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ABSTRACT: The failure of engineering parts was often caused by the surface, and the working performance of engineering
parts was significantly affected or even determined by the microstructural structure. The microstructural structure of materials
was induced by the surface nanocrystalline surface layer, and the residual compressive stress on the surface layer increased, and
the material performance was greatly affected. According to their characteristics, surface nanocrystalline technologies could be
divided into three categories: surface self-nanocrystalline (mechanical and thermodynamic methods), surface coating/deposition
and hybrid nanocrystalline. Firstly, the process and mechanism of microstructural changes induced by surface nanocrystalliza-
tion were reviewed. The materials were induced to produce microscopic changes such as grain refinement, dislocation
movement, increase of residual compressive stress and phase transformation, which were induced by plastic deformation,
temperature change and element infiltration. Secondly, the influence and mechanism of surface nanocrystallization on material
properties were summarized, and the fatigue strength, corrosion resistance, friction and wear properties and biological properties
of materials were significantly affected by the above microscopic changes. The application, advantages and limitations of cold
rolling, laser shock peening, shot peening, high pressure torsion, supersonic fine particles bombarding, surface
coating/deposition and equal channel angular extrusion were summarized. Compared to other surface nano technology,
ultrasonic vibration assisted treatment had no need to introduce other elements, no pollution, simple principle, high speed and
high quality, low cost, could be on various advantages of the traditional processing technology, it had a positive effect on the
friction and wear properties, fatigue properties, biological properties, surface wettability and corrosion resistance of materials.
Finally, the future development of surface nanocrystalline technology was prospected, and the ultrasonic vibration assisted
processing was analyzed. Digital simulation of the surface layer of nanocrystalline structure was extremely scarce. It needed
more comprehensive and systematic research to combine simulation and experiment, analyze the mapping relationship between
microstructure and processing parameters, microstructure and material properties, and establish a model for direct reflection.
Some properties of the materials might be difficult to reach the optimal value at the same time, an evaluation system based on
the above model needed to be established in order to improve the comprehensive properties of materials. The mechanism of
nanocrystalline surface layer improving material properties was limited by existing observation methods and processing
technology, the mechanism of surface nanocrystalline surface layer induced by surface nanocrystalline surface layer and high
temperature stability based on phase transformation dynamics still need to be further analyzed and explored. The key of
ultrasonic vibration assisted machining technology included ultrasonic vibration unit, ultrasonic cutting tool, ultrasonic cutting
machine tool, ultrasonic system, CNC machine tool integration technology, etc. These key restricting factors needed to be
improved, the development of new materials and the improvement of technical means were important research contents. Surface
nanocrystalline methods generally affected only relatively shallow layers of materials, the improvement of the overall properties
of the material was restricted. The combination of ultrasonic vibration-assisted machining with other surface nanocrystallization
methods was an area that could be explored, and complementary advantages might further induce better material properties.

KEY WORDS: surface nanocrystallization; nanocrystalline surface layer; material properties; ultrasonic vibration assisted

machining
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Tab.1 Comparison of common surface nanocrystalline methods

Processing method

Commonly used/
applied occasion

Application advantages

Limitations

Cold rolling

Laser shock peening

Shot peening

High pressure torsion

Supersonic fine par-
ticles bombarding

Homogeneous
continuous
rigid-plastic body

Large, complex cur-
ved surface, the str-
ucture of the mems
components

Has a certain thick-
ness, size and shape
require low pre-
cision

Small materials

Large area of com-
plex shape structure

Good surface quality, high speed,
high output, make it a variety of
cross section form

High energy, high pressure, high
strain rate, without mechanical and
thermal stress damage, deep impact
layer, good surface quality, no
pollution, non-contact

Equipment structure is relatively
simple, low cost, low maintenance
cost, less wearing parts, not restricted
by the shape and location, convenient
operation, flexible

Deformation is uniform, low defor-
mation resistance, large deformation

Particles can be recovery, low cost,
no pollution, high efficiency, simple
operation safety

More complicated process, suitable for
simple deformation of parts, size error
and work hardening phenomenon,
weaker local concentrated load capacity

More complex optical system, expen-
sive equipment cost, more complicated
pretreatment process, more auxiliary
device

Lower unit production, must match the
high-power air compressor station, lar-
ger energy dissipation

Suitable for handling samples of small
volume, difficult to mass production,
uniformity of sample affected by the
process and raw material microstructure

Resulting in the loss of the sample
material, the change of surface topo-
graphy and surface roughness increased
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Commonly used/

