

WS RS SER SNBSS o il s e

plasticity. Magnesium has a hardening effect and improves corrosion
resistance, however, the plasticity of the alloy in the hot state 1is
reduced. Manganese, increasing the strength of the alloy, sharply redu-
ces 1ts plasticity. Iron is a harmful admixture. Its presence in the

double alloy Al-Cu reduces the alloy's hardening ablility after heat

treatment. The presence of magnesium in this case reduces the harmful

effect of the iron.

Aluminum alloys are divided into casting and shaping.

In the USSR, casting aluminum allcys are designated by AL; shaping

alloys are marked as follows:
forging and stamping alloys — AK;

aluminum-magnesium alloys — AMg;
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a large group of duralumin-type alloys 1s designated by the letter
D which 1s followed by a conventional number.

For clad sheets the alloy brand designation i1s supplemented by the
letter A. All the sheets from duralumin type alloys are put out in the
USSR in the clad state; sheets from the D16 alloy, which are put out
without cladding (see GOST 1946-50), unlike similar clad sheets are de-
noted by the letter B.

Products from alloys, as a rule, are supplied in the hardened state,
which 1s obtained by one or another treatment.

The state in which it is supplied is designated by the appropriate
letter:

M — annealed (soft);

T — quench hardened and naturally aged;
Tl - quench hardened and artificially aged;

P — semihardened; .

N — hardened;

V — high rolled shape quality.

The letters designating the state in which supplied are written
after the alloy brand and are separated by a dash.

As an example, we shall present the designations of products
(sheets) from aluminum alloys supplied in varicus states:

AMg 1s a sheet from the AMg alloy without any treatment;

D16A is a sheet from the D16 alloy, clad, not heat treated;

AMts-P is a sheet from the AMts alloy, semihardened;

AMg-N 1s a sheet from the AMG alloy, hardened;

AV-T IS A sheet from the AV alloy, quench hardened and naturally

aged;

mu-m-s%sué
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D16A-T 1s a sheet from the D16 alloy, clad, quench hardened and

is a sheet from the V95 alloy, clad, quench hardened and
artificially aged;

V95A~T1V is a sheet from the V95 alloy, clad, high rolied shape
quality, quench hardened and artificially aged;

Di6A-TN is a sheet from the D16 alloy, clad, hardened after quench
hardening and natural aging;

D16A-TNV 1s a sheet from the D16 alloy, clad, high rolled shape
quality, hardened after quench hardening and natural aging.

D16A-B-TNV is the same as above, but without cladding.

ALUMINUM CASTING ALLOYS

Casting alloys serve for making various kinds of intricately shaped
castings.

Aluminum casting alloys are divided by thelr chemical composition
into five groups.

Group 1 are alloys on the basis of the aluminum-magnesium system;
brands AL8 and ALl3.

Group 2 are alloys on the basis of the aluminum-silicon system;
brands AL4, ALLV, AL9 and AL9V.

Group 3 are alloys on the basis of the aluminum-copper system;
brands AL7, ALTV and AL12. | '

Group 4 are alloys on the basis of the aluminum-silicon-copper sys-
tem; brands AL3, AL3V, AL5, AL6, AL10V, AL14V and AL15V.

Group 5 are alloys on the baslis of the aluminum-other components
system; (including nickel or zinc, or iren); brands ALl, ALll, AL16V,
AL17V and AL18V. '

The chemical composition c¢f casting alloys and their mechanical
properties are presented in GOST 2685-53.
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The mechanical properties of casting alloys depend to a large ex-
tent on the method of casting and heat treatment. Brand AL8 alloy has
the highest mechanical indicators. After heat treatment (quencn harden-
ing) its ultimate strength comprises %peh = 28 kg/mm2 for a relative
elongation ¢ = 9% (on a computational length of 7 = 5d). By its chemi-
cal composition thls alloy belongs to the first group (the Al-Mg system).
The quantity of magnesium in the AL8 alloy comprises from 9.5 to 11.%5%.

Alloys of tbé second group, whichc silicon, are known under the
name of silumins, have good casting qualities, i.e., castability, low
shrinkage on cooling and hence are successfully used for making intri-
cately shaped castings.

Other casting alloys, although they have comparatively high mech-
anical properties, are used less frequently than silumins, due to theilr
poorer casting qualities.

Casting alloys are extensively used in machine building. Their use
in buillding construction abroad is at present restricted to nodal cast-
ings for Jjoining tubular constructions, but here they meet successful
competition from shaping (forging) alloys.
4luminum Shaping Alloys

The term shaping alloys denotes alloys which can be successfully
subjected to mecharical pressure working, 1.e., roiling, forging, press-
ing and similar operations.

These alloys should be highly plastic.

Aluminum shaping alloys serve for making various semifinished _
products such as shapes, sheets, bar stock, tubing, wire, etc., by hot
or cold shaping methods. The designation of brands of shaping alloys
and their chemical composition (according to GOST 4784-49) are presented
in Tables 3 and 4.

The main alloying additives for shaping alloys, as in the case of

-4 -
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casting alloys, are copper, magnesium, manganese and silicon, while for

;the V95 alloy, in addition, also zinc and chromium. The chemical composi-

i
'tion of the V95 alloy (which 1s not specified in GOST 4784-49) is as

follows: copper 1.7%, magnesium 2.3%, manganese 0.4%, zinc 6%, chrome
0.2%, the balance being aluminum.

We should note still another alloy which is as yet not specified
in GOST, 1i.e., the brand AMgéT alloy; its chemical composition 1s mag-
nesium 6%, manganese 0.6%, the balance being aluminum.

