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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 20623 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting~-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 28, Petroleum{products and lubricants.
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INTERNATIONAL STANDARD 1ISO 20623:2003(E)

Petroleum and related products — Determination of the
extreme-pressure and anti-wear properties of fluids — Four ball
method (European conditions)

WAdNING — The use of this International Standard may involve hazardous materials, 6pg¢rations and

equi

bment. This International Standard does not purport to address all of thecsafely problems

assogciated with its use. It is the responsibility of the user of this International Standard [to establish

appr

bpriate safety and health practices and to determine the applicability of-regulatory limitations

prior{to use.

1 $cope

This
wear

nternational Standard specifies procedures for the measurement of the extreme-pressure (EP) and anti-
properties of lubricating oils and fluids by means of the fout _ball machine. The conditior]s of test are

thosq that apply in Europe and other areas that have similar electtical supply characteristics (20D V to 250 V,

50 H

). In North America, the conditions of test are slightly ‘different, but provide a similar ranking of the

lubrigating properties of fluids. The test conditions are not.intended to simulate particular servige conditions,

but t
quali

2 Normative references

The

b provide information over a range of standard conditions for the purpose of research, gevelopment,
y control and fluid ranking. The output is used in lubricant specifications.

following referenced documents care" indispensable for the application of this document. For dated

refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced

docu

ment (including any amendments) applies.

ISO 83-17:1999, Heat-treated_steels, alloy steels and free-cutting steels — Part 17: Ball and foller bearing

steel.

ISO 3170:—"), Petrotetim liquids — Manual sampling

3

For ﬂlle purposes of this document, the following terms and definitions apply.

3.1

Terms-and definitions

S
b

wear
removal of metal from the test pieces

NOTE Under conditions of low load and low friction, wear causes only small circular scars on the three stationary
balls and a ring on the rotating ball. The diameters of these scars are slightly larger than the diameter of the indentation
due to the static load (Hertz diameter).

1) To be published. (Revision of ISO 3170:1988)
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2003 — All rights reserved 1


https://standardsiso.com/api/?name=941e13cae314d4e274dde38362e12a7b

ISO 20623:

3.2
seizure
localized fusi

NOTE

3.3
weld

2003(E)

on of metal between the rubbing surfaces of the test pieces

Seizure is indicated by an increase in friction and wear, and results in roughened scars and a ring on the balls.

fusion of metal between the rubbing surfaces sufficient for metal to merge and the balls to weld together in the

form of a pyr

3.4

mean Hertz
MHL

single numb
welding

NOTE TH

3.5
wear-load ¢
logarithmic p

3.6

flash tempe
FTP

single numb
conditions

NOTE

FTP =

where

m isth

d is th

3.7
initial seizune delay load
t which séizure occurs

lowest load 4

3.8

amid

oad

e MHL is expressed in newtons.

irve
ot of the load against the mean wear-scar diameter

rature parameter

br representation of the critical flash temperature above which a given fluid will fail under

Under the conditions of this International Standard, the'FTP is given by:

Om

114

e applied load, expressed in(hewtons;

e wear-scar diameter.attoad 10m, expressed in millimetres.

2,5 second §

4 Principle

br representation, of the overall wear-load diagram that covers loads from well below, seizdre to

given

A single ball is rotated in contact with three fixed balls, the fluid under test being used to lubricate the balls. A
lever enables loads to be applied and resulting measurements of wear, friction and weld are obtained.

© ISO 2003 — Al rights reserved
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5 Reagents and materials

5.1 Cleaning solvents

Solvents appropriate to the material last tested. For mineral oils, light hydrocarbons and acetone are suitable.

For some hydraulic fluids, an alcohol of low molecular mass will assist in the first cleaning stage.

6 Apparatus

WARNI®
when applying
rotating components, and due care shall be taken to avoid contact with the shaft, or-en
clothing or hair.

6.1 | Four-ball extreme-pressure lubricant testing machine
Esse
imme
Figun
special chuck (see Figure 2) at the lower end of the vertical spindle of a constant-speed e
operating at 147 rad/s to 157 rad/s (1 450 r/min to 1 500 r/min). The) lower fixed balls are held
other
load

ntially a device by means of which a bearing ball may be rotated in contact with three fixed
rsed in the fluid under test, with no provision for temperature control.A sectional view is

ever, by a disc which rests on a thrust bearing, thus, allewing horizontal displacement a

aligninent of the three lower balls against the upper ball. The frictional torque exerted on the thrg

is m¢g
a fric

asured by means of a calibrated arm, attached to the'cup assembly, which is connected to
ion recording device (6.2).