Processing method . .
applied occasion

Application advantages

Limitations

Can coating on substrate material and

Surface
coating/deposition

Has a wide range,
large area materials

complementary advantages, is rela-
tively easy and flexible, high produc-

Uneven distribution of coating/sediment
layers, poor surface quality of sample

tivity and coating material widely

Will not change material area and the
cross section shape, low working
pressure, low pressure large defo-

Equal channel ang-
ular pressing

Larger size of bulk
materials
rmation

Extrusion force is relatively complex,
the stress distribution channel, channel
stress concentration around the corner,
larger internal pressure
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Fig.8 Comparison of groove wall quality between ordinary grinding (a) and ultrasonic assisted grinding (b)!**!
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Fig.9 Comparison of sliding wear tracks between untreated and ultrasonic treated UNSM-I,
UNSM-II, UNSM-III AZ91D magnesium alloy samples!®”’
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Fig.11 Comparison of tensile fatigue tests of nodular cast iron specimens
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Fig.12 Comparison of cell adhesion and proliferation on the substrate surface of TNTZ
alloy between untreated (a) and ultrasonic nanocrystalline surface modification (b)!*?
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Fig.13 Comparison of surface morphology between milling (a) and ultrasonic milling (b)!"*!
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Fig.14 Comparison of corrosion results of samples soaked in Swt.%NaCl

aqueous solution for three days

TRAR I 2T B 2A12 48 B 4 2ol S i b S
RZ AR . HEA TR INECE , APEETIS A A
77 2 ER P R A TR TRy SR FE N I Sl i R
i A . Pandey Z5PV& B 7075 R A 4 4B A AL
ARG P2 AR gk S R T2, RZHLUE gk .
Y5, RIZFRA RN IR, A F AR LM WAL AL
PRAGBURE, TR SN L B ke 2 TR, AR
ThYERE RS

4 BRERE

RIAARACTE AR QUK AR ES R )Z , &
A RLARAL | fsEIE s MR SEROAE AL, B R
FORRBE 5750 KL | T G PR RE . PRSI RE . AR
PERESE . b TR MARAL T EERS ok . 5% . il
DR S ALEE, LK R T A0 A A B R BE A4 52 1 B
PR, e rbl A il B SR 9ok A7 i B AT I
FABTTR | NG YREg | BRI i . AL

[78]

AARHRE . ATRAT T A LGN T T 25322
JS2 o G- P A B 3 i A R AR TE P9 2 T 40 K A 1
RAFFHE— L R R, RMARM G YL foor
FoFF e E B S SR G AN TS, 3BT HAR
AR B AR AT B R e, ELAE— e A B EATS B BRAT i T
BRI . RSN 2, DA [ L 15 A 2

1) B A5 BREAUEE A A ] 3 U 7 JH AR e
7z, B HIEE X R AN K A A B P AR i A A
R JZ BB Z o R AU 05 35 1 A 45
B, WFFE R 9K ALAL BN Tl A U H FRE R BE R
NS R LR, AT AL S TSR Al
GULEHE S PPRME BE A R 5 2R 5 i S A Y B i,
XoF SEBAN R S A AR T Z TR R I I E AR
P R ol 22 1T 20 K A6 T 20 T A Ml 80 A B A ol i P R
AHESVEI, X i 5 S A T R GRS

2) FRIMAIRAAE B i T2 b A BURDR A S L8
AE AT REAN S R R B e UM, Lo Wt 5C & T REFFE
B IERCEAASG, i TR EZR G MRHERE, K



B2k A

Ao, SF: REGRAXT B

PAN=A
HE®Z

Wi BT e 5 e - 27 -

FET LB AP IR R A TR AL

3) YK i 4l R R T SO AR RE A ML EAE 5
SR BUA W B TR, SRR S A iR
T2 R R A AR 2t LA o P IR sl Bl T R R
b 2 1T 2 R AL B AR T 77 A2 9K i A A R T = I AL
] B T A AL 2l g 2 04 e i RS RE PR AR AT S TR A
HR.

4) S IR Sl BN TR (Y 5 B A R R Sl
TG A DIEI IR A DIEINUR | B RG BE
PUREE AR SE, X LEZA R AW oe s, S v
RGERICR IR, AR I K FIEOR T BEAY ik
AR E BTSN A, 0 T At 1 P 7 IR s Bl
THARRAGILE L,

5) R 2 i 40 K AL T Bl X b ORE R 2 2
TRIEERUIN, HI20 T PR TERERY IR T o P IR s
B o T 55 H Al 3 1T 2 KA T 3 4L ol R nT R
FEZAL , e H AN Al B — 27 7 A AL S B4
BHERE

S E 3k

[1] LU Ke. Surface Nanocrystallization (SNC) of Metallic
Materials-Presentation of the Concept Behind a New
Approach[J]. Journal of Materials Science & Technology,
1999, 15(3): 193-197.

