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Foreword

ISO (the International 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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed.for the
different typgs of ISO documents should be noted. This document was drafted in accordance|with the
editorial rulds of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may/be the subject of
. ISO shall not be held responsible for identifying any or all such patent rights. Dethils of
any patent rights identified during the development of the document will be in the-Introduction gnd/or

e used in this document is information given for the convenience of users and dops not
constitute anf endorsement.

For an expldnation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions [related to conformity assessment, as well as information about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see
www.iso.orgyiso/foreword.html.

This document was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee |SC 2,
Mechanical b¢havior, in collaboration with the European Committee for Standardization (CEN) Technical
Committee CEN/TC 249, Plastics, in accordance with the Agreement on technical cooperation befween
ISO and CEN [Vienna Agreement).

This fourth gdition cancels and replaces the-third edition (ISO 75-1:2013), which has been technically
revised. The main changes compared tothe previous edition are as follows:

— specificaltion for the temperature difference between the middle and the ends of the test speciimens
has been[removed;

— specificaltion for the position of the tip of the temperature sensor has been widened;
— editorial|changes have been applied.

Alist of all parts in-the ISO 75 series can be found on the ISO website.

Any feedbacl 6rquestions on this document should be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Plastics — Determination of temperature of deflection
under load —

Part 1:
General test method
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2 Nornmiative references

Cope

This document gives a general test method for the determination of the temperaturg
load (flexural stress under three-point loading) of plastics. Different types of test s
bnt constant loads are defined to suit different types of material.

s in which the fibre length, prior to processing, is up to 7,5 mm)-and ebonite, while I
c requirements for high-strength thermosetting laminatesyand long-fibre-reinforc
the fibre length, prior to processing, is greater than 7,5 min.

The methods specified are suitable for assessingsthe relative behaviour of diffe
ial at elevated temperature under load at a spetified rate of temperature increasg
ed do not necessarily represent maximum applicable temperatures because, in prac
K, such as time, loading conditions and nomifial surface stress, can differ from the te
omparability of data can only be achieved.for materials having the same room-temper
us.

The methods specify preferred dimensions for the test specimens.

Data obtained using the (test methods described are not intended to be used to j
e performance. The data’are not intended for design analysis or prediction of the
ials at elevated temperatures.

This method is’Commonly known as the heat deflection temperature or heat distortior
test, althouglrthere is no official document using this designation.

The fm]lm/\/ing documents are referred to in the text in such a way that some or all of

of deflection
pecimen and

[SO 75-2 gives specific requirements for plastics (including filled plastics and fibjre-reinforced

50 75-3 gives
pd plastics in

'ent types of
. The results
[ice, essential
5t conditions.
ature flexural

redict actual
endurance of

temperature

heir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 75-2, Plastics — Determination of temperature of deflection under load — Part 2: Plastics and ebonite

ISO 75-3, Plastics — Determination of temperature of deflection under load — Part 3: High-strength

therm

osetting laminates and long-fibre-reinforced plastics

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 16012, Plastics — Determination of linear dimensions of test specimens

IEC 60584-1, Thermocouples — Part 1: EMF specifications and tolerances

[EC 60751, Industrial platinum resistance thermometers and platinum temperature sensors
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3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

flexural strain

¢
nominal frac

Note 1 to entr

3.2
flexural str4d
Agg
specified inc

Note 1 to entr

3.3
deflection

s

distance ovel

fional change in length of an element of the outer surface of the test specimen atmid|

: It is expressed as a dimensionless ratio or a percentage (%).

in increase

rease in flexural strain (3.1) that takes place during heating

: It is expressed as a percentage (%).

which the top or bottom surface of the test spe¢imen at midspan deviates during f

from its original position

Note 1 to entr

3.4
standard de|
As

increase in d

: It is expressed in millimetres (mm).

flection

eflection (3.3) correspondingto the flexural strain increase (3.2), Agg, at the surface

test specimen, and which is specified in 1SO 75-2 or ISO 75-3

Note 1 to entr

3.5

flexural stre
O

nominal stre

Note 1 to entr

: It is expressed in millimetres (mm). See Formula (4).

SS

5s at the outer surface of the test specimen at midspan

: It is\éxpressed in megapascals (MPa).

