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BRITISH STANDARDS INSTITUTIQN MCORMORATED 5Y ROYAL cHARTER

BRITISH STANDARD METHODS OF TEST FOR PAINTS

Part E1. Bend test (cylindrical mandrel)

It is recommended that this Part be read in conjunction with the general
information in the Introduction to BS 3900 issued separately (revised edition published June 1969).

NOTE. Part E1 was first published in 1965 and was based on
DEF-1053, Method No. 13. This revision is technically identical
with ISO Recommendation R....... » Paints and varnishes. Bend
test (cylindrical mandrel) (at present, Draft ISO Recommenda-
tion DR1519).

FOREWORD

This British Standard is one of three which describe
empirical test procedures for assessing the resistance of
coatings of paints, varnishes and related products to
cracking and/or detachment from the substrate under
different conditions of deformation. The other two of
these documents are BS 3900 : Parts E3 and E4*.
The method of test described below should be completed,
for any particular application, by the following supple-
menta{y informatioar!:.PI'his inforn{ation should be derived
from the British Standard, or other document, for the
product under test or, where appropriate, should be the
subject of agreement between the parties to the test.

(1) Nature, thickness and surface preparation of
substrate.

(2) Apparatus to be used (i.e. Type 1 or Type 2).

(3) Method of application of test coating to
substrate.

(4) Thickness in um of the dry coating, including
method of measurement}, and whether it is a
single coating or a multicoat system.

(5) Duration and conditions of drying of the
coated panel before testing (or conditions of
stoving and ageing if applicable).

(6) Specified size of mandrel, if applicable, to be
used in the test.

(7) Temperature at which the test is to be carried
out.

1. Scope

1.1 This Part describes an empirical test procedure for
assessing the resistance of a coating of paint, varnish or
related product to cracking and/or detachment from a
metal substrate when subjected to bending round a
cylindrical mandrel under standard conditions.

12 For a multicoat system each coat may be tested
scparately or the complete system may be tested.

* Part E3, ‘ Impact (falling weight) resistance °.
Part E4, * Cupping test °.
t Part CS, * Determination of film thickness *.

1.3 The method described may be carried out either as
a ‘go/no go’ test, by testing with a single specified
size of mandrel, to assess compliance with a particular
requirement, or by repeating the procedure using
successively smaller mandrels to determine the diameter
of the first mandrel over which the coating cracks and/or
becomes detached from the substrate.

1.4 Two types of apparatus are described, Type 1 being
appropriate for use on test panels of thickness up to
0-3 mm, and Type 2 for use on test panels of thickness
up to 1-0 mm. Both types of apparatus have been found
to give similar results with the same coating, but
normally only one will be used for testing a given
product.

2. Apparatus
2.1 Bend test apparatus

2.1.1 Material. In both types of apparatus described
below, the mandrels shall be made of a rigid and
suitably corrosion resistant material, e.g. stainless steel.

2.1.2 Type 1 apparatus. A suitable apparatus is shown
in Figs. 1 and 2 and is used with test panels of thickness
not greater than 0-3 mm. A set of hinges is provided,
each incorporating a cylindrical mandrel; the diameters
of the mandrels are 2, 3, 4, 5, 6, 8, 10, 12, 16, 20, 25
and 32 mm respectively*. The dimensions of the appara-
tus are not critical, except that the gap between the
surface of the mandrel and the plates of the hinge should
be 0-55 + 0-05 mm. The mandrel should be free to
rotate on its pin and the apparatus shall be provided
with a stop to ensure that when the test panel is bent,
the two portions are paraliel.

2.1.3 Type 2 apparatus. A suitable apparatus is shown
in Figs. 3 and 4 and is normally used with test panels
of thickness up to 1-0 mm. With soft metals, e.g.
aluminjum, thicker panels may be used provided there
is no distortion of the mandrel. The apparatus incor-
porates one of a series of cylindrical mandrels of
diameters 6, 10 and 13 mmt.

* Especially with the 2 mm diameter mandrel, it is important
to ensure that no distortion of the mandrel takes place during the
bending process, and that any mandrel showing such distortion is
not used.

T By agreement between the parties, other diameters of mandrel
may be used with the Type 2 apparatus.
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2.2 Controlled temperature chamber. This is required
for tests which are specified to be carried out at tem-
peratures other than 20 + 2°C. It consists of an oven
or refrigerator in which the temperature of the working
chamber can be controlled to within + 1°C of the
required test temperature, and which is fitted with the
following ancillary equipment:

(1) A circulation fan in the working chamber.

(2) A suitable remote-control device by which the
panel can be bent without opening the test
chamber.

(3) A temperature indicating or recording device
located with its bulb, or sensitive element, in
close proximity to the ccating under test.

