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Abstract 

In this paper is investigated the torsion and rotating bending fatigue endurance of AISI 6063-T5 aluminum alloy. Special 
attention was devoted to fatigue endurance reduction under torsion fatigue testing on this material. A torsion fatigue machine 
has been developed in our laboratory, which is under patent consideration. Torsion fatigue tests were carried out at frequency 
of 10 Hz and load ratio R = 0; whereas rotating bending fatigue tests were at 50 Hz and R = - 1. Results reveal a noticeable 
fatigue endurance reduction under torsion, compared to rotating bending loading. Fatigue life and crack propagation were 
analyzed for both fatigue testing modalities. 
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1. Introduction 
The high potential of aluminum alloys like structural material 
requires the knowledge of mechanical properties; these alloys 
have been used in an increasing number of new structures 
and industrial applications, such as: antenna towers, aircraft 
structures, bridges, car industry, large-span geodesic domes, 
structures used with extremely low temperatures, etc. [1-3]. 
Furthermore it has been pointed out by several authors the 
potential use of aluminum alloys, which is not in accordance 
with benefits obtained nowadays by its application. In 
addition, the combination of a relatively high ratio of strength 
to self-weight, higher durability and availability, high 
corrosion resistance [4, 5], and relatively low cost, makes 
aluminum alloys an excellent choice for a wide variety of 
industrial applications. 

In order to assess the fatigue behavior of the 6063 – T5 
aluminum alloy under torsion conditions, an experimental 
torsion fatigue machine was developed in our laboratory 
during 2014; this machine allows to performing static loading 

with only changing the start angle of testing. A principal 
contribution of this study concerns the torsion fatigue results 
compared to results under rotating bending fatigue, with 
similar stress amplitudes. 

Physical and mechanical properties of aluminum alloys are of 
principal interest for industrial application: the use of cast 
aluminum alloys in automotive structural applications is 
growing rapidly because the need in reducing weight [6]; it is 
similar for the aircraft industry [7]. In recent works has been 
reported that the required torsion fatigue loading to induce 
mechanical failure in testing materials is lower compared to 
axial fatigue loading [8, 9]. This result can be attributed to 
higher strain gradient or driving force in torsion specimens, 
compared to axial testing specimens. For the present study, a 
new torsion fatigue test machine [10], has been built up in 
our laboratory in order to obtain the results herein presented.  

2. Materials and Methods 
The general description of the developed torsion fatigue 
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machine, Figure 1, is as follows: 

 

 
Figure 1. Fatigue testing machine for torsion and torsion-bending testing (in 

process of patent, 2015). 

� A servo-motor is used to communicate rotating motion to 
vertical or principal axis, through a chain and gear. 

� The servo motor is controlled by a program developed 
with the “Robotis” platform, allowing communicating 

rotating motion with ± 0.09 degree of precision. 

� Vertical axis connects with testing specimen through a free 
torsion chuck; the specimen bottom end is clamped by a 
second fixed chuck. 

� A linear actuator allows communicating linear movement 
to the platform supporting the fixed chuck, in order to 
obtain torsion-bending fatigue testing. 

� Automatic testing stop is achieved through electric current 
continuity: the servo-motor is controlled by electric 
current through the testing specimen: under torsion failure, 
current is interrupted along the specimen leading to 
stopping the servo-motor. 

� The number of testing cycles is recorded by a time counter, 
which is connected to electric current continuity of testing 
specimen. Under torsion failure, current is interrupted and 
the time counter is stopped. 

The chemical composition, in weight, and the principal 
mechanical properties of testing material are shown in Tables 
1 a) and b), respectively. Test specimens for torsion fatigue 
and rotating bending fatigue with dimensions in millimeters 
are presented in Figure 2 a) and b), respectively. It should be 
noticed that rotating bending specimen' dimensions were 
different regarding the ISO 1143-2010 standardization, in 
order to induce high stress at the specimen neck section of 60, 
70 80 and 90% the yield stress of this material. The rotating 
bending fatigue tests were obtained in a previous study [11], 
at frequency of 50 Hz and stress ratio R = -1. On the other 
hand, torsion fatigue tests were obtained recently at the 
frequency of 10 Hz, at room temperature, without control of 
environmental humidity and stress ratio  R = 0. Concerning 
surface roughness, all specimens were machined similarly in 
order to maintain the roughness surface without large 
variation; the roughness parameter Ra (arithmetic average of 

absolute values) was close to 10 µm for all testing specimens. 

 
Figure 2. a) Specimens dimensions (mm) for rotating bending specimen, and b) for torsion specimen. 
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Table 1 a). Chemical composition in weight (%) for the 6063 – T5 aluminum alloy. 

Si Fe Cu Mn Mg Cr Zn Ti Al 

0.3 – 0.6 0.35 0.1 0.1 0.4 – 0.85 0.1 0.1 0.1 >96.9 

Table 1 b). Principal mechanical properties of the 6063 – T5 aluminum alloy. 

Elastic Limit UTS % E Young Hardness Shear Modulus Shear Strength 

MPa MPa Elongation GPa Brinell GPa MPa 
145 187 0.33 68.9 60 25.8 117 

 

This torsion fatigue machine is one of the world' fatigue 
machine capable of performing different tests: torsion, pure 
bending and combined bending-torsion. Figure 1 shows the 
servo-motor and the linear actuator that communicates the 
movement of torsion and flexion, respectively. Both of them 
have a power supply of 12 V DC and they are controlled by 
the CM-900 card; that is, an embedded board based on 
STMicroelectronics and its hardware and software of open 
source (Robotics is the software controlling the electronic 
card, it is supported in Windows, Mac OSX, and Linux for 
convenient and easy development of robotics), Figure 3. 

