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ABSTRACT

The influence of thermal cycling on structure and strength of
composite aluminium-hased alley, reinforced with boron flbres
wis studled. The 1ests have Deen performed on the composite
materials made of AlMz€ sluminium alley. The boron [ibres of
140 pm in dismeter are used as a strengthening phase. Fibres
volume content was 50%. The thermal cycling was carried out
in sargon {n the temperature ramge from 150 to —-i95 °C
according to two regimes: mild cyele ard thermsl shock, It is
sfown that structural changes, taking plaes in a composite
aluminium-boron material during  thermzl cycling reduce the
material strength. The pecullar features of crack initiztion
and ribres fracture depenilng on a nmmber of cycles and speed
of heating and cooling were studied morphologically. Tt wWas
sstablished that the most favoradble place of crack initiation
ls a Loron sh2ll - tungsten base intsrface.

KEYWORLS

Composita material, matrix. alumlnlum,  boron fibres
interface condiflon, thermal cycling, ccefficlent of 1inear
“hermal expansion. thermal stresses, strength, crack.

TNTRODUCTION

To a significant degree the strength and life aof camposite
materizl parts depend upon the compatibility of the
piysicochemical properties of the componenis, adhesion,
composition, and interface condition. These broperties are,
45 8 rule, determining ones in thermal eycling. The
differences in the cosfficlents of linear Lhermal expanaian
and in the relaxatlon capacity af the constizuents of &
compozite materlal, the Tormation of Intermatallids
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compounds, and other reasons may cause significant internal
stresses. In some cases the internal stresses occurring may
lead to formation of cracks in the fibres (Chawla, 1976;
Maksimovich et al., 1988, 1990).

EXPERIMENTAL PROCEDURE

The purpose of this work was to investigate the thermal
cycling on the structure and strength of an aluminium-boron
composite material produced by compacting at  increased
temperatures of packets composed of unidirectionally
reinforced single layers. AlMg6 aluminium alloy (coefficient
of linear thermal expansion a = 22-107® °C™!' ) was used as
the matrix. The reinforcing was with 140 um diameter boron
fibres (a = 6,3- 1078 °C~!) produced by vapourgas deposition
of boron on 12 pm tungsten wire. The fibre content was 50
vol. %.

Flat specimens (gage length cross section 3 x 1 mm) for
mechanical tests and thermal cycling tests (size 20 x 15 x 1
mm) were cut from 1 mm thick plates of the composite by the
electrospark method.

The experiments were made in an atmosphere of purified argon
by two methods, moderate (20°C - 150°C - 20°C - -196°C ~-...)
and severe thermal shock (150°C - -196°C - ...) with holds of
10 min at each cycle temperature.

In the mild method the container with the specimens was
placed in a furnace heated to 150°C. After reaching this
temperature and the specified hold container first cooled in
alr to 20°C and then in liquid nitrogen to -196°C, heated in
air to room temperature, and then the cycle repeated. In the
severe method the container was transferred from the heated

———————furnace into a bath with 1liquid nitrogen, then into the

furnace, etc. until reaching the required number of cycles.

RESULTS

It was observed (table 1) that even after 10 thermal cycles
the strength of specimens thermally cycled using both methods
starts to drop. An increase in the number of thermal cycles
leads to a further reduction in strength of the composite
material. However, after 40-50 thermal cycles the 1loss of
strength 1s slowed. In the range up to 30 thermal cycles the
specimens cycled using the severe method have a lower
strength than after thermal cycling using the mild method.
After 30 thermal cycles regardless of the method, their
strength becomes practically the same.
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Table 1. The influence of thermal
cycling on the strength of
AlMg6- boron  composite
material.

Strength, MPa 1185 1080 920 645 550 510 500
( mild cycle)

Strength, MPa 1185 950 700 600 540 500 500
( shock)

DISCUSSION

Analyzing the processes of fallure of the composites it may
be proposed that the most vulnerable will be the boron
fibres, which themselves are already a composite. In the
center of the fibre the formation of brittle phases, tungsten
borides (WB, W,Bs , WB, ) in which microcracks will
originate, is possible.

