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INTERNATIONAL STANDARD

1SO 2039/2-1981 (E)

Plastics — Determination of hardness by the ball

indentation method —
Part 2 : Rockwell hardness

1 Scope and field of application

1.1 This p
the indentat

irt of 1SO 2039 specifies a method for determining
on hardness of plastics by means of the Rockwell

hardness tester using the Rockwell M, L and R hardness scales.

1.2 ARoc
dentation h
Rockwell ha
short overla
two differe

well hardness number is directly related to the in-
brdness of a plastic material; the higher the
dness number, the harder the material. Due to a
of Rockwell hardness scales by this procedure,
Rockwell hardness numbers of different scales

may be obtained on the same material, both of which may be

technically

rrect.

1.3 For materials having high creep and recovery, the time-
factors involved in application of the major and minor loads
have a consigderable effect on the results of the measurements.

1.4 An alfernative method of using the apparatus to give
hardness on| the Rockwell-a hardness scale is specified-inthe
annex whicH shows how this scale may be related to-the hard-
ness measurement of 1ISO 2039/1.

2 References

ISO 48, Vi
{Hardness b

canized rubbers — Determination of hardness
btween 30 and 85 IRHD).

based on the total depth of penetration{ mihu
recovery after a fixed time following removal of th

b the elastic
e major load,

minus the penetration resulting from| the mingr load. The
Rockwell hardness number is derived,from the ngt increase in
depth of impression as the load\ on an indentor|is increased
from a fixed minor load to a majorioad and then returned to the

same minor load.

3.2 Each Rockwell
0,002 mm verticalmovement of the indentor. In
Rockwell hardness number is derived from the f
tionship ;

HRB = 130 - ¢
where
HR is the Rockwell hardness number:

e is the depth of impression after removal
load, in units of 0,002 mm.

NOTE ~ This relationship only holds for the E, M, L a

4 Apparatus

4.1 The apparatus is a standard Rockwell ha

hardness scale divisior]

represents
practice, the
llowing rela-

of the major

hd R scales.

rdness tester

ISO 291, Plastics — Standard atmospheres for conditioning
and testing.

1SO 868, Plgstics, SrDetermination of indentation hardness by
means of a furometer (Shore hardness).

which comprises essentially

— a rigid frame supporting an adjustable pjatform fitted
with a plate at least 50 mm in diameter to squort the test

specimen;

1ISO 2039/1, Plastics and ebonite — Determination of hardness
by the ball indentation method — Part 1.1

3 Principle

3.1 This is a method for determining hardness in which a
constant minor load is applied to a steel ball resting on the
material to be tested, followed by application of a major load,
and then followed by a return to the same minor load, all at
specified limits for times of loading. The actual measurement is

1) At present at the stage of draft. (Revision of 1SO 2039-1973.)

— an indentor with its associated fittings;

— a device for applying the appropriate loads to the
indentor without impact.

4.2 The indentor comprises a polished steel ball of Vickers
hardness at least 7 MN/m?2 which rolls freely in its housing. The
ball shall not deform during the test or show damage after a
test. The diameter of the indentor depends upon the Rockwell
scale in use (see 4.5).
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4.3 The indentor is equipped with a dial gauge or other
suitable device to measure the depth of penetration of the in-
dentor to within 0,001 mm. It is desirable but not essential for
the dial gauge to be calibrated in Rockwell hardness numbers
(one Rockwell scale division = 0,002 mm). When the machine
is so directly calibrated, it is usual for the dial gauge to have a
black and a red scale, the latter allowing automatically for the
constant of 130 in the derivation of Rockwell hardness number
on the M, L and R scales (see 3.2). Alternative means of
measurement of penetration and display of data may be used,
provided that the accuracy is at least equal to the dial gauge.

checks may be made at frequent intervals using blocks
calibrated for use when the machine is set up inthe R, L or M
test modes.

5 Test specimen

5.1 The standard test specimen shall be a flat sheet at least
6 mm thick. it shall be of a suitable area to meet the re-
quirements of 7.4. The test specimen does not necessarily have

to-be-sauate—lt-shallnot showanvevidenceof imbri
g y-evi HAprnt by the

4.4 The apprd
givenin4.5. Ine
usually made in
to the specimen
platform suppor
the indentor. In
dicated point to
plied; reference
book before opg
of load-applicati
on the Rockwel
its travel in 4 to &
applied by the i
980,7 N for this

