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Foreword

[SO (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 types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had notireceived

patent(s)

ich may be required to implement this document. However, implementers are ca

this may ngt represent the latest information, which may be obtained from the patent database

www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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International Standard

ISO 7249:2024(en)

Textiles — Fibres — Determination of burning behaviour by
oxygen index

WARNING — The use of this document can involve hazardous materials, operations and equipment.
It does not purport to address all of the safety or environmental problems associated with its use. It
is the responsibility of users of this document to take appropriate measures to ensure the safety and
health of personnel and the environment prior to application of the document.

1 Scope

This documlent specifies a test method for the determination of burning behaviour of textile fibre

index.

This docum
of this test,
textile fibre

2 Norm

The followi
requiremen

the latest edlition of the referenced document (including any amendments) applies.

ISO 139, Tes

[SO 2060, Ti
method

ISO 2061, Tt
[SO 4589-1,

[SO 4589-2
temperatur

ISO 4880, Burning behaviouy of textiles and textile products — Vocabulary

ISO 6741-3:
Specimen cl

ent is only used for the purpose of testing burning behaviour of textile fibres unde
controlling quality of the products, or studying the factors causing the fire of som
s. Itis not used for assessing fire risk in their actual use.

htive references

ng documents are referred to in the text in such a way-that some or all of their content]
ts of this document. For dated references, only the‘edition cited applies. For undated

tiles — Standard atmospheres for conditioning and testing

pxtiles — Yarn from packages — Determination of linear density (mass per unit length)

bxtiles — Determination of twist in yarns — Direct counting method
Plastics — Determination‘ofiburning behaviour by oxygen index — Part 1: General requ

:2017, Plastics — Determination of burning behaviour by oxygen index — Part
P test

1987, Textilés — Fibres and yarns — Determination of commercial mass of consignmen
baningprocedures

3 Terms

s by oxygen

" conditions
b particular

constitutes
references,

by the skein

irements

P: Ambient-

ts — Part 3:

Fas o)

(2993

For the purpose of this document, the terms and definitions given in ISO 4589-1 and 1SO 4880 apply.

[SO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp/ui

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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4 Principle

A test specimen is fixed vertically in a transparent chimney with upward flowing oxygen mixture gas. The
top end of the test specimen is ignited and its burning behaviour is observed. The burning length or burning
duration is compared with the given criterion.

The minimum oxygen concentration is estimated by a series of experiments at different volume fractions of

oxygen.

5 Apparatus

The usual laboratory apparatus and, in particular, the following shall be used.

5.1 Test

5.2 Test
position of {

thimney, as specified in ISO 4589-2:2017, 5.1.

specimen holder, to support a test specimen vertically, which is fixed ©n-the a
he test chimney.

kial central

The clamping position is at least 15 mm away from the nearest point where the test specimen can burn.

[tis recomn
in the rising

hended that the frame of the test specimen holder is smooth to rhinimize induction o
F flow gas.

5.3 Gas supplies, shall comprise pressurized sources of oxygen afid nitrogen or other gases

Fturbulence

mixed with

oxygen.

When using gas flow meter to control the oxygen concentration (volume fraction), gas supplies shall
comprise pressurized sources of oxygen and nitrogen, both with a purity not less than 99,99 %.

When using oxygen analyser to control the oxygen\concentration (volume fraction), gas supplies shall
comprise pressurized sources of oxygen and/or nitrogen not less than 98 % (mass fraction) pure and/or
clean air [cgntaining 20,9 % (volume fraction) oxygen], as appropriate.

5.4 Gas ¢ontrol devices, with a suitablé gas flow meter or oxygen analyser measures [the oxygen
concentratipn (volume fraction) in the gas mixture with an accuracy of +0,5 %.

When the ghs flow rate within the test chimney is (40 + 2) mm/s at temperature [10 °C, 30 °C], the precision
of concentrjtion adjustment is +0,1 %.

There are needle valves, calibrated orifices, gas pressure regulators, pressure gauges, flow metgrs on every
gas supply line.

Itis equippéd with accalibrated flow meter to indicate the flow rate of gas through the test chimnley is within

the require

d limits;

Equipment

sliall'be regularly calibrated in accordance with 1SO 4589-2:2017, Annex A.

