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ABSTRACT: The work aims to explore the influence of longitudinal-torsional ultrasonic grinding process parameters on the
residual stress state of TC4 titanium alloy machining surface to improve the fatigue resistance of TC4 titanium alloy. The
mechanical stress and thermal stress generated during the grinding process were analyzed based on the grinding force model of
longitudinal-torsional ultrasonic grinding, the residual stress model of the longitudinal-torsional ultrasonic grinding surface was
further established, and the residual stress distribution of the grinding process was obtained by MATLAB simulation. The finite

element for a single abrasive particle under longitudinal-torsional ultrasonic grinding was established based on thermo-
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mechanical coupling, and the influence of grinding parameters on residual stress was analyzed, the rationality of the finite

element model was verified by the longitudinal-torsional ultrasonic grinding experiment of TC4 titanium alloy. The residual

stress of the TC4 titanium alloy ultrasonic grinding surface was the residual compressive stress, and the distribution curve of the

stress along the depth of the workpiece was similar to the "tick". The residual compressive stress on the machined surface of the

workpiece increased gradually with the increase of the grinding depth at first, when the grinding depth increased to 8 pm, the

maximum value of the residual compressive stress was —488 MPa, and then decreased with the increase of the grinding depth.

The residual compressive stress decreased with the increase of the grinding linear speed, and increased with the increase of the

longitudinal-torsion ultrasonic amplitude. The average error between the simulation and experiment results of the residual stress

on the machined surface was 9.8%, and changing trends of the residual stress were consistent. Longitudinal-torsion ultrasonic

assisted grinding can effectively eliminate the residual tensile stress on the machined surface and obtain a more ideal residual

compressive stress, which significantly improves the fatigue resistance of the TC4 titanium alloy.
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Fig.2 Grinding force and mechanical stress model of longitudinal-torsional ultrasonic grinding of single CBN abrasive particle
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Fig.7 Simulation results of (a) stress field and (b) temperature field in longitudinal-torsional ultrasonic grinding
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Fig.8 Comparison between theoretical calculation and simulation
values of residual stress in longitudinal-torsional ultrasonic grinding

—410

Residual stress/MPa
| | | | I
A R A B W
w [\%] — (=] O
(=) (=] (=] (=] (=)
T
Residual stress/MPa

Residual stress/MPa

L L bbb
[\%) (=) o0 N B
S & & & o

—440 1 1 1 L 1 1

2 4 6 8 10 12
Grinding depth a,/um

a BEHITREE
&l 9

900 12IOO 1500 1800 2100 2400 27I00 o 1 2 3 4 5 6
Grinding linear speed v, /(mm-s™)
b BEHIL
ANTFEE ) T 22 80T R G AN S35 FL45

Ultrasonic amplitude 4/um
c P YRIE

Fig.9 Simulation results of surface residual stress under different grinding process parameters: a) grinding depth; b) grinding
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Fig.10 The platform of longitudinal-torsional ultrasonic grinding
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Fig.11 Wheel and workpiece used in experiments: a) ceramic CBN wheel; b) TC4 titanium alloy workpiece
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Tab.4 The experimental parametersof the singlefactor grinding

B 58 ms , A X B2 AT A o A A
(LXRD) TR R SR A N TR SR e AE

Exp.  Grinding  Grinding linear speed Ultrasonic BT, SR RAEERE S A SR TR, IFEUOE
: 71 i N . N
mumber PR ajn AR ) SISO MR P T A AR R A 5
5 <5 Oy W“n %" nl A
3 5 2094 0,2,4,6 AN TR ZS S 12 R .
# 5 LXRD#®iMNSH
Tab.5 The detection parametersof LXRD

Voltage/kV Electric Target Beta Bragg Exposure Time of Normal inclination

orage current/mA material angle/(°) angle/(°) times exposure/s angle/(°)

25~30 25 Cu +19 140 10 2 +42
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Fig.12 Relationship between grinding process parameters and surface residual stress: a) grinding depth; b) grinding linear speed;

¢) ultrasonic amplitude
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