Span

exure

of the

3.6

load
F

force, applied to the test specimen at midspan, which results in a defined flexural stress (3.5)

Note 1 to entry: It is expressed in newtons (N). See Formulae (1) to (3).

3.7

temperature of deflection under load

Ty

temperature at which the deflection (3.3) of the test specimen reaches the standard deflection (3.4) as

the temperat

ure is increased

Note 1 to entry: It is expressed in degrees Celsius (°C).
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4 Principle

A standard test specimen is subjected to three-point bending under a constant load in the flatwise
position to produce one of the flexural stresses given in the relevant part of ISO 75. The temperature is
raised at a uniform rate, and the temperature at which the standard deflection, corresponding to the
specified increase in flexural strain, occurs is measured.

5 Apparatus

5.1
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NOTE

Means of producing a flexural stress

bparatus shall be constructed essentially as shown in Figure 1. It consists of a rigid
fich a rod shall move freely in the vertical direction. One end of the rod is fitfed'w
ng plate and the other end is equipped with a loading edge. The base of the frame
pecimen supports. These supports and the vertical members of the frame are made
b the same coefficient of linear expansion as the rod.

metal frame
ith a weight-
is fitted with
of a material

bst-specimen supports consist of metal pieces that are cylindrical-n the contact a

in such a way that the vertical force applied to the test specimen by the loading e
In) between them. The contact edges of the supports arégparallel to the loading edg
to the length direction of the test specimen placed symmetrically across them. The
supports and loading edge have a radius of (3,0 * 0,2) mm and shall be longer than
5t specimen.

b vertical parts of the apparatus have thessame coefficient of linear thermal ey
bnce in change of length of these parts introduces an error in the reading of the appars
test specimen. A blank test shall be made on each apparatus using a test specimen
ial having a low coefficient of expanision and a thickness comparable to that of {
test. The blank test shall cover,thetemperature ranges to be used in the actual d{
correction term shall be determined for each temperature. If the correction term i
b1, its value and algebraic sigiishall be recorded, and the term applied to each test reg
braically to the reading of the apparent deflection of the test specimen.

Invar and borosili¢ate-glass have been found suitable as materials for the test specimen inj

ea and with

ines of contact with the specimen in a horizontal plane. The siZze of the span, i.e. of the distance
en the contact lines, is given in ISO 75-2 or ISO 75-3. The supports are fitted to the base of the

e is midway
e and at right
rontact edges
the width of

pansion, the
ent deflection
made of rigid
he specimen
ptermination,
5 0,01 mm or
ult by adding

the blank test.
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deflection measuring device
temperatyre measuring instrument
stirrer
weight
width of tpst specimen
thickness|of test specimen

ST s W

span between supports

Figure 1) — Typical'apparatus for determination of temperature of deflection under logd

5.2 Heating-equipment

The heating equipment shall be a heating bath containing a suitable liquid, a fluidized bed or an air oven.
For heat transfer media other than gas (air) the test specimen shall be immersed to a depth of at least
50 mm. An efficient stirrer or means to fluidize a solid heat transfer medium shall be provided. If liquids
are used for heat transfer, it shall be established that the liquid chosen is stable over the temperature
range used and does not affect the material under test, for example causing it to swell or crack.

The method using a liquid heat transfer medium shall be considered a reference method in case of
doubts or conflicts, if possible, in the temperature range under consideration.

The heating equipment shall be provided with a control unit so that the temperature can be raised at a
uniform rate of (120 * 10) °C/h.

4 © IS0 2020 - All rights reserved
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The heating rate shall be verified periodically either by

— checking the automatic temperature reading, or

— manually checking the temperature at least every 6 min.

The requirement for the heating rate shall be considered satisfied if, over every 6 min interval during

the te

NOTE

st, the temperature change is (12 £ 1) °C.

1 The apparatus can be designed to stop heating automatically when the standard defle

reached.
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Use a
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conta
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F, var
of the

5.6

I iqnid pm‘nffin transformer oil g]vr‘m‘nl and silicone oils are suitable ]iqnidq but othe

ction has been

rs can be used.

idized beds, aluminium oxide powder has been found suitable.

[Weights

df weights shall be provided so that the test specimen can be loaded to the'required f1
ated as specified in 8.1.

