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1. Introduction

In high-strength aluminum alloys, in addition to the
maximum tensile strength, the resistance of the alloy to
fracture should also be considered. The Sharpie impact test
can be a reliable test to determine brittle fracture, to perform
the test on cold-rolled aluminum sheet AA6061 and AA7020
with a specific rolling direction to the dimensions of 10x10
mm. x55.

2- Test method

To perform hardness deposition, AA7020 samples were
placed in an oven at 475°C for 2 hours. Besides, AA6061
samples were placed in an oven at 530°C for 2 hours, and then
quenched in cold water. Artificial parts were placed at a
temperature of 150°C for 12 hours.

3- Results and discussion

In the majority of AA7020 alloy samples, brittle failure is
dominant and type I loading is more important. In AA6061
alloy, the failure of most samples is a mixture of soft and
brittle fracture, which indicates loading as a mixture of types
11/ 11/ 1. As shown in Tables 1-6, in most of the samples, with
the increase of groove angle, the amount of energy absorbed
in the direction of failure has decreased. According to Tables
6 and 5, in some of the samples that have secondary cracks,
the average depth of the cracks has decreased with the increase
of the groove angle. The order of increase of absorbed energy
towards failure is X-Y-Z-D. But the value of fracture
toughness in the state (S-T) has a minimum value. In this case,
failure occurs easily between the rolled layers. By changing
the direction of the samples in the form of X-Y-Z-D, the
fracture section in the X direction is smooth (flat) and changes
very little in the Y direction, and a kind of slowness is
observed at the end of the sample (in front of the groove). In
samples with Z direction, the fracture angle is diagonal, and in

some of these samples, a crack has appeared, and in samples
with D direction, the fracture section is diagonal, and in some,
the fracture angle is high, and there are secondary cracks in
most of the samples. In most of the samples, the value of
cutting-edge breakage is the lowest in the D direction,
followed by the Z direction and then in the X direction, and
the highest value of the cutting edges is seen in the Y direction.
The percentage value of lateral correlation is the highest value
in the majority of samples in the D direction. In samples with
Z direction, a crack appeared on one side of the sample during
failure, and the average crack depth is 2 mm, but in D grade
samples, cracks appeared on both sides of the sample, and the
average crack depth is 4 mm. Also, in this case, the amount of
crack depth has decreased with increasing temperature, and
with increasing groove angle, the amount of crack depth has
also decreased.

4- Conclusion

In all the tested angles and temperatures, the absorbed energy
of the D degree has the highest value. It can also be said that
the lowest amount of absorbed energy is in the samples of
degree X, and also that the amount of impact energy has
increased in the order of degrees D-Z-Y-X. Increasing the
angle of the groove causes the type of failure to change as type
I. Also, the effect of direction is not very important at low
temperatures because they do not show very big differences.
In most of the tested temperatures, with increasing groove
angle, the amount of absorbed energy decreases, and
increasing the groove angle causes a decrease in the fracture
toughness. Also, in most of the tested groove angles, with
increasing temperature, the amount of absorbed energy
decreases.
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Table 3- The results of the percentage of soft fracture and lateral expansion in the form of cutting edges of 7020 AA
alloy in different directions, temperature and groove angle.

groove angle | Test temperature | Lateral extension lesson Fracture energy (J
X(C) Y| (EBE)Z] DMB)| X(C) YMA)| (E)Z DMB) X(©] YMA)| (E)Z DB
-60 46.45 | 615 28 30 5 7 7 10 21 30 40 73
30 0 44.75 64 28 20 7 5 9 7 22 26 41 77
25 40.5 | 60.25 32 30 5 7 10 14 23 27 42 66
100 48.85 | 49.62 30 32 6 7 20 10 24 28 43 61
-60 48.8 | 63.02 32 26 6 7 8 11 29 35 39 73
45 0 49.6 | 68.15 36 24 6 9 8 12 30 38 41 76
25 52 64.25 32 26 7 6 7 13 33 41 42 68
100 505 | 56.5 | 4225 | 28 5 8 7 11 35 43 43 56
-60 48.85 | 64.47 28 26 5 6 9 9 28 30 39 74
60 0 47.2 47.5 34 26 5 8 8 10 29 33 40 75
25 43.12 | 61.57 24 28 4 7 8 14 31 40 42 70
100 45.6 44 4225 | 28 5 9 7 12 33 45 45 62
-60 34.45 65 38 28 5 9 9 13 26 29 38 62
9 0 45.55 52 36 26 7 7 8 11 29 34 39 65
25 42.4 | 50.7 32 36 5 8 7 12 30 37 44 55
100 51.2 59.5 | 4135 | 30 8 8 9 10 34 39 47 51