NOTH

International Standard, and the four ball wear tester, Which is limited to loads of up to 500 N.

e 1. Loads are applied to the balls by means of discs on a load lever: The upper rotating bz

in a steel cup by means of a clamping ring and locking nut:{The cup assembly is supportsg

It is important to distinguish between the four-ball extreme-pressure lubricant testing machine s

he—apparatus—requires—theuse—of hea mass—discs—and-due care-s he exercised
them or removing them from the load lever. The apparatus also containg

unguarded
rainment of

bearing balls
illustrated in
Il'is held in a
ectric motor,
Against each
d, above the
hd automatic
e lower balls
the spring of

pecified in this

© 1SO 2003 — Al rights reserved
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Key

~NOoO b ODN -

ball chuck
ball chuck
cam for re
ball pot as
ball pot m
thrust beq
cross hea

1 2 3 I
4 a
% m
S = 5
6
%
N % A 7
70 A g
=
e | 4
Nzl
L1§§|L é\ 10
— |
\
\

14 13 12 "
holder 8 brass shims
9 rubber disc
moving ball chuck 10 step bearing

sembly 11 ~counter-weighted lever arm
bunting disc 12 fulcrum
ring 13 step bearing
9| 14 pressure pin
Figuret — lllustrative sectional view of four-ball EP testing machine
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Dimensions in millimetres

Key

6.2

A de

end attached, by a wire; t0' the calibrated arm on the cup assembly. The extension of the sprin

the fi
rotati

the re¢corder fromsthe vertical axis of the upper ball is variable, and dependent upon the coeffici

and t

NOTE

Material: collet steel

kternal dimensions to suit the machine
33/6,35 spherical radius, ground and lapped.to provide a tight fit for SKF steel ball No. RB 12.7/3-1094

Eigure 2 — Upper ball chuck

Friction recording device (optional)
ice mounted on a calibrated guide bar and consisting of a spring with one end anchored V

ictional torque ,is“fransmitted through a link mechanism to a pen which records its trav
ng at approximately 0,1 rad/s (0,8 r/min to 1,0 r/min). The spring stiffness required and th

he loads. applied. The spring shall be calibrated by the procedure described in Annex B.

Three standard spring stiffnesses are available, namely weak, medium and strong, and each s

5A

vith the other
g in resisting
Bl at a drum
b distance of
bnt of friction

pring needs to

be re

dlibrated when attached to a different recorder.

6.3

Loading discs

A series of masses designed for the application of loads from 60 N to 8 kN.

6.4

Microscope

Equipped with a calibrated measuring scale capable of measuring with an accuracy of + 0,01 mm.

6.5

Timer

Manual or electronic, capable of reading to the nearest 0,2 s.

© IS0
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6.6 Test balls

Lime polished, chrome alloy steel balls of 12,700 0 mm + 0,000 5 mm diameter, conforming to the
requirements of ISO 683-17:1999, type 1. The balls shall be specially supplied for four ball testing.

NOTE Balls are available from a single supplier or their distributors under the SKF designation RB 12.7/3-10995A.
This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of these products.

6.7 Assembly device

n the
ed or

A plate with {aree pins bolted firmly 10 a bench, to facilifate the assembly and removal of the Tower balls
ball cup. The pins locate with holes in the underside of the cup to enable the locking nut to be tighten
loosened without the cup turning.

7 Sampl

Unless other

8 Prepat

8.1
dry, lint-free

8.2
cloth.

Clean

9 Gener

9.1 Place

with the clam
in sufficient s

9.2 Fitag

Reject chuck

9.3 Mount
mounting dig
squarely on {

9.4 Suspe

Before
appropriate [

ps and sampling

Wwise specified, samples shall be taken by the procedure described in ISO;3170.

ation of apparatus

starting a series of tests, run the machine (6.1) unloaded for a minimum of 15 min. Cle
arts of the machine with the cleaning solvent (5.1) and dry in a stream of dry air, or with a ¢
Cloth.

four new test balls (6.6) for each run with the ¢leaning solvent and dry with a clean, dry, lin

al procedure

he ball cup on the assembly device (6.7). Put three clean balls into the cup, hold them in po
ping ring, and secure the assembly by tightening the locknut to a torque of 68 N-m + 7 N-m.
ample (8 ml to 10 ml) to ¢over the balls to a depth of at least 3 mm.

ean ball into the upper ball chuck and check that it cannot be rotated by hand within the ¢
s in which the ballis loose. Fit the chuck into the taper at the end of the motor spindle.

the ball-cup~assembly centrally under the spindle in contact with the fourth ball. Plac
c between the thrust bearing and the cup so that, when the cup is lowered into position,
he disc'and is free to rotate with it.

hn all
lean,

t-free

sition
Pour

huck.

b the
t sits

ndZthe disc hanger, which has a mass of 1 kg, from the appropriate notch on the load lever

, and

place the required masses (6.3) on it to give the desired load.

