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Experimental and Numerical
Investigations of Al/Mg Compound
Specimens under Load in an Extended
Temperature Range

This work is part of a research project which has the aim to analyze the
strength and fracture mechanical properties of hydrostatic coextruded
aluminium/magnesium compounds. The paper presents the main results
of the investigations concerning compound quality as well as loading
tests with these compounds at temperatures up to 400 °C. The alloyed
materials are only partially bonded or damaged while the compounds of
the unalloyed materials show a completely bonded interface. The
strength of the interface is calculated by using failure force values of
bending tests and an FE-simulation of the stress conditions at the
position of the interface. The deformation behavior is determined by
using Digital Image Correlation. Both the alloyed and the unalloyed
materials show high strength values at the bonded parts of the material.
Futhermore, by means of the tests at high temperatures, a very good
deformation behavior without crack of the interface can be
demonstrated.

Keywords: aluminium/magnesium compound, interface, bending test,
bonding strength, elevated temperatures, Digital Image Correlation.

1. INTRODUCTION

Because of the claim to develop energy-saving
machines and constructions, light weight materials are
becoming more and more important in a wide range of
applications and branches of industry. The work,
which is described in the paper, is a part of the
research project that is concerned with the
development, the production and the characterization
of new aluminium based light weight materials and
their application in reliable components. One
application can be found in aluminium/magnesium
compounds. The aim of a subproject is to analyze the
strength and fracture mechanical properties of the
interface of this new lightweight material and to create
a model of the interface for numerical investigations
(other part of the subproject — not described in this
paper). Special conditions and parameters of the co-
extrusion process are a basis for the creation of an
undamaged interface. Hence, it is an important task to
optimize the production process of this material.
Furthermore, several tests should be created to
determine the properties of the interface in an extended
temperature  range. These investigations are
fundamental because of the subsequent processing of
the semi-finished product at elevated temperatures.
The results should be implemented into the numerical
simulations of the production process and of the
loading tests.
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2. PRODUCTION PROCESS AND SEMI-FINISHED
PRODUCT

2.1 Technology

Different technologies such as friction welding, casting,
rolling, explosive plating and co-extruding [1] are
applicable to produce metallic material compounds. The
hydrostatic co-extrusion [2] is particularly suitable to
manufacture axisymmetric material compounds. The
analyzed aluminium/magnesium compounds  were
produced with this technology by the firm CEP GmbH,
Freiberg, Germany. The principle of the technology is
shown in Figure 1. The press capacity is transmitted by a
pressure medium, which surrounds the bolt except the part
in the die. Thus, the punch is not contacted with the bolt
materials. Additionally, there is good lubrication between
the die and the bolt. For this reason the friction is
minimized, which can be referred to as the main advantage
compared with conventional technologies like direct and
indirect extrusion. Hence, by means of this technology it is
possible to realize higher degrees of deformation and to
improve the quality of the extruded material.

Die /

Bolt with sleeve

“““ and core
Bimetal Pressure
rod e .— medium
Container — NNV 77/ AN XK Punch

Figure 1. Principle of the hydrostatic co-extrusion process
2.2 Analyzed material

The parameters of extrusion experiments which
produced the analyzed material (representative
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examples) are given in Table 1. The result of the co-
extrusion processes are axisymmetric semi-finished
products, where pure Mg and AZ31 are used as core
material. One aim was to prove the quality of the
interface and to take measures to improve the
production process. In addition, different tests were
realized to determine mechanical properties of the
compound and of the interface respectively.

Table 1. Examples of co-extrusion tests

NO- Material Dslccvc/Dcorc [mm] Tbo]t/Tdic [OC] O
| [AIMSIVAZT | o000 20015 | 450350 |2.77
A199.5/Mg
o [AMESIVAZIL| o050 o105 300300 1, 45
A199.5/Mg 350/350

In extrusion experiment 1, a wide interface (50 to
100 pm) with ramified cracks and eutectic structures
was observed by a metallographic analysis of the
compound of the alloyed materials, Fig. 2 [3]. By means
of a micro hardness test, high values of hardness (until
300 HV 0.05) in the region of the interface were proved.
These analyses were realized by the Chair of Composite
Materials, Chemnitz University of Technology. At the
interface of the unalloyed basic materials, only a few
hard and damaged sections were found. Furthermore, it
was demonstrated that the interface is melting at
temperatures of 435 °C. This is one of the melting
temperatures of the eutectic mixtures at the Mg-Al
phase diagram (32 % Mg). This allows the conclusion
that the interface was produced by a melting process
during the co-extrusion because of high temperatures
and subsequent cooling.

