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Paper — Determination of folding endurance

0 INTRODUCTION

A number of instruments for determining the folding
endurance are in existence, the Kéhler Molin, Lhomargy,
the MIT and Schopper instruments being the most com-
monly .used. This International Standard is therefore based
upon these four types of instrument. It should be noted,
however, that the instruments do not necessarily give
identical results.

In contrast with the traditional method of reporting folding
endurance as the number of double folds'before fracture,
this International Standard specifies the reporting of the
logarithm {to the base 10) of that number. The reason. for
this is the widely held opinion that the relative folding
endurances of different papers’ are best indicated-when
their test values are expressed logarithmically.

1 SCOPE

This International Standard specifies the methods for the
determination of the folding endurance of paper using
Shopper, Lhomargy, Kodhler Molin and MIT testers, sets
out the conditions to be observed when using these instru-
ments, and gives the precautions to be taken in using each
instrument,

Annexes A, B and C give information on the instruments
and their maintenance and calibration,

NOTE — The results obtained with the instruments described are

very sensitive to atmospheric conditions, particularly humidity,
.under which the test'is carried out.

2 FIELD OF APPLICATION

When operated with the standard loads, the Schopper and
Koéhler Molin methods are applicable to paper up to 0,15 mm
thick having a tensile strength greater than 1,33 kN/m,

3 REFERENCES
ISO 186, Paper and board — Sampling for testing.
1SO 187, Paper and board — Conditioning of samples.

4 DEFINITIONS

For the purpose of this International Standard, the follow-
ing definitions apply.

4.1 double fold : One complete oscillation of the test
piece, during which it is folded first backwards and then
forwards about the same line.

4.2 folding endurance : The logarithm (to the base 10} of
the number of double folds required to cause rupture in a
strip of paper 16 mm wide tested under applied standard
stress conditions.

5, PRINCIPLE OF THE METHODS

Folding backwards and forwards in a standardized manner
of a i Mwwwzr subjected to a longitudinal stress,
until it breaks, :

& m%u w’f ;fxim 5; Aﬁm

6 APPARATUS

The test is carried out using any one of the instruments
specified in annex A.

Details for maintenance and calibration of instruments are
given in annex B.

NOTE — Heating of the paper in the test area, which may result
either from the work done on the paper or from heat transferred
from the instrument motor via the jaws, may lead to local
embrittiement of the paper test strip and thus to low folding endur-
ance results. These effects can be minimized by insulation of the
drive motor from the remainder of the apparatus and by adequate
ventilation of the area surrounding the folding head (see annex C).

The temperature of the clamps and of the area around the
folding head shall be measured. After the instrument has
been running continuously for 4 h, that temperature shali
be not more than 1°C higher than the mean tem-
perature of the laboratory in which the instrument is
operating.

7 SAMPLING

Sample in accordance with 1SO 186.



I1SO 5626-1978 (E)

8 CONDITIONING

Condition in accordance With 1SO 187.

9 PREPARATION OF TEST PIECES

At least 10 test pieces shall be cut in both the machine
direction and the cross-direction, the preparation being
carried out in the same standard atmospheric conditions
as used for conditioning the sample.

The test pieces shall be of width 15+ 0,1 mm, and of a
length sufficient for the instrument being used. They shal
be initially free from folds, wrinkles or blemishes not
inherent in the paper. The area where the flexing takes
place shall not contain any portion of a watermark. The
edges of the specimens shall be clean-cut and parallel to the
opposite edge.

Care shall be taken not to handle any part of the test piece
that will be exposed between the clamps.

10 PROCEDURE

Carry: out the testing in the same-standard atmospheric
conditions as used for conditioning the sample,

10.1 Schopper instrument

Level the instrument. Move the reciprocating blade so that
its slot is in the neutral position’and, in testers with a-fly-
wheel, lock the flywheel into position by the“spring stud
that engages in the recess in the wheel. Release the clamps
by raising the cylinder locks. Place the test piece in the
clamps. Make sure that the test-piece and clamps are
aligned ~correctly. Tighten the screws of the clamps so
that the test piece is held firmly and evenly without
_possibility of slippage. Apply the tension to the test piece

by drawing back the ends of the clamp cylinders until the

cylinder focks engage.

