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BS 5364 : 1976

British Standard Specification for

Laminated pressboard for electrical purposes

1. Scope
This British Standard specifies test requirements for three
types of laminated pressboard made from pressboard of
types B, C and D of BS 231 arranged unidirectionally.
The range of nominal thickness of each type of laminated
board is:

types B and C from 6 mm up to 75 mm;

types D from 9 mm up to 75 mm.
Material is normally available in thickness steps of 1.5 mm.

Material is available up to 300 mm thick and also in a form
that is not unidirectional, but such material is not covered
by this standard.

Board may include sheets produced on a continuous
machine provided that the laminated board meets all the
requirements of this standard.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of this British Standard the following
definitions apply.

3.1 presshoard. Board made from pulp of entirely natural
vegetable origin and of high chemical purity, normally on
an intermittent board machine, and afterwards subjected to
pressure to remove excess water, consolidate the plies

and ‘close up’ the material, thus producing the board which
is then dried and calendered.

Laminated pressboard is built up from sheets of pressboard
and adhesive, bonded under heat and pressure.

3.2 unidirectional board. Board in which the machine
direction is the same in all layers.

3.3 machine direction. The direction in the plane of the
board corresponding to the direction of the flow of the
stuff on the machine.

3.4 cross direction. The direction in the plane of the board
at right angles to the machine direction.

3.6 central value. When arranged in ascending order, the
middle value of an odd number of test measurements or the
mean of the two middle values of an even number of test
measurements.

4, Classification of laminated pressboard

The three types of laminated pressboard specified in this
British Standard are as follows.

Type B. A laminated dense pressboard having good electri-
cal and mechanical properties, suitable for use in either air
or oil, more dimensionally stable and having lower
conductivity of aqueous extract than types C and D.

This type is usually made from 100 % cotton.

Type C. A laminated soft porous pressboard with greater
oil absorption than type D. It has good electrical properties
in oil and is intended primarily for use in that medium.
This type is usually made from a mixture of cotton and
other fibres such as jute and chemical wood pulp.

Type D. A laminated hard pressboard, more rigid than
types B and C and characterized by good mechanical
properties.

This type is usually made from chemical wood pulp.

5. Composition

The individual {aminae shall be of the composition specified
in BS 231, bonded with a suitable adhesive which shall be
free from extraneous matter.

6. Finish

Laminated pressboard covered by this standard shall have a
smooth finish.

7. Thickness

The thickness shall be determined as specified in
appendix C and shall not differ at any point from the
nominal thickness by more than * 0.4 mm for boards of
nominal thickness up to and including 25 mm, and

*+ 0.8 mm for boards of nominal thickness greater than
25 mm.

In cases of doubt or dispute the method specified in C.2
shall be used to determine the thickness.

8. Density

The density shall be determined by the method specified
in D.1 and shall be as detailed in table 1.

Table 1. Density

Density

Type
Minimum Maximum
kg/m?3 kg/m?

B 1100 —

C 950 1150

D 1100 —

9. Electric strength proof test in oil at 23 °C or
90 °C

For thicknesses of 8 mm and above, the electric strength
proof test shall be applied as described in appendix E, the
choice between testing at 23 °C and 90 °C being subject to
agreement between the purchaser and the supplier. For
thicknesses below 8 mm, the test shall be carried out in
accordance with the method given f

1975, using a proof voitaye o 52 kmoq\mﬂss
result shall be assessed by the metho@specitied -im
appendix E of this standard.
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The specimens shall withstand the proof voltage for 1 min
and there shall be no sign of steaming or smoking.

10. Flexural strength

The flexural strength in the machine direction and in the
cross direction® shall be determined as specified in
appendix F and shall be not less than the appropriate value
detailed in table 2.

Table 2. Flexural strength

Flexural strength in Flexural strength in
Type machine cross
directionr direction
MPa MPa
B 30 27.5
C 325 30
D 45 40

11. Compressibility

The compressibility shall be determined as specified in
appendix G and shall not exceed the appropriate value
detailed in table 3.

