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Introduction

Curl is a basic property of photographic film and paper yvhich
acceptability in many applications. High curl can lead\to’pro
ing, projection and handling.

can influence
blems in print-
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Photography — Determination of the curl of

photographic film and paper

1 Scope

This Interpational Standard specifies methods for de-
termining | and expressing quantitatively the curl
characterigtics of unprocessed and processed photo-
graphic film and paper in sheet, roll, or stripforms.

It specifiep three measuring methods; method A in-
volves thd determination of curl whenythe specimen
is held in g vertical position, methods B and C with the
specimen|in a horizontal positiol. Values for the three
methods are not comparable-because of the differ-
ences in specimen configuration and size.

These methods are not.intended for use in determin-
ing the cdrl characteristics of photographic materials
during progcessing-or drying.

2:2 curl direction: Means of identifying by letter L,
T, D or C the direction of curl about a gpecific axis of
a specimen corresponding to that of thge sample from
which it is taken.

L represents “lengthwise curl” apout the axis
perpendicular to the length or machine direc-
tion of the specimen for rolls of to the longer
specimen dimension for sheets.|An alternative
approach when the machine djrection is not
known is to reference the curl|direction to a
film notch, if present.

T represents “transverse curl” apout the axis
parallel to the length or machirle direction of
the specimen.

D represents “diagonal curl” about the diagonal
of the specimen.

2 Definitions

For the purposes of this International Standard, the
following definitions apply.

2.1 curl: Departure from physical flatness and char-
acterized with respect to curl direction (L, T, D or C),
curl sign (+ or —) and curl value. This flatness defect
is evident by a tendency of film or paper to coil into
a cylindrical shape.

C represents “cupping” when all four corners of
the specimen are raised and bent towards the
centre of the specimen.

See figure 1.

2.3 curl sign: Mathematical sign, + or —, used to
indicate the direction of curl which, if toward the
emulsion (sensitized) side (emulsion-in) is + or, if
toward the base (emulsion-out), is —. The sign is al-
ways plus for materials sensitized on both surfaces.
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Cross-machine direction

»

or widthwise direction

Machine directibn
or lengthwise direfction

Transverse curl (T curl)

Longitudinal curl
(L curl)

Cupping curl
(C curl)

Figure 1 — Curl direction


https://standardsiso.com/api/?name=913413db9b9030cb062f828394a24eb3

© ISO

3 Sampling and conditioning

3.1 Selection of samples

Material intended for curl tests shall be representative
of the whole of the samples being tested, exhibit no
obvious physical defects, be handled in the same
manner as in actual use, and be treated uniformly.
When different materials are to be compared, they
shall have been subjected to the same relative hu-
midity history for similar times. The machine direction

ISO 4330:1994(E)

suggested but are not mandatory. Tests can be con-
ducted in glove boxes or in conditioned rooms; the
latter are preferable since they can provide better hu-
midity control.

Curl value may be influenced by the moisture history
of the material. This may be standardized by an initial

preconditioning step at 50 % relative humidity.

4 Test method A

shall be |ndicated, if known, by crayon or ink marking.

3.2 Hdndling of specimens

Prepare ppecimens under controlled relative humidity
conditior]s, and then separate them into groups which
are to He subjected to different atmospheric con-
ditions. Year cotton or other suitable gloves or use
pincers |while handling specimen. Moisture from
hands or|fingers will reduce accuracy of test data. The
operator|shall take care not to breathe on the speci-
mens. :

3.3 Cgnditioning of specimen

Conditio specimens at the chosen relative humidity
until pragtical moisture equilibrium has been reached.
In most|instances, this time will be abouti2 h for
photographic films, one day for photographic fibre-
base papers and 7 days for RC..(resin coated)
papers.”

Excessive conditioning times may result in a curl de-
crease dlie to relaxation effects.

Suspend| the specimenrs, freely by means of a hook
or a rod|through a {hole close to the centre of one
edge, and separate)enough to prevent contact with
each other. Hang square specimens with the axis of
curl vertical+to ‘avoid producing distortion. An alterna-
tive method of support is to place specimens hori-

4.1 Field of application
This method is intended mainly for

or paper in sheet form orZin rolls whi
cupping but curl in oply L, T or D dire

4.2 Specimen size

samples of film
ch do not show
ctions.

Prepare“at least three square specimens measuring

from 58*mm x 50 mm to 100 mm >
each™ sample to be tested. Altern
§pecimens measuring from 50 mm tq
ameter can be used. Indicate the ma
if known.

For analytical purposes, or for specime
cupping or varying curl along the Ig
specimens measuring 50 mm x 5m
with specimen cut in both the L and T

4.3 Unit of curl measurement

The curl values are expressed as 1/R,
radius of curvature in metres.

4.4 Apparatus

100 mm from
atively, circular

100 mm in di-
chine direction,

ns which show
ngth or width,
m can be used,
directions.

where R is the

4.4.1 Curl board template, marked

off with curves

zontally on net-covered or screen-covered racks
spaced so that there is free circulation of air.

3.4 Test conditions

A temperature of 23 °C + 2 °C is specified. Relative
humidities of 15 %, 30 %, 50 %, 70 % and 85 % are

corresponding to various values of reciprocal radius.
It may be one of several formats (see figure 2).

4.4.2 Specimen clamp, consisting of two vertical
members of which the one facing the concave side
of the specimen shall be approximately 3 mm in ra-
dius. In no case shall this radius exceed the radius of
the curled specimen.

