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Abstract 
The transmitted torque, the roller surface temperature, 
the specific sliding and the average electric voltage (oil 
film formation) between concave and convex rollers 
were simultaneously measured for the cases using 
traction oils TD22 and SANTOLUBES32 under 
different running conditions by means of a concave and 
convex roller test machine, which had been developed 
by the authors, and then the traction curves and the oil 
film formations were obtained. On the basis of these 
results, effects of specific sliding, contact pressure and 
roller speed on the traction coefficient, the roller surface 
temperature and the oil film formation were determined. 
 Keywords: traction drive, concave and convex roller 
pair, traction coefficient, oil film formation, roller 
surface temperature, specific sliding 
 

1 Introduction 
Recently CVT (Continuously Variable Transmis- 

sion) using traction drives such as the epicyclic roller 
transmission is become great concern into use. There are 
a lot of convex-convex roller pairs and concave-convex 
roller pairs in these drives. Many studies on traction 
drives have been reported [1]-[3]. Most of these studies 
have treated the traction characteristics of a convex- 
convex roller pair. Some traction drives such as the 
epicyclic roller transmission consist of a concave and 
convex roller, so it has become necessary to determine 
the traction characteristics of a concave-convex roller 
pair for the design. The effects of the specific sliding, 
the contact pressure, the roller speed and the surface 
roughness on traction characteristics of concave-convex 
roller pair and the limit transmissible torque in traction 
drive of concave-convex roller pair were determined 
experimentally by Oda and Miyachika et al. [4] and also 
theoretically by Nonishi et al. [5]. The traction 
character- istics and the power transmission efficiency 
in traction drive of concave and convex roller in cases 
using traction oils TD10, TD22 and KTF-1 had been 
published by the authors [6]-[7]. Effect of traction oil on 
power loss of spur gear drive had been reported by Ikejo 
et al. [8]. 

In the present paper, traction characteristics in 
traction drive of concave and convex roller pair in cases 
using traction oils TD22 and SANTOLUBES32. The 
transmitted torque, the roller surface temperature, the 

specific sliding and the average electric voltage between 
concave and convex rollers were simultaneously 
measured for the cases using traction oils TD22 and 
SANTOLUBES32 under different running conditions 
by means of a concave and convex roller test machine, 
which had been developed by the authors, and then the 
traction curves and the oil film formations were 
obtained. On the basis of these results, effects of 
specific sliding, contact pressure and roller speed on the 
traction coefficient, the roller surface temperature and 
the oil film formation were determined. 
 

2 Experimental Method and Apparatus 
2.1 Test rollers 

The shapes and dimensions of test rollers are shown 
in Fig. 1. The outer diameter of the convex roller is 56 
mm and the inside diameter of the concave roller 168 
mm. The width of contact parts between these rollers is 
10 and 20 mm. The materials, working and heat 
treatment conditions and surface roughness of the test 
rollers used are shown in Table 1. 

Table 2 shows the chemical properties of traction 
oils used in this experiment. TD22 and SANTO- 
LUBES32 are manufactured by NIPPON OIL 
CORPORATION and SantoLubes LLC, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Convex rollers  
(b=10 mm) 

(b) Convex rollers  
(b=20 mm) 

Fig. 1 Shapes and dimensions of test rollers 
(c) Concave rollers 

 

 

 
Fig. 7 Comparison between measured and simulated 

results using the LuGre model at u = 2mA, 
f=0.5 Hz, m =118 kg  
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3 Experimental Results and Discussions 
3.1 Oil film formations 

Figure 5 shows the relation between oil film 
formation F and specific sliding s for TD22 under the 
running condition of convex roller speed n1=1000, 
2000rpm and various contact pressure pmax (Hertzian 
maximum contact pressure). In Fig. 5, b denotes the 
contact width. It is seen from Fig. 5 that F deteriorates 
with increasing pmax and s and decreasing n1 and b. 