A typical test system for oxygen index is shown in Figure 1 or Figure 2.

Other apparatus specified in ISO 4589-2:2017, 5.4, may be used for the test provided that equivalent results
are obtained.

© IS0 2024 - All rights reserved

2


https://standardsiso.com/api/?name=928ed1f70a9872424771f728ee870b32

ISO 7249:2024(en)

\

12 |
A I | ]l
— T ]
11 6 .
|
!
Key
1  nitrogen supply 9  calibrated mass,floaw meter
2 oxygenupply 10 oxygen analyser
3 gas pressure regulator of nitrogen 11 calibrated mdass flow controller of mixture|gas
4  gas pregsure regulator of oxygen 12 diffuser
5  gas pregsure gauge of nitrogen 13 wir€-mesh debris screen
6  gas pressure gauge of oxygen 14 test specimen holder
7  calibrated mass flow controller of nitrogen 157, test specimen
8  calibrated mass flow controller of oxygen 16 test chimney

Figure 1|— A typical apparatus for determination of oxygen index with one calibrated mass flow
meter for nitrogen supply and oxygen supply

© IS0 2024 - All rights reserved
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Key
Key
1  nitrogen supply 10 calibrated mass flow meter of oxygen
2 oxygen supply 11;~calibrated mass flow meter of mixture gas
3 gas pregsure regulator of nitrogen 12 calibrated mass flow controller
4  gas pregdsure regulator of oxygen 13 diffuser
5  gas pregsure gauge of nitrogen 14 wire-mesh debris screen
6  gas pregsure gauge of oxygen 15 test specimen holder
7  calibratgd mass flow controller of nitregen 16 testspecimen
8  calibratgd mass flow controller of oxygen 17 test chimney
9  calibratgd mass flow meter of nitrogen
Figure 2 — A typical apparatus for determination of oxygen index with separate calibrated mass
flow meters for nitrogen supply and oxygen supply
5.5 Flamgp igniter, as specified in [SO 4589-2:2017, 5.6.
5.6 Fume-extractionsystem;asspeeifiediniS60-4589-22847%58

5.7 Raw cotton analyser or carding machine for staple fibres, for loosening and carding the staple
fibres.

Other method or device may be used to achieve the purpose of loosening and carding.

5.8 Spinning device, for spun yarn with a linear density less than 60 tex.
Simple spinning device may be used, when a small amount of test specimens tested.

A simple spinning device is described in Annex A, whereas other devices with similar functions are also
suitable.

© IS0 2024 - All rights reserved
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5.9 Skein winding reel, having a circumference (1 000 + 2) mm, as specified in ISO 2060.

Other method or device may be used to obtain the skein of a certain length.

5.10 Yarn twist counter, as specified in ISO 2061.

5.11 Balance, with a resolution of 0,01 g.

5.12 Straight scale, with an accuracy of +1 mm.

5.13 Timing device, with measuring range at least 5 min, to an accuracy of 0,2 s.

5.14 Airtight vessel, to store test specimens after conditioning.

6 Prep
6.1 Test

6.1.1 Car
crimped bu

6.1.2 Tak

6.1.3 Spin the sample by a spinning device (5.8) to spun yari‘with a linear density less than 6

6.1.4 Smc
(5.9) and pr

When the a
between th

Remove the

6.1.5 Twi
When the a

interested parties and shalllbe stated in the test report.

Fold the tw
specimen.

Appropriat
to the chara

ation of the test specimens
specimens for staple fibres

] staple fibres by a raw cotton analyser or carding machine fot\staple fibres (5.7),
ndles and for the fibres to be in a single fibre fluffy state.

e out, randomly and uniformly, 20 g carded fibres as a $pinning sample.

othly reel the spun yarn to a certain length’(integer number of turns) on a skein y
epare a skein with mass of (0,30 + 0,03) g:

bove test specimen mass is not applicable, test specimen mass will be determined or
b interested parties and shall bestated in the test report.

st the skein by a yarn twister counter (5.10). Twist number is normally between [110

bove twist numberiSnot applicable, twist number will be determined on agreement t

cteristics of fibres, and number of the twist of single yarn.

skein from the reel. The skein is approximately 500 mm in length and 0,30 g in mass.

to open the

) tex.

inding reel

agreement

150] turns.

etween the

isted skein-dlong the middle part into a multifolded yarn and tie two ends togethler as a test

e twist humber should be selected to ensuring the multifolded yarn straight and stiff, according

6.1.6 Rep

eat the procedures given in 6.1.1 to 6.1.5, and prepare at least 15 test specimens.

