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Fig.1 Device of ultrasonic nanocrystal
surface modification

38 Wi HFIEEEA - 20214 B 645 5E1910]

J& R R B A FCA B R 2SR AT T
HEURE 2 By Ao B 9% 55 5 5 25 LA
P BB AE P o 2 T it S T
DI 3 B 8 e s AR T, s AR
FIVTEAAS FC PR 4K T 08 A 7 ST 23 5%
T BE. LABERAA AL A ], By T R
P Rk LSRR (4] 1T
B EER N R F R
IS € R U L T N I ) 58
PR 28 5 | ke 4 J8 A R DL BB 1) i
A5 TR BT XA [ R 3R fefE S 4
HAETRBER, XX RFEH
o R AR e RN

IZHhEERMER

1 BEE

AR e R e R A, SR
BLAG AR FH 2 B8 AL o7 28, JLAE T
PR e X i s s e 0 B,
FEAG| AB A O, X p 7Y
Ti3Zr2Sn3Mo25 Nb ( TLM ) 4k &4
AT pp R T AL . R T
T HUNATS( EBSD, Leica EM RES
102) M4 A, i F 180 T is i
KAHE KA 0.035um ), 251 BoR
HE R 15pum A AT 3RA5 5 AR 1Y)
FR AR AT ULIA B R 1A R T AR
9729 15um RAGE & A1k BT 4
KIZ o REER G N BB R
H - S A B X 4 A R AR 1 25 R
— 3 3 F WK S IE 5% % 3 o
TS Jm R RS —E W
P N

X} SUS304 A 45 WX iF 47 A [A]

(a) i 440N

FR BT RS ol b B PRIE YA
30um, My 34000 YK /mm’, [ifi %5 i
o7 % AR 184 T, 2 T SR AY R N TR
i Pt K, (H R T4 B A TR
o MORHBEARTE 7= A 1 )2 98 K
en PG, P AR T LA RO . 1%
AR B IR AN, M b o 5 5
FEAE G A B A B 2 D EC AR A
AR I 57 R 2 KIS T, (EXF T
R phl e AR R OJC I A AR R
28 55 v HOPE 55 98 5 FEASHE [0.500,,
0.650,] IX [a] A¥, XF A6061-T6 43
B AT R FR R T A o R
T P, LR R HLRE B AR A AT
9% 557 500 8 [ A 21 T $R Ak
B PRZA MR K 5T 2 S B RT,
PETH 0 B N, S Ah,
TREE, YK i 2 IR (SR IB A IR 2 )
I i 2k P8 0 A A S K R
PN e IR Al Y A
SCMA435 FNF I A i b 3 1)
SN 2 frs ™ 4 s i 2k 5 |
RS () B VE AR T 45 10 b ) 3 T s
iR O] 28 12 NI 1D A 5
LRI 2 B A TR RN 2R )
S ) ey 2388 75 oy b BE SCM435
JEHPEREINZE 1 s .
2 HERE

Aab AR G I il OB N
TR ELLF LA, ) ot
AL E V, mm/r; IR S, o
min; B EIIR £, Hzo SR [ E
14, o T P P P P 5 3 — P i 7
20kHz 5%, 30kHz, = %248 & W 5 i

100pm

(b)) #Hfar £k 100N

E2 BFEELERSCM43SMATRER IR
Fig.2 Surface topography of SCM43S5 subjected to ultrasonic surface impact
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Table 1 Properties of SCM435 after ultrasonic surface impact under different static load
gy | R TRARNL / KW | REHKEE R, | R/
N MPa (HV) um MPa
Polished — —80 340 0.43 280
UNSM1 40 —611 360 1.2 430
UNSM2 70 —649 372 2.1 480
UNSM3 100 —686 387 2.9 530
R2 FEBFHRERPERBLEISRERIEEE
Table 2 Properties of 45# steel after ultrasonic surface impact under different vibration strike
numbers
1] (*-EE{J@&Z / BRANLS /| GRIEREE SRIEHEEE | ST/
(Y- mm?) MPa (HV) R,/ pm MPa
Fine finishing — -20.5 235 2.25 310
UNSM C1 34000 —162.8 324 1.49 350
UNSM C2 45000 —244.1 407 1.46 380
UNSM C3 68000 —366.7 436 1.00 410
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Fig.3 Surface topography of 45# steel after ultrasonic surface impact
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Fig.4 Surface topography after ultrasonic surface impact by atom forced microscopy
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Processing Factors of Ultrasonic Impact Surface Modification
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[ABSTRACT]

The technology of ultrasonic impact surface modification adopts the mechanical method. It applies a

sine vibration wave with a frequency of tens of thousands of Hertz on the surface of metals. The ultrasonic strike carries
out through the combination of static load, stepping speed, rotating speed, the size of ball-tip, the amplitude and so on.
It helps to induce the grain refinement of the surface, and the nanocrystalline surface layers can be achieved ultimately.
The mechanical properties can be improved with the increase of the static load and the strike number per unit. However,
the excessive static load is harmful to the surface smoothness. The microcracks can be observed due to the surface plastic
deformation. They are easy to be the source of surface cracks, and they accelerate the propagation of surface cracks. After
the treatment with an 8mm diameter impact ball tip, the surface nanocrystals and the field of residual stress change the
mechanism of fatigue crack initiation, mass of inner cracks appear in the rotating-bending fatigue instead of surface crack
initiation. The amplitude, lubrication and temperature also affect the surface treatment. The influences of these main factors
on the properties are not consistent. To achieve the best treatment effect, it is necessary to optimize the combination of them
for different materials and different working conditions.

Keywords: Ultrasonic impact; Surface modification; Nano technology; Strength; Fatigue

(Tt £ %)
202145564555 1910) - iZTHIERA 41