Y. T S -

SN o [ Sleeve (AIMgSIY)

Cracks

Interface

Core (AZ31)

0 50pm
[

Figure 2. Interface microstructure of AIMgSi1/AZ31 —
extrusion test 1 [Chair of Composite Materials]

The bolt and die temperature for extrusion test 2
were estimated by means of a numeric simulation [4] of
the co-extrusion process to ensure that temperatures of
435 °C and above do not occur. These numeric
simulations were realized by the Chair of Virtual
Technologies, Chemnitz University of Technology,
within the framework of the other part of the described
subproject. For extrusion experiment 2, the temperature
of bolt and die was reduced to 300 °C (alloyed material)
and 350 °C (unalloyed material). A metallographic
analysis shows that eutectic mixtures do not occur any
longer. Thus, it seems that the temperature of 435 °C
was not reached. The microstructure of the transition
area shows now a narrow interface without melted
structures. In the case of the co-extruded alloyed
materials (AIMgSil/AZ31), a partially bonded
compound occurs [3]. The two metals are bonded only
on one side of the circumference of the interface. The
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unbounded parts in the middle of the co-extrusion rod
take approximately 30 to 40 % of the circumference.
Additionally to the metallographic investigations, the
cracks (unbounded parts) were detected by dye
penetrant tests and ultrasonic analyses. It can be shown
that the results of the different crack detection methods
correlate well. A typical result of the dye penetrant tests
with the compound of the alloyed materials is given in
Figure 3. The penetrant which is filling the cracks and
gaps is drawing on the surface (Fig. 3, grey areas) by a
special developer afterwards. An example for the results
of the ultrasonic tests (analysis of a 100 mm part of the
bimetal rod) is shown in Figure 4. Low amplitudes of
ultrasonic signal indicate a bonded area, high values
show an unbounded area. The compound of the
unalloyed materials is completely bonded.

Unbonded part

AZ31 AlMgSi1

Figure 3. Crack detection by dye penetrant test, alloyed
material of extrusion test 2
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Figure 4. Example for the ultrasonic crack analyses,
alloyed material of extrusion test 2

3. PUSH OUT TESTS AT ROOM TEMPERATURE

The experiments were performed in a 100 kN ZWICK
testing machine by using special loading devices. Push
out tests were realized for testing the
aluminium/magnesium compounds under shear stress
[3]. The specimen geometry is a simple disk with a
thickness of 5 mm, which is separated by eroding in
cross direction of the co-extrusion rod. The principle of
loading is given in Figure 5. The punch is pushing the
core and the basic block is supporting the sleeve
material. Therefore, the interface is shear stressed. All
tests caused failure at the interface of the specimens. To
reach quasi-static conditions, the loading rate was
chosen very low (Vyunch = 0.2 mm/min).

The alloyed and unalloyed materials of extrusion test
1 show different kinds of failure. Figure 6 demonstrates
the force versus punch displacement for representative
examples of push out tests respectively. The failure of
the AIMgSil/AZ31 compound is abrupt, almost without
plastic deformation of the basic materials and is
associated with high forces (about 20 kN), Figs. 6 and 7
(left). The behaviour of the compound of the unalloyed
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materials (A199.5/Mg) is characterized by failure with
high plastic deformations and high forces (about 14.5
kN), Figs. 6 and 7 (right).

Punch

Specimen
Basic block

Figure 5. CAD-model of the push out test device,
longitudinal section
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Figure 6. Punch displacement diagram, material of
extrusion test 1

AIMgSi1/AZ31

Al99.5/Mg

Figure 7. Specimen geometry after loading, material of
extrusion test 1

Push out tests with material of extrusion experiment
2 caused relatively high failure forces. As already
mentioned, the alloyed material is only partially bonded.
Hence, the failure forces are lower than the force values
of the unalloyed materials. In this case brittle failure
occurs. The compound of the unalloyed materials shows
large plastic deformation before reaching failure.