[2] YANG fa lin, SONG Dan, MA ai bin, et al. Recent
Studies of Surface Self-Nanocrystallization (SSNC) of
Metallic Materials[J]. Materials Science Forum, 2019,
956: 160-168.

B]  FRE, &I BAEM TR X ERE &R 2R
[T, FEHAR, 2019, 48(10): 34-40
LI Feng-qin, ZHAO Bo. Effect of Ultrasonic Processing
Burnishing Pressure on Titanium Alloy Surface Proper-
ties[J]. Surface Technology, 2019, 48(10): 34-40.

(4] XMEME 2N, i, A e A I 4 s

B P X 4 0 T o B M R R O BIESET]. AILBRCT
F2AR, 2019, 55(11): 215-223.
LIU Jia-jia, JIANG Xing-gang, GAO Ze, et al. Investi-
gation of the Effect of Vibration Amplitude on the Sur-
face Integrity in High-Speed Rotary Ultrasonic Elliptical
Machining for Side Milling of Ti-6Al-4V[J]. Journal of
Mechanical Engineering, 2019, 55(11): 215-223.

[5] ZHOU Tian, XIONG Yi, CHEN Zheng-ge, et al. Effect of
Surface Nano-Crystallization Induced by Supersonic Fine
Particles Bombarding on Microstructure and Mechanical
Properties of 300M Steel[J]. Surface and Coatings Tech-
nology, 2021, 421: 127381.

[6] DING Zi-shan, SUN Gao-xiang, GUO Miao-xian, et al.
Effect of Phase Transition on Micro-Grinding-Induced
Residual Stress[J]. Journal of Materials Processing Tech-
nology, 2020, 281: 116647.

[71 REN Zhao-jun, LAI Fu-qiang, QU Sheng-guan, et al.

[10]

[11]

[12]

[14]

[15]

[16]

Effect of Ultrasonic Surface Rolling on Surface Layer
Properties and Fretting Wear Properties of Titanium
Alloy TisAl;MogV,Nb,Fe[J]. Surface and Coatings Tech-
nology, 2020, 389: 125612.

e, ERE, WU, 5 TC4 AP Y]
T AR AT O R HAR B AT 0], R A, 2021,
50(12): 119-129.

YAN Yan-yan, WANG Xiao-xu, ZHAO Bo, et al. Study
on the Surface Residual Stress and Experimental of TC4
Titanium Alloy by Longitudinal-Torsional Ultrasonic
Grinding[J]. Surface Technology, 2021, 50(12): 119-129.
KHERADMANDFARD M, KASHANI-BOZORG S F,
LEE J S, et al. Significant Improvement in Cell Adhesion
and Wear Resistance of Biomedical B-Type Titanium Alloy
through Ultrasonic Nanocrystal Surface Modification[J].
Journal of Alloys and Compounds, 2018, 762: 941-949.
BCERH, BERT, Emeh, S B A B BE ] R
BRG aARmER ERERT S (I]. T E AL TR, 2022,
33(16): 1912-1918, 1927.

ZHAO Chong-yang, LU Jun-yu, WANG Xiao-bo, et al.
Wettability of High-Performance Aluminum Alloy Sur-
faces Machined Longitudinal-Torsion Ultrasonic-Assisted
Milling[J]. China Mechanical Engineering, 2022, 33(16):
1912-1918, 1927.

XIA Ting-ting, ZENG Long-fei, ZHANG Xue-hui, et al.
Enhanced Corrosion Resistance of a CujoNi Alloy in a
3.5wt% NaCl Solution by Means of Ultrasonic Surface
Rolling Treatment[J]. Surface and Coatings Technology,
2019, 363: 390-399.

E5ese, DU, B RIREN AZ31B BEG 8
15 B2 [J]. R ol 5 7 4 2 4R, 2020, 40(6):
560-568.

YUE Liang-liang, MA Bao-ji. Effect of Ultrasonic Sur-
face Rolling Process on Corrosion Behavior of AZ31B
Mg-Alloy[J]. Journal of Chinese Society for Corrosion
and Protection, 2020, 40(6): 560-568.

