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1. Scope

1.1 This test method describes the measurement of the
resistance to mechanical penetration of sanitary tissue papers.
Application to other paper types is possible but is not covered
here.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

D585 Practice for Sampling and Accepting a Single Lot of
Paper, Paperboard, Fiberboard, and Related Product

D685 Practice for Conditioning Paper and Paper Products
for Testing

D774/D774M Test Method for Bursting Strength of Paper

D1968 Terminology Relating to Paper and Paper Products

D4826 Practice for Units of Measurement and Conversion
Factors for Pulp, Paper, and Paperboard

E4 Practices for Force Verification of Testing Machines

E122 Practice for Calculating Sample Size to Estimate,
With Specified Precision, the Average for a Characteristic
of a Lot or Process

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D1968 or the Dictionary of
Paper.?

" This test method is under the jurisdiction of ASTM Committee D06 on Paper
and Paper Products and is the direct responsibility of Subcommittee D06.92 on Test
Methods.
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4. Summary of Test Method

4.1 In this test method, a test specimen is clamped between
two concentric rings whose inner diameter defines the circular
area under test. A penetration assembly the top of which is a
smooth, spherical steel ball is arranged perpendicular to and
centered under the rings holding the test specimen. The
penetration assembly is raised at a specified constant rate of
speed such that the steel ball contacts and eventually penetrates
the test specimen to the point of specimen rupture. The
maximum force applied by the penetration assembly at the
instant of penetration is reported as the resistance to mechani-
cal penetration.

5. Significance and Use

5.1 Resistance to mechanical penetration is an important
characteristic of consumer sanitary tissue products including
toilet tissue, facial tissue, table napkins, and paper towels;
therefore, it is also an important characteristic of the uncon-
verted tissue paper from which these products are made.

5.2 The penetration principle used in this test method is
found in Test Methods D4833, F1306, and D3787. The
equipment in these methods generally is an adaptor for ball
burst testing mounted on a tensile testing machine and is not
included in this test method as data supporting its use in
mechanical penetration of sanitary tissue is not available. This
test method describes a self-contained testing apparatus, which
is in use in the tissue industry.

5.3 The equipment used in this test method differs from that
in Test Method D774/D774M and the two methods give
different results. The advantages of this test method for use
with tissue include improved correlation with resistance to
mechanical penetration of the end use product, as well as,
improved ease of use and precision of data when used with
tissue products, which characteristically have higher extensi-
bility and lower strength properties than other grades of paper
to which Test Method D774/D774M is better suited.
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6. Apparatus

6.1 Self-Contained Resistance to Penetration Tester (Ball
Burst Tester)*, comprised of the following components:

6.1.1 A penetration assembly consisting of the following:

6.1.1.1 Spherical Penetration Member, a 1.588 = 0.005-cm
(0.625 = 0.002-in.) diameter stainless steel ball finished
spherical to 0.0001 cm (0.00004 in.) or less.

6.1.1.2 The spherical penetration member is affixed perma-
nently to the end of a 9.525 = 0.254 mm (0.375 = 0.01 in.)
solid steel rod

6.1.1.3 A mechanism to transmit the force applied to the ball
bearing through the rod to a suitable load cell.

6.1.1.4 For testing the resistance to penetration of tissue, a
2000 or 5000-g load cell will be suitable. Other load cells, both
larger and smaller, also may be available. As an alternate, the
instrument may provide for various full scale ranges from a
single load cell using suitable electronics. The load cell shall
conform to the requirements in Practice E4, and shall measure
loads accurately to = 0.25 % of the total capacity of the load
cell used.

6.1.1.5 A suitable mechanism for moving the assembly up
and down at a constant rate in a direction perpendicular to the
plane wherein the sample is fixed. This mechanism may
provide for a variable or fixed speed of movement. For
purposes of this test method, the rate of movement shall be
12.7 £ 0.6 cm/min (5.00 = 0.25 in./min). The distance of
travel of the probe may be variable, however for this test
method, travel shall be such that the upper most surface of the
spherical ball shall reach a distance of 3.49 cm (1.375 in.)
above the plane of the sample clamped in the tester.

6.1.2 A means to secure the test specimen for testing
consisting of upper and lower concentric rings of approxi-
mately 0.64 mm (0.25 in.) thick aluminum between which the
sample is held firmly by mechanical or air activated clamps
during testing. The specimen clamping rings for use in testing
tissue products 8.89 = 0.03 cm (3.50 £ 0.01 in.) in internal
diameter and approximately 6.5 in. (16.5 cm) in outside
diameter. The clamping surfaces of the clamping rings are
coated with a commercial grade of neoprene approximately
0.16 cm (0.625 in.) thick having a Shore hardness of 70-85 (A
scale). The neoprene need not cover the entire surface of the
clamping ring, but must be coincident with the inner diameter,
thus having an inner diameter of 8.89 * 0.03 cm (3.50 = 0.01
in.), and at least 1.27 cm wide thus having and an external
diameter of 11.4 = 0.03 cm (4.50 = 0.01 in.). Fig. 1 shows the
instrument clamping system in the open position (no specimen
in place). Figure 7 shows the clamping surface of one of the
two concentric rings which form the clamps.

6.1.3 A readout system for displaying the force applied to
the test specimen through the penetration assembly at test
specimen failure. The minimum requirement is a digital or
analog display showing the maximum force applied at test
specimen failure. Strip chart or video screen display are also

“The only known manufacturer of an instrument meeting the requirements
herein is the Thwing-Albert Instrument Company, 10960 Dutton Rd., Phila., Pa
19154-3285. If there are other suppliers of this equipment, they are encouraged to
Contact the Committee DO6 Chairman through ASTM Headquarters.
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FIG. 1 Burst Clamp and Ball/Rod Probe Pre-Sampling Loading

quite suitable. In the case of a recorder or video trace, the data
must be presented in such a way that the user can readily
determine the maximum force value durifdng the test. Where
data reporting is based upon computer algorithms, it is the
responsibility of the manufacturer of the instrument to clearly
document the calculation basis for the values that are reported,
and that they determine the maximum force for the test for use
in making the calculation required in Section 13.

7. Sampling

7.1 Acceptance Sampling—Acceptance sampling shall be in
accordance with Practice D585.

7.2 Sampling for Other Purposes—The sampling and num-
ber of test specimens depends upon the purpose of the testing.
Practice E122 is recommended.

8. Test Specimen

8.1 The exact dimension of the portion of the test specimen
tested is defined by the inner dimensions of the clamping
system.

8.2 Toilet tissue is frequently produced in rolls of perforated
sheets approximately 10 to 11 cm (4 to 4.5 in.) by 10 to 11 cm
(4 to 4.5 in.). In testing such toilet tissue, it is convenient to
remove a test specimen consisting of three connected sheets.
The outer two sheets are used for moving the sample into the
clamping system, while the middle sheet is subjected to the
test. For toilet tissue that is perforated in other lengths or
unperforated, remove a test specimen approximately 30 cm (12
in.) in length.

8.3 Other sanitary tissue products generally may be tested
using a single delivered unit (napkin, facial tissue, or towel) of
the product.

8.4 For sanitary tissue paper that has not been converted
into a finished product, a test specimen about 30 cm (12 in.) by
at least 10 cm (4 in.) wide should be cut for testing.

8.5 For sanitary converted tissue products, testing is done
on the products as received, regardless of the number of plies
(one, two, or three or more) which are supplied as a product
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