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Abstract: As demand rises for high-performance titanium alloy components in the aerospace sector,
cutting technologies encounter major hurdles in delivering high precision and quality. This paper
presents a systematic review of the latest advances in titanium alloy cutting technology, along with an in-
depth analysis of research methodologies in cutting and chip characteristics. Specifically, it focuses on
elucidating how cutting parameters affect cutting performance and tool wear. It also summarizes tool
wear modes alongside corresponding improvement strategies. Given the limitations of present study,
this paper proposes future development directions for titanium alloy cutting technologies, aiming to
provide guidance for enhancing the cutting efficiency and surface integrity of titanium alloy compon-
ents and to lay a theoretical foundation for subsequent relevant research.
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Machining . . .
technology Characteristics or principle Advantages Disadvantages
. . . .. . High i ts for tool material d

. Speed is 5-10 times higher than traditional, Reduce cutting heat and low-or- 161 requirements for 100l matena’s an

High-speed . . o . equipment, challenges in parameter optim-
. Thermo-mechanical coupling occurs, and a der vibration, reduce cutting force, .= . K Lo .
cutting . . . ization, high initial investment and main-
critical speed threshold exists. extend tool life
tenance costs

Ultrasonic T.he t.ool is S}ijected to h.lgh-frequency Reduc.e cutting force and chttmg Limited machining cfficiency, challenges

I vibration, and is comprehensively acted by heat, improve surface quality and . . . .
vibration- in tool life prediction, complex equipment

assisted cutting

Turn-milling

high strain rate, dynamic stress, and local
thermo-mechanical coupling

Composite rotational motion of workpiece
and milling cutter, capable of high-speed/

machining ultra-high-speed cutting, breaking through
the centrifugal force bottleneck
Crvogenic Cool the cutting area using cooling media
1Yo such as liquid nitrogen, liquid CO,, cold air,
cutting
etc.
Green wet Low-pollution, degradable, and high-perfor-
cutting mance cutting fluid
Thermohydrogen Bas.ed. on the revers1b¥e glloymg chara-
cteristics of hydrogen in titanium alloys,
treatment

assisted cutting

hydrogen is used as a transitional alloying
element

chip evacuation, improve mach-
ining accuracy, extend tool life

Suitable for high-speed machining
and micro parts, reduce surface ro-
ughness, automatic chip evacuation

Reduce cutting temperature, extend
tool life, improve workpiece surface
integrity

Reduce waste liquid emissions, ext-
end tool life, improve machining ef-
ficiency; environmentally friendly

Improve cutting performance, but
there is a threshold for the benefi-
cial effect of hydrogen on cutting.

and high cost, low technology maturity

Limited machining efficiency and applic-
ability, high environmental requirements,
lack of systematic market and industrial
support, complex operation, high cost

High parameter sensitivity, challenges in chip
control, high cost

The lubricating fluid has a “double-edged
sword” effect, high parameter sensitivity, cha-
llenges in chip control, increased workshop
safety risks

Narrow hydrogen content control window,
challenges in tool life prediction, complex
process, high cost, potential hazards to sub-
sequent welding
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Fig. 5 Serrated chip formation theory for titanium alloy"""
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Fig. 7 Effects of cutting speed on cutting force and cutting temperature of the workpiece
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Table 2 Comparison of different cutting tool materials

[6,93,98-101]

Tool materials

Composition or classification

Advantages

Disadvantages

High-speed
steel

Hard metal

Coated tool

Ceramic tool

Superhard
material

Elements such as W, Mo, Cr, V

Tungsten-cobalt type (YG), tungsten-tita-
nium-cobalt type (YT), tungsten-titanium-
tantalum-niobium type (YW)

Cemented carbide/high-speed steel substr-
ate + coatings such as TiC/TiN/AL O,

With ALO; or Si;N, as the matrix, with a
small amount of other alloying elements
added

Diamond (PCD), cubic boron nitride

(cBN)

Good comprehensive performance, low
cost; suitable for complex tools; used for
machining non - ferrous and ferrous mat-

erials
YG has good toughness; YT has high

hardness; YW has excellent comprehe-
nsive performance

High hardness, high wear resistance, high
chemical stability, heat resistance, oxidation
resistance, and low friction coefficient

High hardness, high wear resistance and
heat resistance, high chemical stability,
and low friction coefficient

High hardness, high wear resistance and
heat resistance, high chemical stability,
low friction coefficient, and excellent
thermal conductivity

Heat resistance temperature is only 600 °C,
and serious wear occurs during high-speed
cutting

Large brittleness and insufficient impact
toughness; YT is prone to chemical wear

Low bonding strength of conventional
coatings; the substrate has poor impact
resistance and is prone to microcracks

Large brittleness; poor thermal conducti-
vity; rarely used for titanium alloys

Diamond is extremely costly and reacts
with iron - group elements; cBN is expensive
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