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ABSTRACT – In this work, a novel machine tool 

spindle supported with water-lubricated ceramic 

hydrostatic bearings is presented. A special “whole-wrap” 

structure was used to enhance the reliability of the 

bearing. Silicon carbide was used to build the hydrostatic 

bearing and sleeve; the aqueous solution of glycerol was 

used as the water-based lubricant. The spindle was tested 

for different speed (up to 10,000 rpm). The results show 

that the water-based lubricant could reduce the 

temperature rise significantly (up to 66%) compared to 

ISO VG 2 oil. And the ceramic bearings show excellent 

reliability and wear resistance in water-based lubricant. 

 

1. INTRODUCTION 

Owing to the load carrying ability and accuracy, 

hydrostatic spindles are widely used in machine tools. 

However, due to the severe temperature rise of 

lubricating oil, the speed of hydrostatic spindle is limited. 

Water, a low viscosity lubricant, has gained attention to 

replace oil in high speed applications[1,2]. Under water 

lubrication, ceramics showed excellent tribological 

properties, such as low friction coefficient (<0.01), high 

corrosion resistance and low critical sliding speed to 

achieve hydrodynamic lubrication [3-6]. Therefore, the 

combination of water and ceramic demonstrates promise 

in replacing the oil/metal system in hydrostatic bearings.  

In 1998, the concept of “porous ceramic water 

hydrostatic bearings” was presented by Corbett[7]. The 

performance of a single water-lubricated porous-ceramic 

hydrostatic journal bearing was tested [8]. The thermal 

characteristics of water-lubricated ceramic hydrostatic 

hydrodynamic hybrid bearings were investigated by Lu 

et al. [9]. At present, water lubricated ceramic bearings 

have attracted more attention in the field of high-

performance machine tools [10]. However, the above 

investigations were conducted on single journal bearing 

in test benches.  

 In this paper, a full hydrostatic spindle unit was 

presented which was built with ceramic journal bearings 

and ceramic thrust bearings. Be aware that the shaft 

sleeves were ceramics also. The structure of the spindle 

was introduced, and its performance was tested in water-

based lubricant. 

 

2. STRUCTURE AND MANUFACTURING 

To protect the ceramic bearings, a “Whole-wrap” 

structure design criteria was proposed. Figure 1 shows 

the structure diagram of the spindle unit. Silicon carbide 

was used to build the hydrostatic bearings (part 1, part 7 

and part 8) and the shaft sleeves (part 3 and part 6). 

Except for the friction surfaces, other surfaces of ceramic 

were covered by metal for avoiding fatigue failure.  

 

 
Figure 1 Structure diagram of the spindle unit. 

 

The manufacturing process of the ceramic bearing 

spindle includes the following steps: (1) sintering the 

ceramic bearing and sleeve; (2) machining the inner 

surface of the ceramic sleeve and the outer surface of the 

ceramic bearing; (3) grinding the assembled shaft; (4) to 

complete the assembly of the spindle. Figure 2 is the 

picture of the spindle shaft; the dark parts are built from 

the silicon carbide material. Figure 3 is the picture of 

ceramic hydrostatic journal bearing. 

 

 
Figure 2 Spindle shaft with ceramic sleeve. 

 

 
Figure 3 Ceramic hydrostatic journal bearing. 
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3. PROTOTYPE TEST RESULTS 

To investigate the temperature, rise of the ceramic 

bearing under water lubrication condition, the aqueous 

solution of glycerol (5 vol. % and 10 vol. %) was used as 

the water-based lubricant. The temperature of bearing 

inlet and outlet was tested to calculate the temperature 

rise of the lubricant. The temperature rise of the spindle 

was tested for different speed from 1,000 rpm to 10,000 

rpm. The results of water-based lubricant were compared 

with the results of ISO VG 2 oil. Figure 4 shows 

temperature rise in different speed of water-based 

lubricant and ISO VG 2 oil. Compared to ISO VG 2 oil, 

the water-based lubricant could reduce the temperature 

rise significantly (up to 66%). 

 

 
Figure 4 Temperature rise in water-based lubricant and 

oil. 

 

To investigate the reliability of the ceramic bearings 

and sleeves, the extreme vibration experiment was 

conducted without dynamic balance. Figure 5 shows the 

photos of the ceramic sleeve after ten minutes extreme 

experiment. On the surface of the ceramic sleeve, no wear 

trace could be found. The ceramic sleeves and bearings 

show excellent reliability and wear resistance in water-

based lubricant. 

 

 
Figure 5 Ceramic sleeve surface after extreme condition 

experiment. 

 

4. SUMMARY 

In this paper, a machine tool spindle unit supported 

by water-lubricated ceramic hydrostatic bearings is 

introduced. Silicon carbide was used to build the 

hydrostatic bearings and the shaft sleeves. To our 

knowledge, this is the first full ceramic hydrostatic 

spindle prototype. The aqueous solution of glycerol was 

used as lubricant. Experimental investigation was carried 

out on the spindle prototype for different rotation speed 

(from 1,000 rpm to 10,000 rpm). Compared to ISO VG 2 

oil, the water-based lubricant could reduce the 

temperature rise significantly (up to 66%). The ceramic 

spindle showed excellent reliability and wear resistance 

in water-based lubricant. 
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