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Fig. 1 Diagram of tool and workpiece modeling
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Tab.1 Basic mechanical parameters of materials

" f T 4 HR-2
SH Parameter Cem)fn}idncibide HR-2 s?:]el

% ¥ Density/(g/cm®) 14 7.85
FfLPAR i Elastic modulus/GPa 640 206
IF1#2 Lt Poisson ratio 0.22 0.3

Pfl 5 75 -

Thermal conductivity/[W/(m+K)]
Coefficient ;Eiiifif ipansiom/"C’1 5x107 L1107

i 300 465

Specific heat capacity/[J/(kg-K)]

#2 HR2MEWI-CEAMSEH

Tab.2 J-C constitutive parameters of HR-2 hydrogen resistant steel

ZH Parameter  A/MPa B/MPa n C m

{i Value 553 601 0.234 0.02 0.8

J-C 545 25 7T B33 1 DU A 4 W A e 75 0
ARG ZE AT, 2545 RO R N R SC AR S
AR AT T LI A R TR R R B U6 R 5K
HEN, BITTIT IR R B s . J-C Ui & & Jm &5 H i
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Tab.3 J-C damage parameters of HR-2 hydrogen resistant steel
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4 5
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Fig.3 Schematic diagram of ultrasonic vibration drilling test system
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Fig.4 Path setting for finite element simulation results
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Fig.5 Extraction results of hole wall path
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Fig. 6 Temperature cloud map of drilling area
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Fig. 7 Extraction results of tool path
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Fig. 8 Wear status of transverse blades at different drilling depths
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Fig. 9 Diagram of the wear area of the transverse blade
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Fig. 10 Wear status of the cutting surface and main cutting edge at
different drilling depths
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Fig. 11 Wear status of front cutting surface and secondary cutting

edge at different drilling depths
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Fig. 12 SEM observation of main cutting edges with different
drilling depths
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Fig. 13 EDS analysis results of conventional drilling tools at a depth of 40 mm
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Fig. 14 Surface characteristics of deep and small hole drilling of

hydrogen resistant steel
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Research on tool wear and surface quality of ultrasonic vibration assisted drilling

HR-2 hydrogen resistant steel deep small holes

JIANG Kaining' WANG Jiaxun’

ZHANG Yuan?

XU Feifei’

LIU Wenhao' DONG Zhigang'

(1. State Key Laboratory of High-Performance Precision Manufacturing, Dalian University of Technology, Dalian 116024, China)

(2. Institute of Mechanical Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: In response to the problems of reduced surface quality and severe twist drill wear in HR-2 hydrogen resistant

steel deep small holes drilling, integrated thermal coupling finite element simulation with experimental investigations of deep

small holes drilling to analyze the variations in tool wear, drilling temperature, and the quality of the machined surface during

the process of machining deep small holes. The improvement effect of introducing ultrasonic vibration on poor surface quality

and severe tool drilling wear was analyzed by comparing ultrasonic vibration assisted drilling (UVAD) and conventional

drilling (CD). The results show that as the drilling depth increases, the heat accumulation of the tool's transverse and cutting

edges significantly increases, gradually leading to problems such as coating peeling, edge passivation and chipping.

Concurrently, the accumulation of cutting heat on the surface of the machined hole causes temperature rise, resulting in

material coating, debris adhesion, oblique scratching and other problems on the machined surface, resulting in a deterioration

of surface quality and an elevation in surface roughness. Compared to CD, the UVAD effectively reduces drilling temperature,

helps to reduce tool wear and maintain cutting edge integrity, while suppressing the increase in surface roughness during

machining, ultimately improving surface quality.

Key words: Hydrogen resistant steel; Deep small holes; Ultrasonic vibration assisted drilling; Finite element simulation;

Tool wear; Surface quality
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