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ABSTRACT – The viscosity-temperature characteristic 

of the base oil was examined. We considered the viscosity 

of the base oil simulated using various silicone oils.  The 

friction tests using silicone oils were carried out without 

changing temperature. As a result, it was found that a lack 

of lubrication occurs due to high viscosity. Accordingly, 

this suggests that there is an upper limit of viscosity for 

maintaining lubrication. 

 

1. INTRODUCTION 

Ball joints are used as connection parts in steering 

and suspension systems in automobiles. A ball joint is a 

spherical bearing that is used to transmit a translation 

force. The frictional configuration of ball joints can be 

mostly described as grease lubricated reciprocating 

sliding between steel and plastic. However, it is difficult 

to understand its lubrication mechanism. In particular, it 

is unclear how grease works in reciprocating sliding. 

Grease consists of base oil and a thickener, and the 

viscosity of the base oil greatly changes with temperature. 

Its use is recommended at a temperature between base oil 

pour point and grease dropping point. [1] However, it is 

unclear how these two parameters contribute to friction. 

Furthermore, in some cases, sufficient durability is 

required for ball joints even under conditions exceeding 

the above temperature range because automobiles are 

used in various temperature environments throughout the 

world. Although the effect of viscosity of oil on the 

lubrication properties is usually investigated by changing 

the temperature of oil, it is difficult to achieve this effect 

experimentally under the very wide range of the 

temperature mentioned above. For example, the 

mechanical properties of plastic materials such as 

Polyoxymethylene (POM) used in ball joints is greatly 

changed by changing ambient temperature [2], so it is 

difficult to distinguish between the influence of change 

in the mechanical properties of plastic material and the 

influence of the change in the viscosity of oil. Therefore, 

in this research, the influence of the influence of the 

viscosity on the lubrication in reciprocating sliding over 

a wide range of viscosity was experimentally 

investigated without changing ambient temperature by 

using silicone oil which is commercially available in a 

wide range of viscosities. 

 

2. EXPERIMENTAL METHOD  

Two types of poly-alpha-olefin (PAO) (P1, P2) and 

seven types of dimethyl silicone oil (S1 to S7) used in 

experiment are shown in Table 1. PAO is the same type 

of oil that is often used as a base oil for grease for ball 

joints. We measured the rheological characteristics and 

coefficient of friction (COF) to consider the relationship 

between viscosity and lubrication properties. 

 

Table 1 List of lubricant oil. 

Sample Kinematic viscosity (mm2/s) 

P1 1,284 (40 °C) 

P2 3,400 (40 °C) 

S1 100 (25 °C) 

S2 1,000 (25 °C) 

S3 10,000 (25 °C) 

S4 30,000 (25 °C) 

S5 100,000 (25 °C) 

S6 300,000 (25 °C) 

S7 1,000,000 (25 °C) 

 

2.1 Rheology properties investigation   

We usually think about these oils with Newton fluid, 

but these behaviors are unclear in small gap such as 

around contact area. We investigated the relationship 

between shear rate and viscosity for each oil. We 

measured viscosity in three phases of shear rate 

(acceleration, slowdown, re-acceleration) to confirm the 

influence of molecular orientation.  Table 2 shows the test 

conditions. In the test, a parallel disk was used to make 

the 50 μm gap constant. Therefore, the calculated shear 

rate and viscosity are different from the values obtained 

by the original definition. However, it is possible to use 

this value in a relative comparison. 

 

Table 2 Rheology test conditions. 

 

2.2 Friction test  

The test was carried out in reciprocating sliding 

with pin-on-disk method. The pin specimen is a shape of 

a spherical surface of curvature 17.5 mm by molded 

injection of POM. The other test conditions are shown in 

Table 3. 

 

Test equipment MCR302 

Probe f8mm parallel 

Gap 50 μm  

Measure mode Rotation 

Temperature 
30°C (Silicone fluid) 

-35, -15, 30, 80, 110°C (PAO) 

Shear rate (s-1) 

1  10,000 

10,000  1 

1  10,000 
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Table 3 Friction test conditions.

Method 
Pin on disk type 

reciprocating sliding 

Test load 500N constant 

Reciprocating 

amplitude 
±1.5mm 

Frequency 1.3Hz 

Number of test cycles 2,500 cycles 

Temperature 30°C 

Pin POM  

Disk 
Chromium molybdenum 

steel (< Ra 0.05μm) 

 

3. RESULTS AND DISCUSSION 

3.1 Comparison of viscosity characteristics 

As a result of the rheology test, these oils show 

linear trends on the low shear rate conditions. We 

summarized viscosities at shear rate 10s-1 of the first 

acceleration phase. Figure 1 shows the results. The 

horizontal axis shows the temperature and the vertical 

axis shows the calculated viscosity. Circle and triangle 

marks indicate the viscosity of PAO. The bar shows the 

measurement results of silicone oil for each viscosity. 

The viscosity of P1 changed from about 700 to 0.06 Pa·s 

with the increase of temperature. The viscosity of P2 

changed from about 900 to 0.2 Pa·s with the increase of 

temperature. The viscosity of the silicone oil is about 500 

to 0.05 Pa·s at 30 °C. We considered that it is possible to 

simulate the viscosities of PAO (P1, P2) in temperature 

ranging from about -30 to 100°C by using various 

silicone oils.  

 

 
 Figure 1 Relation between temperature and viscosity. 

 

3.2 Relationship between friction and viscosity 

Figure 2 shows COF at the start and end of tests. 

Regarding the COF, the result of S4 was the minimum 

value. However, all test results were almost 0.02 

regardless of viscosity. In the case of silicone oil, the 

COFs of high viscous oil (S5, S6, S7) increase greatly at 

the end of tests. Figure 3 shows two photographs of the 

disk after the test. Figure 3(a) shows that slight scars 

occurred using S4. This is also supported by the low COF 

of S4 until the end of the test. On the other hand, Figure 

3(b) clearly shows scars using S7.  

It is suggested that every oil formed an oil film on 

the contact area at the starting of each test, which 

indicates the low COFs. The COFs show a similar trend

of variation of COF as shown by the EHL lubrication in 

the Stribeck curve. It is considered that the COF of S4 is 

the lowest because the viscosity is the minimum value for 

fluid lubrication. It is also considered oil replenishment 

to the contact area during sliding motion as follows. Oil 

is supplied mainly from forward of the contact area. At 

the same time, the rearward oil of the contact area 

decreases. This rearward oil recovers by the inflow from 

the surrounding area. In the reciprocating movement, the 

forward and the backward are switched. In case of high 

viscosity oil, the inflow oil is insufficient. As a result, the 

starved lubrication was occurred using high viscosity oil. 

 

 
Figure 2 Relation between viscosity and COF. 

 

 
Figure 3 Observation of steel disks after test. 

 

4. CONCLUSION 

In order to simulate the viscosity change of the base 

oil in wide temperature range, the effect of viscosity on 

lubrication at room temperature was investigated by 

using silicone oil of various viscosity. We found the 

following: (a) The viscosity of the base oil used for the 

ball joint grease greatly changes depending on the 

environment temperature range, and it can be simulated 

with silicone oil at room temperature. (b) In reciprocating 

sliding tests, the COFs at start are low for all tested oils. 

(c) The starved lubrication occurred using a high 

viscosity oil. This suggests that there is an upper limit of 

viscosity for maintaining oil film formation.  
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