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Abstract. Tribological properties such as lubrication, friction and wear resistance are important for 
mechanical engineering to improve machine operating efficiency, machine performances and 
machine life. To improve the tribological properties, surface texturing methods are available such as 
scraping. Scraping fabricates many small depression on target surface evenly, the depression will 
function oil hole to improve lubrication performance. Many researchers have reported the surface 
texturing method to employ fast tool servo, turn mill processing and digital data based texture 
machining. This paper reports a new surface texturing method by ultrasonic vibration turning to 
improve tribological properties. In ultrasonic turning, cutting tool tip is vibrated in principal direction 
and radial direction simultaneously origin from poisons deformation. The radial direction tool 
vibration acts to dig up or to push workpiece surface in radial direction periodically, textured surface 
will be obtained. In order to evaluate the tribological performance of the turned surface, friction 
coefficient between stainless steel pin and turned surface were measured under oil dipping condition. 
It was confirmed that friction coefficient of ultrasonic turned surface is reduced compared with 
ordinary turned surface. Another effects of ultrasonic turning that hardness and wear resistance 
property of turned surface improvement were observed in this research.  

1. Introduction 

Tribology properties such as lubrication, friction and wear resistance are important for mechanical 
engineering to improve machine operating efficiency, machine performances and machine life. To 
improve the tribology properties, surface texturing techniques are effective such as scraping. Fig. 1 
shows scraping operation by skilled worker. The scraping process involves traditional manual work 
and is an important technique for producing flat bearing surfaces with lubricating grooves on a sliding  

 

Fig. 1  Scraping operation by skilled worker 
Fig. 2  Structure of scraped surface for sliding surface  
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surface. Scheme of scraped surface structure is shown in Fig. 2, scraped surface has many lubricating 
grooves which stocks lubricant. Reentry, micro texturing techniques are one method to improve the 
tribological properties of surfaces. It leads to a reduction in friction and wear, especially in highly 
loaded tribological contacts. One of the micro texturing technique, fast tool servo method was 
developed and evaluated Chen et. al. [1]. This method employs an ultra-precision lathe equipped with 
a fast tool servo and a force sensor. Experiments of in-process detection and repair of the 
micro-defects in the microstructures over the outer surface of a roll mold were carried out to confirm 
the feasibility of this method.  Zhang. et. al. researched a new method to produce micro-structured 
surfaces more economically, based on a two-staged vibration-assisted turning process [2]. They 
employed ultrasonic vibration assistance of the turning tool in the direction perpendicular to the 
workpiece surface. Tsuji et. al. studied about micro structuring method by turn-milling process [3]. 
They reported the method of generating the cutting marks by turn milling and the influence of cutting 
texture is investigated by tool types and changing cutting parameters. 

Our research group focused on ultrasonic turning technique. In previous study, ultrasonic high 
speed turning experiments were carried out, to improve cutting performance and product quality. Fig. 
3 shows microphotograph of ultrasonic turned surface which includes periodical micro pattern [4]. In 
ultrasonic turning, cutting tool oscillated in principal, thrust and feed directions due to oscillator 
horns poison deformation, Fig. 4 shows ultrasonic vibrated cutting tool tip kinetic diagram [4]. Thrust 
direction ultrasonic vibration squeezes workpiece into radial direction, as result periodical micro 
pattern texture generates on turned surface. The micro pattern on turned surface is similar to scraped 
surface, which is effective to improve tribological properties. Ultrasonic turning is easy and 
economical compared with above other techniques and achieve high quality cutting and reduce 
process time to obtain micro texture. And texture pattern period and cross angle are able to control by 
cutting conditions theoretically. 

In this research, tribological properties measuring experiments for ultrasonic turned surface were 
carried out to investigate the effects of ultrasonic cutting for tribological properties. To investigate 
tribological properties, a tribological property measuring instrument was fabricated and employed for 
measuring experiments. 