Figure 6 shows the relation between F and s for 
SANTOLUBES32 under the running condition of n1= 
1000 rpm and various pmax. Figure 7 shows the relation 
between F and s for TD22 and SANTO LUBES 32 
under the running condition of various n1 and pmax=450, 
693MPa. F of SANTOLUBES32 is far superior to F of 
TD22. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) n1=1000 rpm  

Fig. 5 Relations between oil film formation 
     and specific sliding (TD22) 
  

 (b) n1=2000 rpm 

(a) TD22   

 (b) SANTOLUBES32 

Fig. 6 Relations between oil film formation 
 and specific sliding (n1= 1000 rpm) 

Fig. 4 Electric circuit for measuring  
oil film formation 

  

Fig. 3 Block diagram for simultaneous measurements  

 

 

2.2 Concave and convex roller test machine 
Figure 2 shows the concave and convex roller test 

machine used in this experiment. The concave roller is 
supported by bearing fixed to a movable pedestal. The 
convex roller is inscribed inside the concave roller. Test 
rollers are loaded by pressing the pedestal with a 
hydraulic cylinder. The convex roller is coupled to a V-S 
motor which has a capacity of 7.5 kW, and the concave 
roller to a direct current (DC) electrical machine 
(maximum torque 23.5 Nm). The DC electrical machine 
is able to drive or brake the concave roller, according to 
its use as a power or as a power absorber. By varying 
the field current of the DC electrical machine, it is 
possible to control the rotational speed of the concave 
roller and also the amount of sliding between concave 
and convex rollers. In this way, continuous adjustment 
of the specific sliding and the transmitted torque are 
possible, and the pure rolling can be achieved. The state 
of the oil film formation between concave and convex 
rollers suitably insulated can be measured using an 
electric resistance method. 
2.3 Experimental method 

The simultaneous measurements of specific sliding, 
transmitted torque and roller surface temperature, which 
are an important factor in the performance of lubricating 
oil, in the contact between a concave and convex roller 
pair under different running conditions were carried out 
by using the concave and convex roller test machine and 
measuring system shown in Fig. 3. The output signals 
from rotary encoder I, II (number of output pulses: 
1200/rev.), from torque meter I (Fig. 2) and from a 
thermocouple embedded on the convex roller side (Fig. 
1) were simultaneously memorized in the data logger, 
and then these signals were processed by a 
microcomputer and the results were recorded on the 
hard disc. The specific sliding is defined as s = 
(u1-u2)×100/u1 [%], where u1 and u2 are the 
circumferential velocities of convex and concave rollers, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The state of the oil film formation between concave 
and convex rollers was measured using an electric 
resistance method [9]. The electric circuit used is shown 
in Fig. 4. A voltage of 15mV was imposed between a-b 
while the test rollers were isolated, and the variation of 
the voltage Eab were recorded on the data logger. The 
traction oil filtered was supplied to the inlet side of the 
contact through a nozzle at the rate of 1 L/min. The inlet 
oil temperature was kept constant at 313K [40ºC] by 
means of the thermostat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Roller pairs Roller pairs 
 (b= 10 mm) 

Roller pairs  
(b= 20 mm) 

Roller Convex 
roller 

Concave 
roller 

Convex 
roller 

Concave 
roller 

Materials SCM415 SCM415 
Treatment 
conditions 

Case-hardened， 
Fine ground 

Case-hardened， 
Fine ground 

Vickers hardness  
 HV 703 703 

Surface roughness   
Rz m 0.200 0.455 0.250 0.438 

ΣRz m 0.655 0.688 

 

Traction oil TD22 SANTOLUBES32 
Density at 15 ℃ g/cm3 0.861 0. 890 
Kinematic 
viscosity   
mm2/s 

40 ˚C 21.6 30.0 

100 ˚C 3.60 5.12 

Viscosity pressure coefficient   
GPa-1 

38.20 36.37 

Viscosity index 1 5 75 
Flash point          ˚C 130 154 
Pour point          ˚C <-50.0 <-42.0 