Temperature-measuring instrument
suitable temperature-measuring instrument of appropriatetange and maximum error

brature-measuring instruments shall be calibrated at:the depth of immersion par
ptus in use. The temperature-sensing part of the instrument shall be located not
hm from the point where the loading edge contacts’the specimen. The temperature
instrument shall not touch the specimen or beiin“contact with any part of the frame

hocouples shall comply with the requirements of IEC 60584-1. Resistance thermg
y with the requirements of [EC 60751.

recommended that the heating.bath is equipped with a separate temperatu
ment at each test station, if there atre several.

Deflection-measuringinstrument

calibrated dial gauge or-any other indicating or recording device, including electric
lg apparatus, to nteasure the deflection of the specimen at the point where the
'ts the specimen~The deflection measuring device shall be readable to 0,01 mm.

Lain types ef@pparatus, the force, F, exerted by the dial gauge spring acts upwards
ps the detwnward force exerted by the weighted rod, while in other types, F; acts doy

reetion of F so as to be able to compensate for it as specified in 8.1. Since, in certai
i¢sconsiderably over the measurement range of the instrument, it shall be measure

bxural stress,

limit of +1 °C.

icular to the
farther than
-sensing part

meters shall

'e-measuring

displacement
loading edge

hind therefore
vnwards and

bnts those exerted by the weighted rod. In such cases, it is necessary to determine tlhe magnitude

1 dial gauges,
d in that part

range in which the instrumentis to be used.

Micrometers and gauges

These are used to measure the width and thickness of the test specimens. They shall be accurate to
0,01 mm and conform to ISO 16012.

© IS0 2020 - All rights reserved
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6 Test specimens

6.1 General

All test specimens shall be free of warpage. Due to differences in the cooling conditions for moulded
specimens or any asymmetry in structure, for instance, the test specimens may warp during heating,
i.e. bend without a load. This shall be checked by loading two test specimens on opposite surfaces.

6.2 Shape

and dimensions

Each test specimen shall be a bar of rectangular cross-section (length I > width b > thickness h). The

dimensions d

In each test g
deviate by m

Test specime

6.3 Specir

Specimens sh
and edges sh

NOTE Inj
demoulding. T
test specimen
thickness in tH

Ensure that 4
the lengthwi

The specime
straight edge

Specimens sH
be rejected o

6.4 Numb

Test at least
pairwise wit
ISO 75-2 and

For quality c
one side of th

er of test specimens

f the test specimens shall be as specified in ISO 75-2 or ISO 75-3.

pecimen, the thickness and width over the central one third of the length shall no
bre than 2 % from the mean value.

hs shall be produced as described in ISO 75-2 or ISO 75-3.

nen inspection

all be free of twist and shall have mutually perpendicular adjacent surfaces. All su
hll be free from scratches, pits, sink marks and flash.

bction moulded test specimens usually have draft angles of between 1° to 2° to fa
herefore, side faces in moulded test specimens will generally not be parallel. Injection m
5 are never absolutely free of sink marks. Due to differences in the cooling history, genera
e centre of the specimen is smaller than at the edge.

1l cut surfaces are as smooth as possible, and that any unavoidable machining marks
be direction.

s shall be checked for conformity with these requirements by visual observation a
s, squares and flat plates, and by measuring with micrometer calipers.

owing measurable or observable departure from one or more of these requirement
' machined to proper size\and shape before testing.

two test specimens. To compensate for warpage effects, the specimens shall be
h opposite.sides facing the loading edge. If repeated tests are necessary (specif]
[SO 75-3),an additional two test specimens will be required for each repeat test.

bntrol’purposes or by mutual agreement between the interested parties, testing o
eSpecimen is acceptable. In that case, indicate the side which was loaded in the test 1]

where

Ir'faces

ilitate
pulded
ly, the

arein

painst

5 shall

fested
ied in

n only
eport.

7 Conditioning

Unless otherwise required by the specification for the material being tested, the atmosphere used for

conditioning

shall be in accordan ce with ISO 291.
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8 Procedure

8.1 Calculation of force to be applied

ISO 75-1:2020(E)

In the three-point loading method employed in this document, the force applied to the test specimen is
given, in newtons, as a function of the flexural stress by Formula (1):

where

20'f ‘b'h2
3L

F

o

b
h
L

Meas

The span and the flexural stress shall be as specified in [SO.75-2 or ISO 75-3.

