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Experimental Study of Aluminium Alloy Hole Test Specimen
Reinforced by Ultrasonic Impact
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ABSTRACT: The work aims to improve the fatigue life and the surface performance of aluminium alloy hole test specimen.
Ultrasonic impact strengthening technology was adopted to study the aluminium alloy hole test specimen through experiment
and MHV2000 microhardness tester, X ray stress tester and fatigue testing machine were used to measure the microhardness, re-
sidual stress and fatigue life of the specimen. Then, SEM was applied to take the microphotos of specimen before and after the
reinforcement. According to different impemdance thresholds, the strengthened effects on the hole specimens by main parame-
ters were studied. Through the experiment, the ultrasonic shock processing based on the equivalent impedance control was
adopted. If the impedance threshold was 75 Q, the average residual stress of the hole was maximum and the distribution of re-
sidual stress from the distance of hole increased first and then decreased. The trend of microhardness of hole wall was consistent
and the average increased as the impemdance threshold grew. The reinforced trace was obvious through microstructure and the

fatigue fracture of strenthened specimen was neat and uniform with obvious trace of compression. Ultrasonic impact strength-
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ening technology is suitable for small hole component and can improve the fatigue life by 3.1 times. The effective residual com-
pressive stress field can be obtained on the hole surface and the surface microhardness inside the hole doubles.
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Tab.1 Chemical composition of 7075-T651 aluminium alloy
wt.%
Mn Mg Cr Fe Si Ti Cu Zn Al
Theoretical value 1.8~2.3 4.5~5.6  0.1~0.28 0.5 0.4 0.2 1.2~2.0 5.1~6.1 Bal.
Measured value 0.09 2.67 0.22 0.14 0.06 0.03 1.54 5.8 Bal.
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Fig.1 Geometry of the fatigue specimen with a central hole
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Tab.2 Mechanical properties of 7075-T651 aluminium alloy

R, /MPa Ry2/MPa Aso/mm

608~613 536~541 12~13
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Fig.2 Principle diagram of hole strengthening process
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Tab.3 Experimental parameters of ultrasonic
strengthening of hole

Parameter Value
Working frequency 28 kHz
Tool shape Cone
Time 30 min
Rotary table speed 70 rad/min
Current amplitude 250 mA
Impedance no load 65 Q
Impedance threshold 70, 75, 80 Q
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Fig.3 Principle diagram of residual stress test
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Fig.4 Diagram of test points of residual stress
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Fig.5 Residual stress distribution on the hole wall
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Fig.6 Residual stress distribution along the hole aperture
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Fig.7 Microhardness distribution under different
impedance thresholds
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Tab.4 Comparison of the fatigue life under
different impedance thresholds

Imped- Fatieue Average
ance  Num- li fg fatigue  Ny(strengthened)/
threshold/ ber (N-cycle™) life Ny(unstrengthened)
Q cyele (N-cycle™)
No 0-A 2212
impacted 0-B 3447 2808 1
p 0-C 2764
70-A 5150
70 70-B 3558 4111 1.5
70-C 3624
75-A 6088
75 75-B 6340 6957 2.5
75-C 8444
80-A 7900
80 80-B 7816 8797 3.1
80-C 10674
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Fig.8 SEM of the hole component fracture:
a) unstrengthened sample; b) strengthened sample
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Fig.9 SEM microstructure of the hole component fracture
crack: a) unstrengthened sample; b) strengthened sample
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Fig.10 SEM microstructure of the hole fracture under different impedance thresholds
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