9.5

If an indication of friction is required, set the friction recording device (6.2) at a scale reading on its

guide bar equivalent to the load. Similarly, set the clip on the calibrated arm to the same scale reading and link
to the friction recorder. At loads of 1 kN and less, set the friction recorder and clip at position 100, in which
case the apparent value of coefficient of friction shall be multiplied by 100/applied load. Wrap a new chart
paper around the recorder drum, oscillate the spring to obtain its position of zero deflection, and rotate the
drum through one revolution to obtain a zero-friction reference line on the chart.

9.6 Release the load lever and apply the load slowly to the balls, taking care to avoid shock loading as this
may deform the balls permanently. Check that the three lower balls centre themselves against the upper ball.

9.7 Start the main motor, the timer (6.5), and the friction recorder drum if required.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=941e13cae314d4e274dde38362e12a7b

ISO 20623:2003(E)

9.8 Allow the machine to run for the appropriate length of time, stop the motor, switch off the recorder if
running, and remove the load from the balls by raising the lever arm and locking it in position.

9.9 Disconnect the friction recorder if connected. Remove the cup from the machine. Pour out the test
portion from the cup and rinse the assembly with cleaning solvent. Remove the balls (see the following note),
wash again with cleaning solvent, dry and place in a suitable marked container for safe keeping and
subsequent measurement of scar diameters.

NOTE When the test requires measurement of scar diameters, this may be done either before or after removing the
balls from the cup, according to the type and optical axis of the microscope being used. It is helpful to mark the surface of
the balls with an electric etcher to indicate the position of the wear scars, particularly when these are very small, otherwise
there may be difficulty in finding the scars again.

9.10 | If values for the coefficient of friction are required, read and record the pen deflections; expressed in
millimetres, from the friction chart.

9.11 | Clean the locknut, lock ring, etc., in preparation for the next test. Remove theupper ball chuck from the
machine and knock the ball out of the chuck by means of the hardened-steel pin.and a hammer. Clean the
chuck thoroughly.

9.12 | Repeat the above procedure, using four new balls and a fresh test™portion for each run, for all the
detemminations and different loads required to complete a specified test procedure.

10 Test procedures

10.1| Mean Hertz load (MHL)

10.1.1 A specimen data sheet for the recording of.fésults is given in Annex A. The applied loads are given in
newtdns (N), although the actual loading disc masses are likely to be in kilograms. 1 kgf ~ 9,806 N.

Users should use a series of masses that-most closely correspond to the examples given in Annex A and
work [out the load correction factors using the equation given in Clause 11. For example, for the base load, an
addef 40 kg to the 1 kg disc hanger mass gives an applied load of 402,05 N.
10.1.2 Carry out a series of runs) applying a starting load of 400 N + 5 N (marked “base”) and| allowing the
machine to run under load for the specified time period of 10,0s+0,2s or 60,0s+0,5p. Carry out
subsg¢quent runs at successively higher loads until welding of the balls occurs.

NOTE The choice-ef run time will depend upon the fluid type and the specification requirement.

10.1. Switch offimmediately when welding occurs to prevent excessive wear on the chuck.

NOTEH At\the point of weld, the chuck will spin round on the top ball.

10.1.4Carry out two check runs at the weld load. If welding does not occur in the second run, carry out a run
at the next higher load and check that welding occurs.

10.1.5 If the verified welding occurs at or below 3,55 kN, carry out additional runs at successively lower loads
below 400 N to provide a total of 20 runs exclusive of the welding load. If welding occurs above 3,55 kN, do
not carry out any additional runs below 400 N.

10.1.6 After each run, measure the two wear-scar diameters using the microscope (6.4) to the nearest
0,01 mm in the direction of rubbing and at right angles to it, on each of the three lower balls, and record them
in columns 1 to 6 on the data sheet, an example of which is given in Annex A (see the note to 9.9).