Table 3. Compressibility

Total compressibility after
Type Compraessibility in air | subsequent immersion in hot
oil for 24 h
% %
B 9 13
C 9 13
D 6 8

12. Dimensional change

12.1 In air. The dimensional change due to drying in air
shall be determined as specified in appendix H and shall not
exceed the appropriate value detailed in table 4.

Table 4. Dimensional change in air

Maximum dimensional change
Type
Machine Cross Thickness
direction* direction*
% % %
B 1 4
C 1 1.6 5
D 1 1.6 6

12.2 1n oil. The change in dimensions of dried test pieces
after immersion in oil shall be determined as specified in
appendix H and shall not exceed 0.5 % either in the
machine or cross directions or in thickness. There shall be
no visible sign of delamination.

13. Adhesion between laminae

When tested in accordance with appendix K, the specimen
shall not split readily and the delaminated surfaces shall

have a distinctly hairy and ragged appearance and show
evidence of good bonding by having plies lifted from their
surface. .

14. Oil absorption and impregnation

The oil absorption shall be determined as specified in D.2,
and shall be not less than the appropriate value detailed in
table b.

Table 5. Oil absorption

Type Oil absorption
%

B 12

C 12

D 5

15. Machinability

All laminated pressboard shall be capable of being sawn and
drilled. All operations shall be carried out in accordance
with the recommendations of the manufacturer.

16. Conductivity of aqueous extract

The conductivity of the aqueous extract shall be deter-
mined by the method specified in appendix L, and shall
not exceed the appropriate value detailed in table 6.

Table 6. Conductivity of aqueous extract

Type Maximum conductivity
107 S/m

B 13

C 15

D 18

17. pH of aqueous extract

The pH value shall be determined by the method specified
in appendix M, and shall be not less than 5 and not greater
than 9 for all types.

18. Moisture content

The amount of moisture in the laminated pressboard
measured within 24 h of receipt shall be determined as
specified in appendix N, and shall not exceed 7.5 %.

19. Mineral ash

The mineral ash shall be determined as described in
appendix P, and shall not exceed 2 %.

20. Sludge and oil acidity

The sludge and increase in oil acidity shall be determined
as specified.in appendix J, and shall not exceed the
following values: 0.05 % sludge, 0.1 mg KOH/g acid value.

21. Conductivity of organic extract

The conductivity of the organic extract shall be determined
by the method specified in appendix Q, and sha!l not
exceed 1078 S/m.

*1f not known, the machine and cross directions can be deduced either from an adaptation of the cross-breaking strziatfi (ast where t

deformation at a force of 200 N will be considerably larger in the cross direction, or else by dropping a small quaniity of ayad uid philow

viscosity onto the board when the liquid will spread further in the machine direction,
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Appendix A

Conditioning of test pieces

Condition the test pieces for not less than 7 days in a
controlled atmosphere of 65 £ 5 % r.h. at a temperature of
20 2 °C. Commence the relevant test within 3 min of
removal of each test piece from the controlled atmosphere.

This atmosphere of 65 % r.h. can be obtained conveniently
in an enclosed chamber in which a saturated solution of
sodium nitrite is exposed to the atmosphere in the chamber.
(BS 3718 describes a suitable chamber.) Prepare the
saturated solution from distilled water and sodium nitrite
of a recognized analytical reagent quality.

Expose the saturated solution so that the maximum surface
is in contact with the air in the chamber, e.g. by covering
the floor of the chamber with a tray containing the
saturated solution. It is essential to use an ample excess of
solid sodium nitrite in contact with the saturated solution.
If desired, a mobile slurry of salt and saturated solution may
be used, this being prepared by adding to solid sodium
nitrite, of suitable particle size, a previously prepared
saturated solution of sodium nitrite untif the desired fluid
consistency is obtained.

