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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
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Introduction

Currently, contact-type (1) and noncontact-type thermal conductivity method (2) are used to measure
the thermal conductivity. The contact-type method exhibits measurement non-uniformity in the
carbon fibre thickness direction to unable uniform sampling, and the error occurrence rate is known to
be high. Also, the noncontact-type method, fibre porosity and tow gap can create lower accuracy, and
the error occurrence rate is similarly high. Therefore, this document is made to provide a quantitative
method for the measurement of carbon fibre thermal conductivity, using a thermal imaging camera,
that will alleviate problems observed in prior described methods.

© IS0 2022 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 23483:2022(E)

Carbon fibres — Determination of polyacrylonitrile-based
(PAN-based) carbon fibre tow characteristics — Heat
transfer parameter

1 _Scope

Thlis document specifies a method using a thermal imaging camera for measuring the hegt transfer
parameter of PAN-based 12 K carbon fibre tow with a filament diameter of 7 pm. This document is
applicable to both sized and unsized carbon fibres.

NOTE At the time of publication, the experience is on 12 K tow. Other tows will be included when the
experience becomes available.
2 [ Normative references

Thiere are normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions are apply.
IS) and [EC maintain terminological databases for tise in standardization at the following ad¢lresses:

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

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
carbon fibre
fibrous carbon materials having a mass content of carbon element of 90 % or more, ohtained by
pyrolysis of organic materjals

3.7
carbon fibre tow
unfwisted bundle-ef-continuous carbon fibre filaments

Note 1 to entry»>The tow is provided in a wide variety of sizes from 1 K, 3 K, 6 K, 12 K, 24 K, etc. 12 K indicates
12000 filantents. The 12 K carbon fibre tow used in this experiment has filaments with about 7 pm in|diameter.

3.3
polyacrylonitrile
PAN
polymer of acrylonitrile

Note 1 to entry: PAN is a raw material used for the carbon fibre production.

[SOURCE: ISO 472:2013, 2.721, modified — A note to entry has been added.]

4 Principle

A thermal imaging camera is used to measure the temperature difference of the carbon fibre tow from
one side of electrode A to the other side of electrode B (distance of 15f8 mm) between which the heating
is measured (see Figure 2.). According to the heating power and the cross-sectional area of the tow, the

©1S0 2022 - All rights reserved 1
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heat transfer parameter of the carbon fibre tow is calculated by the Fourier's thermal conductivity law
in 8.7.
5 Testdevices

The test equipment shown in Figure 1 consists of thermal image camera, camera tripod, sample holder,
and power supply.

Key

1  DC poyer supply \{‘\O
2 infrargd thermal imaging camera ‘\\0

3 carboi fibre tow specimen . C)

4  adiabdic black box chamber Q-

Figure 1 {— A typical diagrar@ggarbon fibre tow heat transfer parameter measurement syst¢m
&
5.1 Thermal imageQ@-era, camera which can measure temperature gradient appeared on sample
surface.

R(.so@ov

The mininn%l requirement on resolution of the thermal image camera shall be 640 x 480 and the
accuracy is within +275 K of reading,.

5.1.2 Emissivity

Emissivity is the total amount of thermal energy emitted per unit area per unit time for all possible
wavelengths and is a value between 0 and 1. For carbon (graphite), emissivity value at 298 K is 0,97[31.

NOTE One of the most important conditions when measuring the temperature using a thermal image camera

is the emissivity of the object to be measured. The emissivity determines how accurately the temperature can be
measured. Therefore, each material has its unique emissivity value.

5.2 Sample holder, which consists of two copper electrodes, insulation cover, and clamps which
are used to fix the carbon fibre tow in a straight line (see Figure A.1.) One of the electrode (see A in

2 © IS0 2022 - All rights reserved
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Figure 2.) from which heat is transferred to the carbon fibre tow shall be a fixed part and the other
electrode, B, shall be made of a moving part so as to enable adjustment the length of the carbon fibre
tow located between the electrodes. When the carbon fibre tow is mounted in a straight line between
two electrodes, tow is fixed with clamps at positions with electrode having insulation cover.

5.3 Power supply, a DC power supply having 50 V, 20 A with constant supply of 1 000 W power shall
be used.

6 Test conditions on carbon fibre tow

WLen measuring heat transfer parameter, the temperature and the relative humidityj shall be
mdintained at (296 + 2) C and (50  10) %, respectively. The surroundings shall be maintdingd so as to
not affect the temperatures being measured.