4.5 The major
Rockwell scales

priate loads for the M, L and R scales are as
heh case the minor load is 98,07 N. Provision is
the Rockwell machine to apply the minor load
by means of a screw capstan which raises the
ing the test specimen until the latter contacts
these circumstances the dial gauge has an in-
show when the minor load has been fully ap-
should be made to the manufacturer’s hand-
rating the machine. The adjustment of speed
bn is of great importance. Adjust the dash-pot
tester so that the operating handle completes
s with no specimen on the machine or no load
hdentor to the anvil. The major load shall be
calibration.

and minor loads and indentor diameters for the
are as follows :

Rockwell Minor load Major load (I’r_ldenttor
Hardness lameter
scale N N mm
R 98,07 588,4 12,7 ~ # 0,015
L 98,07 588,4 6,35 =+ 0,015
M 98,07 980,7 6,35 * 0,015
E 98,07 980;7 3,175 + 0,015

Both the major
2 %.

NOTE — The E sc
International Stan

and minor loadsshall be accurate to within

ble isused for calibration only for the purpose of this
Hard.

indentor on the supported surface after a test.

5.2 Where specimens of the minimum thickness specified in
5.1 are not available, the test specimen_shall be madg up of a
pile of thinner test specimens of the-same thicknesg and the
same material, provided that the (surfaces of the {ndividual
pieces are in total contact and_not/held apart by any form of
surface imperfections (as, for_example, sink marks|or burrs
from saw cuts).

5.3 All indentations/shali be made on one surface oply of the
test specimen.

5.4 One'test specimen is sufficient for the determination of
Rockwell”hardness and at least five measurements| shall be
made<on each test specimen of isotropic materials.

5.5 If the material under test is anisotropic, the difection of
indentation shall be specified in relation to the| axes of
anisotropy. If results in more than one direction are|required,
test specimens shall be prepared so that at least five |Rockwell
hardness measurements may be determined in each firection.

6 Conditioning

The test specimens shall be conditioned before testing in the
atmosphere specified in the appropriate International [Standard
relating to the material under test or in one of those sgecified in
1SO 291.

7 Procedure

7.1 Unless otherwise specified, testing shall be performed in

4.6 The machine should be mounted on a level, rigid base
free from vibration. If the machine mounting is unavoidably
subjected to vibration (for example, in the vicinity of other test
machines), the Rockwell tester may be mounted on a metal
plate with sponge rubber at least 25 mm thick, or upon any
other mountings which effectively damp the vibration.

4.7 The testing apparatus is calibrated periodically using a
test block of metal (cast iron, aluminium and magnesium
alloys, bearing metals) of known Rockwell hardness, using the
Rockwell E scale. In this way any faults due to malfunctioning
of the load application device or frame deformation will be
observed; these faults shall be corrected before use. Ancillary

The same standard aumosphere as used for conditioning the test

specimen.

7.2 Check that the major and minor loads and the indentor
diameter are correct for the Rockwell hardness scale in use (see
4.5). Discard the first reading after changing a ball adjustment,
as the indentor does not properly seat by hand-adjustment in
the housing chuck. The full pressure of the major loads is re-
quired to seat the indentor shoulder into the chuck.

7.3 Place the test specimen on the platform. Check that the
surface of the test specimen and that of the indentor are free of
dust, dirt, grease and scale and that the test specimen surface
is normal to the direction of the applied load.
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Apply the minor load and set the dial gauge to zero. Within 10 s
of applying the minor load, apply the major load (see 4.4).
Remove the major load 15 * (1)3 after the start of applying the
major load. During this operation, avoid jerking the machine
mechanism. Read the dial gauge to the nearest scale division
15 s after the start of removing the major load.

NOTE - If the machine is directly calibrated in Rockwell hardness
numbers, it is convenient to proceed as follows : Count the number of
times the needle passes through zero on the red scale after application
of the major ioad. Subtract this from the number of times the needle
passes through zero upon the removal of the major load. If this dif-

1ISO 2039/2-1981 (E)

8.3 If necessary, calculate the Rockwell hardness number
(see 3.2).

8.4 When required, calculate the estimated standard devia-
tion as follows :

Tx2 — nx?

n—1

where

ference is zerd, record the hardness number as the reading plus 100. If
the differencq is 1, record the reading as the scale reading without
change and, [if the difference is 2, record the reading as the scale
reading minug 100. If in doubt, consult the manufacturer’s handbook
for the machipe.

7.4 Make five measurements on the same surface of the test
specimen. No measurement shall be made within 10 mm of any
edge of the fest specimen, and no two measurements shall be
made less than 10 mm apart.

7.5 lIdeally, Rockwell hardness numbers should lie between
50 and 115;| values above this range are inaccurate and the
determinatidn shall be repeated using the next severest scale.