Release the flywheel from the stud lock. Engage or switch
on the counter. Commence folding and continue until the
test piece breaks, when the counter will automatically stop.
Record: the number of double folds required to: break the
test piece.

Return the counter reading to zero.

102 Lhomargy instrument

Level the:instrument. Place the appropriate loading weights
on the :platform prowded Use a tension of 9,81 N unless
elther ; . .

it is intended to ‘reproduce as closely as possibie the
results that would be obtained on the Schopper instru-
ment, in which case a tension of 8,68 N should be used,
or

the number of double folds is very low, in which case a
tension of 4,91 N may be used.

Insert the paper, in the form of a loop, in the two clamps
above the loading weights, so that it is fully engaged.
Lightly close the two knurled knobs. Ensure that the
blade is well aligned in the vertical plane.

Take the loading weights in one hand and, with the other,

engage the paper in the two lower rollers and in the siot of

the blade. This slot should be in a convenient position, i.e.

slightly above the horizontal axis of the four rollers. Centre '
the part of the test piece that passes through the slot of

the blade well on the rollers. Release the loading weights,

without jolting.

Set the engaging lever, commence folding and continue
until the test piece breaks, when the counter will automati-
cally stop. Record the number of double folds required to
break the test piece.

Return the counter reading to zero.

10.3 Kéhler Molin instrument

Level the instrument. Set the folding clamp so that the gap
between the two jaws is -approximately vertical. Lock the
lower clamp-in the raised position. Hold the test piece with
its ends between the jaws of the folding and the lower
clamps.Centre the|test)piece (guide lines are provided in
the folding clamp and lower clamp) and tighten the clamps
so.that the test piece cannot slip during the test. Set the
revolution“ counter- to the zero posmon or record the
reading.

Release the lower clamp, commence folding and. continue
until the test piece breaks, when the counter will automati-
cally’stop. Record the number of double folds required to
break the test piece.

Return the folding clamp and the lower clamp to their
starting positions. Return the counter reading to Zero or
record the reading.

104 MiT instrument

Level the instrument. Turn the oscillating folding head so
that the slot is vertical. Place a weight on top of the plunger,
equivalent to the tension desired on the specimen, normatly
9,81 N, tap the plunger sideways to eliminate friction and
check and set the load indicator. Lock the plunger in pos-
ition and, without touching the part of the strip.to be
folded, clamp the test piece firmly and squarely in the jaws,
with the surface of the test piece lying wholly within one
plane, i.e. flat, and with the sides free from the oscillating
jaw mounting plate. v

Unscrew the plunger lock and remove the weight, thus
applying the specified tension to the strip. When removing
the weight, also observe the load indicator for possible
movement. |f movement occurs, readjust the tension to
that shown with the weight on the plunger. Commence
folding and continue until the test piece breaks, when the
counter will automatically stop. Record the number of
double folds required to break the test piece.

Return the counter reading to zero.
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If the number of double folds is less than 10 or greater than
10000, decrease or increase the tension, if this is possible.
The use of a non-standard tension, and its value, shall be
stated in the test report. ’

At least 10 readings for each principal direction of the
paper are required. The machine direction test is that in
which the long axis of the test piece is in the machine
direction of the paper and the stress is applied in the
machine direction, the break being in the cross-direction.

Reject any individual result where the test piece has slipped
in the clamps or broken away from the fold line.

Determine the logarithm (to the base 10) of each of the
individual readings. Calculate the mean of their values.

11 TEST REPORT

The test report shalyl include the following particulars
a) reference to this International Standard;
b) type of instrument used;

¢} mean folding endurance {machine direction),— see
4.2 — reported to two decimal places;

d) mean folding endurance (cross direction);=see 4 2 =
reported to two decimal places; :

e} number of test pieces tested in the machine direction
and the cross-direction respectively;

f) maximum and minimum folding endurance'values in
the ‘machine direction and the cross-direction, and the
95 % confidence limits;

g) tension applied to the test piece and whether it is

ISO 5626-1978 (E)

different from the tension normally specified for the
instrument concerned (see annex A);

-h) standard conditioning atmosphere selected;

i) any other circumstances or influences that may have
affected the results.