In Table 2, besides failure forces, average values of
failure shear stresses are shown. These stresses are
calculated by the quotient of failure force and area of
shearing at the interface.

Due to variation of the compound properties in
longitudinal direction of the co-extrusion rods, the
forces and shear stresses apply to sections with a
maximum of bonding strength. The shear stress values
of the compound of the alloyed materials can not be
calculated because of ramified cracks at the interface
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(extrusion test 1) and the partially bonding (extrusion
test 2). Nevertheless a high loading capacity at the
bonded parts is indicated for the alloyed materials of
extrusion test 2. This will be demonstrated in section 4
of this paper.

Table 2. Failure forces and average shear stresses,
determined by push out tests

Extr. test Material Failure force | Average sheazr
No. [kN] stress [N/mm~]
! AlMgSil/AZ31 20 -
Al99.5/Mg 14.5 ~ 60
) AlMgSil/AZ31 12 -
Al199.5/Mg 12.7 ~ 65

4. BENDING TESTS IN AN EXTENDED
TEMPERATURE RANGE

4.1 Experimental setup

Besides push out tests at room temperature, which were
used to investigate the behaviour of the compound
under shear stress and to determine average failure shear
stresses of the interface, bending tests in an extended
temperature range were realized. By means of these
tests, normal stress values for the interface strength are
determined. Furthermore, it is possible to analyze the
deformation behaviour of the interface.

The manufacturing of the small specimens was made
by wire eroding with following grinding. The specimens
were separated from the bonded parts of the compounds
in the middle (concerning the length) of the bimetal rod.
In Figure 8 the position of the bending specimen for the
separating process is given. For the bending tests,
material of extrusion test 2 was used.

15
Bending Al-material
specimen ™
il
Ny 1 Unbonded part
"[ s J (at the alloyed material)
¢

[
%
® Mg-material

Figure 8. Position of the bending specimen in the cross-
section of the co-extrusion rod

The experiments were also realized in a ZWICK
testing machine. A specially developed device enables
the investigations from room temperature to 400 °C,
Fig. 9. This device consists of a gas heater with a
temperature chamber at the front side and special
components for loading. Air is used as the gas for heat
transfer. A ventilator at the cold side of the device is
suctioning the air. Heating of the transfer medium is
realized by a resistance heating system. The hot air
flows into the chamber and circulates around the
loading device and the specimen. The air leaks out of
the chamber through a special slot at the bottom. The
force transmission is realized by ceramic punches and
special components made of heat resisting steel.
Ceramic is necessary for the thermal isolation.
Therefore, the device can be used universally as a basis
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for different tests. The special bending device is shown
in Figure 10. Through a viewing glass in the front of the
temperature chamber the test procedure is documented
by CCD-camera images.

Testing machine
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Figure 9. Experimental setup

ey

Figure 10. Bending device inside the temperature chamber

The bending load is realized by a clamp which is
fixing the sleeve material (Al, Al-alloy) and a punch
which is pushing the core material (Mg, Mg-alloy), Fig.
11. Because of the present load case, the shear force at
the interface is unequal to zero. However, the maximum
of the shear stress is located in the middle of the height
of the specimen and the value is low, compared with the
bending stress. Hence, failure occurs due to the
maximum of the bending tensile stress at the interface
Opmax 17 The theoretical linear strain distribution, which
applies for the elastic range, is illustrated in Figure 11.
The black and white coating on the surface of the
specimen is necessary to improve the deformation
analysis by Digital Image Correlation, which is
described in detail in section 4.3. The bending
experiments were realized at different temperatures and
loading rates (punch velocity), Tab. 3. Each parameter
combination was tested by 2 to 4 experiments.

