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Simulation and Experimental Study on Material Removal Function
of Shear Thickening Polishing Cylindrical Surface
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ABSTRACT: The paper aims to obtain the distribution of pressure field and velocity field around cylindrical surface by finite
element simulation method, to establish the material removal function of cylindrical shear thickening polishing in combination
with the correction coefficient obtained by fitting the experimental results. The computational fluid dynamics simulation
software CFX was used to simulate the flow of the polishing liquid in the shearing thickening process of cylindrical curved

surface. By comparing the simulated value and experimental measurement value of the force applied to the workpiece, the fluid
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rheological property correction coefficient K, was obtained. Based on the simulated surface pressure field and polishing fluid
velocity field, the material removal function of shear thickening polishing cylindrical curved was established based on Preston
equation. With stainless steel 316 curved cylinder as the target of polishing experiment, the material removal function was
obtained based on the measurement result of removal rate. The result showed that the fluid rheological property correction
coefficient K,=40.1, the error of the pressure output value of the modified model and the experimental measurement after
correction was 4.7%, the equation coefficient of the Preston equation removal function was calculated to be K.=28.85, the
material removal function presents a distribution law of approximate sinusoidal function throughout the cylindrical surface and
was exponentially related to the polishing speed. The polishing simulation and experimental results were in good agreement, and
the error was within 5%, indicating the effectiveness of the simulation model. The distribution law of pressure field and velocity
field on the surface of cylindrical curved surface during shear thickening polishing can be well revealed by CFX simulation. The
material removal function established based on Preston equation. And the establishment of this shear thickening polishing
removal function is not only applicable to regular cylinders, but also suitable for the establishment of shear thickening polishing
removal function for other shape workpieces.

KEY WORDS: cylindrical surface; shear thickening polishing; finite element simulation; removal function; 316L stainless steel
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Tab.1 Setting of simulation conditions

Simulation condition Value
Workpiece size/mm 20%30
Inlet velocity/(m's ™) 1.47

Correction coefficient of rheological property(K,)  40.1

Output P,V

a ki

b B
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Fig.8 Cloud map of simulation result: a) pressure; b) speed

P =0.35+2.16sin (7 (a +85.02)/170.03) (3)

V =0.32+0.32sin(n(a - 50.97)/101.94) (4)
MRR =K_PV =K, (0.35+2.16sin(n(a+85.02)/170.03))-

(032+0.32sin(n(er~50.97)/101.94)| (5)



Fagt HioH Whotse a5 i v o s AR A 6 A2 R 25 R bR K05 B9 SE R F S 359 -

3
2k
o
£ of
g
A
_1 L
= Pressure value
-2t Curve fitting
—200 —150 -100 =50 0 50 100 150 200
Angle/(°)
a iR
0.8
= Speed value
0.7 + Curve fitting

e o
[9,) (=)}
T T

Speed/(m - s7')
IS
~

03}
02f
- | ]
0.1}
~200 -150 -100 =50 0 50 100 150 200
Angle/(°)
b BREE

P9 ) L i R FEE 4045 T 26

Fig.9 Simulation fitting curve: a) pressure; b) speed

3.1 KIEFH

T W E 2R PR ECRB K, B ) E S 22 R
BOWIERTE, X 3161 AEENBIAR T (920 mmx30 mm)
AT, BRI AR 2 iR ( TESH
505 BAAMEHTR ). 5255 15 2] T AR R OB 2 B
NN T RTAE TARR R 0°,4£30°.,+£60°,+£90° ,+£120°,
£150°, £180°4bFHANIZER T —4KIE, i 10 Prn.

x2 TWEH
Tab.2 Experimental condition

Experimental condition Value

316L cylindrical roller

Workpiece (20 mmx30 mm)
Abrasive Al,O4
Abrasive size 3000#
Concentration/% 10

Polishing fluid viscosity/(Pa's)  Viscosity curve of Fig.2
Rotational speed/(r-min ") 70

Time/min 30
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Fig.10 3D topography of scratch marks: a) before polishing
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Tab.3 Experimental and theoretical removal rate of workpiece materials

Angle/(°) -180 -150 -120 -60 =30 0 30 60 90 120 150
Experimental removal rate/(um-h™") 0 0 0 1.77 15.64 7.73 0 8.59 17.14 1.82 0 0
Theoretical removal rate/(um-h™") 0 0 0 0.064 0.543 0.259 0 0.297 0.568 0.065 0 0
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