LU J Z, WU L J, SUN G F, et al. Microstructural Res-
ponse and Grain Refinement Mechanism of Commer-
cially Pure Titanium Subjected to Multiple Laser Shock
Peening Impacts[J]. Acta Materialia, 2017, 127: 252-266.
HOSSAIN R, PAHLEVANI F, SAHAJWALLA V. Re-
vealing the Mechanism of Extraordinary Hardness wit-
hout Compensating the Toughness in a Low Alloyed High
Carbon Steel[J]. Scientific Reports, 2020, 10(1): 1-13.
HIZE L, XIJCER, XIRENE, 4% Mg/Al At sULee
UL B A8 I IX AR 2 2 A8 3 A (D). P R AL AR TR,
2021, 32(22): 2731-2738.

SHEN Hong-zhuo, LIU Yuan-ming, LIU Yan-xiao, et al.
Simulation of Corrugated Rolling of Mg/Al Composite
Plates and Analysis of Microstructure Evolution in Defor-
mation Zone[J]. China Mechanical Engineering, 2021,
32(22): 2731-2738.

TETE, @R, KERER. R KL R T TR
WC-4Co TRJZ VAL SEREN]. MR BIZEH, 2010,
31(12): 123-128.



.28 -

E TR NN

2023 4E 4 A

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

(23]

[27]

WANG Jian-sheng, GAO Yu-xin, ZHANG Rui-zhu. Mic-
rostructure and Properties of WC-4Co Coating on Surface
of Cast Steel Prepared by Electrospark Deposition[J].
Transactions of Materials and Heat Treatment, 2010,
31(12): 123-128.

WALUNJ G, WAWARE U S, HAMOUDA A M S, et al.
Electrodeposition of Duplex Ni-B-Zn/Co Composite
Coatings[J]. JOM, 2020, 72(12): 4296-4304.

LAN Chun-bo, WU Yu, GUO Li-li, et al. Effects of Cold
Rolling on Microstructure, Texture Evolution and Mec-
hanical Properties of Ti-32.5Nb-6.8Zr-2.7Sn-0.30 Alloy
for Biomedical Applications[J]. Materials Science and
Engineering: A, 2017, 690: 170-176.

ALIKHANI CHAMGORDANI S, MIRESMAEILI R,
ALIOFKHAZRAEI M. Improvement in Tribological Be-
havior of Commercial Pure Titanium (CP-Ti) by Surface
Mechanical Attrition Treatment (SMAT)[J]. Tribology In-
ternational, 2018, 119: 744-752.

LUO Xue-kun, DANG Ning, WANG Xin. The Effect of
Laser Shock Peening, Shot Peening and Their Combi-
nation on the Microstructure and Fatigue Properties of
Ti-6Al-4V Titanium Alloy[J]. International Journal of Fa-
tigue, 2021, 153: 106465.

YAO M J, WELSCH E, PONGE D, et al. Strengthening
and Strain Hardening Mechanisms in a Precipitation-
Hardened High-Mn Lightweight Steel[J]. Acta Materialia,
2017, 140: 258-273.

KIM S D, PARK J Y, PARK S J, et al. Direct Obse-
rvation of Dislocation Plasticity in High-Mn Lightweight
Steel by In-Situ TEM[J]. Scientific Reports, 2019, 9(1): 15171.
Eade, slEE, e, . BRHTYOKREENERZ
mn AR EE A AR ML), RPN T AR, 2019, 30(16):
1959-1966.

WANG Quan-long, ZHANG Chao-feng, WU Mei-ping,
et al. Subsurface Crystal Structural Evolution Mechanism
of Single Crystal Coppers during Nano-Indentation[J].
China Mechanical Engineering, 2019, 30(16): 1959-1966.
CHEN Guo-qing, JIAO Yan, TIAN Tang-yong, et al.
Effect of Wet Shot Peening on Ti-6A1-4V Alloy Treated
by Ceramic Beads[J]. Transactions of Nonferrous Metals
Society of China, 2014, 24(3): 690-696.

DING Zi-shan, GUO Feng, GUO Wei-cheng, et al. Inves-
tigations on Grain Size Characteristics in Microstructure
during Grinding of Maraging Steel 3J33[J]. Journal of
Manufacturing Processes, 2021, 69: 434-450.

YANG Qian-hua, XUE Chun, CHU Zhi-bing, et al. Mole-
cular Dynamics Study on the Relationship between Phase
Transition Mechanism and Loading Direction of AZ31[J].
Scientific Reports, 2021, 11(1): 1-9.