The majority of shaping alloys possesses high mechanical proper-
ties. Heat treatment and machining make it possible to even more in-
crease the strength of products from shaping alloys.

Products from alloys of the same chemlcal composition can have
different characteristics.

The requirements put to the mechanical properties of shaping al-
loys are specified by All-Union GOSTs and normal standards of the Min-
istry of Aviation Industry of the USSR.

Typical physicomechanical properties of the most extensively used
shaping alloys are presented in Table 5.

The mechanical properties of products depend not only on the al-
loy's brand and on its processing, but also on the method of making the
semifinished products (rolling, pressing, etc.). In conjunction with
this, the technical specifications for products from alloys have been
elaborated separately for the différent semifinished products (shaped
stock, tubing, sheets, bar stock, etc.).

In accordance with AMTU 258-55, Table 6 presents data on the
mechanical properties of pressed shapes which are obtained in testing
specimens cut out from the shapes in the longitﬁdinal directlon; the
indicators of characteristics which are obtained in testing specimens

cut out in the transverse directibn and along the thickness are some-
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what lower.

Characteristics of pressed shapes 1s the increase in the indicators

of strength characteristics with an increase in the web thickness.

The mechanical characteristics of sheets from the D1 and D16 alloys

(according to GOST U4977-52) are presented in Table 7, while those for
the V95 alloy (according to AMTU 253-U48) are given in Table 5.

TABLE 3 )
Chemical Composition of Aluminum Shaping Alloys (according to GOST
4784-49)
llhpn D Ocmosxue xoMnomensu s 9,
CRases 3 meas h uarunh 5 Mapraney 6 nuKeas 7 xeaeso 8 xpenuni 9 k{471 uanuni 1 samununt
12 AR - ._ - — e - - - ‘
An‘ s — — — o -t . -~ — — g.a
10 AMr - 2.0-2;8 |oedrs| = Z - Z Z .
1k AM3 - 32" | 0.3 - - 0.5 - -
3.8 0,6 0,8 —_ —_
15 AMrSB - 4,6 0.3 - - hat — 0,02
. 5.4 . 0,5 . 0.2
16 AMSI - 4,7-57 | 0,2-0.6 - - - - i
i; at -3,8-48| 0408 | 0,4—0.2 — - - - —
Jil; 4.6-5,2 | 0,65—1 0,5—1 - - - - -
i yii) 3,04 0,25—-0,5 | 0,25—0,5 - - - - —
D16 3.8-49 | 1,2-1,81] 0,3—0.9 - - - - -
18 mn 3.8-45| 0,4-08 | 0.4—0.8 - —_ - - -
3N 2,6-3,5 0,3-0,7 | 0,3-0.7 — -_ — - - Ocraapoce
18 Aw6n 3.8-4,5 1,2—-1,6 | 0,3-0,7 -—_ -— -— -— —_ 19
aesn 2.2-3 02-05| . — - - - - -
20 A»\g .| 0,2—-0,6 | 0,45-0,9 | 0,15—0,35° - - 0,5—1,2 — -
. - — — . — -— ‘.5"’6 . — -
A2 | 35-45| 04-08 - li18—23] 051 | o051 - -
AK¢ _ 1,9-25 | 1,4-1.8 - 1.0-1,5 1,1-1,6 | 0,5-1,2 - -
AK4-1 1,9-25 1 1,4-1.8 - ‘1,0-1,5 | 1,1—1,6 — 0,02—0,1 -
AK6 1,8-26 | 0,4-0,8 | 0,4-0,8 T - - 0,7—1,2 -— -
AK8 39-481! 04-0.8 d— - - 1 0,6-1,2 - -
21 Ana. - 0,509 - - 0,2-0,5°] 0,8—1 — -
17 A2 - 0,8-1,3°| 0,9-1.4 - - - - -

¥Manganese can be replaced by the same quantity of chromium.

1) Alloy brand; 2) main components in %; 3) copper; 4) magnesium; 5)
7) iron; 8) silicon; 9) titanium; 10) vanadium;

manganes2; 6) nickel;
13) AMts; 14) AMg; 15) AMg5V; 16)AMgS5P; 17) D;

11) aluminum; 12) AD;

18) D1PF; 19) balance; 20) AV; 21) ALD.

The mechanical properties of bar stock from various alloy branas,

according to GOST 4783-49, are presented in Table 8.

The mechanical properties of tubing from brand D1, D6, D16 alloys,

according to AMTU-259-U48, are presénted in Table 9.

e
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TABLE 4 : ' ‘E

Content of Admixtures in Aluminum Shaping Al-
loys (according to GOST 4784-49)

i 2 Npumecu » %, ue Goace

Mo | s |3esle ] 2] Wes| 12 | 223

cnasse ] a3 H 2 . eIl =1 ¢ .
”

L2 gEaR| a S i8¢ « |gE2) F| £3 (3.
B¢ (Y& PRES| §TE(%F (9% |E5F| 5| B |ed

}_h AL 05/055! 1 o.xlo.x — 101 — 1] 01]1,2"
4 an 0.3/0,3! 060,05 = - | = ~1! 0107
15 AMu 0,706 | — j0.2|—| - | 0,1 = |o,05] 01175
16 Amr 0404 | 06101|—=| — | =] -~ |={01]{08

i& AMeSTT | 04104 | 06002 —| — 1 — | — |=] 01]11 -
I 07{07 | — [—=|—| 01| 03| 07}|=| 0118
16 05{08 | — |~~~ 01] 03] = =] 01!1,5
%E;u olos | = |Z|Z1 ol o3| os|=] oilss
18 16 05105 | — |—=|—=1 01| 03| ois|—"1o01]15
19 mn 05105 | — |={=| =] 01| = !={o01]1,
i§ nan 05105 | — |=|=| ~} =] = |= 8.} H
1601 05[05 | — |—=|~] = |01} = 0112
A | dgles| o |=jed o el oo g
AK 06 — | — Jo2|—1 —-] 01] = 0109