 

Table 1 Test rollers 

 

Table 2 Chemical properties of traction oils 

 

Fig. 2 Concave and convex roller test machine 
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(a) n1=1000 rpm  

Fig. 5 Relations between oil film formation 
     and specific sliding (TD22) 
  

 (b) n1=2000 rpm 

(a) TD22   

 (b) SANTOLUBES32 

Fig. 6 Relations between oil film formation 
 and specific sliding (n1= 1000 rpm) 

Fig. 4 Electric circuit for measuring  
oil film formation 
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3.3 Traction coefficients 
Figure 11 shows traction curves (relation between 

traction coefficient  and s) for TD22 and SANTO- 
LUBES32 under n1=1000rpm and various pmax. It is 
seen from Fig.11 that  increases with increasing s in 
the range of small s, reaches to the maximum value at a 
certain s and decreases gradually.   increases with inc- 
reaseing pmax and b. 

Figure 12 shows traction curves for TD22 and 
SANTOLUBES32 under various n1 and pmax=450, 693 
MPa.  of SANTLUBES32 are much larger than those 
of TD22. 

Figure 13 shows comparisons between the max- 
imum traction coefficients max of TD22 and SAN- 
TOLUBES32 obtained from traction curves. It is seen 
from Fig. 13 that max increases with increasing pmax and 
decreasing n1, and that max of SANTLUBES32 are 
much larger than those of TD22. max of SANTO- 
LUBES32 and TD22 obtained in this experiment are 
0.078 and 0.058, respectively. 
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Maximum traction coefficient max 

n1= 
1500 rpm

n1= 
2000 rpm

pmax  = 800 MPa

pmax  = 400 MPa

pmax  = 490 MPa

pmax  = 490 MPa

pmax  = 589 MPa

pmax  = 693 MPa

SANTOLUBES32

n1= 
1000 rpm

pmax  = 589 MPa

pmax  = 693 MPa

pmax  = 800 MPa

TD22pmax  = 400 MPa

pmax  = 490 MPa

pmax  = 589 MPa

pmax  = 693 MPa

pmax  = 800 MPa

pmax  = 400 MPa

(a) TD22   

Fig. 11 Traction curves (n1=1000 rpm) 

 

 (b) SANTOLUBES32 

(a) pmax=490 MPa 

Fig. 12 Traction curves (b=10 mm) 

 

(b) pmax=693 MPa 

Fig. 13 Maximum traction coefficients max 

 

 

3.2 Roller surface temperatures 
Figure 8 shows simultaneously measured results of 

transmitted torque, specific sliding and roller surface 
temperature for TD22. These curves were obtained for 
pmax=693 MPa as specific sliding s from 0 to 15 % under 
constant speed of the convex roller (n1=1000 rpm). The 
transmitted torque T increases with increasing s and 
reaches the maximum value near s=5%. Though the 
increase of T ceases for s≥5%, the roller surface tem- 
perature continues to increase 

Figure 9 shows the relation between roller surface 
temperature RS and s for SANTLUBES32 and TD22 
under various pmax and n1=1000rpm. It is seen from Fig. 
9 that RS increases with increasing s, pmax and b. 

Figure 10 shows the relation between RS and s for 
SANTLUBES32 and TD22 under various n1 and pmax= 
490, 693MPa. RS of SANTOLUBES32 are larger than 
those of TD22 irrespective of running condition.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Relations between roller surface temperature 
 and specific sliding (n1= 1000 rpm) 

 

