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ABSTRACT – The paper simulates lubricant Stribeck 

curve for SAE grade engine lubricants by coupling 

Reynolds solution with Greenwood and Tripp’s rough 

surface contact model. The predicted lubricant Stribeck 

curves for SAE5W40 and SAE15W40 engine lubricants 

are validated with measured data from a pin-on-disc 

tribometer. The proposed mathematical solution is shown 

to be capable of predicting lubricant Stribeck curves that 

correlate well with experimental data for both engine 

lubricants, capturing frictional behavior for the whole 

range of lubrication regimes. Such predictive tool could 

prove to be beneficial to automotive manufacturers in 

selecting suitable engine lubricants for their vehicles. 

 

1. INTRODUCTION 

Lubrication is essential in minimizing frictional 

losses between two interacting surfaces in relative 

motion. The effectiveness of a lubrication system 

depends on the operating conditions of the mechanical 

components, such as applied normal load and relative 

sliding speed between rubbing surfaces, giving rise to a 

significant variation of friction [1].  

In general, frictional behavior of any lubrication 

system can be assessed using lubricant Stribeck curve 

[2]. Lubricant Stribeck curve can be used to distinguish 

between various lubrication regimes, namely 

hydrodynamic lubrication (HL), elastohydrodynamic 

lubrication (EHL), mixed lubrication (ML) and boundary 

lubrication (BL) regimes. Most of the lubricant Stribeck 

curves are measured using tribometers, which could 

prove to be costly, with limited work conducted on 

mathematically predicting these curves [3]. Therefore, 

the study attempts to simulate the lubricant Stribeck 

curves for a fully synthetic engine lubricant (SAE5W40) 

and mineral based engine lubricant (SAE15W40) by 

solving for Reynolds equation and Greenwood and 

Tripp’s rough surface contact model.  

 

2. METHODOLOGY 

Friction measurement 

Friction tests were first carried out for the selected 

SAE grade lubricants to characterize their frictional 

properties under pure sliding motion with respect to 

lubrication regimes of BL, ML and EHL. A pin-on-disc 

tribometer is used to perform the friction test. In this 

study, a wear disc, fabricated from JIS SKD-11 tool steel 

(75 mm diameter and 4 mm thickness), is rotated against 

a stationary cast iron pin (10 mm diameter and 32 mm 

length). The cast iron pin has a spherical end cap with 

curvature radius of 5 mm. The composite RMS surface 

roughness for wear disc and pin (s) are 0.13mm. 

Ultrasonic bath is used to clean the pin and wear disc 

before the friction test is conducted in order to remove 

the leftover machining fluids before being left to dry in a 

desiccator.  

 

Reynolds equation 

In this study, Reynolds equation is used to predict 

the fluid film formation of the selected lubricants. 

Contact pressure distribution is governed by the partial 

differential equation along the lubricated conjunction. 

The equation is given as follow [4];  
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Where ,-./ presents the entrainment motion along the 

sliding direction and 4-./ 7is the speed of lubricant side 

leakage respectively. Reynolds equation can then be 

solved numerically based on the method described in [5]. 

 

Friction force  

Reynolds equation provides the information on 

contact pressure distribution and the lubricant film 

thickness. These are then used as the input to predict the 

friction force along the tribological conjunction. The total 

friction is assumed consists of boundary friction (89) and 

viscous friction (8.) components. Viscous friction 

component comes from the lubricant shearing while 

boundary friction comes from direct surface asperity 

contact interaction [6]. Hence, the total friction can be 

expressed as follow: 

 8: = 89 + 8. *20 
 

The viscous friction force can be computed as: 

8; = <>. ?@ =7A>.*@ B @-0 *C0 
where >. is the viscous shear stress (>. = DEF

G*H0). The 
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boundary friction force occurs there is only minimal 

lubricant film coverage in the boundary lubrication 

regime. The boundary shear can be predicted using the 

Eyring model [6] and can be described as:  

 

89 =7A@-*>9077777 I 77777>9 = >J +KLM-@-N *O0 
 

Where >J is the Eyring shear stress of the lubricant and K is the pressure coefficient of the boundary shear 

strength. The term M-7is the load carried by the asperities, @ is the Hertzian contact area and Aa is the actual contact 

area. These parameters are determined using Greenwood 

and Tripp’s rough surface contact model [7].  

 

3. RESULTS AND DISCUSSION 

The simulation input parameters for the current 

study are presented in Table 1. The coefficient of friction 

(CoF) values measured using the pin-on-disc tribometer 

at different sliding velocities for fully synthetic engine 

lubricant (SAE5W40) and mineral based engine lubricant 

(SAE15W40) are given in Figure 1 and Figure 2. 

Numerically solving for the mathematical equations 

described above, it is shown that the simulated lubricant 

Stribeck curves correlate well with the measured 

experimental data. It can be seen that as the sliding 

velocity increases, both plots show the transition of 

lubrication regimes from BL to EHL regime. Critical 

velocity [8] is introduced as the initial point where the  

lubricants begin to shift from EHL to ML. It is observed 

that SAE15W40 engine lubricant has a lower critical 

velocity as compared to SAE5W40, indicating that 

SAE15W40 is capable of providing a higher ability to 

sustain fluid film formation for a wider range of sliding 

velocity.  

 

Table 1 Input parameters. 

Type Density Viscosity m 

 (kg/m3) (mm2/s) (10-8/Pa) 

SAE5W40 840.3 79.10 2.003 

SAE15W40 881.0 101.0 1.637 

 

 
Figure 1 Stribeck curve of fully synthetic oil 

(SAE5W40). 

 

4. SUMMARY 

The study simulated lubricant Stribeck curves for 

SAE5W40 and SAE15W40 engine lubricants using 

Reynolds equation and Greenwood and Tripp’s rough 

surface contact model. The mathematical model is shown 

to be capable of predicting Stribeck curves that correlate 

well with measured data for both selected engine 

lubricants. The analysis also demonstrates the capability 

of the mathematical model in capturing the lubrication 

regime transitions along the Stribeck curve. 

 

 
Figure 2 Stribeck curve of mineral based oil 

(SAE15W40). 
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