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ABSTRACT: The principle of ultrasonic impact nanocrystallization (UIN), the generation mechanism of nano-crystal induced
by severe plastic deformation, and the methods to analyze size & grain orientation of nano-crystal were introduced firstly.
Secondly, the influences of ultrasonic impacts on the hardness, roughness, residual stress and the fatigue properties were

summarized according to the variation of static load, amplitude, impact numbers per unit area and other parameters. After the
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ultrasonic impacts, the surface hardness increased substantially, the surface topography was inerratic and the flatness was better.

Normally, nano-crystal and residual stress generated by ultrasonic impact had a positive role on improvement of material fatigue

strength. According to statistical data, after surface strengthening by ultrasonic impact, the fatigue performance of bending

fatigue specimens was improved even more and the fatigue limit of treated specimens for more than 107 cycles was within

(0.50~0.65)0y. For materials with phase change after treatment, surface hardness and the fatigue limit could be improved to be

twice of the original due to the phase with higher hardness and intensity. Finally, the effects of the hybrid surface treatments on

the properties of materials were comprehensively expounded, such as UIN+plasma nitriding, UIN+TiN film coating, and

UIN+short peening or laser peening. Three suggestions about ultrasonic impact based hybrid treatment are put forward:

1) Processing parameters and sequence should be appropriate; 2) To improve the overall performance of materials in corrosion

environment, secondary protection should be given on the nano-grained surface; 3) Double reinforcement by pure mechanical

methods should be chosen according to characteristics.

KEY WORDS: ultrasonic impact; nanocrystallization; corrosion; implant; fatigue; hybrid surface treatment

SRR MR GOK M EZTEATRIE
5 T A AR o W JE sDTRUR HA By i 4
P, SRS RGORR R 2 HRGEGE—, (B3
LA R AR W] 5 RS 0T, ) s S RS AN i
S, K ADORALZ PR R I R B L R,
ORI o ZAFR R B AT T I 2 — o R AR
M A AORAEA 2SN e e, il HLK b
i JREF. B HOCRN AT, KRR S
B EGOK G, R R —E TR A R R
SRR AR TR R o T AR AL B H LT
FLPHOELE . R EAUAES | RS
PRI R PRI v VR A b A L B B
P AU 24 T Ak 21 A 2 i, (RBRALTT 1] B Bt
Vo it T PR ity SN 5T, 5 S B T A
RELAE JEE £ T OGS A4 8 57 i L B0 A 72
W, B, RZ R RERRRR . FRRIA B
UESR B A ] 55 BT RH T 12—, A E s — i
PRENE AN AR . BRI | S v BB
A vl R S R — Y T 1, e A Sk
R BT SRR wpdy , HURR AU 5 T AR BT HL AL
S REE A, MU Se4E 902 158, o 1 BE
RAFGK A RIFRAT TR ), SRR AL b B4 5 R
JETR I, RF AR B G 15 T 2240, S o
HrBEORA BRI Y 2 2R, diEsh TG K
Ak B3 18] B

1 BEMARREERAKR

TF 9 3 ) A Bl S oo ke 32 v AR 3 5 1Y
9% 57 PR RE R K R e 2, ORI iR R &5
ALK i o P i B0 T8 R AR AR FAE S A
o R PR AL 2] 4y, Ultrasonic Nanocrystal Surface
Modification ( UNSM ) ["1J5 o i hy e 75 4 >k 26 i ke
PERARTR M. ASCHIEET UNSM BOAR B
i AUORAC I BIR S E , HLR 2% 10 1 S i 55 IR

RIS % 3CHR[14], RERE A B T B &
CoUp: Rl i R N NG ¥ I ES S| R (SN ST S K E)
TRMR AR (AFRE 4> ZBR T UNSM HHE %
Fllo UNSM 5 A8 i 1R H B S il 2 7= AR O 3R 3
W (=20 kHz, TN 4 J 2 14 55 ~F- J7 22 K it Jin
BT R A IE 5% 5% ks A 3 o D A1 aE A a5 ALt fin
far g, A SR T 32 A 3 S A S e 3 2
BRIE whif R B IE A (REEHEE &N ), o
P A B B G R A A HT, Il B AR
o AR RRE IR 8, el S (r/min), wpifi
LATHEHEE N V (mm/r), WAL AS (1) H5H
1 3 1 BN T RS2 v B U N
N 60

V.S M

2 B YRR U R AR X A R

RE B

21 BEHWEHELEEHEEUTEE

JE AR AR M5, 7 B L DR X
TREM R AU TT 205 5 A 2ORAE LB E AT T
WHFE, AR SRR . WESE T, SR RH R TE AL
VRV 20PN S-S e VA b NI e e e A E e e
PEFIRYZE SR, 200 N R B AR A4 LB SR HEBE L AR 2544
AR ) S AOULAH AL A3 4500 X T 48 A R Y
ST TS5 (bee ) BPEHRT 12 I F & BYTH 0577
45t (fec) MR}, JREERER AR — RO O 5512 3h
FUEIBMAIE , JZHEREMRA AR 32 2R 25 55 5K,
AT R IRIKSF R RDRE, PR DT S T REAE T . S HEN
Tkt (hep) M T XS FRMEAR H IR 12D, SR I8 LA
WAt A8 Az i iz 3 2 [l N AE B LR R A o RTS8 A
AURAL IR BAPRE R I By D TR )2 L R AR
J2 ML 2 AR, oK 2R AR LA
KN (A S WGl PR BIERIP R —20), kil