’ 21 e

AK2 - =] = |~}02 — | 03| —|=1]01l06
AK4 -] =] =|=]02 -} 03| ~-}1~] 0106
AK4-1 - Jo3s| — 02 — | 03] — |=| 0.1]0.5
AKG 07} - | — |={={ 01} 63| 07|=] 0111
2225\;% 07| — | = | =|{=]01} 03] = |~ 01]12
18112 0.7[07.] = loal—| == | Z<{Z|0.1l13
16 AMr3 05! — | — lolos|l =1 — | 02! — | = 8:% (’)It;s
23AMe8 | 05[05 [ — foios|—| = | 02| = | =] ol1| 13

1) Alloy brand; 2) admixtures in %, not more than; 3) iron; 4) silicon;
5) iron and silicon together; 6) copper; T) ranganese; 8) nickel; 9)
zinc; 10) iron and nickel together; 11) magnesium; 12) other admixtures;
13) total of 2ll the admixtures; 14) AD; 15) AMts; 16) AMg; 17) AMg5P;
18) D; 19) D1P; 20) AV; 21) zinc and tin); 22) ALD; 23) AMg5V.

For various structural elements, use is made of alloys having the
most varied properties. In individual cases the deciding factors in the
selection of an alloy are the machinability, weldability or corrosion
resistance properties. For example, in those cases when hizh plasti-
city, corrosion resistance and good weldability are demanded of the
product, use is made of the AMts and AMg not heat-treatment hardenable
alloys. '

By 1ts corrosicn resistance, the AMts alloy is close to pure 2lum-

inum. The alloy can be succesaruliy welded by gas, atomic hydrogen and
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resistance welding. Its machinability is poor. Due to the high plasti-

eity of the alloy in the annealed state

- Vet STy —- " e wmessae -

(B

» 1t 1s used for components made
by dec . Arawing.

The AMg alloy is hiéhly corrosion resistant under atmospheric con-
ditions and in sea water. The alloy welds well by resistance, spot and
seam welding. When welded by the gas and argon-shielded arc methcd it
tends to form cracks. The machinability of the AMgM alloy 1s unsatisfac-
tory, while that of the AMgP and AMgN alloys is satisfactory. The alloy
polishes well.

The AMg alloy is used for welded tanks and other components sub-
Jjected to medium loadé.

The AMg6T alloy, as the AMg alloy, has a high corrosion resistance.

The AMg6T alloy is not hardened by heat treatment.

The alloy welds well by argon-shielded arc nd welds satisfactorily
by gas and spot welding. The machinability is good.

The AMg6T alloy is used in welded structures for frame elements,
power components, as well-as for products obtained by cold stamping.

The AV alloy belongs among heat treatment hardenable alloys. In the
quench hardened and naturally aged state its corrosion resistance is al-
most as good as that of the AMts and AMg alloys. In the artificially
aged state, in which the mate "al reaches 1its high;st strength, the cor-
rosion resistance is reduced; here, the alloy exhibits a tendency to
intercrystalline corrosion td the higher extent, the more copper it con-
tains. The alloy has satisfactory corrosion resistance in the artifi-
cially aged state when the copper content does not exceed 0.1%.

The AV alloy welds well by spot and atomic hydrogen welding, and
it welds satisfactorily by gas welding. The machinability of the quench
hardened and aged alloy 1s good, whiie that of the annealed allo& is

poor.




TABLE 5
[
Typical Physicomechanical Properties of Aluminum Shaping Alloys
I - Oruec. | | ‘u pubu b | Kosiiu
2 . Tipeaca Tipeaca [ rvaumge | VAL G g ayee | MAMUOE  Clliwuwn ) LUINT 22
1 3 b p suecra| y YOO | ‘canura | Uucel <1 utduere
Mopus caasse M’:‘::‘ - Coctonnne BocTadEN Qbornsvenus 5\}- ““7 i 9 'n 6‘ 11 ¢ ”2::-”‘
33171 18] ¢ CI B 1 ’
s azjaxn’ 19 2 %200 198 squnt | = s 00u' ) liepaa 22
16 | )
13 AL # ARL Nk Ftoumenuuie A,;%E.. ADM 8 3| i ] 2,1 .
13 All 4 ALY . Harapiosaunue 23 P AdH w ARLH 5 10 6 I 2,7 ] 24.10~¢
25 AMu . Orouwenuue 15 AMu-M 26 i3 s 2 7100 J 0,31 | 2,73
25 AMa . Haraprosanuse 23 AMu-H 27 2 18 5 } 2.7 }23.10-‘
28 ame . Otoxmennwe 15 AMe-3Rd 9. 8 2 : 2,61
28 AMr . Tloaynaraprosaursie 30 AMe-Tl 3D, 25 2] 6 7000 } 0,30 2.67 2.1~
32 AMST . Orommenne 15 AMsST-M 32| a2 16 15 ) 2,67 e
33 AB poduan scex . AB-M 337 12 -1 2 2,7,
E A i) 8 —
. scHNUe M ECTECTREHHD - 1 - 14 2,7 .10
33 48 Toxe 35 %::cr;gzuuuc £3 ) ] B
33 AB . Jaxazewuue K uckyccraeuso | AB-T1 3 28 12 2.7
. : 3TcocTapenne 38 49
38 4 Nooduas Oromxenxse 15 al-m He Goaee 251 11 7100 i
3R<10 M 3 : 2700
1 T 3 xazennme u ecrecrseuno | X1-T 40 0 15 g
B4 o we35 30cocranenime 38 |
38 06 Mpoduan To we 35 a6-T 42 0 H :
8 3&0 3 5—10 uu . .0 i -~
38 16 To e35 Orommenuve 15 - He Gosec 25| 11 | 13 03 |{2.8 |21
16 . 3pxaaenuse u ecrecieenwo | A16-T 4“4 ‘3% 13
38 a 3g:ocnpeuuue 38
38 a6 Tipodxan 3akaacunme ¥ NCKYCCTBERMO égﬁ-ﬂ 48 40 7 7189,
3X>20 mx  [3JTcocTapennne J.¥N | i
38 M6 Mpodian pcex | Orowmensse 416-M He Gozee 25, 11 | 13 it )
23Mep08 # \
41 B9S JIHCTM BAIXM- . BISA-M 35 To xe 10 1 2,85
l.gfﬁxxe L1
= . . .
To xe 35 3axazeunsic ¥ Mekycciseuno | BESA-TI 50 42 7 70, 2,85 23.10.
T 3Tcocrapennsie . “? . K
INE:) . KaseuMMe,  NCKYCCTBENNO B%A-TIE'EB 53 % [ | 2,85
TapensMe N MATADTOSN- |0 i L
use i
1 .