 (b) SANTOLUBES32 

(a) TD22   

Fig. 8 Simultaneously measured results of 
transmitted torque, specific sliding and 
roller surface temperature (TD22) 
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Abstract 
The present study proposed a novel surface modification 
process based on surface plastic deformation, surface 
flow process, to improve tribological properties of pure 
titanium (Ti) surfaces. The developed process is 
consisted from a micro shot peening and a roller 
burnishing: The former and the latter processes is applied 
to fabricate to micro dimples and to penetrate 
molybdenum disulfide (MoS2) fine powders into the 
dimple. During the burnishing process, the surface was 
truncated and the penetrated MoS2 into the dimple was 
densified simultaneously. As results, the treated surface 
was relatively flat and was consisted from micro dimples 
filled with dense MoS2. Tribological properties of the 
treated surface were evaluated with a ring on disc type 
testing apparatus using a hardened steel ring as a mated 
specimen in lubricated condition. Results showed that the 
tribological properties of the treated surface is 
significantly improved including restriction of seizure 
occurrence.   
Keywords: surface design, surface texture, solid 
lubricant penetration, surface plastic flow, shot peening, 
roller burnishing, tribology, titanium 
 

1 Introduction 
Titanium and its related alloy are one of the 

candidate materials for mechanical elements required 
superior specific stiffness and strength such as aerospace 
components [1]. In addition, the anti-oxidation properties 
are excellent, the titanium has been used as conventional 
mechanical elements, such as bolts, nuts, valves 
subjected to sliding motion [2]. On the other hand, the 
lower thermal conductivity and the higher reaction 
activity are occasionally resulted in inferior tribological 
properties including seizure occurrence [3].  

Coating is frequently used as the surface 
modification for reduction and stabilization of friction 
resistance of the titanium [4]. Nitride and carbide 
coatings have sufficient adhesion strength between the 
interfaces and is effective means to improve the 
tribological properties of the titanium. However, the 
coating process required controlled environment and the 
specimen geometry was restricted. Although the coating 
process of solid lubricant such as graphite [5] and 
molybdenum disulfide (MoS2) [6] are also attempted, the 
adhesion strength is insufficient and the wear loss of the 

coating is frequently resulted in seizure occurrence of the 
titanium. Therefore, a novel surface modification is 
required for the titanium interface. 

The present study proposed a surface modification 
technique based on surface plastic flow processes for 
improvement of tribological properties of titanium 
surfaces. The modified surface consisted from truncated 
titanium region and micro sized dimples filled with dense 
molybdenum disulfide (MoS2) powder. The tribological 
properties was evaluated with a ring on disc type testing 
apparatus using a hardened steel as a mated material. 
Mechanisms of the low and stable friction resistance of 
the modified surface was discussed.  
 

2 Experimental 
2.1 Surface modification 
  A commercial grade pure titanium was used for the 
specimen. A disc shape, 42×20×t9 mm was fabricated 
with turning. The mating specimen was a hardened steel 
containing 0.45 wt. % carbon (S45C, JIS), having a ring 
geometry of 40×30×h15mm and a Vickers hardness of 
700 Hv.  
 

 
Fig. 1 Schematic of peening apparatus 

 
The proposed technique was consisted from a micro 

shot peening and a roller burnishing processes: The 
former and the latter is to fabricate micro dimples and the 
truncate. During the truncation, molybdenum disulfide 
powder (MoS2, 2m in size) was penetrated and 
densified simultaneously. A schematic of the micro shot 

 

 

4 Conclusions 
Main results obtained from this investigation are 

summarised as follows.  
(1) The oil film formation F deteriorates with increasing 

contact pressure pmax and specific sliding s and 
decreasing convex roller speed n1 and contact width 
b. F of SANTOLUBES32 are far superior to those 
of TD22. 

(2) The roller surface temperatureRS increases with 
increasing s, pmax and b. RS of SANTOLUBES-32 
are larger than RS of TD22. 

(3) The roller surface temperatureRS increases with 
increasing s, pmax and b. RS of SANTOLUBES-32 
are larger than RS of TD22. 

(4) The maximum traction coefficient max of 
SANTLUBES32 are much larger than those of 
TD22. max of SANTOLUBES32 and TD22 
obtained in this experiment are 0.078 and 0.058, 
respectively. 
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