Table 3. Program for the bending tests

Tem[lﬁ,ecr?mre RT | 100 | 200 | 300 | 400
Punch velocity
o 0.2, 20 and 200
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Interface (IF)

Figure 11. Bending specimen (size: w x h x | =4.7 x 4.3 x 15)

4.2 Results of the interface bending strength

The failure of the bending specimens depends on the
temperature, the loading rate and the co-extruded
materials. One failure phenomenon is an abrupt fracture
at the interface, nearly without plastic deformation
before reaching failure. Another one is failure by large
plastic deformation without fracture at the interface.
Failure with large deformation and following fracture
occurs rarely.

The calculation of maximum interface stresses at the
point in time of failure was done in different ways. In
case of abrupt failure (nearly without plastic
deformation) the stresses are calculated by the
elementary bending theory, combined with a correction
factor which is determined by an elastic finite element
analysis. The relation is given by (1). M, is the bending
moment, calculated by the product of the maximum
force and a lever of 9.5 mm between the load
application and the interface at the side surface of the
specimen. The values w and h are the width and the
height of the specimen.

6- M,

W (M

ObmaxIFel = K -

The correction factor K equals 1.16 and is caused by
the difference of the boundary conditions from an ideal
fixation and the curved shape of the interface inside the
specimen. The basis of the calculation of K is the
hypothesis of the beginning of interface fracture in the
middle of the specimen.

The finite element analysis is realized with a
monolithic specimen, consisting of aluminium material.
Thus an average stress is calculated without
consideration of the exact, complicated stress
distribution at the interface of a bimaterial specimen.
The model and results of the 3-dimensional FE-analysis
of the bending test are shown in Figure 12.

Because of the symmetry to the xz-plane a half of
the specimen is modelled. The stress in Figure 12 is
calculated for an example of loading with a force of 150
N. It could be proved in an experimental way that the
sleeve material (Al) is slightly tilting and deforming
inside the clamp. Thus, the material at the bottom is
pushed on the edge of the clamp. On the upper side only
the rear part is in contact with the clamping plate.
Hence, the displacement boundary conditions (u, = u, =
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0) at the bottom of the specimen inside the fixing
section are concentrated on a narrow area. On the top, a
selection of nodes (1.5 mm wide area at the rear part of
the specimen) are fixed only in z direction (u, = 0). This
behaviour of the specimen can be interpreted as
advantageous, because the interface on the tension side
of the specimen is almost not influenced by the clamp.
Figure 13 demonstrates that the neutral fiber is located
approximately in the middle of the height of the bending
beam. Therefore, it is proved that (1) can be used to
determine the stresses at the interface. Although there
are differences between the positive values of the
normal stresses on the tension and the compression side.
These differences are caused by the boundary
conditions in the near of the interface on the
compression side. The stresses are plotted for the
already mentioned example (Force 150 N).

Theoretical interface

Middle path
Edge path

e
e
i~

o, [N/mm2]
IS 1
-115 -35 a5 125

-75 5 85

Figure 12. FE Model and strain distribution o, (x,y,2)
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Figure 13. Strain distribution o, (z) at the interface

In Figure 14, a comparison between the normal
stresses on the tension side of the solution of the FE-
model (real geometry and the more exact boundary
conditions) and the solution of the elementary bending
theory ((1) with K = 1) is given. The sections of load
application and fixation are not shown because of the
singularities at the concerning nodes. The quotient of o,
and o,, 17 is plotted versus the x coordinate. The stress
o 1r presents the stress (at the edge path) at the point of
the interface (IF), which is calculated by the equation of
the elementary bending theory. In the section between x
=3 mm and x = 8 mm, the shape of the FE stress curves
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in the middle and on the edge are nearly identical to the
solution of the elementary bending theory. Due to the
variance of the boundary conditions from the model of
an ideal fixation, the FE stresses near the interface are
higher than those which are determined by the
elementary bending theory. The factor K = 1.16 can be
read off the diagram in Figure 14.

K 12 : \4 “ —elementary bending theory [
1 ,-\‘ I =~ ] — -edge path
// 3 1;\‘*-_\ ——middle path
. 08 : :
§
H 06
04
02
0 t t t t t
13 12 1M 10 9 g 7 6 5 4 3
TS T x [mm]

i s -,

Fixing section Interface - Interface -
middle edge

Figure 14. Strain distribution o4 (x) on the tension side of
the specimen

In the case of large plastic deformation and of failure
with preceded plastic deformation, the interface bending
stress is approximately determined by a calculation with
fully plastic cross-section [5] and the correction factor
K, (2).

