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Abstract: Considering the difficulties in machining surface quality assurance of titanium alloy shaft
parts, a parallel ultrasonic vibration cutting method was proposed based on ultrasonic vibration with two
tools cutting synergy. The parallel ultrasonic vibration cutting principles and cutting modes were analyzed ,
and the tool-workpiece trajectory and separation cutting conditions were studied. The effects of four types
of cutting processes including the parallel ultrasonic vibration cutting and the single-tool conventional cut-
ting, the conventional cutting with two tools (parallel cutting) , and the single-tool ultrasonic vibration cut-
ting, on their surface integrity (i. e. , surface roughness and machined surface morphology» surface residual
stress, microstructure and surface hardness) were studied. The experimental results indicate that the paral-
lel ultrasonic vibration cutting and the single-tool ultrasonic vibration cutting significantly benefit to reduce
the surface roughness of the machined surfaces, to increase the thickness of the deformed layers and the sur-
face hardness, resulting in high surface residual stress. The parallel cutting and parallel ultrasonic vibration
cutting may reduce the surface residual stress but increase the surface roughness. Therefore, parallel ultra-
sonic vibration cutting combines the advantages of parallel cutting and ultrasonic vibration cutting, achiev-
ing a lower surface roughness while reducing surface residual stress, increasing surface microhardness and
hardening rate, and further enhancing material properties.

Key words: parallel ultrasonic vibration-assisted cutting; surface integrity; titanium alloy; ultrasonic
vibration
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Fig.8 Machined surface topography for different

cutting processes
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Fig.9 Surface residual stresses for different

cutting processes
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Fig.10 Machined surface deformation layers for

different cutting processes
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Fig.11 Microhardness of the machined surface for

different cutting processes

D) AR 5% $ Hh — Ffofés e 75 i sl b ) Fnse) B
AT UIHIAE S & AT A IR sh U 5 i . AE D
b T 4% A 2 BOHT IR 15 B0 T 5 2R R4 7 8 7 ik
sh Y1 5 3 Y0 AT U0 DL RO S R s D
PEAT VIR G . 45 R AR L 4R 3 DD AR 4R e R
S YTHI 2% 1HDRURS BE SR i LT 5 #3510
B O BN TR B . JRAT R R R 2 DD
R TR B R R ] D) A e I RLRS L (H A R T
7 58 Y H F I AT U0 EL AT AT A Ak ek S i T 3R
i

2)TE T 04 U0 B 250G A it o e 7 g
Bl B B VI T2 A% Ge UG T4 32 18 5% 4%
J18E 1 10%6~26 Y6, % JH IFA7 8 75 3= sh U1 | Oy
T 0 T A 3% 1R A N T 8RR R R Bl V) e 29
13.4%.

3RS T2 s 3% e m TR
T T 7 1 98 M AR O J2 1 R ok AR TR R B R ol
A 2 1 S OB R R . AR T O AT DI EI L R AT
7 I 2 ) #0790 SR T e

- 733 -



hE LM T AR 28 37 B 2 33 2026 4 3 H

SR [ B R 5 vy 1) B AL SR TR

SE Lk

(1]

(2]

(3]

[4]

L6]

(7]

(sl

9]

[10]

[11]

[12]

AHMAD A. AKRAM S, JAFFERY S H I, etal. Evalua-
tion of Specific Cutting Energy, Tool Wear, and Surface
Roughness in Dry Turning of Titanium Grade 3 Alloy[J].
The International Journal of Advanced Manufacturing Tech-
nology, 2023, 127(3) :1263-1274.
ST B R L A B i B0 R O e 8O R R B
YIHPMTLT]. MUB TR 541, 2021, 57(5) - 133-147.
ZHANG Xiangyu, LU Zhenghui, PENG Zhenlong, et al.
High Quality and Efficient Ultrasonic Vibration Cutting of
Titanium Alloys[J]. Journal of Mechanical Engineering.
2021,57(5):133-147.

TOCHE BN R SR L S R S HLER B R I AR
WEFEBUR S SR BT ], i as 2441 . 2019, 40(6) : 6-41.

DING Wenfeng, XI Xinxin, ZHAN Jinghua, et al. Research
Status and Future Development of Grinding Technology of
Titanium Materials for Aero-engines[ J]. Acta Aeronautica
et Astronautica Sinica, 2019, 40(6) :6-41.

PATIL A S, SUNNAPWAR V K, BHOLE K S, et al.
Effective Cooling Methods for Ti6Al4V CNC Milling: a
Review [J]. Advances in Materials and Processing Tech-
nologies, 2023, 9(2) :457-506.

CUI Xin, LI Changhe. DING Wenfeng, et al. Minimum
Quantity Lubrication Machining of Aeronautical Materials
Using Carbon Group Nanolubricant: from Mechanisms to
Application[ J]. Chinese Journal of Aeronautics, 2022, 35
(11):85-112.

BRFE 5 . BTk AR - R A0 L BT Ik TCA 8K & 4x
AL AR AT FE LT ], BRI TR, 2023(7) ¢ 1-8.
CHEN Kejia, ADAYI Xieeryazidan. Experimental Study
on Electrochemical Turning of TC4 Titanium Alloy Based
on Taguchi Method[J]. Modern Manufacturing Engineer-
ing, 2023(7):1-8.