1) Alloy brand;
4) designation;

2) kind of semifinished product; 3) state when supplied;
5) ultimate strength; 6) yield strength; 7) relative

elongation; 8) modulus of elasticity; 9) shear modulus; 10) Poisson's
ratio; 11) specific gravity; 12) coefficient of linear expansion; 13)
17) pch; 18)
23) hardened;

AD and AD1; 14) sheets; 15) annealed; 16)_AD-M and ADl
5 19) in kg/mm2; 20) in %; 21) in kg/dem3; 22) degree
AD-N and AD1-N; 25) AMts; 26) AMts-M; 27) AMts-N; 28) AMg; 29)

t
2k)

:i'g

AMg-M; 30) semihardened; 31) AMg-P; 32) AMg6T; 33) AV; 34) shaped stock
of all dimensions; 35) same as above; 36) quench hardened and naturally

aged;
mm; &

N; &44) quench hardened, artificially aged and hardened.

-9 -

37) quench hardened and artificially aged; 38) D; 39) shapes with
0) not more than 25; 41) V; 42) clad sheets with § = 3-10 mm; 43)

B odetd

Lo s e R

¢ vy on

e

VWK B b ol et W NAA Y e A% o

Xy

Tis

. BEHRS




The AV alloy is used for components the manufacture of which re-

quires high plasticity in the cold and hot stete and which should have

good corrosion resistance.

TABLE 6

Mechanical Properties of Specimens Cut Out From
Pressed Shapes in the Longitudinal LCirection
(azcording to» AMTU 258-55)

1.

. . i,
1 2 | 3 N £:.5 5|%6|it,
Mapxs | Cocrouniic nocvaskn | OGoavas T”"“;:;: = % % &% § %
JJ woanu u .v.- qE:? 85 J ‘o..o
[T FYTY apoPrach ufuc e o ux é‘§§.: E';“% 5§§
8 He mence
9
doxaneriise u ec-| AIT Meciice 10, 36 22 12
1,0 vecracuno  go- 10,120 38 23 12
9 4 sTapemisie 9 Soace 2012 15 41 25 | 10
Oroxwenume 13] Al-M  [Bce paaueﬁu He 6raee 250 — | 12
. 16 11 1% _
Y i 3axazenuse u ec-| B6-T u | Meuee §, 40 30
17 [LO TecTaeuso co~,1116-'1'1 5,110, 42 30 l
CTapeHnse 6 10,1--20, 44 3l 10

a6 u . . 20,140, 45 32 I

Xi6 . 18 Goaee 4012 49 36
Growwesuse 13| J6-M « |Bce pasuepumiHe Goaee 25 — | 12
: . | 416-M ) ll# 15

\4 : '
y | 3axazeunmg u ec-| AB-T ?O To xe 18 - | 14
TECTBEHHO  CO- :

]A9B * crapenime 19 )
Saxarenume ¥ ne-] AB-T1 . 30 2 10
2Ikyccraeso " co-

| CTapeusue
22 11 .
Y |, 3axaaenuse # uc-| B95-T1 | Meuee 10, 51 “
22 blxyccraenio . co- 10.1-29, 54 S 5.
BSS Crapeususe 20,140 57 47
. 22 Gozee 4012 8835 | S0 .
Oroxweunsie 13| B95-M {Bee paanepulte Gosee 28] — | 10
23 AMu | Orommenuse AMu-M |Bee pajueps He Goiee 17. — | 16
1 2 L 20 .
2k aAmr . AMr-M | -To %e20| To we, 23| .—"| 12
Al AEYM
25 warj| o+ C|AmM] .- e M-
26 .

lFor web thicknesses of 10 mm and less for
L=113 Y7, for web thicknesses of more than
10 mm for Zo = 54,

1) Alloy brand; 2) state in which shapes are supplied; 3) designation;
4) web thickness of the shape in mm; 5) ultimate tensile strength in
kg/mm2; 6) yield strength in kg/mm?; 7) relative elongation in %; 8)
not less than; 9) D; 10) quench hardened and naturally aged; 11) less

e rer s o o P ——
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than; 12) more than; 13) annealed; 14) all the dimensions; 15) not more
than; 16) D6-T and D16-T; 17) D6 and D16; 18) D6-M and D16-M; 19) AV;

20) same as shove; 21) gquench hardened and artificially aged; 22) V;

AMts; 24) AMg; 25) AD1 and Ad; 27) AD.