12 PRECISION OF METHOD

12.1 Repeatability. is about 8 % for' folding endurance
values of about 1,5, decreasing to about 2 % for folding
endurance values of about 3,5.

The difference between the two single test results found
on identical test material by one operator using the same
apparatus within a short time interval will exceed the
repeatability on average not more that once in-twenty
instances of the normal and correct operation of the
method. :

12.2 Reproducibility is about 10 % for folding endurance
values of about 1,5, decreasing to about 4 % for folding
endurance values of about 3,5.

The difference between two single and independent results
found by two operators working in different laboratories
on'identical test material will exceed the reproducibility on
average _not, more than once in twenty instances of the
normal and correct operation of the method.

NOTE — The values stated above are based upon results obtained
during an international round-robin investigation carried out during
1971 under -thecauspices-of 41SO/TC 6/SC 2/WG 5, “'Folding endur-
ance’’()The round robin used four different papers and involved a
total of about 70 different instruments, of which 17 were of the
same type, operating under nominally identical conditions. The
values given above are supported by results obtained since 1971 in
routine round-robin checks carried out using a much wider range of
papers, in, for instance, the United Kingdom and the U.S.A. :
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... ANNEX A

DESCRIPTIONS OF FOLDING TESTERS

All four types of instrument are normally ‘motor-driven.
Appropriate measures are, or should be, taken by the
manufacturer or user to minimize the effects.upon results
of vibration and heat from the motor. Such measures
included positioning the motor-as far away as possible from
the place at which.the folding takes place, the use of belt
drive rather than direct drive, the use of fibresto-metal
transmission gears, and the use of fans to remove heat,

A1 SCHOPPER INSTRUMENT

The instrument can be regarded as comprising three separate
parts : ‘

A.1.1 Device for folding the paper, consisting of a pair of
horizontally opposed clamps which hold the test piece, four
rollers. and a thin slotted reciprocating blade, The clamps,
approximately .90 mm apart, aré anchaored ‘by. springs and
hold the test piece under tension in a vertical plane. The
clamps while in motion are freely suspendedibetween the
tension springs, except that they are supported below by
rollers. The four. creasing rollers with their axes vertical
are symmetrically- placed about a point midway between
the clamps. The slotted folding’ blade''reciprocates'in’ a
vertical plane at right angles to the test piece through the
point midway between the clamps.

The spring tension varies during the folding cycle and is
such that -when the test piece is straight and unbent each
spring exerts -a pull of 7,656+.0,10 N; when the folding
blade is at the limit of its travel and the test piece is bent
to the maximum extent, the pull exerted by each of the
springs is 9,81 £.0,10 N.

The four creasing rollers, each of diameter 6 mm and length
18 mm, are preferably provided with jewel bearings. The
distance between the folding blade and the two creasing
rollers on each side of it should be 0,3 mm and the width
between rollers of the space occupied by the unbent test
piece should be approximately 0,5 mm.

The thickness of the folding blade is 0,5 mm. The edges
of the vertical slot are cylindrical (radius 0,25 mm); they
extend somewhat above and below the normal position of

the test piece. The width of the slot in the blade is 0,5 mm.

A.1.2 Means of driving the slotted reciprocating blade back
and forth in simple harmonic- motion at 110 + 10 double
folds per minute with a 20 mm stroke.

A.1.3 Counter, for registering the number of double folds,
that stops automatically when the test piece breaks.

4

A.2 LHOMARGY INSTRUMENT

The mstrument can be regarded as comprising three separate
parts : , :

A.2.1 Device for folding the paper, consisting of a clamp
assembly which holds the test strip at both ends, four
rollers of diameter 14 mm and length 22 mm, mounted
on ball bearings, and a blade 0,5 mm thick, slotted in its
centre with a slot 0,5 mm wide which has its edges rounded
to a.semi-circular cross-section. The distance between the
axes of the rollers shall be 15,17 mm.