6.1.7 Singeing treatment before conditioning is suggested, when a large amount of hairiness on the surface
of test specimens which easily causing flash burning.

© IS0 2024 - All rights reserved
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6.2 Test specimens for filament yarns

6.2.1 Smoothly reel the filament yarn to a certain length (integer number of turns) on a skein winding reel
(5.9) and prepare a skein with mass of (0,30 + 0,03) g.

When the above test specimen mass is not applicable, test specimen mass will be determined on agreement
between the interested parties and shall be stated in the test report.

Remove the skein from the reel. The skein is approximately 500 mm in length and 0,30 g in mass.

6.2.2 Twist the skein by a yarn twister counter (5.10) in same twist direction as the filament yarn. Twist
number is normally between [60, 80] turns.

When the a
the interest

Fold the tw
specimen.

The approy
according t

6.2.3 Rep
6.2.4 The
on agreeme

accordance

6.3 Marl

To observe

bove twist number is not applicable, the twist number will be determined on agreems
ed parties and shall be stated in the test report.

riate twist number should be selected to ensuring the multifoldéd yarn straigh
p the characteristics of fibres.

eat the procedures given in 6.2.1 to 6.2.2, and prepare at least 15 test specimens.

test specimen is generally not washed. If it is necessary to be washed, it shall be
nt between the interested parties and shall be stateéd’in the test report. Cleaning g
with ISO 6741-3:1987, Method A1l.

(ing of test specimens

the burning distance of a test specimenf.mark the test specimen with transverse ling

from the ighition end. If wet inks are used, the marks shall be dried before ignition.

7 Preco

7.1 Atmg

The standa

7.2 Pre-¢

When the a
specified in|

nditioning and conditiening

)sphere for conditioning

'd atmosphere shallbe as specified in ISO 139.

onditioning

I1SO, 139.

nt between

isted skein along the middle part into a multifolded yarn and tie two ends togethler as a test

It and stiff,

determined
rocess is in

bs at 50 mm

Ctual moisture regain exceeds the commercial one, the test specimen shall be pre-conditioned as

7.3 Con

itioming

Condition the test specimens in standard atmosphere (7.1) for at least 2 h until equilibrium is attained.

Unless otherwise specified, the test specimen should be considered to be in equilibrium when successive
weighing, at intervals of 2 h, shows no progressive change in mass greater than 0,25 %.

7.4 Test specimens storage

Seal test specimens in an airtight vessel (5.14) after conditioning.

© IS0 2024 - All rights reserved
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8 Procedure for determination of oxygen index (OI)

8.1 Test environment

The atmosphere for testing shall have a temperature of [10 °C, 30 °C] and a relative humidity of [30 %, 70 %)].

The apparatus may be installed in a fume hood as to remove smoke or ash after each test. However, the
ventilation system shall be closed during burning process to avoid affecting test results.

8.2

Initial volume fraction of oxygen

Select the initial volume fraction of oxygen based on empirical value of similar fibres or ignition of a test

specimen in-air.

If the te

If the t¢
be aboy

If the t
concen

8.3 Test
Ensure the

Fix the kno

st specimen burns rapidly in air, the initial oxygen concentration is selected to be|ab

st specimen burns slowly or intermittently in air, the initial oxygen concentxation is
t 21 %.

st specimen is self-extinguishing after being off the ignition sourCe in air, the in
ration is selected to be at least 25 %.

Specimen mounting
vertical state of the test chimney.

[ted end of the test specimen in the middle of the holder, while the tip of the test sp

least 65 mnp from the clamping position.