Table 4- The results of percentage of soft fracture and lateral expansion in the form of cutting edges of AA6061 alloy in
different directions, temperature and groove angle.

groove angle | Test temperature | Lateral extension lesson | Fracture energy (J)
X(C)| YA |Z(E) | X(C) Y(A) (E)Z X(@C)| YA Z (E)
-60 66.5 | 67.62 | 76.25 18 20 20 45 47 50
30 0 64 69.37 65 19 18 14 47 48 52
25 70 69.37 | 58.75 19 18 5 51 52 53
100 | 71.12 | 38.72 | 81.25 19 16 14 52 53 55
-60 | 69.37 | 70.75 75.6 16 17 13 39 40 41
45 0 65 61.75 91.25 17 18 8 43 44 45
25 715 59 68.65 20 18 10 47 49 49
100 | 60.62 | 53.25 | 81.25 16 16 10 50 50 51
-60 74.5 90.5 61.75 15 17 4 38 39 40
60 0 76.25 68.5 72.25 11 13 22 40 41 42
25 74.5 73.75 67.62 20 19 18 41 43 44
100 72.5 66.75 72 12 22 14 44 45 46
-60 | 58.37 | 61.75 56.5 13 19 10 36 37 40
90 0 73.75 | 76.25 32 18 20 20 38 39 43
25 91.25 | 78.12 51.87 23 11 14 39 40 44
100 47.5 38 73.75 19 16 16 40 45 47
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Table 5- Average fracture type, crack depth in millimeters and cracked directions of 7020 AA alloy in different
directions, temperature and groove angle(R = smooth, M = diagonal, X = no crack, \ = crack)

groove angle | Test temperature | Lateral extension lesson | Fracture energy (J)
X(C) | Y(A) (E) Z D(B) X(C) | YA | (E)Z | D(B)

-60 x X Both sides 1.5 | Both sides3 R R M M

30 0 x X Both sides3 Both sides6 R R M M
25 x X One sides Both sides5 R R M M

100 x X One sides One sides R R M M

-60 x X One sides 2 Both sides4 R R M M

45 0 x X One sides1.5 Both sides3 R R M M
25 x X X Both sides3.5 R R M M

100 x X One sides One sides R R M M

-60 x X One sides1.5 Both sides4.5 R R M M

60 0 x X One sides Both sides4.5 R R M M
25 X X Both sides2 Both sides3 R R M M

100 X X One sides Both sides1.5 R R M M

-60 X X X Both sides3.5 R R M M

90 0 X X One sides Both sides4.5 R R M M
25 X X One sides1.5 Both sides2.5 R R M M

100 X X One sides 1 One sides R R M M

Table 6- Average type of fracture, depth of crack in millimeters of cracked directions of 6061 AA alloy in different
directions, temperature and groove angle

Test Lateral extension
temperature lesson
X(C) Y(A) (E)Zz X
-60 X X
0
25
100
-60
0
25
100
-60
0
25
100
-60
0
25
100

groove angle Fracture energy (J)

Y(A) (

N—
N
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90

X|X|X|X|X[|X|X|X|X|X]|X]|X]|X]|X]|X
2|l X|]l 222|212
T |ZZ|mZ|Z|Z|0|0|0|0|W|W|W|T|B(S
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Effect of Rolling Direction and Groove Geometry on Impact Behaviour of AA6061 and AA 7020
Aluminum Alloys

Farzad soleymani

Abstract Impact behavior of cold rolled AA6061 and AA 7020 aluminum alloys were investigated by Charpy impact
test. Four longitudinal and long transverse and short transverse (in two groove positions) were studied. The groove
angles were 30, 45, 60 and 90 degrees and temperatures tests were dry ice, zero degrees, ambient and boiling water
temperatures. Two samples of each variable were taken to ensure the distribution range. Also for strengthening of
aluminum alloys T65 precipitation hardening heat treatment was used. The results showed that increasing temperature
increased the amount of impact energy and impact energy value decreased with increasing groove angle and failure
mode altered from shear to flat and a mixture of both. Samples had the minimum amount of impact energy in the rolling
longitudinal direction and the maximum amount of impact energy in the short transverse direction.

Keywords Impact energy, Groove direction, Shear failure, Aluminum alloy.
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