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The internal friction method has been used to study the damage accumulation under
thermal cycling of an aluminum-boron-steel composite material produced by hot pressing
technique. The steel has been introduced into the material in the form of knitted nets
containing different amounts of wires in the bundle. The main mechanism of damage
accumulation in the material has been shown to be of binding break-off nature at the

aluminum-steel interfaces.

MeTomoM BHYTpPEHHETO TPeHUS M3ydaeTcsd MPUPOAAa HAKOIJIEHUS TMOBPEKIEHUII mpU Tep-
MOITMKJNPOBAHUY KOMIIO3UITMOHHOTO MaTepuajia aJlOMUHUI-00p-CTalb, U3TOTOBJIEHHOTO Me-
TOAOM TropsaYero mpeccoBaHmusi. CTajb BXOAWUT B MaTepuaJ B BUJEe TPUKOTAKHON CETKHU C
Pa3IMUYHBIM COJepsKaHMeM MPOBOJIOK B KryTe. IloKasaHO, YTO OCHOBHBIM MeXaHHM3MOM Ha-
KOIJIEHUST TOBPEKIEHUN B TAKOM KOMIIO3UTE SBJAETCS HapyIIeHWe CBA3W Ha I'PAHUIE aJio-

MUHHUH-CTAJb.

In boron fiber reinforced aluminum-
based composite materials, phase interfaces
between are of great significance and pro-
duce a considerable effect on the composite
properties. Interfaces provide a matrix-fiber
binding for the load transfer and distribu-
tion among the components. The interface
state is associated with such crucial prob-
lems of composite materials (CM) as
physico-mechanical and physico-chemical
compatibility of components. In this work,
the problems of physico-mechanical com-
patibility of components in aluminum-
boron and aluminum-boron-steel net CM are
studied basing on the investigation of their
elastic and non-elastic properties by the in-
ternal friction (IF) method. The IF method
has been selected due to its high response to
structural transformations and the opportu -
nity to perform the non-destructive study
on an actual material.

In reinforced composite materials with
distinct phase interfaces, the damage accu-
mulation may occur due to the action of
various mechanisms of matrix straining and
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failure, boundary effects, fiber rupture,
etc. The sequence of each mechanism in-
volvement in the process depends on many
factors, e.g. on the CM composition and
manufacturing technology. The material
loading conditions play also an important
role. It is known that the damages accumu -
late in a CM due to internal stresses of
thermal nature during the CM thermal cy-
cling [1, 2]. Since the structures made of
CM often operate under varying tempera-
tures, the study of CM damage degree dur -
ing thermal cycling is of practical impor -
tance. Moreover, the study data can be use-
ful for understanding of the material
damage behavior under mechanical loading.

This work is aimed at investigation of
the damage accumulation mechanisms in
aluminum-boron CM and hybrid aluminum-
boron-steel net CM under thermal cycling.
The net had a knitted structure of "Lastic
1+1" type produced by a bundle of
X18H10T stainless steel wires of 32 pm in
diameter. The CM preforms consisted of
one-way single layers of boron fibers of
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Fig. 1. The layout of stacks as preforms for CM: Al foil (1), AlI-B monolayer (2), steel net (3).

140 pm in diameter, average strength of
2800 MPa, plasma-covered with aluminum
alloy, AD1. The layout of pre-forms or
stacks is shown in Fig. 1. The boron fibers
volume fraction was 43 % and the steel
one, 10 % . The number of wires in the bun -
dle in knitted nets used 3 and 5. The CM
stack-like preforms as prepared were com -
pacted by diffusion welding [3]. Specimens
for high-frequency testing were 120 mm in
length, 10 mm in width with a thickness of
near 1 mm. The IF and elastic modules in
CM were measured on a unit realizing the
Foerster method [4]. The method is based
on excitation of bending oscillations in a
specimen by means of conventional electro -
magnetic converters. The thermal cycling
was conducted within 20 to 600°C range at
heating and cooling at the 10 deg/min rate.
The frequency of specimen bending oscilla-
tions was 700 Hz and the amplitude of rela-
tive strain was 1077,

The testing results are presented in Fig. 2.
The figure shows that the temperature de-
pendences of internal friction, @ 1(T), do
not coincidence at heating and cooling for
all the specimens investigated, meanwhile,
for the aluminum-boron-steel CM, the de-
pendence data revealed a characteristic hys -
teresis evidencing an accumulation of dam -
ages in the material [2]. Damages in the CM
may accumulate due to various processes
induced by internal stresses, such as plastic
deformation of the matrix, binding break at
interfaces, etc. The IF hysteresis loop size,
in our opinion, must depend on the inter-
face binding behavior and on the annealing
depth in the CM during the thermal cy-
cling, since the annealing reduces struc-
tural defects in CM. Thus, if the main
mechanism of damage accumulation, which
governs the IF hysteresis, is associated with
the interfaces, a decrease of the IF back-
ground after the thermal cycling as a result
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Fig. 2. Temperature dependence of internal
friction coefficient in composites at heating
(1) and cooling (2): Al-B (a); Al-B-steel, three-
wire bundle net (b); Al-B-steel, five-wire bun-
dle net (c).