Mount the
100 mm be
100 mm ab

8.4 Gas d

holder vertically in the centre of the chimpey, so that the tip of the test specime}
Jow the top of the chimney and the lowest'end of exposed part of the test specime
ve the bottom of the chimney.

ontrol unit adjustment

Adjust gas mixing and flow control devices to the desired volume fraction of oxygen. Make the 3

mixture flo

Before ignit
the chimne}

v through the chimney at{aflow rate of (40 + 2) mm/s.

ing the test specimen, flush the chimney with gas mixture for atleast 30 s, as to rem
.

Maintain thle flow rate during ignition and combustion.

Calculate th

8.5 Test

e flow rate'according to ISO 4589-2:2017, A.2.

Specimen ignition

put 18 %.

selected to

tial oxygen

pcimen is at

1 is at least
n is at least

djusted gas

ve air from

After adjus

Ing the rlame plume Iength of igniter to (16 £ 4) mm, put the nozzle 1into the test chimney.

Apply the lowest part of the flame to the tip surface of the test specimen, without touching the side of the
test chimney.

Apply the flame for up to 10 s, while removing once every 5 s to observe whether the test specimen is ignited
or not. If the entire tip surface of the test specimen is burning, consider the test specimen as ignited.

Remove the igniter immediately and start measurement of the burning duration and observation of the

burning len

gth.

© IS0 2024 - All rights reserved
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8.6 Burning behaviour observation and recording

8.6.1 If the test specimen is self-extinguishing after ignition, the cumulative burning duration of
continuous combustion and smouldering is less than 180 s, and the cumulative burning length of continuous
combustion and smouldering is less than 50 mm, the volume fraction of oxygen is too low; record it with an
“0” response symbol.

If the cumulative burning duration is more than 180 s, or the cumulative burning length is more than 50 mm,
the volume fraction of oxygen is too high; record it with an “X” response symbol.

Read the volume fraction of oxygen according to the indication of the oxygen analyser; or calculate it

according to Formula (1).

0
Co=—1T—X%100% 1
A A ° (D

where
o ils volume fraction of oxygen, expressed in percentage;
Vo ils volume of oxygen in the gas mixture, expressed in litres (1);

VN Isvolume of nitrogen in the gas mixture, express in litres (1)

8.6.2 Notp the burning characteristics of the material, such asxmelt drip, smoke, soot, char,|afterflame,
afterglow of others that need to be recorded.

8.6.3 Renpove the test specimen and clean the chimney and the igniter. Cool or replace the chiimney as to
regain a temhperature of [10 °C, 30 °C].

If the test §pecimen is long enough, it may be inverted or cut off burned parts for re-using. [However, it
can only bg used to estimate the approximation_of the minimum volume fraction of oxygen required for
combustior], and the results cannot be included:in the calculation of the oxygen index (OI).

8.7 Volume fractions of oxygen successive selection

Based on the “up-and-down methéd)for small samples”d), select the successive volume fractioph of oxygen
with an arbjitrary step size.

During the fest, select the vélume fraction of oxygen as follows:
a) increase the volumédraction of oxygen, if the response symbol of preceding test specimen i an “0”;

”

b) decreage the volivme fraction of oxygen, if the response symbol of preceding test specimen i$ an “X”.

8.8 Preliminary volume fraction of oxygen determination

Repeat the procedures given in 8.3 to 8.7, with any convenient step size, until the difference between two
volume fractions of oxygen obtained is <1,0 %, and one of the response symbol is an “O” while the other is an
“X”. Record this volume fraction of oxygen with an “O” response symbol as the preliminary volume fraction
of oxygen.

These two opposite response symbols do not necessarily occur successively. Meanwhile, the volume fraction
of oxygen with an “0” response symbol is not necessarily lower than that with an “X” response symbol.

1) Dixon W.J. The up-and-down method for small samples, American Statistical Association Journal, December 1965, pp
967-968.

© IS0 2024 - All rights reserved
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8.9 Volume fraction of oxygen changes

8.9.1 Using the preliminary volume fraction of oxygen obtained in 8.8, test one test specimen by repeating
the procedures given in 8.3 to 8.6. Record the volume fraction of oxygen and response symbol.

