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Fretting Fatigue Behavior of High Strength Aluminum Alloys
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Abstract

Fretting is a contact damage process that occurs between two contact surfaces. Fretting fatigue
reduces fatigue strength of the material due to low amplitude oscillatory sliding and changes in the
contact surfaces of strongly connected machine and structure such as bolt, key, pin, fixed rivet and
connected shaft, which have relative slip of repeatedly extreme low frequency amplitude. In this
research, the fretting fatigue behavior of 2024-T3511 and 7050-T7451 aluminum alloys used mainly in
aircraft and automobile industry were experimentally estimated. Based on this experimental work, the
following results were obtained: (1) A significant decrease of fatigue life was observed in the fretting
fatigue compared to the plain fatigue. The fatigue limit of 2024-T3511 aluminum alloy decreased about
59% while 7050-T7451 aluminum alloy decreased about 75%. (2) In 7050-T7451 specimen using
AISI4030 contact pad, crack was initiated more early stage than using 2024-T3511 contact pad. (3) In
all specimens, oblique cracks were initiated at contact edge. (4) Tire tracks and rubbed scars were
observed in the oblique crack region of fracture surface.
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(a) Al12024-T3511 (b) Al7050-T7451
Fig. 1 Machining direction of fatigue specimen and
inspection of microstructure

Table 1 Chemical composition of Al2024-T3511

aluminum alloy(wt.%)

Cu Zn | Mg Fe Si Cr Ti
3.8 1.2
49 0.25 18 05 | 05 | 01 | 015

Table 2 Chemical composition of Al7050-T7451
aluminum alloy(wt.%)

Zn | Cu | Mg | Fe Si {Mni{ Zr | Ti
57120 19 0.08
67| 26| ~26 0.15 0.12 | 0.10 ~0.05 0.06

Table 3 Chemical composition of AISI4030 stainless

steel(wt.%)
Cr Mn Si C P S
123 1.0 0.5 0.15 0.04 0.03

Table 4 Micro-Vickers hardness test results

. Al2024 Al7050
Material T3511 17451 AISI4030
V-hardness 158 164 238

Table 5 Mechanical properties of aluminum alloy

Material Tensile Yield Elongation
strength(MPa) | strength(MPa) (%)
Al2024
k
3511 563 443 9.6
Al7050
17451 529 468 104
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(b) Contact pad
Fig. 4 Shape and dimensions of fretting fatigue test
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(a) Crack detection gage (b) Magnification View
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(c) Schematic view of the crack detection gage

Fig. 5 Photographs of specimen, crack detection

gage and timer

(b) Surface (2) in Fig. 1(a)
Fig. 2 Optical micrographs of A12024-T3511 aluminum alloy

(b) Surface (2) in Fig. 1(b)
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(c) Surface (3) in Fig. 1(a)

(c) Surface (3) in Fig. 1(b)
Fig. 3 Optical micrographs of Al7050-T7451 aluminum alloy
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Table 6 The ratio of early crack(a=0.5mm) life to
final fracture life (Pad: AISI4030)

Al2024-T3511 Al7050-T7451
Omax (NO.Smm/N F)IOO Omax (NO.Smm/N F) 100
(MPa) (%) (MPa) (%)
270 20.5 270 26.6
240 35.2 240 81.5
200 35.5 180 38.0
170 60.4 140 385
150 55.6 110 37.8
120 48.7 70 64.6

400 -| @ AR024-T3511 fretting fatigue
il @ AR24-T3511 0.5mm detection
350 i E AI7050-T7451 fretting fatigue
i| K3 A7050-T7451 0.5mm detection
| O A024-T3511 nonfretting tatigue
300 [ Ar7050-T7451 non-fretting fatigue
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o
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Ngand Ny s (Cycle)

Fig. 7 Results of plain and fretting fatigue test
(Pad: AISI4030)
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Table 7 The ratio of early crack(a=0.5mm) life to
final fracture life for Al7050-T7451 alloy

Pad: AISI4030 Pad: A12024-T3511

Omax (Nosmm/Nr)100 | Omax | No.smm/Nr)100
(MPa) (%) (MPa) (%)
270 26.6 240 73.9
240 81.5 180 67.7
180 38.0 140 81.1
140 38.5 110 68.3
110 37.8 90 83.9
70 64.6 70 97.8

400 @  AI7050-T7451(pad AL2024-T3511)
©  0.5mm detection
350 u ] B Ai7050-T7451(pad AISIH030)
B o.5mm detection
300 e 0O AI7050-T7451 non-fretting fatigue
B a T —
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Fig. 8 Relationship between final fracture life and
a=0.5mm early crack life for Al7050-T7451
alloy
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Fig. 10 SEM micrographs of fracture surface for
Al2024-T3511(pad: AISI4030, Gmax=200MPa)

Fig. 11 SEM micrographs of fracture surface for
Al7050-T7451(pad: AISI4030, Gmax=270MPa)
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Fig. 12 SEM micrographs of fracture surface for
A17050-T7451(pad: AD024-T3511, Gra240MPa)
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