Copvective chambers shall not be as the convective air can affect the carbon fibre tow tempgrature. A
simple black box chamber has been shown to be affective in isolating the carbon fibre tow temperature
frdm the surroundings.

7 | Traceability — Calibration

The thermal imaging camera shall be calibrated once a year in accordance to the manufacture’s
re¢ommendations [standard calibration procedure for radiation thermometers (CP801-50204-1) and
the¢ National Metrology Institute].

8 | Test procedures

8.1 Type
PAN-based 12K carbon fibre tow shall be used for measuring heat transfer parameter.
8.2 Size

The length of the carbon fibré'tow should be 100f(5) mm.

NO[TE The total lengthof the carbon fibre tow does not have any significance and 100 mm length is chosen
for|the purpose of handling’during the test.

8.3 Thermahimaging camera

8.3.1 Working parameters of thermal imaging camera

ed measuring the thermography image of the fibre with a thermal imaging camera, the te

correction values.

8.4 Thermal imaging camera scan range on a sample

The temperature measurements shall be taken at electrode positions A (temperature T1) and B
(temperature T2) using a thermal imaging camera as shown in Figure 2. The temperature difference
(AT=T1 - T2) is measured after reaching and stabilizing the temperature for 60 s.

The temperature T1 is the mean temperature value measured at two vertical positions at A’ and A” and
T2 is the mean temperature taken at positions B’ and B” (see Figure 2).

NOTE A’ and A” are positions at electrode location A. They are vertically separated as shown in Figure 2.
Same for positions B’ and B”.

©1S0 2022 - All rights reserved 3
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1 T1:th
2 T2:th
3 length

8.5 San

8.5.1 Mounting and handling

Mount thd

make focus with the test sample.'The distance between the thermal imaging camera and the sam

shall be 2

8.6 No.
Minimum

If more th

3483:2022(E)

109, 4
104,49

1002

3

+5
15 -0 mm

e mean temperature value of two vertical positions at A’ and-A?
e mean temperature value of two vertical positions at B’ and'B”

between electrodes

Figure 2 — Thermography images of carbon fibre tow measurement

1ple preparations

test sample on the trayland adjust the height of the cylinder until the thermal imaging cam
0 mm to 300 mn
of samples. aiid no. of measurements

of five_specimens shall be tested and at least 15 points shall be measured for each specime

an’30'points are measured consecutively for the accuracy of the measurement temperaty

bra
ple

the test sh

allbe stopped, and the test resumed with a minimum of 30 s rest.

8.7 Data

The data obtained from the thermal imaging camera is applied to the Fourier’s thermal conductivity
formula [shown as Formula (1)] for calculating the heat transfer parameter value of the 12 K carbon

fibre tow.

L
AT

L
A

M

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=a38817dc66f7b1d58032d312262cb917

ISO/TS 23483:2022(E)

where
K is the heat transfer parameter of carbon fibre in W/m-K;
L is the active fibre length in millimetres (100fg mm);
AT is the temperature difference T1-T2;
Q is the applied power in watts;
A - 4=l - 1 £ ) £l du. (4. Qon.7 WAY
1 IS UIIT LT USSTSTLLIUIIAI dITdA Ul LAl UUIT I'TUI' © LUVV k“f,() JL 11T ).

9 | Testreport

The test result shall include the following information:

a) | areference to this document, i.e. [SO/TS 23483:2022;

b) | description of test equipment;

c) | test samples;

d)| test conditions;

e) | assessment items.

f) | testresults and measured values of heat transfer parameter;
g)| date and time of the tests;

h) | any other relevant information that may hrave an influence on the test results obtained.

© IS0 2022 - All rights reserved 5
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Annex A
(informative)

Typical set-up for heat transfer parameter measurement

6 © IS0 2022 - All rights reserved
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1 | copper electrode (widthegm, length: 35 mm)
2 | carbon fibre tow O ‘
3 | clamp %\
4 | carbon fibr h to measure (153 mm)
5 | moving R’(S mm to 80 mm)
6 fixed?§
7 é& carbon fibre tow length (1003 mm)
8 DCpower supply
9 plate

Figure A.1 — Example of heat transfer parameter measurement set-up for 12 K carbon fibre tow
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moving part

clamp

plate

Figure A.2 — Example of sample holder clamp side view
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