The axes shall be horizontal with two of the axes lying in
the same vertical plane and the axes of the other two rollers
lying in a different vertical plane.

The clamp assembly is loaded by dead weight, the weight
being supported via the test strip by the roller assembly
and the reciprocating blade during the test untrl the test
piece fails. -

The four creasing rollers with their axes horizontal ‘are
symmetrically, placed about a point vertically above the
centre of the clamping mechanism. The test piece passes
horizontally between the upper pair and the lower pair of
rollers when the reciprocating blade is in the mid-position,
Thet/slotted | folding ‘bladeireciprocates in a vertical plane
at right angles to the test piece between the left-hand and
right-hand-pairs of rollers. with the test piece passing through
the slot. v

The dead. weight load may be set to give a tension of
491N,868N,0r9,81N.

NOTE — The load of 8,68 N is intended to give the same loading
as the mean loading on the Schopper instrument.

A.2.2 Means of driving the slotted reciprocating blade
back and forth in simple harmonic motion at 125 5double
folds per minute, with a 20 mm stroke, by an electric
motor.

A.2.3 Counter, for registering the number of double
folds, that stops automatically when the test piece breaks.

A.3 KOHLER MOLIN INSTRUMENT

The instrument can be regarded as comprising four separate
parts :

A.3.1 Upper folding clamp consisting of a fixed jaw and
a moving jaw, which grips one end of the test piece. The
surfaces in contact with the test piece during folding shall
be semi-circular in cross-section, with a radius of 0,25 mm.
The pivot point of the jaw shall be 0,04 mm from the edge
of the fixed jaw of the ¢lamp on a line connecting the
folding edges of the two clamps.




A.3.2 Lower ({loading) clamp, consisting of a fixed jaw and
a moving jaw, which grips the test piece at its other end.
When in the operating position, the upper edge of the lower
clamp shall be 62 £ 1 rmm below the line of contact of the
upper clamp. The load on the clamp shall be 7,85 + 0,02 N,
produced by a total mass of 800 g.

A.3.3 Means of producing 200 + 10 complete oscillations
of the folding head per minute thiough an angle of 156+ 2°
on each side of the vertical line. ' R

A.3.4 Counter, to register the number of double-folds,
that stops automatically when the test piece breaks.

A4 MIT INSTRUMENT

The instrument can be regarded as comprising four separate
parts :

A.4.1 Springloaded clamp, constrained to move vertically
without horizontal rotation above the axis of rotation of
a folding head located about 60 mm below its tip. The
gripping surfaces of this clamp are in the plane of this
axis, and a pivot above the gripping surfaces permits the
clamp as a whole to swing i this planec The loadis applied
by a spring attached to the'clamp'assembly‘and is adjust-
able to provide any desired tension on the test piece;from a
range of at least 4,91 N to 14,72 N. The load‘deflection of
the spring is at least 17 mm/9,81 N, which is achieved by
using a weight of 1 kg mass.
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A.4.2 Oscillating folding head, having a slot to accom-
modate the test piece and surfaces parallel to, and sym-
metrically placed with respect to, its axis of rotation; it
is emphasized that symmetrical placing is of the utmost
importance. Each end of the surfaces forming the slot has
a radius of curvature of 0,38 + 0,02 mm and a width of
not less than 19 mm,

The opening of the slot is great enough to allow the test
piece to fall freely within it but with a clearance of not
more than 0,25 mm. Accordingly, folding heads with the
following widths of slots may be required : '

0 to 0,25 mm

0,25 to 0,50 mm
0,50 t0 0,75 mm
0,75 to 1,00 mm
1,00 to 1,25 mm

In the head below the slot is a clamp with its nearest edge
9,5 mm below the axis of rotation, in which the lower end
of the test piece is gripped.

