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"-EC:5cL P.OPERTIS OF ALUMIM , COPPt
TI RAD CAMaUL1 BASIS- MUTIAYER COMPOSITI0NS

V. S. Kopan' and A. V. Lysenko

Reasons for iiprovin the mechanical properties of metallic films and
fibers in fla r compositions aro brought to lirht in [i, 2). In [17, the
mechanical properties of multilayered compositions, obtained using a m.ethod
of vacum evaporation, are investigated. In this work, substantial
durabilities in a rupture of flal , samples, obtained using a method of cold
weld with a lamination of a pile of foil, Are considered. The average
thicless of layer h in nultilayered compositions varied from mk to 2001.
To avoid the effect of scale factors during mechanical testings, the
experiients were conducted on samples of equal t.ickness; therefore, the
nu-ber of layers in a samplo sometimes reached 12,000. In the multilayer
coi positions, an aluminum layer was alternated ith copper (relative thickmess
of layors--hCuhA= 1.4), cadmium (Hd/hA=0.3) or tin (hSn/hA =1).

The durability of the flaly, samples to a rupture grew quickly with an
ircroase of layer thickness to 200 1, reaching 90 kf/r/n2 for AJ-Cu s. 27 ki/m2
for Al-Cd and 23 k-/;m for Al-Sn (see the figure; each point is the average
of tests of 15-20 saiples). .1th the addtion of flakes. the durability of
deformed foils considerinu the percent composition of mult4lajered compositions
of the value of durability would form only 26, 10 and 7 ke/.n , respectively.

In the table, tonsion values (p/,n 2 ) of split diffusion from one
layer to another ', are oresonted [4 alonr with the split diffusion tension
in the outer layers v, (4jand tonsion i , which are necessary for dislocation
-qotion in rultilayered copositions, formed fro layers of equal thickness.
Values of 6 are calculated accordin- to formulas ()-(3) of [2, 47:

l 6.G A*I (3)
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where 7 , 7 aro rioduli of resiliency and shearing; y is sace enerr;
6 is yurgers vector.
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Dependence of durability to rupture of
multilayered co'tpositions from average layer
thickness:
1, 4--,-lCu; 2, 5--Al--Cd; 3, 6-..l-- n (--- with
the addition of durability t'dlding Iayors.

?oriula (2) is truc in the case when the Pauasson coefficient for the

four mentioned icetals Is 0.3. During calculation, the following values of
the parameters were uod (for Al, Od, Sn, Cu respefively): 3- (7.1; 5;
4.5; 13) 10 din/c, " =(26; 1.9; 2.3; 4.5). 10 din/, 2 ; I a 840, 630,

540, '.00 or,/c-2 ; b 3"10-c,.

Al CM Ci o

10 f W 0 3M1100,*' 150 12M 42 G IO1W 350 70
20091200420 40 2300) 810 70 900 320 30 700250 30
500 760 270 16 ISM0 530 29 550 990 12 4.%10 60 13

2500 3-0 120 3 600 230 6 250 .90 2 200 70 2.5
4a*j 85 30 0.2 160 56 0,4 60 21 0.9 50 20 0.4i-2
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As is apparent from the table, the strengthening of ultilayered
copositions at the expense of tapering of the layers is significant whop
h < 1'ik, which agrees with the information of the figure.

iowever, peak values of durability are of less value according to
Cor-ulas ()-(3). Experiments for determining the specific electrical
resistance of rmltilayered compositions de~ending on the thickness of the
layers indicated that when h < 506X, the layers in the rolling process are
ruptured at the scales and in subsequent action are deformed without
taperinp. It is probably possible to explain this by the fact that
t!.o to three fold strengthening is obtained for all multilayer compositions.

ieasurin, of the specific electrical resistance has shown that the
concentration of ad-ixture in layers (for example, in copper--aluminum
arl- iixture, and in larinum.-copper) at the expense of some solubility of
the layers'less than 0.2 at. '.

In conclusion, we express our gratitude to P. P. Kuz'menko for his
active help and support in the inplementation of the work.

Klev University Presented to the editor
in. T. i. Shevchonko 3 June 1969
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