HIEH, KRk, RO, A R P BB B R A
F1 Ky 55 RIS BT (7). A Bl2E R, 2020, 31(6):
73-77.

MIAO Di-di, ZHENG Da, ZHENG Kan, et al. Experi-
mental Study on Residual Stress and Fatigue of Titanium
Alloy by Rotary Ultrasonic Milling[J]. Aeronautical Scie-

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

nce & Technology, 2020, 31(6): 73-77.

TEH, Tk, E¥, 5. TLAIND A& LB T5%
AN T E SRS [T]. MU AREEIR, 2021, 41(4):
66-74.

WANG Yan-ju, WANG Xin, SHA Ai-xue, et al. Simu-
lation of Residual Stress and Fatigue Test in Hole Extru-
sion Process for Ti,AINb Alloy[J]. Journal of Aeronau-
tical Materials, 2021, 41(4): 66-74.

TAN Liang, ZHANG Ding-hua, YAO Chang-feng, et al.
Evolution and Empirical Modeling of Compressive Resi-
dual Stress Profile after Milling, Polishing and Shot Pee-
ning for TC17 Alloy[J]. Journal of Manufacturing Proce-
sses, 2017, 26: 155-165.

WANG Q, XIN C, SUN Q, et al. Biaxial Tension-Torsion
Fatigue Behavior of Gradient Nano-Grained Pure Tita-
nium Fabricated by Surface Nanocrystallization[J]. Mate-
rials Science and Engineering: A, 2017, 702: 125-132.
MALEKI E, MALEKI N, FATTAHI A, et al. Mechanical
Characterization and Interfacial Enzymatic Activity of
AISI 316L Stainless Steel after Surface Nanocrystalliza-
tion[J]. Surface and Coatings Technology, 2021, 405: 126729.
ROLAND T, RETRAINT D, LU K, et al. Fatigue Life
Improvement through Surface Nanostructuring of Stainless
Steel by Means of Surface Mechanical Attrition Treat-
ment[J]. Scripta Materialia, 2006, 54(11): 1949-1954.
LUO Si-hai, ZHOU Liu-cheng, NIE Xiang-fan, et al. The
Compound Process of Laser Shock Peening and Vibratory
Finishing and Its Effect on Fatigue Strength of Ti-3.5Mo-
6.5A1-1.5Zr-0.25Si Titanium Alloy[J]. Journal of Alloys
and Compounds, 2019, 783: 828-835.

SINGH S, PANDEY K K, BOSE S K, et al. Role of Sur-
face Nanocrystallization on Corrosion Properties of Low
Carbon Steel during Surface Mechanical Attrition Treat-
ment[J]. Surface and Coatings Technology, 2020, 396:
125964.

ARORA H S, PRADHAN S, KUMAR A, et al. Cavita-
tion Erosion-Corrosion Resilient Surfaces through Reci-
procating Friction Processing[J]. Wear, 2020, 456-457:
203385.

A, HAG, B, S RIS A AR R S
Ml R PEREL)]. AR 3 TR 2224 (H AR, 2014,
42(9): 1-6.

LI Ning, XIA Wei, ZHAO lJing, et al. Burnishing-Induced
Ultra-Fine Grained Pure Iron Surface Layer and Its Cor-
rosion Resistance[J]. Journal of South China University of
Technology (Natural Science Edition), 2014, 42(9): 1-6.
HUANG Run, HAN Yong. The Effect of SMAT-Induced
Grain Refinement and Dislocations on the Corrosion
Behavior of Ti-25Nb-3Mo—3Zr-2Sn Alloy[J]. Materials
Science and Engineering: C, 2013, 33(4): 2353-2359.
HEe, &, T, 55 O TC4 RimaKH:
R SRR ] A48 TR, 2021, 11(8):
22-28.

DONG Mei-ling, JIN Guo, WANG Chao-hui, et al. Study
on Structure and Properties of Nano-Gradient Layer on



B2k A

Ao, SF: REGRAXT B

PAN=A
HE®Z

Wi BT e 5 e - 29 -

[39]

[41]

[42]

[43]

[46]

(48]

Laser Additive Titanium Alloy Surface[J]. Nonferrous
Metals Engineering, 2021, 11(8): 22-28.

DENG Guan-yu, ZHAO Xing, SU Li-hong, et al. Effect
of High Pressure Torsion Process on the Microhardness,
Microstructure and Tribological Property of TigAl,V
Alloy[J]. Journal of Materials Science & Technology,
2021, 94: 183-195.