8.9.2 With the step size of d = 0,2 % for volume fraction of oxygen changes, repeat the procedures
given in 8.3 to 8.7 to test further test specimens. Record a series of volume fraction of oxygen values and
corresponding response symbols, until the response symbol is different from that obtained in 8.9.1.

8.9.3 Maintaining d = 0,2 %, repeat the procedures given in 8.3 to 8.7 to test four more test specimens.
Record the volume fraction of oxygen value and corresponding response symbol of each test specimen.

Denote the folume Traction of oxygen value of [ast test specimen as Cp-

9 Calculation and expression of results

9.1 Calcylation of oxygen index (OI)

Express oxygen index (OI) by volume fraction and calculate according to Formiala (2).

where
0, is the oxygen index (OI), express in percentage;
Cp is the volume fraction of oxygen value of lasttest specimen in 8.9.3, express in percgntage;
K is a factor to be obtained from Table 1, dimensionless;

is the step size for volume fraction,of oxygen changes, used and controlled in 8.9 express in
percentage.

When repofting OI results, express the.value in one decimal place with intermediate results bging exactly
rounded downwards.

When calcullating standard deviation &, calculate the value to two decimal places.

9.2 Determination of K

The value ahd sign of K’depend on the type of response symbol of test specimens tested in 8.9.

First, arranr:e theJast five response symbols obtained in 8.9.2 to 8.9.3, in their testing sequence.

Then, deterjmine as follows:

a) Ifthe first response symbol is an “X”, refer to column 1 of Table 1 to select the row which corresponding
to the last five response symbols.

Afterwards, refer to row a) of Table 1 to select the column which corresponding to the number of “0”
response symbols obtained in 8.9.1 to 8.9.2.

The intersection of row and column is K value.

b) Ifthe first response symbol is an “0”, refer to column 6 of Table 1 to select the row which corresponding
to the last five response symbols.

Afterwards, refer to row b) of Table 1 to select the column which corresponding to the number of “X”
response symbols obtained in 8.9.1 to 8.9.2.

© IS0 2024 - All rights reserved
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The intersection of row and column is K value, but with the sign reversed.

Table 1 — Values of K for calculating oxygen index (OI)

1 2 3 4 5 6
Responses for the
last five measure- |a) 0 00 000 0000
ments
X0000 -0,55 -0,55 -0,55 -0,55 OXXXX
X000X -1,25 -1,25 -1,25 -1,25 0XXX0
X00X0 0,37 0,38 0,38 0,38 0XX0X
X00XX -0,17 -0,14 -0,14 -0,14 0XX00
X0X0p 0,02 0,04 0,04 0,04 gX0XX
XOXOK -0,50 -0,46 -0,45 -0,45 (0):(0):(0]
XOXXp 1,17 1,24 1,25 1,25 (0):(0]0):¢
XOXXK 0,61 0,73 0,76 0,76 OX000
XX00p -0,30 -0,27 -0,26 - 0,26 00XXX
XXO00K -0,83 -0,76 -0,75 =0)75 00XX0
XXO0Xp 0,83 094 0,95 0,95 (0(0):(0):¢
XXOXK 0,30 0,46 0,50 0,50 00X00
XXX0p 0,50 0,65 0,68 0,68 000XX
XXXOK -0,04 0,19 0,24 0,25 000X0
XXXXP 1,60 1,92 2400 2,01 0[000X
XXXXK 0,89 1,33 1,47 1,50 0000
Responses for the
b) X XX XXX XXXX last five measure-
ments

9.3 Veri:rcation of step size of oxygenm volume fraction changes

Based on the last six responses, calculaté'the estimated standard deviation ¢ according to Fornpula (3).
1
T
. E:(Ci - 01) 2

where

6 is ¢stimated standard deviation;

is yolame fraction of oxygen values of last six responses in 8.9.2 to 8.9.3;

0, isthe oxygen index, calculated according to Formula (1);
n isthe number of measurements.

NOTE In this method, n = 6. For n < 6, the precision of the method is reduced. For n > 6, other statistical criteria
would be selected.

The step size of oxygen volume fraction changes shall satisfy the condition of Formula (4).

EGA<d<§oA' 4)
3 2

© IS0 2024 - All rights reserved
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6 is estimated standard deviation;

d s step size of oxygen volume fraction changes.