A.4.3 Means of producing 176 + 10 complete oscillations
of the'folding head per minute through an angle of 135 2°.
on each side of the vertical line. :

A4.4 Counter, to register the number of double folds,
that stops automatically when the test piece breaks.
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ANNEX B

MAINTENANCE AND CALIBRATION OF THE INSTRUMENTS |

The results of the folding test are very sensitive to tension,
arc of fold and radius of fold, so that regular calibration
and checking are very important.

B.1 SCHOPPER INSTRUMENT

Keep all moving parts, with the exception of the clamp
tension springs, lubricated; for this purpose, a light machine
oil is recommended. Carry out the oiling carefully and
examine broken test pieces to see that they have not
been stained with oil. All rollers shall revolve freely and
the whole mechanism be kept free from dust, in particular
paper dust. S

The clamps shall hold the test piece firmly over its entire
width. To test the clamps, a test piece is inserted and the
spring tension applied and released-several times. With the
tension finally released, the test piece shall remain"smooth
and straight; buckling or waviness indicates a_faulty clamp
allowing the test piece to slip. Each clamp may<also be
checked individually by inserting short strip of the correct
width, and then, whilst holding the clamp firmly in ope
hand, attempting to rotate the strip up or down in its own
plane, a movement which shows 'whether the paper ‘is
gripped evenly over its width, Occasionally, it " may be
found that the paper is not gripped evenly because a
fragment of paper from a previous test has been left in the
clamps by pulling out a broken strip without unscrewing
the clamps sufficiently.

Calibration of the springs of the fold tester shall be carried

~out periodically. It is first necessary to scribe the shank of
the clamp with two marks corresponding to the deflection
of the spring in the neutral position when- the tension is
minimum and at the point of maximum travel of the
folding blade when the tension is greatest. A convenient
method of checking the spring tensions is to remove
the jaws, together with their housings and supports, and
clamp them for calibration in a vertical position. Any
convenient clamp that can be accurately levelled may be
used. The total weight suspended from the spring shall
include the clamp and its link. Loading to the amount of
9,81 N is applied to the spring and the extension of the
clamp guide noted. The second mark should coincide with
the end of the cylinder and if any adjustment is necessary
to secure this, it shall be made by turning the milled head
at the end of the cylinder.

The total load shall then be reduced to 7,55 N and the first
mark should be just visible. If there is any variation or if
it is found impossible to make the two marks register
correctly with the means provided, a new pair of matched
springs shall be inserted. The correct distance apart for the
two marks is 8 mm.

Alternative methods have been: described to enable the
springs to be calibrated in position, such as by the use of
a balance beli-crank lever. In these circumstances, it is not
necessary to allow for the mass of the clamps.

The creasing rollers shall be examined to ensure that they
are accurately parallel to each other and at right angles to
the direction of motion of the test piece; they shali revolve
freely. The two edges of the folding slot shall be parailel
to each other and to the creasing rollers. The two edges of
the folding slot shall be perfectly smooth and free of any
surface imperfections.

Check with a stop-watch that the instrument performs
110 = 10 double folds per minute.

B.2 LHOMARGY INSTRUMENT

Keep all” moving parts, with the exception of the clamp
tension springs, lubricated; for this purpose, a light
machine oil i§ recommended. Carry out the oiling carefully
and examine broken test pieces to see that they have not
been stained with oil. All rollers shall revolve freely and the
whole mechanism shall be kept free from dust, in particular
paperdust.

The clamps shall hold the test piece firmly over its entire
width. To test the clamps, a test piece is inserted and the
spring tension applied and released several times. With
the tension finally released, the test piece shall remain
smooth and straight; buckling or waviness indicates a faulty
clamp allowing the test piece to slip. Each clamp may also
be checked individually by inserting a short strip of the
correct width, and then, whilst holding the clamp firmly
in one hand, attempting to rotate the strip up or down in
its own plane, a movement which shows whether the paper
is gripped evenly over its width. Occasionally, it may be
found that the paper is not gripped evenly because a
fragment of paper from a previous test has been left in the
clamps by pulling out a broken strip without unscrewing
the clamps sufficiently.

