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Abstract— In this paper, we described how tribological 

properties of a lubricant can be measured using the Four ball 

oil tester. This paper covers other methods for determining 

tribological characteristic of a lubricating grease & oil  using 

two ASTM test methods, the 4-Ball EP Tester and 4 Ball 

Wear. The 4 Ball EP Tester focuses on Extreme pressure 

(EP) properties and the 4 Ball Wear focuses on wear scar 

(WS), and coefficient of friction (COF). As per the 

American Society of Testing Materials (ASTM-D-4172-B), 

the standard test technique for measurement of Wear 

properties of lubricating oils by using Four Ball Testing 

Machine plays an important role in oil industry while 

selecting such oils as a lubricating media for testing various 

types of Wear and The measurement of Extreme-Pressure 

properties of a lubricating grease using the 4 Ball method is 

designated under the ASTM-D 2596. 
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I. INTRODUCTION 

The measurement of Extreme-Pressure properties of a 

lubricating grease using the 4 Ball method is designated 

under the ASTM-D 2596. The purpose of this testing is to 

determine the load carrying capabilities of a lubricating 

grease under high load applications. 

The 4 Ball EP test machine operates in a sliding or 

rolling motion. A single stainless steel ball rotates onto three 

stainless balls, all of which are completely coated with a 

lubricant film, or “boundary”, held stationary in the form of 

a cradle. 

The ability of a grease to perform under extreme 

pressure conditions is determined by the load wear index 

(LWI). Three measurements go into determining the LWI. 

Imagine the test as a routine traffic light. The first 

measurement, the last non-seizure load (LNSL), is the 

highest applied load that exists when there is still lubrication 

between the 4 balls, or the “green light”. The load is then 

increased until the lubricant film no longer exists and there 

is metal to metal contact and the 2nd measurement, seizure 

region, occurs, or the “yellow light”. Finally the load is 

increased until catastrophic welding occurs, and the final 

measurement is determined, or the “red light”. Welding can 

be detected if any of the following are noticed: 

 The friction-measuring device undergoes a sharp 

transverse movement 

 Increased noise level of the motor 

 Smoking from the ball pot 

 A sudden drop in the lever arm 

 An average ball scar over 4mm is recorded 

Using the values of these parameters, the Load-

Wear Index can be calculated, which gives a numerical 

value to compare a grease’s ability to prevent wear at 

applied loads. Based on this value, one can formulate 

greases with different levels of extreme pressure properties. 

A. Four Ball Wear 

Wear scar properties and coefficient of friction of a 

lubricating grease can also be determined using the 4 Ball 

Wear configuration. The purpose of this test is to determine 

the wear preventive characteristics of a lubricant. In the 4-

Ball Wear test, a steel ball is rotated against three lubricated 

stationary steel balls under a specified load, speed, 

temperature and time, per ASTM D-2266 (grease) or ASTM 

D-4172 (oils). The better the lubricant is at preventing wear, 

the smaller the wear scar will be on the three stationary 

balls. At the conclusion of the test, the three wear scars are 

measured and the average is reported. The coefficient of 

friction is also measured throughout the 60 minute test with 

the average being reported at the end of the test.  

4-Ball data is useful to differentiate between 

lubricating greases having different levels of load bearing 

capabilities, wear protection and friction reduction. 

Although these results do not necessarily correlate with real 

life applications, the method has become an industry 

standard in comparing EP, wear and frictional functionality. 

In the next issue, we will describe how wear scars 

from the various tribological tests are measured two 

dimensionally using optical microscopes and three 

dimensionally using profilometry.[1] 

 
Fig. 1: Four ball of Tribological system. 

This F.B.E.P.O.T.M is utilized for finding the load 

carrying capacity and weld point of different types of 

lubricants/Oils fluids. Extreme Pressure (E.P.) properties 

like-Load wear Index ,Weld Point, Non load are the basis of 

differentiation of Lubricating oils having low, medium and 

high level of extreme pressure properties. In this paper we 

find out or Evaluate Tribological (E.P.) properties i e. of 

load carrying capacity and weld point or various oils or 

lubricants used for various purposes.[2]. 

The Four Ball Tester is integrated with 

instrumentation and controller which permits measurement 

of normal load, speed, lubricant temperature and frictional 

torque developed. The data is acquired and displayed 

graphically on-line. The scar diameter is measured with a 

measuring microscope or image acquisition system. Graphs 
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of individual test can be printed. Results of different tests 

can be superimposed for comparative viewing. Data can be 

exported. An optional scar measuring image acquisition 

system with an image sensor permits acquiring of scar 

image on PC.[3] 

Four Ball Tester performs both Wear Preventative 

(WP) and Extreme Pressure (EP) analyses for measuring the 

wear and frictional properties of lubricants under sliding-on-

steel test conditions. Tests are performed in accordance to 

the latest ASTM and IP published methods. Normal load on 

the ball assembly and frictional torque are measured through 

load cells. Wear scars on the steel balls are measured with a 

graduated-scale microscope and can be recorded with an 

optional CCD camera. Data is processed and stored utilizing 

Tribo  DATA, and advanced data acquisition and processing 

software package. Test results can be plotted and compared, 

as well as exported to other programs.[4]. 