2. Experimental setup 

2.1 Turning experiments 
In this study, ultrasonic high speed turning experiments were carried out to obtain micro textured 

surface. Experimental setup is shown in Fig. 5. In these experiments, CNC lathe (KITAMURA 
KNC-100G) was employed. The ultrasonic tool oscillator (Takesho, UL40-KZ-A1-101C, 40 kHz) 
was installed on the lathe tool table. Ultrasonic tool oscillator with insert tool holder was inclined 10 
deg. from workpiece axial direction (Z Axis) to improve chip eject. Experimental conditions for 
turning were shown in Table 1. In these experiments, commercial coated carbide insert tools was  
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Fig. 4  A sample of vibrated cutting tool  
kinetic diagrams 
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Table 1���� Experimental conditions 
Workpiece material K-M38 (soft magnetic stainless steel) 

�19.1 Insert tool Tungaloy, DCMT070204-PSF/AH725 

Ultrasonic frequency f 40 kHz 

Oscillating amplitude A 2.7 �m  

Cutting speed V 120 m/min  

Feed rate F 0.1 mm/rev 

Depth of cut  t 0.5 mm 

Lubricant Wet 
 

Table 2  Roughness and hardness of turned workpiece (specimen for scratch experiment) 
 Roughness Ra [�m] Roughness Rz [�m] Hardness Hv 

Without ultrasonic 0.780 4.045 334 
With ultrasonic 0.906 4.126 343 

 
employed and fixed on the tool holder tip. Cutting speed V = 120 m/min was selected. Workpiece was 
soft magnetic stainless steel K-M38 (Tohoku steel Co., LTD.), which was fixed on the lathe spindle 
and was rotated in CCW direction. After turning, roughness surfaces were measured and surfaces 
were observed by optical microscope. Roughness of turned workpiece (specimen for scratch 
experiment)  and hardness are listed in Table 2. 
 
2.2 Tribological experiments 

   In this study, tribological properties evaluation experiments for textured surface were carried out 
to investigate the effects of the ultrasonic vibration to improve surface tribological properties. A 
scheme diagram of experimental instrument is shown in Fig. 6. A specimen fixed on the instrument 
oil bath (on the table) and immersed on machine oil. A sliding pin located on top of the specimen with 
constant axial load N. After setup, the sliding pin scratched on the specimen surface along specimen 
axial direction. The instrument equipped a dynamometer to measure friction force F during scratch 
experiment. Conditions for the tribological properties evaluation experiments were shown in Table 3. 
After experiments, friction coefficient � was calculated by following equation (1). 
 
    � = F/N   (1) 
 
    F is friction force and N is axial load. Maximum friction coefficient of each strokes �Max. were 
calculated from measured data and evaluated. 
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Fig. 5  Setup for texturing turning experiment 
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3. Experimental results 

In this experiment, ordinary turned (without ultrasonic) specimen and ultrasonic turned specimen 
were evaluated tribological properties. Calculated friction coefficient of each conditions by measured 
friction force were shown in Fig. 7 and maximum friction coefficient of each friction strokes �Max.  

 
 

Table 3  Conditions for tribological experiment 

Stroke speed 2 [mm/sec] 

Stroke direction Specimen axial direction 

Stroke length 15 [mm] 

Stroke cycle 100 cycle 

Friction pin JIS SUS303 �4 polished 

Thrust load 10 [N] 

Lubricant Machine oil (ISO VG46) 

Dynamometer TEAC TU-SBF 
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Fig. 6  Scheme of tribological properties 
measuring instrument 

(a) Specimen by ordinary turning                              (b) Specimen by ultrasonic turning 

Fig. 7  Friction coefficient during scratch experiment 

(a) Specimen by ordinary turning                              (b) Specimen by ultrasonic turning 

Fig. 8  Maximum friction coefficient of each stroke 
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Reverse motion �Max.= 0.145 

Forward motion �Max.= 0.151 
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Reverse motion �Max.= 0.139 

Forward motion �Max.= 0.134 

Standard deviation of �(�Max.) 
Forward motion �(�Max.) = 0.0051 
Reverse motion �(�Max.) = 0.0061 

Standard deviation �(�Max.) 
Forward motion �(�Max.) = 0.0046 
Reverse motion �(�Max.) = 0.0033 




