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Abstract 
In order to obtain an ultraprecision surface, a new polishing slurry is proposed for the high-efficiency machining of steel materials. 
The prepared polishing slurry exhibits non-Newtonian power-law fluid characteristics with shear-thickening rheology. Shear 
thickening rheological properties of the slurry are precisely controlled to achieve material removal. Several controlled parameters 
are experimentally explored in this machining process. Under the optimum polishing conditions, a potential ultraprecision machining 
method for target materials is obtained in this work. 
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1. Introduction   

Ultra-precision polished components are finding rising 
practical applications, such as aero engine blades, medical 
artificial implants, optical moulds or bearing elements. The 
performance of these components usually depends on form 
accuracy and ultra-smooth surface with low or even no 
subsurface damage. Therefore, high-efficiency deterministic 
polishing methods are an important factor in the whole 
manufacturing process. 

In this sense, computer-controlled optical surfacing (CCOS) [1] 
methods can achieve shaping of high-precision surfaces. Some 
polishing methods, such as magnetorheological finishing (MRF), 
bonnet tool polishing (BTP), chemical mechanical polishing (CMP) 
can successfully remove material in extremely small amounts 
with rarely inducing fracture in the machined material. 
Nevertheless, the high cost of magnetorheological fluids/slurries 
in MRF, embed abrasive abrasives in the material in BTP, and 
certain environmental impact of chemical slurry in CMP reveal 
limitations for the potential applications. High-efficiency 
polishing is closely related to improving productivity for 
products. Consequently, new polishing methods with high-
efficiency, high quality and low cost have to be identified. In this 
context, Li et al. [2,3] proposed a novel polishing method, i.e. 
shear-thickening polishing (STP). During the STP process, a 
“flexible fixed abrasive tool” will produce in the polishing zone 
between the workpiece and slurries, and a persistent shear force 
makes the abrasives to remove the roughness peaks. However, 
precise rheological control of the slurries will determine the 
machining quality of the workpiece in the STP process. In 
addition, specific polishing slurries with adapted compositions 
show appropriate machinability for certain workpiece materials. 

Bearing steel materials have an important applications due to 
their superior properties such as high strength, high hardness, 
high elastic limit, impact toughness, dimensional stability and 
anti-corrosion behaviour. Thus, ultraprecision polishing of 
bearing steel parts with satisfying surface integrity is an 
interesting research field. 

The novel application of shear-thickening polishing slurries is 
usually restricted by the physical-chemical properties of the 
workpiece materials. In this paper, a new polishing slurry is 
proposed for the high-efficiency machining of steel materials. 
Shear thickening rheological properties of the slurry are 
precisely controlled to effectively remove material. Several 
control parameters are experimentally explored in the polishing 
process. Under the optimum polishing conditions, a potential 
ultraprecision machining method for the targeted materials is 
obtained in this work.  

2. Experiment and measurement       

2.1. Machining principle and experimental setup  
Figure 1 shows the machining principle and experimental 

device/setup. The two self-rotating workpieces were fixed and 
immersed in the new prepared slurries (i.e. shear-thickening 
polishing fluids). The polishing slurries with abrasive micro-
particles were prepared and added in a water tank with the 
annular groove. The liquid level depth of slurries should be 
controlled at 50 ~ 60 mm to facilitate greater contact with the 
workpiece surface. The rotational speed of the slurry tank and 
the self-rotational speed of the workpieces were not exceeding 
50 rpm and 800 rpm, respectively. 
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Figure 1. Schematic illustration of machining principle and experimental 
setup.  

In this experiment, two bearing steel parts with spherical 
surface of ball diameter: 40 mm) were selected as workpiece. 
The polishing conditions are shown in Table 1. The polishing gap 
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between the slurries and work is less than 1.5 mm. The effects 
of these controlling variables were investigated. 

 
Table 1 Detailed experimental conditions. 
 

Polishing conditions Parameters 

Workpiece material Bearing steel 
Gap 1 mm, 1.5 mm 

Abrasive concentration  5 wt.%, 15 wt.%, 30 wt.% 

Abrasive size 5 μm, 15 μm 

Rotational speed (slurry tank) < 50 rpm 

Rotational speed (workpiece) 800 rpm 

Polishing time 30, 60, 90, 120 min   

 
2.2. Preparation and rheological test   

First, in order to obtain the shear-thickening slurries for steel 
processing, the base liquid was prepared  which contains 
polymer particle and metal complex agent including chemical 
stabilizer. Furthermore, the abrasives Al2O3 with 5 wt.%, 
15 wt.%, 30 wt.% as the second phase were added to the base 
liquid for preparing specific slurries [2]. Additionally, the 
abrasive sizes of 5 μm and 15 μm were explored to investigate 
the influence of material removal for steel polishing. The 
components of the slurries were entirely mixed and dispersed 
for approx. 1 h at room temperature prior to the experiments. 
Rheological  measurements were performed with a rheometer 
at the same conditions and repeated 3 times.  

 
2.3. Surface characterization   

The material removal of workpiece was measured by laser 
thickness tester CMT-1100. The material removal mechanism 
and polishing quality were characterized with a profilometer. 
The roughness and profile accuracy of workpiece were 
measured by an optical profilometer. 
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 Figure 2. States of the special slurries: (a) initial; (b) thickening  group.    

3. Results and discussion      

Figure 2 shows the behavior of slurries in initial state and after 
shear-thickening. An external disturbance will be easy to 
produce Al2O3 “thickening” groups. At the lower shear rate, 
slurries mainly present a viscous state with the liquid flow action. 
Under the high shear rate, the elastic state exhibits a solid-like 
action. Thus, the prepared polishing slurry exhibits non-
Newtonian power-law fluid characteristics with shear-
thickening rheology.  

Figure 3 shows the surface topography before and after the 
polishing process. If the abrasive concentration w% is low, there 
are not enough abrasive particles involved in the material 
removal. An ideal processing effect with high MRR and low 
surface roughness cannot be achieved. A rising concentration 
results in the increase of the active number of abrasive particles, 
and thus leads to faster material removal and a slower decrease 
of surface roughness [4,5]. However, excessive abrasives will 
decrease the surface quality due to uneven agglomeration of 
particles scratching the surface. The surface quality has been 

shown with slight differences by using different abrasive size. 
The surface roughness of the workpiece can be reduced from Ra 
800 nm to Ra 56 nm in the optimum process. 
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Figure 3. Surface topography before and after the polishing process. 
 

Figure 4  shows the workpiece within 60 min polishing under 
the conditions above. The material removal mechanism would 
be a continuous process of micro-cutting, which could reduce 
machining scratches and other micro defects, and achieve 
“flexible polishing” on the steel surface. The discussion above 
showed that the surface defects were minimized dramatically. 
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Figure 4. Comparison of the initial and polished surface quality. 

4. Conclusions      

The prepared polishing slurry exhibits non-Newtonian power-
law fluid characteristics with shear-thickening rheology. Shear 
thickening rheological properties of the slurry are precisely 
controlled to achieve material removal. Several control 
parameters are experimentally explored in this machining 
process. Under the optimum polishing conditions, a potential 
ultraprecision machining method is obtained in this work. 
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