TABLE 7

Mechanical Properties of Specimens Cut Out From
Clad Sheets in the Direction Across the Rolling
Direction (according to GOST 4977-52)

231
«J7

i le 2 _ L2
1_{ 2 I N F PR PRI T
Mapxa | Coerommue nocraswu | Obosmaye. [ TONUNNE So%x |zE4l257
cnaasa ancros Kne Ancros ‘2. E 55 ;“,4: §'~;‘_,
| o nu ciL [ETis%E)
I 8 e menee
I 10 11
y , Otomxmcinue A16A-M | 0,3-2,5 (He 6oace 23] — 10 .
10 2,6—10 To wec, 24 — 10
Jarancunue u cc-| R1I6A-T | 0,3-2,5 (12 4.5 - 13
0 13recrncuno  co- 2,5—-6 43,5 28 14
J16 r crapenune 10 15| G.1=i0 43,5 28 10
Haraprosannnie | 16A- 0.8-2.5 43,5 34 10
1lmocae 3axaaxm 2,6—6,5 46,5 35 8
J #  €CTECTBEHHO- .
rO CTape .
. peHus 10 . 11
10 ] | Oromxennisie 9 |AIA-M | 0,3-3  [He Goaee -_ 12
. 3,1—-10 To we, 24| — 12
Al } | Baxaaennse x ec| MIA-T | 0,3-2.5 |12 37 9 | 15
13ucnenuo ¢0-]10 2,6—10 38 2 )
CTapeninie .

1) Alloy brand; 2) state in which sheets are supplied; 3) designation;
4) sheet thickness in mm; 5) ultimate tensile strength in kg/mm2; 6)
yield strength in kg/mm2; 7) relative elongation for t=un7: in %; 8)

not less than; 9) annealed; 10) D; 11) not more than; 12) same as above;
13) quench hardened and naturally aged; 14) hardened after quench hard-
ening and natural aging; 15) N.

The most extensively used alloys of the duralumin type, the main
alloying .additive of which is copper, are the D1, D6 and D1€. The high
strength of products from these alioys is achlieved by heat treatment,
consisting of the quench hardening.operation with subsequent aging. How-
ever, the plasticity of these ~lloys 1s not.ceably reduced after hgat
treatment. The corrosion resistance, weldability and machinability pro-
perties of duralumins depend on the degree of alloying and on the pro-
cess%ng method.

The D1 alloy has satisfactory corrosion resistance. Clad, quench

hardened and naturally aged sheets have good corrosion resistance.
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TABLE 8
Mechanical Properties of Bar Stock {(according to
GOST 4783-49)
5 Oruocu
1 2 3 upge::::u Npesea F ::?:::ue
anu.. Tepunsccxkan obpae Dnanerp npyrvxos npu pac- | Texyvecry y T
cassse Oorus »Mx " :.x,:[c::‘; » Kijus l.i-S.b? vF
»Y,
T He uenee
- 10 .
8 B9S O 3akaaka ® ue- | Mcuee 22 50 38 7
KyccTaennoe cra- | . 23160 54 41 6
penne 1l60see’160 2 |- 41 S...
a1 4o L 1Quesiee 160° | 38 2| 12°
Goxee 160 ll‘ 36 | 20} -'16
it we [P | om |
"+ | recraenuoe crape- - 43 ° -
nué' Hoe CTARE".1  Goaee 160 11 42 26 - 8 -
AB 1 : * | Beex pasme 0 | = 12
AK2 1. , 16 plaepr | % - T
AK4 . . ( ) ’ 36 - g
; AK6 ) t 36 T - T 12
AK8 - 19 3akaaka ® mc- | Meuce 22 10 45 - 10
Kyccraeuuoe Cra- 23160 46 — *10 .
peiue Goace 160 1] 4“4 - 8
‘A\'ﬁl 112 He Goace "i - 2%
Or&ur uak G6ea .
AMr18 | repunseckois 06- | Beex paamepoa [He ﬂm}z‘ - 10
padorxx .
. 17
20 AMu He Gosee 17| — 20

1) Alloy btrand; 2) heat treatment; 3) bar stock diameters in mm; 4) ul-
timate tensile strength in kg/mmz; 5) ultimate yield strength in kg/mmz;
6) relative elongation for i(=ssv# in %; 7) not less than; 8) V; 9)
quench hardening and artificlal aging; 10) less than; 11) more than;

32) D; 13) D6 and D16; 14) quench hardening and natural aging; 15) AV;
16) &ll dimensions; 17) not more than; 18) AMg; 19) annealing or without
heat treatment; 20) AMts. -

The alloy welds well by spot welding. In gas and argon-shlelded
arc welding a tendency is observed toward crack formation, which can
be reduced by using appropriate welding rod materials. The Dl alloy is
used for structural elements requiring medium-strenéth material.