4-M,
wh?

2

ObmaxIFpl = K-

If failure with fracture at the interface occurs, the
calculated stresses according to the described methods
can be referred to as the interface strengths. The
maxima of interface strengths of the alloyed materials
reach high values from 115 to 140 N/mm, Fig. 15. The
stresses are average values of 2 to 4 single tests
respectively. Due to a variation of bonding properties in
longitudinal direction of the co-extrusion rod, the
calculated bending strengths are subject to deviation. A
significant decreasing of the bending strength is proved
only at temperatures of 300 °C. By Figure 15 the
viscoplastic properties (especially of the AZ31 alloy)
[6] are considerably demonstrated. At loading rates of
0.2 mm/min and temperatures above 300 °C, fracture
does not occur. In these cases the bending strength of
the interface is higher than the yield stresses of the basic
materials. The differences between the determined
strength values at the elevated loading rates and high
temperatures are supposed to be caused by the
viscoplastic properties of the basic materials. A
dependency of the bending strength on the loading rate
at lower temperatures (room temperature to 200 °C) can
not be demonstrated.

In Figure 16 it is shown that the determined values
for the interface bending strength of the Al99.5/Mg
compound at temperatures until 100 °C are high (90 to
100 N/mm?®). The stresses are average values of the
single tests. The yield stresses of the basic materials are
lower than those of the AIMgSil/AZ31 compound.
Thus, at higher temperatures, interface fracture could
not be induced. From this it follows that at elevated
temperatures, the interface strength is higher than the

VOL. 37, No 1, 2009 = 5



yield stresses respectively. The viscoplastic properties
of the basic materials can be also proved.
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Figure 15. Maximum of interface bending stress vs.
temperature, alloyed materials of extrusion test 2
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Figure 16. Maximum of interface bending stress vs.
temperature, unalloyed materials of extrusion test 2

Typical results of specimen geometry after loading
are given in Figures 17 and 18. Failure by brittle fracture
is represented in the example of Figure 17. The specimen
shows almost no plastic deformation. The surfaces of the
interface show grooves in the direction of extrusion.

AlMgSit (sleeve)

Interface surfaces

Figure 17. Bending specimen after loading at room
temperature, Vounch = 20 mm/min, alloyed materials

In Figure 18 an example of failure by large plastic
deformation is given. The interface stays undamaged
(without fracture) and is deformed. On the top of the
specimen contraction can be noticed and at the bottom
the specimen shows extension of the width.

Besides high interface bending strength values of the
compounds, good deformation behaviour at elevated
temperatures can be demonstrated. Another important
realisation is that in spite of a partially bonded

6 = VOL. 37, No 1, 2009

compound, the bonded parts of the alloyed materials
have advantageous interface properties.

g (core)

Figure 18. Bending specimen after loading at 400 °C, Vyunch
=20 mm/min, unalloyed materials

4.3 Results of the deformation analysis by Digital
Image Correlation (DIC)

The Digital Image Correlation is an optical non-contact
method of digital image processing. The principle is the
comparison of the grey scale values and their
distribution of an image 1 (reference) and of an image 2
[7]. These two images can be assigned to different
conditions, for instance unloaded and loaded. Thus the
points at the surface of the specimen (represent material
particles) can be recovered in the second image by a
special ~mathematical correlation algorithm. By
knowledge of the position of the material particles in
condition 1 and 2, the field of the in-plane displacement
can be determined. If we have the displacement fields in
the form of functions, it is possible to determine the
deformation field by differentiation (which will be
described later). In Figure 11, section 4.1, the special
coating of the specimen is shown. In the present case
the subtle, chaotic distribution of black and white areas
is necessary to improve the accuracy of the deformation
analysis method. Heat resistant lacquer in black and
white was used for the coating. The main advantage of
the DIC is the applicability at high temperatures. This
property is fundamental for performing the bending
tests which are described in this paper. In the presented
experiments, the method is used for the analysis of large
deformations for which it is very well suited.