1) At relative humidities of 70 % and above, films and papers sometimes undergo an irreversible change in curl with time. For
this reason, the conditioning time must be standardized for comparison purposes.
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NOTE — Arrangd the clamp to hold the edge of the film on a line normal to the curves making up the measuring tefnplate.
These curves maly be computed as defined in 4.3.

Type

Transparent template

Base plate
Sample

Sample holder

Verticat support

Type Il

Figure 2 — Curlboard templates for measuring curl in accordance with test method A
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45 Procedure

At the end of the conditioning period and without re-
moving the specimens from the conditioned atmos-
phere, secure each specimen above or below the
template by clamping so that the axis of curl is verti-
cal. At least 10 mm of film should be held within the
clamp. Films of low stiffness may require a larger
clamped area to avoid drooping due to gravity. Note
the curl value of the curve most nearly coinciding with
the curl of the specimen.

ISO 4330:1994(E)

be made to the nearest 0,20 mm for 35 mm,
0,04 mm for 16 mm, and 0,02 mm for 8 mm film.
Sensitivity for 8 mm film is not as high as for wider
film and it is very difficult to make readings to a pre-
cision of 0,02 mm.

Widthwise film curl can be measured either concave
side up or convex side up, depending on the type of
device used. A depth gauge and a height gauge are
shown in use in figure 3.

The hnighf gauge lustrated can-measure film in either

5 Tes$t method B

5.1 Field of application

This mdthod is intended for long lengths of film in roll
form. It| provides a means for measuring curl as it is
found in use.

The cun is measured only in the cross-direction. It is
purely g practical type of measurement and is not in-
tended [to distinguish the factors which cause curl.

5.2 Specimen size

Test spgecimens in standard widths (for example,
8 mm, |16 mm, 32 mm, 35 mm, 70 mm, 105 mm,
etc.). Sglect at least 3 specimens from each sample
to be tgdsted. The specimen length should be-at [éast
six timgs the film width.

5.3 Apparatus

5.3.1 S$uitable depth or height)gauge, graduated
in millimetres, that can read the edge curl of film
strips (dee figure 3).

5.4 Procedure

Place the strips\to’be measured on a horizontal sur-
face at the end>of the conditioning period without re-
moving| themn’ from the conditioning atmosphere. If

configuration, but depth gauges<|are limited to
concave-up measurements. Such’measurements may
be converted trigonometrically“into units of reciprocal
radius.?

Make three measurements in this nmanner along the
specimen length and-take the arithmptic mean as the
film curl. Do not-Mmake measurements closer than
100 mm to thé)ends of the specimen.

6 Test method C

6;1" Field of application

This method is intended for film o1 paper (in sheet
form or microfiche). It provides a means of measuring

curl in either the width direction or Ig
the sample. This is a practical type
and combines the effects of curl w
occurs when photographic material
horizontal surface.

6.2 Specimen size
Test specimens in standard distribut

sheet sizes. Select at least three
each sample to be tested.

6.3 Procedure

Place the sheets to be measured g

ngth direction of
of measurement
ith gravity. This
is placed on a

on microfiche or
specimens from

oncave side up-

ward on a table at the end of the col

nditioning period

necessanyhold the strip down at each end

Measure the edge curl using the depth or height
gauge. The precision required with this method de-
pends upon the film width. As a guide, readings can

and without removing them from the conditioned at-
mosphere. Measure the distance between each of
the four corners of the specimen and the table in
millimetres to the nearest millimetre.

2) The relationship between the height of the edge curl (H), the radius (R) and the film width (W) is given by the formula

oW )L
nR H
where the cosine value is in degrees.

1/R = (1 — cos

For small curl values, this can be approximated by 1/R ~ 8H/W?
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Figure 3 — Devices for reading edge curl of film strips for test method B
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Calculate the mean of these four measurements?.
Designate the direction of curl as L, T or D, or indicate
as C4%. The results obtained are influenced by the
specimen dimensions. Results between samples can
only be compared if the specimen sizes are identical.

7 Test report

7.1 Test data

The test report shall include the following information:

ISO 4330:1994(E)

g) position in the roll for rolls or dimensions of
specimen for sheets.

7.2 Significance

Values obtained by methods A, B and C should not
be compared. Curl is very dependent upon the speci-
men dimensions and these differ for each method.
Moreover, method A is read vertically and is not af-
fected by gravity. Consequently, it represents a
measure of the inherent property. Methods B and C

a) refergnce to this International Standard;
b) sample name and number;

c) description of specimen (thickness, type of
substrate, unprocessed or processed);

d) conditioning time, temperature, and relative hu-
midity;

e) test method (method A, B, or C);

f) average curl value, curl sign, and curl direction

(length, transverse, diagonal or cupping), and pre-
cisior) of curl value;

arc |cad hUI;LUIItO”y OII\‘]I arcs ;Ilf{ucllbck by graVlty and
stiffness. Since method C is used farsmaterial in sheet
form which may have large difmensipns, the speci-
mens may show more distertion than observed in

methods A and B. Because-of these

distortions and

the possible large effectiof-gravity, thg curl in method

C may not assume(the arc of a cir

tle and conse-

guently curl is not.expressed in units ¢f 1/R.

Whether or notJthe curl values detefmined by this

InternationalStandard are considered
type of hotographic material depen

high for a given
ds on the par-

ticular-application. The acceptable valye may also de-
pendion the camera, processing machine, printer or

viewer used, as well as on the size of

the sample and

whether it is raw or processed.

3) In microfiche applications, the maximum height of one of the edges may be critical in causing transport problems.

4) Difficulty can be experienced in measuring the average curl value of distorted samples.
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