ORI . i T 7 I i 3l Bl BB < RS % DD 4
ARBERBIFLD ] WK EE IR JKIE Tl R, 2020,

TAN Rongkai. Fundamental Research on Ultrasonic Ellip-
tical Vibration Assisted Ultra-precision Cutting of Titanium
Alloy[ D ]. Harbin:Harbin Institute of Technology . 2020.
DING Pengfei. HUANG Xianzhen, LI Yuxiong, et al.
Reliability Optimization of Cutting Parameters Considering the
Diameter Error of Slender Shaft[J]. Journal of Mechanical
Science and Technology, 2021, 35(10) :4673-4683.
DUAN lJingwei, ZOU Ping. WEI Shiyu. et al. Research
on the Formation Mechanism of Surface Morphology in
Three-excitation  Ultrasonic  Spatial ~ Vibration-assisted
Turning[ J]. The International Journal of Advanced Manu-
facturing Technology, 2022, 121(9): 6851-6876.

WRy I, E B 2R ARk A5 R R 3 BE i T A7 AR b R
FBRHLBL S 0 T AL ] ML TR A 4R . 2024
60(9) :86-96.

CHEN Shoufeng, WANG Chengyong, LI Weiqiu, et al.
Material Removal Mechanism and Surface Quality Evalua-
tion of Graphite Ultrasonic Vibration Milling[ J]. Journal of
Mechanical Engineering, 2024, 60(9): 86-96.
MUHAMMAD R. MUHAMMAD R. A Fuzzy Logic
Model for the Analysis of Ultrasonic Vibration Assisted
Turning and Conventional Turning of Ti-based /\Iloy[]].
Materials, 2021, 14(21): 6572.

FRRIE . TR . GHA169 & i £ S 7 4l B b H) 1 50 F
FE[7]. TRHAR, 2024, 58(6): 55-60.

YUAN Shengwang, ZHOU Heqing. Experimental Study

734 -

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

on Optimization of Ultrasonic Assisted Process Parameters
for GH4169 Alloy[J]. Tool Engineering. 2024. 58(6) :
55-60.

YU Fuhang. ZHANG Chen, ZHU Qinsong., et al. Investi-
gation of Ultrasonic Mechanism and Development of Tool
Wear Model in Ultrasonic Elliptic Vibration Assisted Cut-
ting of Stainless Steel[J]. Tribology International. 2023,
189: 108962.

M A VAR, T HE, AE L S R B A8 K AR R T v
FHIER G IR 5T LT]. P EPLM TR . 2025, 36(4)
743-752.

ZHENG Jintao, MA Haoran, WANG Jin, et al. An Ex-
perimental Study on Ultrasonic Vibration Assisted Turning
Titanium Alloy with Nanofluid Minimum Quantity Lubrica-
tion [J]. China Mechanical Engineering, 2025, 36 (4) .
743-752.

DOMINGUEZ-CABALLERO J. AYVAR-SOBERANIS
S, KIM 17, Hybrid Simultaneous Laser- and
Ultrasonic-assisted Machining of Ti-6A1-4V  Alloy [J].
The International Journal of Advanced Manufacturing Tech-
nology, 2023, 125(3): 1903-1916.

LU Zhenghui, ZHANG Deyuan, ZHANG Xiangyu, et al.

Effects of High-pressure Coolant on Cutting Performance of

et al.

High-speed Ultrasonic Vibration Cutting Titanium Alloy
[J1. Journal of Materials Processing Technology, 2020,
279:116584.

KA AR T B AE L RSV A T 18 7 Al B D n
TAHERERFSELI]. " E LA TR . 2023, 34(3):287-291.
ZHANG Shuo. ZOU Ping, FANG Rui, et al. Study on
Elliptical Ultrasonic Assisted Machining Performance of Mi-
cro Texture Turning Tools [J]. China Mechanical Engi-
neering. 2023, 34(3):287-291.

ZHANG Yuanhui, CAI Wei, HE Yan, et al.
and-reverse Multidirectional Turning: a Novel Material Re-

Forward-

moval Approach for Improving Energy Efficiency. Process-
ing Efficiency and Quality[J]. Energy, 2022, 260:125162.
CAI Wei, ZHANG Yuanhui, LI Li, et al. Cutting Me-
chanics and Efficiency of Forward and Reverse Multidirec-
tional Turning[ J]. International Journal of Mechanical Sci-
ences, 2023, 242:108031.

YAMATO S, OKUMA T, NAKANISHI K, et al. Chat-
ter Suppression in Parallel Turning Assisted with Tool
Swing Motion Provided by Feed System[J]. International
Journal of Automation Technology. 2019, 13(1):80-91.
CAI Wei, XIANG Jingyang, DONG Guojun, et al. Ana-
lytical Modelling of Parallel Multidirectional Cutting of
Slender Shafts[ J]. International Journal of Mechanical Sci-
ences, 2025, 288:110024.

YAMATO S, NAKANISHI K, SUZUKI N, et al. Ex-
perimental Verification of Design Methodology for Chatter
Suppression in Tool Swing -assisted Parallel Turning[J].
The International Journal of Advanced Manufacturing Tech-
nology, 2020, 110(7) :1759-1771.

SAKATA S, KADOTA T, YAMADA Y, et al. Chatter
Avoidance in Parallel Turning with Unequal Pitch Angle
Using Observer-based Cutting Force Estimation[ J]. Jour-
nal of Manufacturing Science and Engineering, 2018, 140
(4):044501.

AZVAR M, BUDAK E. Multi-dimensional Chatter Stabil-
ity for Enhanced Productivity in Different Parallel Turning
Strategies[ J]. International Journal of Machine Tools and
Manufacture, 2017, 123: 116-128.

(TEEE761T7)