The D6 alloy has moderate corrosion resistance. The plasticity of

the alloy in the annealed and freshly quench hardened states is low.
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TABLE 9 °

Mechanical Properties of Tubing (according to
AMTU 259-48)

b [iete] oS | Onsoe T
Mapxa Cocronune 06d3nane- BPH PaC- | yexyuectit | yaauneune
Duamerp TRMCUNK | o x7) 009 y Y
cassma RocTasKn Tpys une ) 8 Kijuut o .
8 He meuee
oal | ol Meice 120 | 36 20 12
g ' AT - pgee 120 | 33 22 10
3akaneuune TU
Q 6 . Mesce 120 40 26 12
o cocrar | 6T 9 Gogee 120 | 43 28 10
) 12 peunue Meic€120 | 40 2% 12
vielie
9 RI6-TY | Gozee 120 | 43 28 10
J 4
11

1) Alloy brand; 2) state in which tubing is supplied; 3) desiznation;

I) diameter mm; 5) ultimate tensile strength in kg/mm2; 6) yield
strength in kg/mm2; 7) relative elongation in %; 8) not less than; 9)

D; 10) less than; 11) more than; 12) quench hardened and naturally aged.

The machinability in the quench hardened state is good, in the anneaied
state it 1s poor.

The D6 alloy is used for power elements of constructions. In the
last few years its output was sharply curtailed; it 1s replaced by the
D16 alloy.

The D16 alloy in nonclad products has poor corrosion resistance.
Clad sheets more than 1 mm thick have high corrosion resistance. In
pressed shapes with large cross sections, quench hardened and naturally
aged, the alloy has a tendency to intercrystalline corrocsion. Artifi-
clal aging results in increasing the anticorrosion properties.

The D16 alloy welds well by ont welding. In gas and argon-shielded
arc welding the alloy has a tendency fo crack iormation. The machinabil-
ity of the alloy in the annealed state is good, while in the annealed
state it is reduced.

The D16 alloy is used for structures requiring high metal strength.

The V95 alloy in the naturally aged state has poor corrosion re-

sistance. Clad sheets more than 1 mm thick in the artificially aged
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state have satisfactory corrosion resistance. The weldabllity of the V395
alloy by spot welding 1s good, while by gas welding it is poor. The
machinability is good.

The V95 alloy is a high-strength alloy and is used for structural
elements subjected to high loads.

In addition to the above general-purpose sﬁaping alloys, special

purpose alloys are also available. Among the latter are aluminum forg-

ing alloys, which are designated by AK. The AK2 and AK4 alloys are used
for making structural components operating at elevated temperatures,
i.e., pistons, cylinder heads of internal combustion engines, etc.

The AK6 and AK® alloys are intended for producing components oper-

ating at normal temperatures. Intricately shaped components are stamped
from the AK6 alloy, which has quite high plasticity in the heated staté.

Rivets are made from alloys having good plasticity and sufficiently
high shearing strength. These alloys usually have the additional letter
P in brand designations (D1P, D16P, D18P, AMgSP).

TABLE 10

Mechanical Properties of Rivet Wire (according
to AMTU 332-53)

T ———
fetpa roes o remse A a— s

Mapxa caa 2 Cocvomuue mpososoku - | 3 Comporuscenne cpesy u wrlust
§ ain ‘ 5 MNocae 3axaaxu u CTapenna T 24
Pt . 2
4 Zsa : 19
6 BeSi1 25
i <.
T AMa 8 B cocroanuw moctasks 17
AMeSD ¢ 16
OAMr . 12
11a11 . 6

1) Alloy brand; 2) state of wire; 3) shearing strength in kg/mm2 not
less than; 4) D P; 5) after quench hardening and aging; 6) V65P; 7)
AMts; 8) in the as-supplied state; 9) AMgSP; 10) AMg; 11) ADl.

The mechanical properties of rivet wire (shearing strength), ac-

cording to AMTU 332-53, are presented in Table 10.

- 14 -
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Rivets from the MAgS5P alloy are used for type AMg alloys. For
duralumin type alloys most frequent use is made of rivets from the D18P
and V65P alloys; for the V95 alloy rivets from the V94 alloy are used.

5. ASSORTMENT OF SHAPES AND PRODUCTS MADE IN THE USSR [7], (8], [9],
16]

The assortment of se.ifinished products made at the domestic plants
from various aluminum alloys 1is quite extensive. From aluminum shaping
alloys are made: sheets, ribbons, plates, bent and corrugated shapes;
pressed shapes, tubing, wires, forgings and stampings.

The producticn of the given semifinished products at plants is spe-
cilalized in character. Some plants produce one and some other shapes
and products. At present, almost all the semifinished products from
aluminum are madz on the basis of state standards, which define both
the main dimensions of the products, as well as their mechanical char-
acteristics. Those semifinished products for which GOST's have not been
issued are made on the basis of special technical specifications (normal
standards) of the Ministry of the Aviation Industry USSR.

Sheets, Ribbons, Plates

Sheets, rlbbons and plates are made by hot and cold rolling. Thin
sheets (less than 5 mm thick) are cold rolled. Sheets and ribbons are
rolled in thicknesses from 0.3 to 10 mm. The limiting dimensions of
the sheets are width 2000 mm and length up to 7000.

The assortment of sheets from aluminum alloys is presented in GOS%
1946-50.

Clad sheets are made from brand D1, D16 and V95 alloys, while non--
clad sheets are made from brand AMts, AMg, AV, AD, ADl and D16 alloys.

According to the state in which they are supplied, sheets may be:
hot rolled (without heat treatment), arnealed, hardened, semihardened,

quench hardened and artificially or naturally aged, as well as hardened

- 15 -
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after quench hardening and natural .ging.

Piates are made in

]
§
-

of plates are: width 500-1200 mm and length up to 3000 mm.