NOTE — If a Ipss severe scale than the R scale is required, the Rockwell
test is not suitpble and the material should be tested in accordance with
1SO 868 (Shofe hardness).

8 Expresgsion of results

8.1 Expregs the Rockwell hardness as a number prefixed by
the scale letter.

8.2 If the |Rockwell hardness tester is directly. calibrated in
hardness nymbers, record the Rockwell hardness after each
test (see thqg note in 7.3).

o5 the Standarddevigtion testumaredT |

x is the individual value of Rockwell hardness;

=i

is the arithmetic mean of the results;

n is the number of the results:

9 Test report
The test report shall include the following particylars :
a) refereneeto this International Standard;
b) complete identification of the material tedted;

c) “description, dimensions and manner of preparation of
the test specimen;

d} conditioning and conditions under which the test is car-
ried out;

e) number of tests;
f) Rockwell hardness scale {either M, L or R);

g) Rockwell hardness numbers, individuall values and
average value;

h) estimated standard deviation of the resultp, if required.
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Annex

Determination of Rockwell-o hardness

A.0 Introduction

The Rockwell hardness test as described in this International
Standard determines the hardness of plastics as a function of

A.3 Relationship between Rockwell-a
hardness and ball indentation hardness
of ISO 2039/1

indentor depth of| penetration after allowing tor elastic recovery
of the test specimen. As such, the Rockwell hardness on the L,
M and R scales dannot be related to the ball indentation hard-
ness of 1ISO 2039/ 1 since this derives hardness from the depth
of penetration of|the indentor under load (that is, not allowing
for any elastic reqovery of the material). However, the Rockwell
apparatus may bg used to determine hardness from the depth
of penetration urlder load and this has been standardized!" as
the Rockwell-a tdst. The only suitable Rockwell scale for deter-
mining the Rockyvell-o hardness of plastics is the R scale, that
is, 12,7 mm diameter indentor and 588,4 N major load.

A.1 Procedure

A.1.1 Use the[12,7 mm diameter indentor and 588,4 N major
load.

A.1.2 Determipe the spring constant of the testing machine
as follows : Plac¢ a soft copper block (at least 6 mm thick) on
the platform and jpply the minor load. Set the depth-indicating
device to zero apd apply the major load. Maintain the major
load until the depth indicator is stationary. Note the reading,
remove the majdr load and reset the depth indicator to.zero.
Repeat this sequence of operations until the reading .of the
depth indicator i$ constant after each application.6fthe major
load. This represgnts the point at which no further/penetration
of the copper blpck takes places and therefore the constant
depth reading is the movement of the depth-indicating device
due to the spring of the apparatus. Note'this constant reading
and record it as fhe number of 0,002-mm units {d}.

A.1.3 Replace|the copper.block by the test specimen and
proceed as in 7.3 except that after the application of the minor
load the depth inficator-shall be set to zero within 10 s and the
major load immediatély ‘applied. During 15 s of application of
the major load, gbserve and record the depth of penetration in

Fettl2l established the mathematical relationship, tbetween
Rockwell-o hardness and the ball indentation ‘hardness of
ISO 2039/1 and demonstrated that the mathematical [elation-
ship holds good in practice for both thermosetting and [thermo-
plastic materials over the range of Rockwell-a hardness be-
tween — 20 and 100. This relationship’is-given with spfficient
accuracy by the equation

: ” 80~ \o.813
Ra =150 — 1 N — -
o« =150 |\ %.086 7,
10 A\0si3
- a‘o"éﬁ) -0

where

Rx is the Rockwell-o hardness number;

H, is the ISO 2039/1 hardness, expressed in kilograms-
force per square centimetre.

1ISO 2039/1 now requires that the hardness be exprgssed in
decanewtons per square millimetre. Converting equatipn (1) to
Sl units,

A
60 0813
Ra = 150 — 1 = -
o =150 - 1225 l:<8,7719H

10 0,813
“\8,7719H @

where H is the ISO 203%/1 hardness, expregsed in
decanewtons per square millimetre.

units of 0,002 mm {d}, = depth of penetration at 15 sJ.

A.2 Expression of results

Calculate the Rockwell-a hardness from the equation
Ro =150 — (4, — dg)

where
R o is the Rockwell hardness number;

dg and dj, are as defined in A.1.2 and A.1.3.

Equation (2) can be simplified to

or

448,6 1,23
H=——
150 - Ra

A graph of R o versus H in the range of R o from — 3010 130 is
shown below for ease of conversion.
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