The effect of the mass, m,, of the rod that applies the I6ad, F, shall be taken into account ag
to the test force. If a spring-loaded instrument,;stich as a dial gauge, is used, the m
directjion of the force, F, exerted by the spring shdll also be taken into account as a positiy

is the load, in newtons;

is the flexural stress, in megapascals, at the test-specimen surface;
is the width, in millimetres, of the test specimen;

is the thickness, in millimetres, of the test specimen;

is the span, in millimetres, between the supports.

)

re dimensions b and h at midspan to the nearest 0,1 mntand dimension L to the nearest 0,5 mm.

contribution to the load F.

The
total |

F

wherég

m

m

ass, m,,, of any additional weights @hich need to be placed on the rod to produce

ad, F, see Formula (2), is given by,Formula (3):

=9,81 (m,, +m_)+F,
F—F
W 9,81 T

. is thelhass, in kilograms, of the rod assembly that applies the test force;

L, 1s'the mass, in kilograms, of the additional weights;

contributing
gnitude and
e or negative

the required

(2)

3)

F

F,

S

is the total load, in newtons, applied to the test specimen;

is the force, in newtons, exerted by any spring-loaded instrument used.

The value of the force, F, is positive if the thrust of the spring is directed towards the test specimen (i.e.
downwards), negative if the thrust of the spring is in the opposite direction (i.e. opposing the descent of
the rod) or zero if no such instrument is used.

The actual load applied shall be the calculated load F £ 2,5 %.

NOTE

All formulae referring to flexural properties hold exactly for linear stress/strain behaviour only;
thus, for most plastics, they are accurate only at small deflections. The formulae given can, however, be used for

comparison purposes.
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8.2 Initial temperature of the heating equipment

The temperature of the heating equipment shall be below 27 °C at the start of each test, unless previous
tests have shown that, for the particular material under test, no error is introduced by starting at a
higher temperature.

8.3 Conducting the test

Tests which are carried out on specimens of different dimensions, or on specimens which are prepared
under different conditions, may produce different results. Consequently, when repeatable data are

required, sample preparation conditions and test variables shall be the same.

Check the sppan between the test-specimen supports and, if necessary, adjust to the appropriate
Measure this|distance to the nearest 0,5 mm and record for use in the calculation in 8.1.

Place a test specimen on the supports so that the longitudinal axis of the specimen is perpendicy
the supports| To compensate for asymmetry effects, such as warpage of the specimen) test spec
shall be testefd pairwise with opposite sides facing the loading edge, unless it is agreed'to test spec|
only on one sfde.

Place the loa
in the test s
record the re

NOTE Th
materials at rd
5 min is usual
when testing 1

ing assembly in the heating bath. Apply the force calculated in@®.1 to give a flexural
ecimen as specified in ISO 75-2 or ISO 75-3. Five minutes dfter first applying the
ading of the deflection-measuring instrument or set it to/zero

e 5 min waiting period is provided to compensate pagtially for the creep exhibited by

y a significant fraction of that which occurs in the first'30 min. This waiting period can be o
haterials that show no appreciable creep during thé first 5 min at the initial temperature us

value.

1lar to
imens
imens

Stress
force,

some

om temperature when subjected to the specified flexural stress. The creep that occurs in the first

mitted
bd.

Raise the temperature of the bath at a uniform rate-of* (120 + 10) °C/h. Record the temperatjire at
which the in}ial deflection of the bar has increased by the standard deflection, i.e. the temperatjure of
deflection urjder load at the flexural stress specifiéd in [SO 75-2 or ISO 75-3. The standard deflecfion is
a function of[the height, h, the span used and the'flexural-strain increase given in ISO 75-2 or ISQ 75-3.
It is calculatdd as follows by Formula (4):
I?Ag @
600
where
As is the standard deflection, in millimetres;
L isthe span,inymillimetres, between the lines of contact of the test specimen and the spefimen
supjports;
Ag; is the Hexural-strain increase, in per cent;
h  isthe thickness, in millimetres, of the test specimen.

It is frequently helpful in the interpretation of test results if the specimen deflection is known as a
function of specimen temperature. It is thus recommended that, where possible, the specimen deflection
be monitored continuously during the waiting and heating periods.

9 Expression of results

Unless otherwise specified in ISO 75-2 or ISO 75-3, express the flexural temperature of the material
under test as the arithmetic mean of the temperatures of deflection under load of the specimens tested.
Express the test results to the nearest degree Celsius (°C).
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