The deformation analysis was realized by using the
commercial, 2-dimensional DIC system VEDDAC 4.0,
which is developed and provided by the CWM GmbH,
Chemnitz, Germany. For large deformations or big
loading steps between the two compared conditions, a
whole sequence of images should be used. This is
realized in the described analysis. The so-called refresh
algorithm refreshes the reference image during the
displacement calculation. The interval of refreshing can
be defined by the user of the software. The displacement
values which are determined until reaching the actual
reference image are saved and added up when reaching
the next reference to get the total displacement. During
the analysis a virtual, rectangular grid of dots is set on
the surface of the specimen. The displacement is
calculated for this defined dot matrix.
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For the calculation the LAGRANGE approach is
used (referring to the coordinates in the undeformed
condition). Because of measuring faults, it is necessary
to smooth out the measured values for the displacement
fields u, (X,Y) and u, (X,Y). Coordinate X represents the
longitudinal and Y the cross direction. For a full-field
calculation this process is realized by a regression
analysis, using polynomial expressions with a degree of
n = 8. The number A, of the constants a, ... as, of the
polynomial expressions can be calculated by (3).

An:1+i(m+l). 3)

m=1

For n = 8, A, equals 45. For a sufficient accurate
regression analysis the number of dots has to be chosen
large enough. The general equation for the polynomial
expression of 8" degree is given by (4).

w(X,Y)=ap+a; X +a,Y

+a3X2 +a, XY +asY?

+ 337Y8 +a38X7Y+ 339X6Y2
+ag XY +ay XYt +a, XY
+a 3 X2Y0 +a XY +a,5rt. (4)

The polynomials for u, and u, are used for the
calculation of the deformation field. In (5) the
deformation tensor of GREEN is given [8].

1
ij :E(uj’k +uk’j +l/ll'jul'k). (5)

The x component G,, in (6) is used to determine the
aspect ratio Agper [8] in the direction of the fiber of the
specimen, (7) (fiber: line which is orientated in
longitudinal direction of the specimen).

G

xx = U

1
X,X +5(”x,x2 +”y,x2) > (6)

kﬁber = \ll + 2Gxx . (7)

The logarithmic strain Qg in the direction of the
fiber can be calculated by the following equation:

Pfiber = In }“ﬁber . 3

The results of the deformation analysis are given by
one example of a bending test. The specimen
(compound of the unalloyed materials) was loaded at
the temperature of 400 °C with a velocity of 20
mm/min. The calculation of the deformation is realized
at a force of 29 N and a punch displacement of 1.08
mm. The measured values and the polynomial for the
displacement field u, are shown in Figure 19.

In Figure 20 the displacement field in x-direction is
shown. The values of the LAGRANGE approach are
plotted versus the EULER coordinates x and y (referring
to the deformed condition). The black crosses represent
the dots at the side surface of the specimen.

The calculated distribution of the logarithmic strain,
plotted versus the EULER coordinates is presented in
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DIC-values, scatter plot

Polynomial u,(X,Y), n =8, area
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Figure 19. Measured values and smoothed polynomial
function for the displacement field in x-direction uy (X,Y)
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Figure 20. Polynomial function and distribution for the
displacement field in x-direction uy (x,y) in the xy-plane
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Figure 21. Strain distribution @si,er (X,y) in the xy-plane

Figure 21. The maximum of deformation is near the
interface at the magnesium side. The strain distribution
shows nearly symmetric properties. The location of the
neutral fiber is approximately in the middle of the
height of the specimen. Therefore, (2) can be used for
the calculation of bending stresses at large
deformations. The Digital Image Correlation is a very
applicable method to determine the deformation
behaviour of the bending specimen at high
temperatures. Hence this method is applicable for
verification of numeric simulations of deformation
processes.

5. CONCLUSION

The investigations include experimental and numerical
analyses of hydrostatic co-extruded aluminium/
magnesium compounds (co-extruded with different
process parameters). By an analysis of the constitution of
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the interface it has been shown that the bonding quality
of the compounds is different. The compound of the
alloyed materials shows a damaged interface or it is
partially bonded. The wunalloyed materials show a
completely bonded compound. Methods like
metallographic analysis, dye penetrant test and ultrasonic
analysis were used to detect damaged and unbounded
areas in the co-extrusion rods. In consequence of the
crack detection investigations and a numerical
simulation of the production process, the manufacturing
of the semi-finished product was improved by reducing
the temperature of the bolt and the die.