NOURI M, LI D Y. Maximizing the Benefit of Alumi-
nizing to AZ31 Alloy by Surface Nanocrystallization for
Elevated Resistance to Wear and Corrosive Wear[J].
Tribology International, 2017, 111: 211-219.

FRMi. S 4 RSB T il £ B B 5 G MR 4 21
SYERERFSY[D]. i LSSl R, 2013

GUO Wei. Study on Microstructure and Properties of
Magnesium Matrix Composites Prepared by Repeated
Compression and Large Plastic Deformation[D]. Shanghai:
Shanghai Jiao Tong University, 2013.

A, R, XUARR, 45 e R I OL R B
Fe-Al-Ti-WC E&ERJZ[]. #INT T, 2020, 49(24):
80-83.

ZHANG Hao, LIANG Guo-xing, LIU Dong-gang, et al.
Fe-Al-Ti-WC Composite Coating Prepared by Laser Cla-
dding on High Speed Steel Surface[J]. Hot Working
Technology, 2020, 49(24): 80-83.

BAGHERIFARD S, GHELICHI R, KHADEMHOSSEINI
A, et al. Cell Response to Nanocrystallized Metallic Subs-
trates Obtained through Severe Plastic Deformation[J].
ACS Applied Materials & Interfaces, 2014, 6(11): 7963-
7985.

HAJIZADEH K, MALEKI-GHALEH H, ARABI A, et al.
Corrosion and Biological Behavior of Nanostructured
316L Stainless Steel Processed by Severe Plastic Defor-
mation[J]. Surface and Interface Analysis, 2015, 47(10):
978-985.

ESTRIN Y, KASPER C, DIEDERICHS S, et al. Acce-
lerated Growth of Preosteoblastic Cells on Ultrafine Grai-
ned Titanium[J]. Journal of Biomedical Materials Rese-
arch Part A, 2009, 90(4): 1239-1242.

LU Jin-wen, ZHANG Yong, HUO Wang-tu, et al. Elec-
trochemical Corrosion Characteristics and Biocompati-
bility of Nanostructured Titanium for Implants[J]. App-
lied Surface Science, 2018, 434: 63-72.

RADUCANU D, VASILESCU E, COJOCARU V D,
et al. Mechanical and Corrosion Resistance of a New
Nanostructured Ti-Zr-Ta—Nb Alloy[J]. Journal of the
Mechanical Behavior of Biomedical Materials, 2011,
4(7): 1421-1430.

R, WM, RPE, 4. Al Zn X5 Mg-1Mn £ 4 ik
HAUHIBYEARIE LRI RS2 (7] RS %R T2, 2021,
13(4): 109-114.

SONG Kai, PENG Peng, SONG Ze, et al. Effect of Al
and Zn on Grain Structure and Plastic Deformation Mec-
hanism of Extruded Mg-1Mn Alloy[J]. Journal of Nets-
hape Forming Engineering, 2021, 13(4): 109-114.

LIU Xiao-qing, QIAO Xiao-guang, LI Zi-tong, et al. High

[51]

[52]

[53]

[55]

[56]

[58]

[59]

[60]

Strength and Excellent Ductility of Dilute Mg-0.68Al-
0.32Ca-0.50Mn (wt%) Extrusion Alloy Obtained by T6
Treatment[J]. Materials Characterization, 2020, 162: 110197.
LI Li, XIE Bao-bin, FANG Qi-hong, et al. Machine Lear-
ning Approach to Design High Entropy Alloys with Hete-
rogeneous Grain Structures[J]. Metallurgical and Mate-
rials Transactions A, 2021, 52(2): 439-448.

ZHAO Xi, LI Shu-chang, XUE Yong, et al. An Investiga-
tion on Microstructure, Texture and Mechanical Proper-
ties of AZ80 Mg Alloy Processed by Annular Channel
Angular Extrusion[J]. Materials, 2019, 12(6): 1001.
CHEN Guang, ZOU Yun-he, QIN Xu-da, et al. Geome-
trical Texture and Surface Integrity in Helical Milling and
Ultrasonic Vibration Helical Milling of Ti-6A1-4V Alloy[J].
Journal of Materials Processing Technology, 2020, 278:
116494.

K PL. 7 A O S )0 A A 2T A 1 iR ik A i g e i
BHEHAIRITFD]. Kik: FOEM T K%, 2019.
ZHAO Fan. Experimental Study on Ultrasonic-Assisted
Grinding of Silicon Carbide Fiber Reinforced Silicon
Carbide Ceramic Matrix Composites[D]. Dalian: Dalian
University of Technology, 2019.