Concerning general aspects of Robotics programming, in 
Figure 3 b), the line: Dxl. Write Word (ID, Address, Value) 

indicates: ID-the actuator number, Address-the position 
identifications and Value-the final position. In this example, 
the position changes from 0 to 130.6 in intervals of 50 ms 
(the three programming rows in Figure 3 b). In addition, this 
fatigue machine has a led display showing the number of 
cycles of fatigue life in real time. Both, the cycles counter 
and the torsion machine are stopped simultaneously when the 
specimen is broken.  

 
Figure 3. a) CM-900 card, b) Robotis CM9 v1.0.0d programming software. 

 
Figure 4. a) Shape, dimensions (mm), and constrains for torsion specimen, b) solid bars and manufactured specimens. 

The narrow section of torsion specimen was close to 4.1 mm; 
no international standardization is available concerning 
torsion fatigue specimens; the norm ASTM A938-97 
concerns the testing of a uniform section wire under torsion. 
The specimen profile was determined to induce a working 

stress at the specimen narrow section of 90, 80, 70, and 60% 
the shear stress of this material (117 MPa). Figure 4 a) shows 
the dimensions (mm) and constrains of the symmetric 
hourglass shape specimen used in torsion fatigue testing, and 
Figure 4 b) presents the manufactured hourglass shape 
specimen for torsion testing, from a solid bar. 
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3. Results 
Figure 5 shows the experimental results for both modalities 
of testing fatigue; it is observed that torsion life is lower in 
regard to rotating bending fatigue life, for the four applied 
loads. The logarithmic tendency lines (red and blue) are not 
parallels; they converge for the low applying loading and 
diverge for high loading. In reducing the load, difference 
between the two modalities decreases; this result has been 
observed by some authors [12-14]. Furthermore, from 
theoretical point of view, a very low applied load should 
imply an infinite fatigue life for both modalities of testing. 
On the other hand in increasing loading, the difference 
between the shear stress in torsion and yield stress in rotating 
bending is at the origin of fatigue endurance variation. 

 

Figure 5. Fatigue endurance of the 6063-T5 aluminum alloy, in rotating 
bending and torsion fatigue testing. 

4. Discussion 
Figure 5 shows that the rotating bending fatigue results (R= -
1), in this aluminum alloy are close to 3 x 105 cycles at 90% 
the elastic limit of this material; whereas at 90% of shear 
limit, fatigue life is close to 3000 cycles in torsion (R= 0). On 

the other hand for low applying loading, fatigue life is close 
to 7 millions of cycles for 60% the elastic limit of this 
material under rotating bending fatigue and 3.5 x 105 cycles 
under torsion fatigue, with 60% of shear stress limit. 

Concerning the fracture surfaces, it is observed a principal 
and secondary crack path for rotating bending testing, Figure 
6 a), perpendicular to the axial applying load. Under rotating 
bending fatigue of aluminum alloys, it is frequently observed 
a principal crack path and one or more simultaneous 
secondary crack paths which develop in competition with the 
first one [15, 16]. 

 

Figure 6. a) Crack paths for rotating bending, and b) torsion fatigue testing. 

Crack paths for torsion fatigue testing are shown in Figure 6 
b). A ductile crack behavior is present in this material which 
is perpendicular to principal axis. In addition, it is observed 
an angular brittle crack behavior that develops 
simultaneously under an angle close to 45º in regard the 
specimen' principal axis. 

The last result reveals the crack initiation and propagation 
behavior on an intermediate ductile-brittle material, such as 
this aluminum alloy, under torsion fatigue testing [17, 18]. 
Crack propagation perpendicular to principal axis is related 
to ductile behavior under torsion fatigue loading [19]; 
whereas crack propagation with an angle close to 45º is 
associated with brittle behavior, under torsion fatigue loading 
[20]. 

 
Figure 7. a) Inter-granular crack propagation at the specimen center under torsion loading, b) high plasticity deformation at the specimen neck section surface. 
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Fracture surfaces obtained by scanning electron microscope 
for the torsion fatigue testing are shown on Figure 7. Inter-
granular fracture is observed at the center of testing specimen, 
Figure 7 a), and an important plastic deformation 
characterizes the zone close the specimen surface, Figure 7 b). 
These results are in accordance with the stress gradient under 
torsion loading: high stresses at the specimen surface and 
linear decrease in radial direction to the specimen center. 

5. Conclusion 
Rotating bending fatigue tests have been compared to torsion 
fatigue for aluminum alloy 6063-T5. For the high loading 
regime (90% of elastic and shear limit of this material), 
fatigue endurance under rotating bending (R= - 1) is one 
hundred times higher compared to torsion fatigue endurance 
(R= 0). Concerning the low loading regime (60% of elastic 
and shear limit of this material), fatigue endurance under 
rotating bending is only 20 times the corresponding to torsion 
testing. A torsion fatigue machine has been designed and 
developed to carry out the torsion fatigue testing.  

Primary and secondary crack propagation paths are observed 
under rotating bending; whereas a combined ductile-brittle 
behavior on crack propagation is noticed on the torsion 
fatigue specimens. The torsion fracture surfaces show inter-
granular crack propagation at the center of specimen, where 
the stress level is low compared to specimen' surface. 
Important plastic deformation is observed at the specimen 
surface (neck section), where the shear stress is higher. 

Further investigations will be carried out in the next future, 
particularly the ductile-brittle crack propagation transition, 
the fatigue endurance variation between rotating bending and 
torsion on this aluminum alloy under the same loading rate, 
and investigations concerning the elastic limit and the shear 
strength effects on crack initiation and propagation on this 
aluminum alloy. 
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