If satisfied, oxygen index (OI) calculated according to Formula (1), is valid.

Otherwise:

a)

b)

if d < %6‘ , increase d value and repeat the procedures given in 8.9.1 to 8.9.3, until the condition of

Formula (4) is satisfied;

if d>
Formul

Unless

;é, decrease d value and repeat the procedures given in 8.9.1 to 8.9.3, until-the

h (4) is satisfied.

Fequired by relevant material specification, the general d value is not l€ss than 0,2 %

9.4 Example of test results

A typical example of test results is described in Annex B.

rondition of

ling to 6.1.4
bcimens are

9.5 Precjsion

See Annex (

10 Test report

The test regort shall include at least the following information:

a) the Int¢rnational Standard used (including-its year of publication);

b) all detdils necessary for the identifi¢ation of the sample tested;

c) preparation conditions of test specimens if necessary (test specimen mass if it is not accorq
and 6.2.1; twist number if itis.not according to 6.1.5 and 6.2.2; cleaning process if test sp4
washed);

d) testconditions (the temperature and relative humidity of the test atmosphere);

e) testredults;

f) the burning characteristics of the material (see 8.6.2);

g) any deyiation, by agreement or otherwise, from the procedure specified;

h) any unusual features observed;

i) the date of the test;

j) any information needs to be indicated.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Example of simple spinning

A.1 Simple spinning device

A1.1 Themai

jgure A

1

A.1.2 Theworking principle is that the loose fibre bundle fixed on the hook at one end of.thergtating shaft

which is driven by the motor, is continuously twisted into yarn under the action of rotation

Key

1  motor

2 shaft

3 loose filjre bundle
4  hook

A.2 Spinnhing procedure

Figure A.1 — Simple spinning device

A.2.1 Takp out about10 g carded staple fibres [see Figure A.2 a)].

Stretch themn into a-tlick strip of fibre bundle about 300 mm in length [see Figure A.2 b)].

Continuous|y extract a thin strip of fibre bundle about 80 mm in length, from the thick one [se¢ Figure A.2

a]-

a) Carded staple fibre

b) Thick strip of
fibre bundle

Figure A.2 — Fibre bundle schematic

© IS0 2024 - All rights reserved
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¢) Thin strip of fibre bundle
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A.2.2 After slightly hand twisting the thin strip of fibre bundle, pass one end of it around the hook on the
spinning device, and merge with another end at point S [see Figure A.3 a)]. Fix point S by hand.

Set an appropriate rotation speed, and start the spinning device.

With the rotation of the hook, gradually twist the two thin fibre strips in OS segment. When the 0S segment
becomes slightly distorted [see Figure A.3 b)], the over-twisting state emerging, turn off the device.

a) Prepare OS segment of fibre bundle

A.2.3 Stil

about 80 m

ensure the

After fixing
spread back

Pay attenti
fibre strip

uniform tw

a) P

A.2.4 Fix
Continue tw

Repeat the

0 S

b) Prepare OS segment of yarn

Figure A.3 — Preliminary twisting schematic of fibre strips

]

m in length of SE segment [see Figure A.4 a)]. Carefully control the pulligispeed and
stretched fine strip continuous and uniform.

fward, and SE segment is gradually twisted [see Figure A.4 b}].

[St.

epare OE segment of fibre bundle b) Prepare OF segment of yar

Figure A.4 — Twistingspread schematic of fine fibre strips

point E by hand, and startithe spinning device.

risting the OF segmentiuntil it becomes slightly distorted, and turn off the device.

brocedures givetrin A.2.3 to A.2.4, to obtain yarn in sufficient length.

Note that once yarn of,about 200 mm in length is spun, wind it on the rotating shaft, pass o

around the

hook, and ¢ontinue twisting and spinning.

point E by hand, loosen the hand fixed at point S. Now, the excess twist of OS segme

pn to the twist uniformity of OF segment. If it becomes ngn*tniform, continue to strg
ind guide the twist to spread backward, or adjust soine parts by hand untwisting

fix point S by hand, and stretch the fibre strip backward with another hang: Get a fin fibre strip

strength, to

ht begins to

tch the fine
to achieve

=]

ne end of it
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