ZHOU Li, ZHOU M, HAN Xiong, et al. 3D Surface
Roughness Evaluation of Surface Topography in Ultra-
sonic Vibration Assisted End Grinding of SiCp/Al Com-
posites[J]. International Journal of Nanomanufacturing,
2019, 15(3): 290-303.

LIU Dan, LIU Dao-xin, ZHANG Xiao-hua, et al. Surface
Nanocrystallization of 17-4 Precipitation-Hardening Stai-
nless Steel Subjected to Ultrasonic Surface Rolling Pro-
cess[J]. Materials Science and Engineering: A, 2018, 726:
69-81.

KUMAR P, MAHOBIA G S, CHATTOPADHYAY K.
Surface Nanocrystallization of B-Titanium Alloy by Ult-
rasonic Shot Peening[J]. Materials Today: Proceedings,
2020, 28: 486-490.

AMANOV A, KARIMBAEV R, MALEKI E, et al. Effect
of Combined Shot Peening and Ultrasonic Nanocrystal
Surface Modification Processes on the Fatigue Perfor-
mance of AISI 304[J]. Surface and Coatings Technology,
2019, 358: 695-705.

WANG Xing-xing, QI Zhen-chao, CHEN Wen-liang.
Investigation of Mechanical and Microstructural Charac-
teristics of Ti—45Nb Undergoing Transversal Ultrasonic
Vibration-Assisted Upsetting[J]. Materials Science and
Engineering: A, 2021, 813: 141169.

R, INBAR, P, S5, UIHIVE s A S AT RHTE ST
RS REE[I). FEFHAR, 2022, 51(4): 37-49, 65.

JIAO Feng, SUN Hai-meng, NIU Ying, et al. Research
Progress and Prospect of Ultrafine Grained Material Pre-
pared by Cutting Method[J]. Surface Technology, 2022,
51(4): 37-49, 65.

AMANOV A, PENKOV O V, PYUN Y S, et al. Effects
of Ultrasonic Nanocrystalline Surface Modification on the
Tribological Properties of AZ91D Magnesium Alloy[J].



« 30 -

E TR NN

2023 4E 4 A

[62]

[64]

[65]

[67]

[68]

[69]

Tribology International, 2012, 54: 106-113.

ZHENG Kan, LIAO Wen-he, DONG Qi, et al. Friction
and Wear on Titanium Alloy Surface Machined by Ultra-
sonic Vibration-Assisted Milling[J]. Journal of the Brazi-
lian Society of Mechanical Sciences and Engineering,
2018, 40(9): 411.

WA, Bolglh, MR dE, L I T IR EBFR N %
BERAPERELT]. AR, 2018, 51(11): 20-24.

HAN Shuang, DUAN Hai-tao, YANG Xue-jun, et al.
Wear and Friction Properties of Ductile Iron by Ultra-
sonic Machining[J]. Materials Protection, 2018, 51(11):
20-24.

CHEN Xin, ZHAI Wen-zheng, DONG Song, et al. Inves-
tigations on Torsional Fretting Wear Properties of CuAINi
Processed by Ultrasonic Vibration-Assisted Milling[J].
Tribology International, 2020, 146: 106238.

ZHU Wu-le, XING You-giang, EHMANN K F, et al.
Ultrasonic Elliptical Vibration Texturing of the Rake Face
of Carbide Cutting Tools for Adhesion Reduction[J]. The
International Journal of Advanced Manufacturing Tech-
nology, 2016, 85(9): 2669-2679.

T8, AR, XER, % BAREMRER R
SEALRYRITTEERIR[T]. RIMHIAR, 2022, 51(8): 203-213.
GONG Li-chao, PAN Yong-zhi, LIU Yan-jie, et al. Sur-
face Strengthening of Ultrasonic Rolling Bearing Rings[J].
Surface Technology, 2022, 51(8): 203-213.

AMANOV A, CHO I, PYOUN Y, et al. Micro-Dimpled
Surface by Ultrasonic Nanocrystal Surface Modification
and Its Tribological Effects[J]. Wear, 2012, 286-287: 136-
144.

ZHAO Xiao-hui, XUE Gui-lian, LIU Yu. Gradient Crys-
talline Structure Induced by Ultrasonic Impacting and
Rolling and Its Effect on Fatigue Behavior of TC11 Tita-
nium Alloy[J]. Results in Physics, 2017, 7: 1845-1851.
FUR, AR, AT, A RERIEN 7075 fRa ek
FAT NSN]SR R 5 TR, 2021, 44(5):
126-130.