Check the masses of the clamp assembly and the loading
weights. The masses shall be within 0,25 % of their nominal
values.

The creasing rollers shall be examined to ensure that they
are accurately parallel to each other and at right angles to
the direction of motion of the test piece; they shall revolve
freely. The two edges of the folding slot shall be parallel
to each other and to the creasing rollers. The two edges
of the folding slot shall be perfectly smooth and free of
any surface imperfections.

Check with a stop-watch that the instrument performs
125 + 5 double folds per minute.




B.3 KOHLER MOLIN INSTRUMENT

Regularly inspect the fold tester for cleanliness and for
~ faults such as wear, misalignment, loose parts and damage,
paying particular attention to the condition of the surfaces
of the jaws on the folding head. Clean the instrument and
rectify any faults found. Apply oil regularly at the various
oil holes, using a good quality light machine oil.

Check with a stop-watch that the instrument performs
200 + 10 double folds per minute.

Check the functioning of the counter.

Check the angle through which the upper clamp. turns by
fastening in the clamp a stiff rule of a material that will
not damage the surface of the clamp and turn the flywheel
by hand, marking the extreme position on a piece of
board. If the angle between the extreme position and the
vertical is not 156+ 2° in both directions, adjust the
attachment of the clamp.

Check that the clamping action is uniform throughout the
width of the clamp jaws by fastening two 3 mm wide
strips of the paper in the instrument, one at either end of
the clamp. If either of these strips is not tightly secured,
the clamp shall be adjusted.

Check the alignment of the clamps. Fasten a‘paper strip in
the instrument and turn the flywheel by hand to cause
the folding clamp to turn through 90° in‘both directions.
If this causes the lower clamp to.swing sideways, as seen
with the naked eye, the clamp is defective and shall be
adjusted or replaced.

Check that the total mass of the lower clamp)“loading bar
and the weights used for'the loading is 800 £ 2 g.

Check that the loading bar is hanging freely.

Check that the stop on the upper clamp is correctly pos-
itioned. Fasten a plumb line in the upper clamp; the line
should bear against the stop, and the point of the nlumb
should be immediately above the upper edge of the lower
clamp. If not, ‘adjust the stop of the top clamp until the
point of the plumb is just above the inner stop of the lower
clamp.
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B.4 MIT INSTRUMENT

Keep the moving parts correctly lubricated; for this purpose,
a light machine oil is recommended. Carry out the oiling
carefully and examine broken test pieces to verify that
they have not been stained with oil.

Ensure that the folding edges are free from rust, dirt ahd
oil, and that the counter operates properly.

Measure the blungér friction by determining the additional

- load required to cause a perceptible movement of the

plunger when displaced under a load of 9,81 N. This
friction shall not be more than 0,245 N.

Measure the change in tension due to eccentricity of the
rotation of the folding edges, as follows :

Place a test piece, cut in the machine direction, in the
tester as for making a folding test. Operate the tester for
a number of folds up to 100, short of causing a near-break
of the test piece, so as to flex the paper and minimize
the effect of its stiffness, Rotate the folding head

. slowly through an entire folding cycle and measure the
maximum change in displacement of the plunger with
an accuracy of 0,1 mm:; it is important that this displace-
ment_be ‘‘centred” with respect to the vertical position
ofithe 'slot inlthe/folding head. The displacement shall
be not greater than that produced by an added mass of
35 g {equivalent to a load of 0,343 N).

Measure the curvature of the folding edges by making casts,
magnifying them in profile and comparing them with true
circles.(The two-folding edges shall be at the same elevation
when)the slot head is vertical.

NOTE — Care shall be taken, when removing a short broken test
piece, not to use a needie or sharp edge that might score the folding
edges.

To facilitate the removal of short test pieces, such as may
be encountered when testing handsheets for pulp testing,
a horizontal slot, about 3 mm wide, may be milled above
the clamping bar in the folding head to about its centre
line, to permit the use of a needle or knife point to remove
the remnant without touching the folding edges of the
head. This slot should have no effect on the test.
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