of annealing of structural defects may pre-
vail over its increase due to generation of
structural defects under the action of inter -
nal stresses in case of a rather good bound -
ary bindings. It is just the case in the alu-
minum-boron composite (Fig. 2a), where
there is no hysteresis even at the thermal
cycle upper temperature of 400°C and
above. The results show the technology cho -
sen for making CM provides a sufficiently
sound binding at the matrix-boron fiber in-
terface exhibiting no noticeable change
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under the thermal cycling conditions, i.e.
20-600-20°C.

Steel nets, when introduced into the
composite, result first in formation of a
new type of internal interfaces (aluminum-
steel) with the strength different in general
from that of aluminum-boron interfaces
and, second, in a new pattern of internal
stress distribution in CM. Therefore, the
emergence of hysteresis in the case of alu-
minum-boron-steel net CM is thought to be
due to generation of structural defects at
the aluminum-steel interfaces (Figs. 2a, 2b).
Since the thermal expansion coefficient of
X18HI10T steel has an intermediate value
between those of boron and aluminum, the
new type interfaces shall be in a rather less
stressed state under thermal cycling condi-
tions used than the aluminum-boron inter -
faces. Nevertheless, these thermal cycling
conditions result in binding breaking at alu-
minum-steel interfaces. A stronger binding
is obviously formed between the matrix and
boron fibers as compared to matrix-steel net
interface when the CM is manufactured
using the above-mentioned technology. The
fracture surface of the aluminum-boron-
steel CM is presented in Fig. 3.

Comparison of hysteresis loop size for a
CM containing various steel nets shows that
the matrix-to-net binding is influenced by
the number of steel wires in the net bundle.
A larger amount of wires in a bundle pro-
duces a stronger binding at the aluminum-
steel interface. This is manifested by a
smaller hysteresis loop size. Such results
can be explained as follows. Due to plastic
strain which occurs during the diffusion
welding when preparing a CM, the matrix
surrounds more tightly a bundle of greater
size and the aluminum-steel interaction cov -
ers a greater area. This results in a high
binding strength at corresponding inter-
faces.

In conclusion, it has been shown using
the IF method that the damage accumula-
tion occurs at the aluminum-steel net inter -
face in CM during the thermal cycling due
to binding breaking. It has been found also
that the diffusion welding of such CM re-
sults in a stronger binding at the alumi-
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Fig. 3. Fracture surface of aluminum-boron-
steel CM.

num-boron interface rather than at alumi-
num-steel one, furthermore, the binding
strength at the aluminum-steel interface in -
creases with number of wires in the steel
net bundle. As the results of this work tes-
tify, knitted steel nets introduced in the
aluminum-boron CM must result in an im-
provement of its damping and fatigue prop-
erties due to accumulation of damages at
the aluminum-steel net interfaces, thus pro-
viding an expansion of its application field
as construction bodies for new equipment.
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BuBuenHdg MexaHi3MiB HAKONMHYEHHSA INOUIKOIKEHb
B apMOBaHHUX KOMIIO3MTaX aJIIOMiHiM-00p-cTaJb
IIPH TEePMOIUKJIIOBAHHI

J.P.Buwmnaxose, B.IJI.Mopos, B.I1..laépenmeé

Metomom BHYTDPiTHBOTO TEPTSA BUBUAETHCA HIPUPOAA HAKOUWYEHHA NIOINKOAKEHb IIPU
TEPMOIIMKJIOBAHHI KOMIIOSUIIIHHOTO Marepiasy ajaioMiHiii-00p-cTajib, BUTOTOBJIEHOTO CIIOCO-
0om rapadoro mpecyBaHHA. Crasb BXOZWUTH B MaTepias y BUIJIALL TPUKOTAKHOI CiTKE 3
pisEMM BMicTOM ApoTuKiB y mkryTi. IlokKasaHo, IO OCHOBHMM MeXaHi3MOM HAKOIWYEHHS
MHOIIKOAKeHb B IIbOMY KOMIIOBUTI € IOPYIIIEHHA 3B’A3KYy HA MeXKi aJloMiHiii-cTab.
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