Jent and Corrugated Shapes (Corrugations)

Bent shapes are made from sheets and ribbons up to 4 mm thick by
bending them in the cold state on multiroller machines. The types of
bent shapes are shown in Fig. 15.

Corrugations are made on specilal corrugating machines. The dimen-
sions of the waves are: height from 6 to 15.5 mm, step from 32 to 48.5
mm. The thickness of corrugated sheets is from 0.3 to 1 mm.

Corrugations are made longitudinally and transversely. Longitudinal
corrugations are up to 3000 mm long with the sheet width befeore corru-
gating beirz 506, 800 and 1000 mm. The transverse corrugation is up to
1000 mm with the sheet width before corrugation being 2000, 2500 and
3000 mm.

Pressed Shapes

The shapes are made by het pressing on special presses. As was
pointed out above, the cross-sectional shape of the pressed shape is
determined by the configuration of the hole in the press female die.
The female die replacement makes it possivle to obtain shapes with dif-
ferent cross sections. This is one cf the advantages which permit the
designer to use the most effective cross sectional shapes of rolled
stock. |

In 1957, the Scientific Research Institute of Production Orguniza-
tion and Technology of the Ministry of Aviation Industry (NIAT MAP) has
issued a second edition of the catalog of pressed shapes which are made
at the domestic plants. '

Individual types of shape cross sections which are given in the

catalog are shown in Figs. 17-21.
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B = 40; 8 = 0,51,8;

2 B = 38+52; & = 0,6--0,5;

& - Hme20--30; B == 45-80; ¢ =0,5:20;

e —Hw15545; B o= 45--85; & = 0,5+2.0;

{ ~—=Humi5:60; B = 81-85; $ . 1,020,

g —HmmB=18-5-38; & = 0,5--1,5;

h ~=H=B8=20-25; . ¢ = 0,8--1,5;
; —hm 6+15,5; t= 20:82; $z203+10

Fig. 15. Types of bent shapes.

Fig. 16. Prezsed shapes from an aluminum
alloy (a) in comparison with composite
sactions from rolled steel shapes.
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This catalog not only does not 1limit the designer, but conversely,
it shows the variety of shapes which are obtained by hot pressing.

For building structures it is possible to obtain special shapes.
As an example, Fig. 16 shows certain of the possible cross sections of
pressed shapes (a) in comparison with composite sections of similar
shape characteristic of steel designs (b).

However, it should again be said that the overall dimensions of the
shape's cross szction are limited by the dimensions of the container
of the press and, taking into account the equipment most extenslvely
used at plants, should be inscribable in a circle with a diameter of
about 300 mm.

Pressed shapes are made from brand AD1l, D1, Di6, V95, AV, AK6, AMts,
AMg, AMg5V, AMg6T alloys. The foliowing are produced according to the
1957 catalog:

Equilateral angles with cross-sectional areas from 0.26 to 21.5 cm2

(40 standard sizes). The smallest flange width is 12.7 mm, the greatest
is 125 mm. The flange thickness is from 1 to 16 mm.

Nonequilateral angles with a cross sectional area from 0.41 to

51.5 cm2 (114 standard sizes). The flange thickness is from 1 to 22 mm;
here the majority of flaonges are of different thickness. In additionm,
a number of special angular shapes (about U400 standard sizes) with a
flange thickness which varies along the width, and with an angle between
the flanges different than 90° are ajailable. Examples of cross sections
are shown in Fig. 17.

Z shapes of various cross sections (60 standard sizes) with areas
from 0.7 to U0 em?. Examples of the cross sections are given in Fig. 18.

T and H shapes of various cross sections (more than 400 standard

sizes). Examples of the cross section are given in Fig. 19. The greatest

dimension of regular T shapes (the PK301-33) are: height of the T H =

- 18 -




s

‘ .
\ o 1 Domrinr o
S anes ¢ 77 { ¢
|
1.3 i

e ?

Fig. 17. Angular shapes. 1) PK.

= 170 mm, flange width B

208 mm, flange thickness § = S, = 8 mm, great-
est helght of the H iron H = 150 mm.

Channels of various cross sections (more than 250 standard $izes)
with c¢ross-sectional areas rom O.§ to 70 cm2. Examples of cross sec-
tions are given in Fig. 20.

Shapes of various cross sections (more than 800 standard sizes).

The form of the cross sections of the shapes is varied. For example,
Fig. 21 shows certain types of cross sections. Among them are closed
type shapes (PK1062, PK1065, etc.).

Shapes with variable cross section. In addition to constant cross

-19 -
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Fig. 18. Z shapes. 1) PK.

section shapes, the equipment avallable at plants makes it possible to
produce shapes with cross section which varies along the length, both
gradually as well as discontinuously.

In the first case the cross sectional shape of the rolled stock
is retained along the entire length, and only the dimensions of indivi-

dual elements of the shape change; for example, in the PK179 = ‘pe (see

Fig. 20) the web thickness over a specific section changes gre.~ :11y
from 2 to Y mm.

In the second case, the constant cross section can be changed in
a specific place with respect to dimensions as well as shape; for ex-
ample, the PK1765 shape which has an H shape, first changes with res-
pect to dimensions and then becomes rectangular in cross sections.
isually, this change in the shape's cross section takes place toward
the end, for which reason shapes of this type are called shapes with

an ending.

- 20 -




A AN I G SIS Koy

e S IR

¢« MoR-A flo 6-6 No 8-8
7 .
Z. S 7
?\' & g <M % ?z‘ 21
'42 - o
! _ ™
—-10 — o 78 o 70 ~on

Fig. 19. T and H shapes. 1) PK.