The saturated salt solution or sfurry will become contami-
nated in the course of time; the salt tray should therefore
be emptied, washed all over, carefully dried and refilled
with sufficient saturated solution or slurry at intervals of
not more than two months. More frequent changes may be
necessary if the chamber is used where conditions of severe
contamination are experienced.

To ensure uniform conditions throughout the chamber, a
fan should circulate air over the surface of the saturated
solution or slurry and around the test pieces. Free access of
the conditioning atmosphere to all test pieces is essential.
From time to time, check that the humidity of the air in
the chamber is within the required limits.

NOTE. With the increasing use of air conditioned rooms and
buildings, which are normally at a higher temperature than 20 °C,
there is increasing support for a proposal made in various industries
and technologies, that the controlled atmosphere for use before and
during testing should be 23 £ 2°C and 50 £ 5 % r.h.

Technical Committee 15, Insulating materials, of the International
Electrotechnical Commission {EC) has accepted that the controlled
atmosphere for electrical insulating materials should be 23 + 2 °C
and 50 £ 5 % r.h.

The paper industry in the United Kingdom has accepted 23 + 2°C
and 50 £ 5 % r.h. as the preferred atmosphere.

The conditions of 20 + 2°C and 65 + 5 % r.h. are retained in this
standard pending the assessment of the effect of this change on the
values obtained in various tests.

Appendix B

Drying of test pieces

Dry the test pieces in a ventilated oven at 1056+ 2 °C for
7 days for types B and C and 10 days for type D.

BS 5354 : 1976

Appendix C

Measurement of thickness

C.1 As received (normal method). Measure the thickness of
the board in the as-received condition with a micrometer
complying with the requirements of BS 870 at 10 points
equally spaced around the four sides of the board.

C.2 After conditioning {referee method). Cut a strip
approximately 40 mm wide across the full width of the
board and from this strip, at 10 equally spaced positions,
cut 10 test pieces each not less than 40 mm long. Condition
the test pieces as described in appendix A and measure the
thickness of each with a micrometer complying with the
requirements of BS 870, the measurement being made near
the centre of each test piece.

App_endix D

Determination of density and oil absorption

D.1 Density. Use a rectangular test piece approximately
100 mm x 25 mm and of the thickness of the board under
test, taken with the length of the specimen paralle! with the
machine direction®. Dry it in accordance with appendix B
and on its removal from the oven allow it to cool in a
desiccator and determine the mass to the nearest milligram.
Compute the area of the test piece from one measurement
of length and one of width. Determine the thickness by
making two measurements with a micrometer complying
with the requirements BS 870 at points equally spaced
along the centre line and calculate the mean value. Compute
the volume of the test piece. Express the density as the
mass in kilograms per cubic metre of dried test piece.

D.2 Oil absorption. After the density has been determined
as in D.1, immediately immerse the test piece in insulating
oil at a temperature of 105 £ 2 °C for 7 days. Use
insulating oil complying with the requirements of BS 148,
Take the test piece from the oil and remove surplus oil by
gentle application of blotting paper. Place the test piece in
a desiccator so that it is supported on two blocks with the
long axis horizontal and the layers of adhesive vertical,
Allow the test piece to cool to room temperature. Remove
any surplus oil and reweigh the test piece. Compute the
percentage absorption of oil on the mass of the dry test
piece before immersion.

Appendix E

Electric strength proof test in oil at 23 °C or 90 °C

E.1 Conditions of test. Carry out the proof test for edge-
wise electric strength with the test piece at either

23 2°Cor 90 % 2 °C immersed in oil complying with
the requirements of BS 148, the choice of temperature
being subject to agreement between the purchaser and the
supplier.

*1f not known, the machine direction can be deduced either from an adaption of the cross-breaking s re/igth tepreg Hemfgr‘:!ltlu:(ﬁ ata

force of 200 N will be considerably less in the machine direction, or else by dropping a small quantity

the board when the liquid will spread further in the machine direction:
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