3. Sampling

A representative sample of the product to be tested
(or of each product in the case of a multicoat system)
shall be taken as described in Part A1*. The sample
shall then be examined and prepared for testing as
described in Part A2{.

4. Test panels

4.1 Material. Unless otherwise specified or agreed the
test panels shall be of burnished steel, burnished tinplate
or soft aluminium complying with the requirements of
Part A3}.

4.2 General. The test panels shall be flat and free from
distortion and the surface shall be free from any visible
ridges or cracks.

4.3 Dimensions. The test panels shall be rectangular and
approximately 100 mm X 50 mm in size and either 0-3
mm (for use with Type 1 apparatus) or 1-0 mm (for use
with Type 2 apparatus) thick, unless otherwise specified.
The test panels may be cut to size after coating and
drying, provided no distortion occurs. In the case of
aluminium panels, the longer side shall be parallel to
the direction of metallurgical rolling.

4.4 Preparation and coating of panels. The test panels
shall be prepared in accordance with Part A3} unless
otherwise specified, and shall then be coated by the
specified method with the product under test. If the
product under test is applied by brushing, the direction
of laying off marks shall be parallel to the longer side
of the panel.

4.5 Thickness of coating. The thickness in pm of the
dry coating shall be determined by the method specified,
using one of the procedures described in Part CS5§.

5. Procedure

5.1 General

5.1.1 Drying the test panel. The coated test panels shall
be dried (or stoved and aged) for the specified time and,
unless otherwise specified, shall be conditioned at
20 + 2°C and 65 + 5 % relative humidity for a mini-
mum of 16 h. The appropriate test procedure shall
then be carried out as soon as possible.

5.1.2 Ambient conditions. The test shall be carried out
at a temperature of 20 4+ 2°C and 65 + 5 9; relative
humidity, unless otherwise specified.

* Part Al, ‘ Sampling °.

t Part A2, * Examination and preparation of samples for testing °.

 Part A3, ‘ Standard panels for paint testing *.
§ Part C5, * Determination of film thickness ’.

5.1.3 Handling the test panel. Warming the test panel
by undue handling shall be avoided.

5.2 Procedure for a single specified size of mandrel.
The appropriate procedure given in 5.2.1, 5.2.2, or
5.2.3 shall be carried out on two separate test panels
and the panels shall then be examined as described in
5.2.4 (if the results differ, additional tests shall be made).

5.2.1 Tests with the Type 1 apparatus at 20 + 2°C.
Fully open the apparatus, fitted with the appropriate
mandrel, and insert the panel so that it may subsequently
be bent with the coated side outwards.

Close the apparatus evenly without jerking, over a
period of from 1-2 s, thus bending the panel over the
mandrel through 180°.

5.2.2 Tests with Type 2 apparatus at 20 + 2 °C. Firmly
secure the apparatus near the edge of a bench so that
the handle can be operated freely. Lower the panel
holder by withdrawing the wedge and use the adjusting
screw to move the bending piece away from the mandrel
position, Fit the apparatus with the appropriate mandrel.
Lower the handle into a vertical position and then
insert the panel, painted side down, between the mandrel
and the bending piece, until approximately 40 mm of
the panel protrudes when measured from the mandrel
centre line towards the bending piece. Clamp the panel
firmly to the panel holder using the lock nuts and plate.
Raise the panel holder by inserting the wedge into its
groove until the panel just touches the mandrel. Using
the adjusting screw raise the bending piece until it
just touches the panel. Lift the handle evenly through
180° without jerking, over a period of from 1-2 s, thus
bending the panel over the mandrel through 180°.

NOTE. A piece of thin paper may be inserted over the coated
surface between the panel holder and the bending piece to prevent
the coating being scratched during the bending operation.

After bending, release the panel by moving the
bending piece away from the mandrel, lowering the
panel holder by removing the wedge and unscrewing
the lock nuts.

5.2.3 Tests at temperatures other than 20 + 2 °C. Open
the apparatus fitted with the appropriate mandrel and
place the panel in position so that it may subsequently
be bent with the coated side outwards. Place the appara-
tus containing the panel in the test chamber previously
adjusted to the specified temperature. After 2 h, with
the panelstill in the chamber at the specified temperature,
close the apparatus evenly and without jerking by
means of the remote-control device, over a period of
from 1-2 s. It is essential that the door of the chamber
shall remain closed from the time of insertion of the
apparatus until after the bending operation.

5.2.4 Examination of the test panel. Examine the test
panel coating immediately after bending, and in the
case of the Type 1 apparatus, without removing the
panel from the apparatus. Use normal corrected vision
or, by agreement, a lens of x 10 magnification, and
examine the coating for cracking and/or detachment
from the substrate, ignoring the surface of the coating
less than 10 mm from the edge of the panel.

NOTE. If a lens is used, it is essential to mention this fact in
the test report and to avoid misleading comparisons with results
obtained using normal vision only.
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