NOTE Several different types of wear scar may be found. At low loads before seizure has occurred, the wear scar is
normally circular with well-defined edges and measurement presents no difficulty. At light loads after seizure, the wear
scar is still approximately circular, but the edges are frequently ragged, and sometimes may be obscured by metal worn

© 1SO 2003 — Al rights reserved 7


https://standardsiso.com/api/?name=941e13cae314d4e274dde38362e12a7b

ISO 20623:2003(E)

off during the run, adhering to the scar on the trailing edge. This obstruction may be easily removed with a penknife to
reveal the true edge.

10.2 Wear-load curve, welding load, flash temperature parameter and initial seizure load

10.2.1 Carry out a series of runs of 10 s £ 0,2 s or 60 s + 0,5 s with loads in 100 N steps up to 1 kN, then in
250 N steps up to 3 kN, and finally in 500 N steps up to 8 kN. The lowest load shall be such that at least three
runs are carried out below the initial seizure load, and the highest load shall be the welding load, which is
confirmed by additional runs 100 N below the welding load.

NOTE The results from the mean Hertz load runs may be used as part of the plot of the wear-load curve, but
additional rungwittbeTequiredtodefime more tlosety theshape of thetarve:

10.2.2 Measure the wear-scar diameters as described in 10.1.6.

10.2.3 Plot p wear-load curve of the type illustrated in Figure 3 or 4.

NOTE TH
seizure delay

e initial seizure load may be confirmed by the output of the friction recording device; if used. If thg 2,5 s

s required, the use of the friction recording device becomes mandatory.

10.3 Wear test

10.3.1 Sele cified

requirementg

Ct the duration of the run, the applied load and the temperature)in accordance with the spe
, and carry out the run in the manner described in 10.1.

NOTE ear in

pump tests.

Fqr hydraulic fluids, a test for 1 h under an applied load of 150*N has been found to correlate with w

10.3.2 Measure the wear-scar diameters as described in 10:.1.6.

11 Calculptions

11.1 General

Where sphe
produced by
a log/log bas
points for thi

fical balls are in contact~under load, the theoretical diameter of the circular area of cq
elastic deformation of the material is the Hertz diameter. A plot of Hertz diameter against lo
s is a straight line (iltustrated in Figure 3), and is known as the Hertz line. Two suitable refe
5 line as applied to-the four ball machine are the Hertz diameters at 392 N and 3,10 kN, whig

ntact
hd on
ence
h are

0,300 mm and 0,597 mm respectively.

11.2 Mean|Hertz load

11.2.1 Calcplate corrected load factors, Ldy, from the rationale given below.

The corrected Toad, LC, IS obtained by reducing the actual load, La, in the proportion of the ratio of the Hertz

diameter, H, at that load to the measured wear-scar diameter, D,,,, as given in the following equation:

|

Since the actual loads and the corresponding Hertz diameters are known, their product can be used as a
factor, Ldy, in calculating the corrected loads from the measured scar diameters.

H
LC :La [D—

m

Calculate the mean Hertz load (MHL) from the sum of the corrected loads divided by 20. An alternative exists,
but is not general, for the calculation when some of the applied loads exceed 3,10 kN. In that case, the mean
Hertz load becomes the sum of the corrected loads at 3,10 kN and below, plus the average of the corrected

© ISO 2003 — Al rights reserved
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loads above 3,10 kN, divided by 20. The product type and specification will determine which calculation is
used.

11.3 Wear-load curve, flash temperature parameter and initial seizure load

11.3.1 From the curve plotted in 10.2.3, a form as shown in Figure 3 or 4 will be derived.

11.3.2 Read the initial seizure load from the curve as the point at which there is a sharp increase in wear. If
there is doubt, as is illustrated in Figure 4, the friction recorder chart, if used, will indicate a significant
temporary increase in friction during seizure conditions.

11.3.3 Calculate the flash temperature parameter (FTP) for each of the test runs using the following

equafion:

wher

The

(cot™} = 1,4). With the base horizontal, the FTP is calculated frof' the point at which the lowest
curvg that the hypotenuse touches with the rest of the curve lying above it. Since all points on th¢ hypotenuse

have|equal values of La/d1'4, the magnitude can be read off from the point at which the hypoteny

d=
The

Key

N <X

1%

1. is the actual applied load, expressed in newtons;

a
d is the mean wear-scar diameter at the corresponding load.

kTP may be read directly from the wear-load curve by use of a'special set square with an ar

1|mm.

kTP is the maximum value calculated.