BAI Na, LAI Liu-sheng, DENG Guang. Influence of Ult-
rasonic Surface Rolling on Fatigue Behavior of 7075 Alu-
minum Alloy[J]. Ordnance Material Science and Enginee-
ring, 2021, 44(5): 126-130.

FBN, Bz, it . B ahid 58S R mmp R
ZREEH S30408 HUIE ST IERENTFE[T]. AL TARBFHR,
2021, 42(2): 1-7.

WANG Zhi-cheng, ZHOU Yun, ZHENG Yang-yan, et al.
Study on Fatigue Resistance of Surface Gradient Nanost-
ructure S30408 after Ultrasonic Shock Treatment[J]. Che-
mical Equipment Technology, 2021, 42(2): 1-7.

I R RN T AR m O L AL SE[D). b
a0 HUBRRADTTE AL, 2018.

HAN Shuang. Study on Surface Modification and Mecha-
nism of Ultrasonic Machining of Metal Materials[D].
Beijing: China Academy of Machinery Science and Tech-

[72]

[74]

[75]

[77]

[78]

nology, 2018.

KHERADMANDFARD M, KASHANI-BOZORG S F,
KIM C L, et al. Nanostructured B-Type Titanium Alloy
Fabricated by Ultrasonic Nanocrystal Surface Modifica-
tion[J]. Ultrasonics Sonochemistry, 2017, 39: 698-706.
ZHUKOVA Y, ULASEVICH S A, DUNLOP J W C,
et al. Ultrasound-Driven Titanium Modification with For-
mation of Titania Based Nanofoam Surfaces[J]. Ultraso-
nics Sonochemistry, 2017, 36: 146-154.

FEZE, BN, B SR RS BRI R GRS
[J]. iR 24, 2020, 39(6): 885-893.

TANG Jun, CHEN Xiao-jing, ZHAO Bo. A Research on
the Micro Texture Ultrasonic Vibration Milling System[J].
Journal of Applied Acoustics, 2020, 39(6): 885-893.
SAJJADY S A, LOTFI M, AMINI S, et al. Improving the
Surface Energy of Titanium Implants by the Creation of
Hierarchical Textures on the Surface via Three-Dime-
nsional Elliptical Vibration Turning for Enhanced Osseoi-
ntegration[J]. Proceedings of the Institution of Mecha-
nical Engineers Part H, Journal of Engineering in Medi-
cine, 2019, 233(12): 1226-1236.

HOSSEINABADI H N, SAJJADY S A, AMINI S. Crea-
ting Micro Textured Surfaces for the Improvement of
Surface Wettability through Ultrasonic Vibration Assisted
Turning[J]. The International Journal of Advanced Manu-
facturing Technology, 2018, 96(5): 2825-2839.

CHEN Wan-qun, ZHENG Lu, XIE Wen-kun, et al. Mode-
lling and Experimental Investigation on Textured Surface
Generation in Vibration-Assisted Micro-Milling[J]. Jour-
nal of Materials Processing Technology, 2019, 266: 339-
350.

KUMAR S, CHATTOPADHYAY K, SINGH V. Effect
of Surface Nanostructuring on Corrosion Behavior of
Ti-6Al-4V Alloy[J]. Materials Characterization, 2016,
121: 23-30.

YE Han, SUN Xu, LIU Yong, et al. Effect of Ultrasonic
Surface Rolling Process on Mechanical Properties and
Corrosion Resistance of AZ31B Mg Alloy[J]. Surface and
Coatings Technology, 2019, 372: 288-298.

KR, Xk, Mg, 4 A 2412 G
G 0PI EE AR AR B Sk R T AT A B S e D). AR R AR
2020, 41(10): 38-41, 78, 99.

ZHANG Ti-ming, DENG Yun-fa, CHEN Yu-hua, et al.
Effect of Ultrasonic Impact Treatment on Corrosion Beha-
vior of FSW Joints of 2A12 Aluminum Alloy[J]. Transac-
tions of the China Welding Institution, 2020, 41(10): 38-
41, 78, 99.

PANDEY V, SINGH J K, CHATTOPADHYAY K, et al.
Influence of Ultrasonic Shot Peening on Corrosion Beha-
vior of 7075 Aluminum Alloy[J]. Journal of Alloys and
Compounds, 2017, 723: 826-840.

SLG . TR