It 1s also pcssible to produce shapes in which the cross sectional
dimensions vary slowly along the length and, in addition, one of the
ends of the shape becomes thicker, i.e., the shape has an ending.

It should, however, be noted that the production of shapes with
variable cross section using the presgntly available equipment 1s sub-
stantially more expensive and complex in comparison with production of
shapes of constant cross section.

Starting with L July 1957, a GOST was introduced for the most fre-
quently used dimensions of shapes pressed from aluminum alloys: angles,

Z shapes, T shapcs, H shapes and channels (the numbers of GOSTs are

given in the Appendix). 1
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To show the advantages of pressed shapes on a specific example,
.g. 22 shows types of cross sections specially elaborated for a typi-
cal exhibition pavilion designed in 1956 by the Moscow Architectural
Workshop of the Glavstroyproyekt of tpe Ministry of Construction.¥

The production of these shapes does not involve particular diffi-
culties and is agreed upon with the producing plant.

Thus, in designing aluminum alloy structures the design eneineer
is not limited to any assortment of shapes and.can, taking intc account
the method by which the semifinished products are made, specify cross
sections which make it possible to most efficlently utilize the material.
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shapes. 1) PK.
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Fig. 22. Project of a typical exhibition pavillion. a) Schematic sec-
tion of the building and the layout of roofing tubing; b)tubing of the

roof canopy of a typical pavillion; c) types of cross sections of pressed
shapes; A) Section.

Tubing _

Thin-walled tubing from aluminum and aluminum alloys is made by
cold drawing or cold rolling. Thin-walleq tubing is made from hollow
round blanks by hot pressing.

The technical specifications for tubing made by cold drawing or
cold rolling are specified in GOST 4773-49.

Round tubing (drawn) 1s supplied with outside diameters from 6
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Fig. 23. Square, rectangular, and
d§op shaped tubing cross sections.
1) mm.

to 120 mm with wall thickﬁesses from 0.5 to 5 mm. The limiting length
of tubes is 5.5 mm. Thick-walled pressed round pipes have an outside
diameter from 25 to 280 mm with wall thicknesses from 5 to 32.5 mm.

In addition to round tubing, square, rectangular and drop shaped
tubes are made. The cross-sectional dimensions of these tubes are
shown in Fig. 23.

The assortment of round and intricately shaped tubing from aluminum
alloys 1s defined by GOST 1947-56.

Round tubing is made from brand D1, D6, D16, AV, AMts, AMg, AD
and AD1 shaping alloys. Tubling from the first four alloys are supplied
in the annealed or quench hardened and aged state. From the remaining
alloys, the tubing can be supplied in the annealed or in the hardened
state. Intricately shaped tubing are made from brand D1, D6 and D16
alloys and are supplled in the quench hardened and aged form.

The ultimate strength, yleld strength and relative elongation
for tubing, in addition to the alloy brand and the supply state also
depend on the diameter and thickness of the tubing walls.Tubing with

larger dilameters which have large wall thickness is stronger.

-25 -
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E; Bar Stock and Wire

Bar stock is made by hot pressing. With respect to cross-sectional
shape bar stock may be round, square and hexagonal. The dimensions of
bar stock are specified by GOST 7857-55. The greatest diameter is d =
= 300 mm.

Bar stock is made from brand AD, ADl, D1, D6, D16, AMg, AMts, AV,
AK2, AK4 AK6 and AK8 shaping aluminum alloys according to GOST 4784-49

and from the V95 alloy.

Bar stock from brand V95, D1, D6 and D16 alloys with diameters up v
to 50 mm is supplied in the quench hardened and aged or in nonheat-
t:eated state, while that more than 50 mm in diameter is supplied only
without heat treatment. Bar stock from brand AMg, AMts, AD and ADl al-
loys 1is supplied in the annealed or 1n the untreated state. Bar stock
from brand AK2, AKY4, AK6, AK8 and AV alloys is supplied only without
heat treatment.

The technlcal specifications for hot pressed bar stock are defined
by GOST 4783-49.

Bar stock for rivets with diameters from 1.6 to 10 mm (wire) is
made from brand V65, D1P, D16P, D18P, AMg, AMg5P, AMts and AD1 alloys
by drawing pressed blanks and is supplied according to AMTU 332-53
and AMTU 377-56. Bar stock for rivets with larger diameters is supplied

on agreement between the supplier and customer.

Welding wire is made from the AMts, AMg, AMg3, AMgSP and AK alloys
and is supplied in accordance with AMTU 304-54 and GOST 7871-56.

j Manu-
f g:gtpt [(Footnotes]
No.
22 "Novaya tekhnika 1 peredovoy opyt v stroitel'stve" [New
Technology and Advanced Experience in Construction], No.
11, 1956.
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Manu- H
;ggipt [Transliterated Symbols] §
No. :
2 T'OCT = GOST = Gosudarstvenny obshchesoyuznyy standart = %
= All-Union State Standard ;
4 4 = pch = prochnost' = strength
5 AMTY = AMTU = Aviatsionnogo ministertva tekhnicheskiye
usloviya = technical specifications of the
Aviation Ministry
16 HIIAT MAIT = NIAT MAP = Nauchno-issledovatel'skiy Institut
tekhnologii 1 organizatsil proizvodstva
Ministerstva aviatsionnoy promyshlennos-
t1 = Scientific Research Institute of
Production Technology and Organization
of the Ministry of Aviation Industry
22

TIaBCTPOHNPOEKT= Glavstroyproyekt = Glavnoye upravleniye

stoitel'skogo proyektirovaniya = Main Ad-

ministration of Construction Design
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