F4a8E £l

NS P R R IS B 5 - 115 -

EERBEERTIA 200 pm. MSE—@ER, i 1
RERZ MR R BE AR BR 2 1, S A IE RGOk 2 R
Ao IR TOPRAE M, BOEAA T 1, Khan 25000
R T HRSH G 13 F AR, Wu R8540
WA T Z2S 800G b 15 T MR AETE . Hu
SRR = HE sh A A BT TR R il T R AN
N1 MATHBEZEX TS spil T2 S50 6 e B
AARGF 48 T = L, FEE N 7 b A #h e =3
B 1 JEoRs T 4 AR A A s T
e A RS PR AN A RER 2 I HOWIE B . T
il s R RBHEAIE, Wit dES RIS Y EE —
AT W B AR AR e, TieAl4V K2 EIE IS ZE
R B AHFN S45C R ZHOLIK T Ll , 2% & SR
WAt

WEFE A 138 3 7 5 7 W0 ( TEM ). EBSD
W EIHA . XRD F#EIEY: = % 218 ( Debye-Scherrer
W), TS spl AR S R AR 2 . 4

e — —

15.0kV 4.4mm x1.00k SE 10/23/2015
a Ti6A14V

SR, MORL R R S phidi 5 KA T RSHIRTF 100 nm
L BEAL A0 K A, 2K 2 0 AR 06 A8 5 L5 14
BR324 gl 2 R T B R B RO R R 2
2.5 4E4% K] ODF 73 M 4R & 4 A6061 Y {311} 1 /i,
B AR AL B AG061 J5, EIE N TSI
PO, Zhang AP A4 50 4 7 Ak BES A [ RE 2
Wo WIS K AR, TERUERE A, T
PR 0 2 8 7 i b B HE D [ AR AR AR 23 o
PR AAR B4 7= A Xt 1 o b Rl 8 i FE A A BB, 45
YRR R AR 25 AT ] B B e AR SR BE R . bk =
Foft Dy 32 35 ) Al B 43 A i 1 A 2 A 40 i RS
BHCE . A XRD A58 R i g ok A 385 3
K2 AT S, X5 /NF 100 nm (Y fhkL, —BA A
7 75 R ) e Ak I /N SR RO B A 5E 4k, $nBRAYL
7 v AL 5 A A RST 2 E R . Amanov 45 PYIR
AISI304 50 y(111) A v 545 SRR W], UNSM b3
J5 222 MR E A F] 66 nm.,

b S45C HRN

BT B e A B R R JZ L

Fig.1 Observation of surface layers after ultrasonic impact treatment: (b) S45C medium carbon steel
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Fig.2 2.5D pole figure of A6061 after UNSM: (a) untextured surface,
(b) refined structured layer, (c) deformed coarse-grained layer
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Tab.1 Influence of ultrasonic impact on the surface properties of materials

Maerial  SuticloadN Amplitudefum RSP TR (MR roughmeesm
ATI 718plus alloy?® 20 8 40 000 34.6 -1209 0.21(up)
Inconel 718 alloy"! 15 60 106 000 19.3 -1860 —_—
SKD61F7 80 — 10 000 62.5 -800 0.19(down)
SCM4350% 100 — — 14.3 -686 2.90(down)
S45CP 30 30 68 000 85.5 367 1.00(down)
SUS304!% 130 30 80 000 116.0 -43 1.05(up)
A6061-T6!*"] 30 20 — 37.7 -175 0.17(down)
Ti6Al4 V) 25 30 36 000 16.2 520 0.58(up)
3D printed AISI H13M" 70 30 8500 8.3 — 0.454(down)
. . x direction—1100 x direction 6.50(down)
3D printed Ti6Al4V* 30 24 1200 13.4 o
y direction—640 y direction 6.00(down)
Vit 1b Zr-based bulk 30 24 80 000 222 ~1100 —

metallic glass

®2 BRMENMEHES RN Rm

Tab.2 Effect of ultrasonic impact on the fatigue strength of materials

Yield strength Tensile strength ~ Fatigue

Fatigue limit/MPa

Material Heat treatment 0,/MPa ,/MPa test Before UNSM_ Aftor UNSM
S45C Annealed 490 690 RB 300 400
SUS3042! Hot rooling 205 520 RB 280 520
SCM4358% 770 ‘Cx3 h+680 “Cx10 h 836 991 RB 500 650
ATI 718plus alloy®® 788 “Cx8 h+704 Cx8 h 1200 — RB 740 850
Inconel 718 alloy®  Annealed 954 ‘Cx30 m 829 1117 RB — ~700
A60615% 276 310 RB 130 180
Ti6A14VH) Annealed 650 Cx4 h 850 925 TC 540 610
Ti6A14VH) 980 “Cx1 h+580 Cx8 h 1180 1230 TC 600 660

Notes: RB—Rotating bending fatigue; TC—Tension compression fatigue; stress ratio » =—1
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Fig.3 Observation of surfaces after ultrasonic impact treatment: (a) atomic force microscope image,
(b) laminating method image, (c) scanning electron microscope image
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Fig.4 Fatigue S-N curves of S45C with hybrid treatment of
UNSM and plasma nitriding: (a) UNSM-nitriding®®*,

(b) nitriding+UNSMP*!
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Fig.5 Corrosion polarization curve & early cell adhesion after
TiN film with UNSM+TiN: (a) polarisation curves of TC4 in
SBF, (b) fibrochondrocyte inoculated on TC4 for 1 h
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