II. METHOD 

Four Ball Tester is an excellent development and quality 

check instrument for developers and users of lubricants and 

additives. The Four Ball Tester can be used to determine 

Wear Preventive properties (WP), Extreme Pressure 

properties (EP) and friction behavior of lubricants. The wide 

acceptance of test results of the Four Ball Tester make it an 

excellent This set up is used for testing of wear and extreme 

pressure . specially Ducom make such system. Fig 5 shows 

setup of ball fitting. [8] 

Fig. 2: Tribological system. 

 
Fig. 3: ASTM Standard for Ducom 4 Ball oil tester. 

 
Fig. 4: Four ball tester 

 
Fig. 5: test section of four ball tester. 

A. Specifications  

Specifications of Ducom four ball tester contain the 

information related standard codes for the different tests, 

technical data and mechanical specifications.  

B. Standards 

Sr. 

No. 
Title of Test Code 

1. 
Wear preventive properties of 

lubricating fluids 
ASTM D 4172 

2. 
Wear preventive properties of 

lubricating grease 
ASTM D 2266 

3. 
Extreme pressure properties of 

lubricating fluids 
ASTM D 2783 

4. 
Extreme pressure properties of 

lubricating grease 
ASTM D 2596 

5. 
Coefficient of friction of 

lubricants 
ASTM D 5183 

6. 
Viscosity shear stability of 

transmission lubricants 

CEC L-45-T-93 

(Optional) 

7. 
Shear stability of polymer 

containing oils 

DIN 51350-6 

(Optional) 

8. Rolling contact fatigue failure IP 300 (Optional) 

Table 1: Standard codes for the tests performed on four ball 

tester 
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C. Mechanical Specifications 

Sr. 

No. 
Part Details Range 

1. Collect Diameter 12.7 mm 

2. 
Base plate height from 

floor 
924 mm 

3. 
Loading Arm height from 

Floor 
1050 mm 

4. Ball pot height from floor 1230 mm 

5. Loading Arm Length 935 mm 

6. Loading arm ratio 1:15 

7. Maximum Load 9999 N 

8. Minimum Load 60 N 

9. Dead weights 
In steps of 1, 2 and 5 

Kg 

10. Motor Height from floor 1580 mm 

11. Spindle  speed 
Min 1000 rpm 

Max 3000 rpm 

12. Pulley Ratio 1:1 

13. 
Overall sizes of the 

machine L×W×H 
660×935×1650 mm 

14. Weight of the Machine 388 Kg 

15. Floor Size L×W 2500×1500 mm 

Table 2: Mechanical specifications of four ball tester 

D. Testing Balls   

Testing balls are made of chrome alloy steel, made from 

AISI standard steel No. E-52100,  with a diameter of 12.7 

mm [0.5 in.]. Such balls are described in ANSI 

Specifications B 3.12. The extra polish finish is not 

described in that specification. The Rockwell C hardness 

shall be 64 to 66, a closer limit that is found in ANSI 

requirement. The balls used are shown in Fig.6 

 
Fig. 6: Testing balls 

E. Cleaning Fluid 

Cleaning fluid used for test should be nontoxic, capable of 

removing antirust coatings from the balls, eliminating test 

oil carryover from one test to the next and not contribute to 

wear or anti-wear of the test lubricant. So in this research 

work acetone is used as a cleaning fluid.  

F. Image Acquisition System 

Image acquisition system is used to measure the wear scar 

diameters on worn lower three balls. The image acquisition 

and magnification are done with the help of Winducom 

2014 software. The image acquisition system is as shown in 

Fig.8 

 
Fig. 7: Image acquisition system (Ducom made) 

III. EXPERIMENTAL 

A. Tribological tests 

1) Test Procedure of Extreme Pressure: 

A series of 10 second runs is made at pre-selected and 

successively higher loads until welding of the four balls 

occurs (See Fig.4.Four Ball EP Test). The work sheet data 

collected from the determination of the load scar curve are 

used in calculations under the mean Hertz load formula for 

the determination of the E.P value. Two measurements are 

made of the wear spots on each of the three lower balls, and 

the average scar diameter readings are plotted to establish 

the load scar curve and the weld point. Due to the accuracy 

of result that it gives, it can be also used for.  