Y
3

15

I —
: /
0,6 /-[

gle of 35°32'
point on the

se intersects

0,4

03 ——

0,2 0,3 06 08 1 15 2 3 b 6 8 10 X

load, kN

wear-scar diameter, mm
Hertz line

welding load

Figure 3 — Wear-load curve
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15

Key

X load, kN
Y wear-scar
1 welding lo

0,8

0,7
0,6

0,5

0,4

0,3

0,2 0,3

diameter, mm
ad

0,4

12 Expression of results

12.1 Repor

12.2 Repor
alternative ca

12.3 Repor
12.4 Repor

12.5 Reporf
the duration,

06 08 1 15 2 3

Figure 4 — Wear-load curve

the weld load to the nearest100 N as WL (10 s) or WL (60 s), as appropriate.

the mean Hertz load to\the nearest 10 N as MHL (10 s) or MHL (60 s), as appropriate.
Iculation has been used) report as MHLA (10 s) or MHLA (60 s).

the initial seizureload to the nearest 50 N as ISL (10 s) or ISL (60 s), as appropriate.
the flash temperature parameter as the FTP (10 s) or FTP (60 s), as appropriate.

the megan wear-scar diameter to the nearest 0,01 mm from the wear test (10.3) as MSWL
load\and temperature following in parentheses, e.g. MSWD (1 h, 150 N, 20 °C).

10 X

12.6 If required, supply the wear-load curve.

13 Precision

13.1 General

f the

with

The precision, as determined by statistical examination according to 1ISO 4259[1] of interlaboratory test results
on a matrix of lubricating oils and greases using the test balls specified in the note to 6.6, is given in 13.2 and
13.3. These precision estimates were first published in 1997.

10
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13.2 Repeatability

The difference between two test results obtained by the same operator with the same apparatus under
constant operating conditions on identical test material would in the long run, in the normal and correct
operation of the test method, exceed the values given in Table 1 in only one case in twenty.

13.3 Reproducibility

The difference between two single and independent test results obtained by different operators working in
different laboratories on identical test material would in the long run, in the normal and correct operation of the
test method, exceed the values given in Table 1 in only one case in twenty.

Table 1 — Precision values

Characteristic Repeatability @ Reproducibility 2
Weld load, N 0,004 77x 1,5 0,008 97x 1,5
ISL, N 0,150x 0,381X
MHL, N 0,0134x 15 0,028 4x.15
MWSD, mm 0,176X 0,296X

@  where Xis the average of the results being compared.,

14 Test report

The test report shall contain at least the following information:

a) reference to this International Standard;

b) e type and complete identification of the product tested;

c) e result of the test (see Clause 12);

d) lny deviation, by agreement-or.6therwise, from the procedure specified,;

e) e date of the test.
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Annex A
(normative)

Mean Hertz load data sheet
A.1 Table A.1 gives an illustration of a typical data sheet for the recording of mean Hertz load data. The

corrected load factors, Ldy, are for the applied loads given, but users will need to calculate these factors for
the actual loads used in the series of tests.

Table A.1 — Mean Hertz load data
Applied Wear-scar diameter _Average Load factor Corrected Igad
load, L mm diameter, D,

N 1 2 3 4 5 6 mm Ldy, Ld, /D,
60 0,954
70 1,120
80 1,400
90 1,638
100 1,880
110 2,134
130 2,685
140 2,940
160 3,520
180 4,122
200 4,740
220 5,390
250 6,375
280 7,420
320 8,864
360 10,37

400 (base) 11,98
450 14,00
500 16,10
560 18,70
630 21,86
710 25,70
790 29,62
890 34,71

1000 40,50
1120 47,15
1260 55,19
1410 64,01
1580 74,58
1780 87,40
2 000 102,2
2240 118,8
2510 138,3
2 820 161,6
3160 188,0
Total, A
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Table A.1 — (continued)

ISO 20623:2003(E)

Applied Wear-scar diameter _Average Load factor Corrected load
load, L mm diameter, D,
N 1 2 5 6 mm Ldy, Ldy/D,,

3550 219,4

3980 255,5

4 470 298,1

5010 347,2

5 620 404,6

6 10 472,6

7 980 550,8

7 940 641¢6

Total, B
OR
Average, C
Mear) Hertz load, MHL = A+B
A+C

Mear) Hertz load (alternative), MHLA =

© 1SO 2003 — Al rights reserved

13


https://standardsiso.com/api/?name=941e13cae314d4e274dde38362e12a7b

