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Research on Surface Strengthening by Ultrasonic Deep Rolling
with Longitudinal-Torsional Vibration
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ABSTRACT: Objective To propose ultrasonic deep rolling with longitudinal-torsional vibration (UDR-LTV) based on ultrasonic
machining with longitudinal-torsional vibration and ultrasonic deep rolling, and to study the effects of processing parameters on sur-
face strengthening, so as to verify the application effect of the two-dimensional ultrasonic vibration machining technology in the field
of surface strengthening technology. Methods Conventional deep rolling (CDR) and UDR-LTV were applied using the single factor
experiment to process aluminum alloy 6061-T651 respectively, then the surface micro-hardness was tested by each set of parameters
with the MH-5 digital hardness tester to investigate the influence of static pressure, rotate-speed and feed amount on the surface mi-
cro-hardness. The results of the two processing ways in the experiment were compared. Results Within the set parameters, the sur-
face micro-hardness obtained by UDR-LTV was larger than that of CDR under the same processing conditions. The surface micro-

hardness increased at first then decreased with the increase of static pressure and rotate-speed, and decreased at first then increased
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and decreased at last with the increase of feed amount by UDR-LTV. The surface micro-hardness and static pressure showed an ap-

proximate linear relationship, and the surface micro-hardness increased at first then decreased with the increase of rotate-speed,

and reduced all along with the increase of feed amount by CDR. Conclusion It is proved that aluminum alloy 6061-T651 may be

more effectively strengthened when treated by UDR-LTV.

KEY WORDS: ultrasonic deep rolling; longitudinal-torsional vibration; surface strengthening; micro-hardness
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Fig. 1 Principle of UDR-LTV

2 RIg

TR0 BT 3 FH 8 B R A 1 2 6061-T651 486 42
Bl AR A 650 mm, LGSR, Sl AR ¢48
mm ,ﬁffﬁﬁﬁﬁg( Y [CAE ) S 70. THV

N TIRIGAE CA6140B/A 38 40K k7, ¥
N6 B e R e B R TT B8 1 R R FL AR AR S DD
W, FAFRGEN-HE SIS N 19 806 Hz, L1
FE A IRIE K 6.3 wm, FHEE YIRS R R 9
wm , W FHEE £ B R -0. 06° ~0.06°, % H MH-5 %
A TS T AR R S A7 B AT, U RR R
S Al ) S ARE B (HV) | BSR4
e

IR AT 3 T LS (HES FOks
i f TR n) VB T 2S48 bR, RS HE R
B WX 8 T2 S50t T4 36 i B R Rl 2
— RIS 8. £, =0. 12 mm/r,n =160 r/min, F B 12,
24,4872 N; S —HiA I 240 £, =0. 12 mm/r, F =48
N, n B2 80,160,200,250 r/min; 5 =R S . F =
48 N,n=160 r/min,f, $0.064,0.09,0.12,0. 15 mm/r,

R —HEE T ESHT /00 TR w17
TP R R IR TR RIS . T JF M 75 I Rk A A B
YN AR B 7R R IN T, G R R U R A AR
i Sk BRERR N T



- 108 - x® oW AR

2015 4205 H

3 ZRE5HMH

3.1 BEAH

it 0 2 T A ol B 32 1 T 1 3R ) 5 o 4
2 fi,

180_ "-"UDR
—a o
150F CDR/*’ S~as
-~ |
= L j=
= 120 L’
90_:/‘/k/‘
1 1 1 1 1 |
€0 12 24 36 48 60 72
F/N

a WSS AR AR

1501~

B UDR
m CDR
S 100
S
< 50
0
12 24 48 72

F/N
b TS RIS R
P2 I g 0o 3 T A Rl B R ) 2 )
Fig. 2 Influence of static pressure on surface micro-hardness:a)
the relationship between static pressure and surface micro-
hardness;b) the relationship between static pressure and

surface hardening rate
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Fig. 3 Influence of rotating speed on surface micro-hardness:a)
The relationship between rotating speed and surface micro-
hardness; b) The relationship between rotating speed and

surface hardening rate
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Fig. 4 Influence of feed amount on surface micro-hardness; a)
The relationship between feed amount and surface micro-
hardness; b) The relationship between feed amount and

surface hardening rate
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