The various Advantages of this (F.B.I.T.M.) machine are:-  

1) The construction is quite easy to understand.  

2) The balls used in this testing machine are easily 

available and of low cost.  

3) The range of temperature for testing Oil is quite large 

180C to 350 C.  

4) Large variety of oils is tested by this Machine. 

2) Test Procedure of Wear Test: 

The tribological Wear test was done with the help of four 

ball tribotester TR-30L-IAS (MFG. by DUCOM, Bangalore, 

India). All test components compulsory clean before and 

after each test by using acetone. The wear tests were 

performed at ASTM D4172B ,speed 1200rpm, load 40kg 

(392 N), Temp- 750C and test duration 1 hour shown in 

fig.12 the four bearing steel ball 12.7 mm diameter were 

used for this test.  

 
Fig. 8: ASTM D4172B conditions of tribotester. 
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The detailed procedure for measuring the wear preventive 

characteristics of oil is mentioned below  

1) First of all properly clean the testing balls, oil cup and 

clamping parts using acetone.  

2) Tighten one of the clean balls into the spindle of test 

machine and assemble three clean test balls in the oil 

cup with the help of wrench. 

3) Pour the oil into the test-oil cup in such way that oil cup 

is being completely filled without air pockets. 

4) Set up the four ball tester with desired speed, 

temperature, time and load as per the prescribed test 

conditions given below. 

5) When all the test conditions are reached, start the drive 

motor which was previously set to drive the top balls. 

6) After the completion of test for 1 hr drive motor 

automatically stops and then turn off the heater, remove 

the test oil cup assembly. 

7) Last step is to measure the wear scars on the three lower 

balls with the help of image acquisition system and 

winducom software.  

IV. DISCUSSION  

Measurement of Wear Scar by Using Image Acquisition 

System      

The wear scars formed on the bottom three balls 

after the tests is measured to determine wear preventive 

characteristics of the test lubricant. In general, the larger the 

wear scar diameter, the more severe the wear. Measurement 

of wear scars on the lower three balls is done by following 

method  

1) Drain the oil from ball pot assembly and wipe the scar 

area with the help of tissue paper and acetone.  

2) Leave the three balls clamped and set the assembly on a 

special base of an image acquisition system that has 

been designed for special purpose.  

3) Measure the wear scar diameter on the major axis and 

minor axis and take mean value of that, as given by 

software.  

4) Repeat the same procedure for each ball in the ball pot.  

 
Fig. 8: SEM micrograph worn surface on ball under 

lubricated. 

The SEM  micrograph worn surface on  ball under 

lubricated measured by image acquisition system 

microscope. The result shown in Wincom software which 

co-related to the setup of Ducom Four ball tester. 

 

 
Fig. 9: Graph of frictional torque (Nm) Vs time (sec) for 

sample SAE10W30 

The Graph shows the of frictional torque (Nm) Vs 

time (sec) for sample SAE10W30 show on monitor directly 

connected to the Setup of system & Display continosly 

when system is in run condition for wear test.  

 
Fig. 10: After extreme pressure test result. 

The fig 10 show result of E.P. test and on finally 

we the tabulate by using formula. The F.B.E.P.O.T.M. is 

also used to find out load carrying capacity and weld loads 

(Points/Regions) of different types of lubricating Oils by 

using this machine we tested various lubricating oils. 

The following Fig.4.shows the graph plotted 

Minimum Scared Diameter (MSD in mm) Versus Applied 

Load (W in kg) is shown between for various regions up to 

weld point. and Fig.5. Shows Pressure (P) kg/cm2 Versus 

Temperature (T)0C. In the graph (See Fig. 11) it is shown 

that the various regions with applied load W,   

Minimum Scar Dia. = {Horizontal (Parallel) Reading (HR) 

+ Vertical (Normal) Reading (VR)} /2 

M.S.D. =   Average Readings /2  in mm. 

 
Fig. 11: Graph shows minimum scar Dia. (MSD)mm vs 

Applied load (W) kg. 
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Fig. 12: Graph Shows Pressure (P) Kg/cm2 vs Temperature 

(T)0c  

V. CONCLUSIONS  

Four Ball Test (F.B.E.P.O.T.M.) shows limited application 

in determining the EP activity of wear based fluids for metal 

working processes.as per ASTM-D 2596. 

Four Ball Test (F.B.E.P.O.T.M.) shows wear ,COF, 

wear scar diameter as per ASTM-D-4172-B    

It is also observed that if Pressure or Applied Load 

increases the Minimum Scar Diameter, Weld Load and 

Temperature also increases. 
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