In the paper are described different experimental
tests to determine mechanical properties concerning the
strength of the interface between the two metals. By
means of push out tests at room temperature the
behaviour of the interface under shear stress is
characterized. The determined average failure shear
stresses of the unalloyed materials (60 to 65 N/mm?)
and failure forces of both material configurations are
high. Bending tests at an extended temperature range
were performed to calculate the bending strength and to
characterize the deformation behaviour of the interface.
An elastic finite element analysis of the bending tests
was realized to determine the stress values. Thus, a
correction factor for stress determination was
calculated, which is used to be combined with the
equation of the elementary bending theory. The results
are high values of interface bending strengths at
temperatures until 200 °C for the AlMgSil/AZ31
compound (115 to 140 N/mm?). The interface bending
strength of the A199.5/Mg compound until 100 °C can
be quantified (90 to 100 N/mm?) however at
temperatures from 200 °C to 400 °C, the strength values
are higher than the yield stresses of the basic materials.
In spite of a partially bonded compound, the bonded
parts of the AlMgSil/AZ31 compound show high
values of bending strength. Besides the strength
properties, it is demonstrated that the deformation
behaviour at elevated temperatures of all tested
compounds is very advantageous. Furthermore, a
deformation analysis by the method of Digital Image
Correlation is realized. By means of an example, the
displacement field and the strain distribution on the
surface of the specimen is presented.

Because of the damaged sections in the compounds
of the alloyed materials, the production process has to
be improved further on. In addition, experiments will be
realized to determine fracture mechanical properties of
the aluminium/magnesium compounds.
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EKCIIEPUMEHTAJIHA U HYMEPUYKA
HNCIIMTUBAIBA OIITEPEREILA HA
IHOBERAHOM TEMIEPATYPCKOM OIICEI'Y
KO/ Y3OPAKA JEJJUIbEHA AIYMUHUNJYMA
N MATHE3UJYMA

Tomac Jlexman, Maprtun IllTokman, Joxen Hayman

Pan mpencraBiba 1e0 OpoOjeKTa KOjU HMa 33 Wb
UCIIUTUBAKE YBpCTOhe M MEXaHUUYKMX KapaKTEPUCTUKA
JOMa XHUIPOCTATHYKHX KOCKCTPYAUPAHUX jeOHICHA
aTyMUHHMjyMa U MarHesujyma. [IpukazaHu cy OCHOBHH
pe3yJiTaTH HUCIUTHBAKA KBAJIHUTETa jeHmbelha U mpobe
onrepehema Ha Temneparypama mo 400 °C. Jlermpanu
MaTepHjaJii ce camMo JIeTMMUYHO Be3yjy Wi omrehyjy,
JIOK KOJI jeIMbeba HEelleTHPAaHUX MaTepujaia TpaHuuHa
MOBpIIMHA j€ CIOojeHa Yy TOTHyHocTH. UBpcroha
rpaHUYHE MOBPIIKMHE CE U3payyHaBa MOMONY BpPEIHOCTH
3a cuily TpeloMa Kox Tmpoba caBujameM u FE
CHMYJIAIIMjOM Y YCIIOBUMA HallOHa Ha MECTY IpPAaHHYHE
mopimHe. Jledopmanumono moHamame ce onpelyje
kopenauujom gurutanHe cimke  (Digital Image
Correlation). Kako jerupaHu, TakO W HEJICTHpPaHH
MaTepHjaiu MoKa3yjy BHCOKE BPEIHOCTH 4BpcTOhie Ha
CIIOjEeHUM JeJIOBUMa MatepHjaia. Jlasbe, ncnuruBamuma
Ha BHCOKHMM TeMIIepaTypaMa MOXe ce JI0Ka3aTH BeoMa
nobpo nmedopManroHO TOHamame Oe3 MyKOTHHAa Ha
IPaHUYHO] MOBPILIHMHU.

FME Transactions