On the basis'of the metallographic analysis data it was
established that in the original conditions the boron fibres
have no cracks. Even after 10 thermal cycles using the mild
method cracks appear in them. They originate in the center of
the fibre at the tungsten core-boron shell interface (26%),
on surface (13%), that is, the crack is directed from the
fibre-matrix interface into the fibre, in the boron shell
(1%), and also by a mixed mechanism combining all of these
cases 7%. A portion of the fibres remained unfailed (43%).

The most common point of crack origin in .fibres in theymal
cycling is the boron shell-tungsten core interface.

In the original condition the core and the surface layer of
the boron fibres are in compression while a large portion of
boron fibre 1is loaded with significant tensile stresses
(Vega-Boggio and Vingsbo, 1977), which eases crack origin at
the interface.

A somewhat smaller quantity of originating cracks is on the
surface of the boron fibres. They rarely occur in the boron
shell.

With an increase 1in the number of thermal cycles new cracks
appear and old ones grow, intersecting the whole fibres. The
following types of failure of fibres are observed:

- cracks intersect the fibre through the tungsten core (44%);
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~ Cracks pass through the fibre without reaching the tungsien
core (18%):

~ B crack develops within a fibre withcut reaching the care
of the fibre-matrix interface (2%);

- the fibre rails according to = mixed mechanism (11%);

After 20 thermal cycles 752 of the boron Tibres had failed.
Alter passage through the whole fibre erack development
slowed at the flbra-matrix Interfaces, that 1z, retarding ot
microcracks at the interfaces was observed (Mileiko and
Anishchenkov, 1980). Changes were not revesled in the matrix.
Therefore relaxation of the thermal stresses in the compozite
material causges fallure of the Tibres.

An inecrsase 1in  the number of thermal cveles to 30 leads to
€VeN more damage of the fibres With 30% of them failing.

With an increase in the thermal cycling time, the number ol
fallad ribres and the degree of :their damage grow. There is
2lso a reduction in the strengtn of the composite materiazl

As the result of thermal cycling according to the severe
method the composite material was strongly damaged. After 10
thermal cycles the damage of the materisl correspond to  that
after 20 mild thermsl cycles. The character of failure of the
flbres does not change. A further increase in the number or
thermal cyeles is dccompanied by some damage of the composite
material. However, after 30 thermal cycles the number af
falled fibres and the degree of their damage are practically
UIe same as after 30 mild cyoles. Conzequently the cooll
rate has a significant influence on the structure of the
composite material only at the beglnning of thermal Cycling
while subssquently this effect drops. After 30 cycles the
curves of the relationship of the Strength of the composite
miteriil  te  the number of thermal cycles practically
tolncide. After 50 cyclaa thermal S¥ycling was stopped.

In both methods of thermal cycling the greatest number of
cracks occurred at the timgstsn core-boron shell Interfacs.
Failure of the composite material Jbviously oceurs in WD
SlUCcessive atages. First ynder the daction of thermal stresses
the brittle bhoride phases fail. They accept the frirst
thermodynamic overloads and are their "extinguishers” in a
certain time range. During the second Stage the fibre fails
It should be noted that during oscurrence or the rirst stage
oI Tailure in one Tibre the adjoining one may fall completely
43 the result of the Fresence in 1t of larger defects of =
different type.

CONCLUSICNG

herefore thermal cyeling by =ither of the methods used lesds
?n & reduction in the strength properties of ﬂ?mpﬂs?ta
materials, The maximum drop in atrength  cecurs during the
[irst 20-30 load cycles (more intense in the Severe mettuu}:
Subzecuently the drop in strength decreases and Efﬂn afterﬂiu
load cycles wusing both the mild and severe methods the loss
of atrength 1s slowed. The maln source of origin af prt@ary
cracks 1s the fibres themselves and Lheir core (britile

borlde phases). 1In connecticn with this it is Neces3ary ‘o
change the constiituents of the relnforeing fibres and the
mzthed of their preparation.
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