ﬁplw Designation: D 6478 — 02

—~yl?
INTERNATIONAL
Standard Test Method for
Determining Specific Packability of Fabrics Used in
H 1
Inflatable Restraints
This standard is issued under the fixed designation D 6478; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.
1. Scope 3. Terminology

1.1 This test method covers procedures for determining the 3.1 Definitions:
ability to fold and pack fabrics used for inflatable restraints 3.1.1 For definitions of other textile and statistical terms
using an index of specific packability. used in this standard, refer to Terminology D 123, Practice

1.2 Procedures in this test method describe operator teci» 2906 and Terminology D 6799.
nigues that must be followed closely to obtain repeatable and i
accurate results. Since these techniques are difficult to convey Summary of Practice
in writing, supplemental training for operators is required. A 4.1 Afabric specimen is folded uniformly in a “Z” patternin
training video is available from ASTM. the warp and fill directions.

1.3 The values stated in either Sl units or inch-pound units 4.2 The folded specimen is placed into a transparent box
are to be regarded separately as standard. The values statedhat confines the specimen securely during compression.
each system are not exact equivalents; therefore, each systen#.3 The folded specimen is compressed using a tensile tester
must be used independent of the other. outfitted with special hardware, and the resulting volume is

1.4 Procedures and apparatus other than those stated in thécorded at specified loads. The total of all the individual
practice may be used as agreed upon between the purchasetumes recorded at each specified cell is the specific pack-
and the supplier with specific deviations from this practiceability of the fabric.
acknowledged in the report. o

1.5 This standard does not purport to address all of the® Significance and Use
safety concerns, if any, associated with its use. It is the 5.1 This test method is useful for determining the specific
responsibility of the user of this standard to establish appropackability of uncoated and coated airbag fabrics. Fabric
priate safety and health practices, and determine the applicapackability is an important factor in the design of airbag

bility of regulatory limitations prior to use. modules due to their inherent spacial contraints.
5.2 Afolded specimen exhibits better specific packability if
2. Referenced Documents it occupies a lower total volume at the specified loads com-
2.1 ASTM Standards: pared to another specimen.
D 1776 Practice for Conditioning Textiles for Testfng 5.3 The time required to test one sample (four specimens
D 123 Terminology Relating to Textilds from the same lot of fabric) is approximately 1.5 h using this
D 2904 Practice for Interlaboratory Testing of a Textile Testtest method. Due to the length of time required by this test
Method that Produces Normally Distributed Data method to perform a single test, this test method is most
D 2906 Practice for Statements of Precision and Bias fosuitable for use in design and development analysis or for
Textiles inclusion in a list of required tests conducted for annual
D 6799 Terminology Relating to Inflatable Restraits certification of an airbag fabric.
E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Metfod 6. Apparatus

6.1 Tensile Testeroutfitted with a rigid base to support the
specimen box, and a compression foot attached to the load cell
_ _ o _ _with a coupling having adjustment and locking capability to
! This test method is under the jurisdiction of ASTM Committee D13 on Textiles intain fixed llel ali t to the b T ile test
and is the direct responsibility of Subcommittee D13.20 on Inflatable Restraints. maintain Ixe_ parallel alignmen O € base. lensile tester
Current edition approved April 10, 2002. Published July June 2002. OriginallyShould be calibrated annually by an independent agency whose
published as D 6478-99. Last previous edition D 6478-00 results are traceable to the National Institute of Science and

2 Annual Book of ASTM Standardgol 07.01. :
2 Annual Book of ASTM Standagdeol 07.02. Technology (NIST) or other national standards laboratory.
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Note 1—The frame of the tensile tester can be used as the rigid base if 6.2 Apparatus Manufactured in Accordance With Drawings
it is a solid metal surface which can support compression loading df 200 5 (SeeFig. 1):

without deforming, is perfectly flat, and supports the entire footprint of the 6.2.1 Rectangular Box 100 by 15 0.1mm with 99 by
specimen box. - '

S Equipment designed by AlliedSignal Performance Fibers, is manufactured
according to drawing #61-27A-7906-2 and is available from Precision Machine
Company, Inc., 2915 West Lehigh Street, Richmond, VA 23230. Copyright for CAD
drawings held by AlliedSignal and provided to ASTM with full unlimited authori-
zation to distribute copies and/or to designate other parties to distribute copies.
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149 = 0.1 mm cover plate constructed of transparent polycarpinch-point between the compression foot and the specimen box.
bonate material. _ 8.1.7 Lower the crosshead until a force of 18030N is
6.2.2 Rectangular Template and Rotary Cutting P80 by  zchieved and set zero.
800mm= 0.5 mm, for cutting specimens from fabric samples
(optional). Note 3—An alternate zero can be used to simplify the test. To use the
6.2.3 Jig, consisting of two sets of slats (wide and narrow) alternate zero, set the true zero as specified, raise the crosshead to the

. . .../ desired point, and zero the crosshead position again. The position of the
for making the folds and a frame that holds the slats in pOSItlo%lternate zero should be selected such that the compression foot does not

during folding. _ _ _ touch the cover plate when the fabric specimen is in the box. A position
6.2.4 Compression Gage Blockwith thickness of 10, 20 of +35 mm is suitable for most airbag fabrics

and 30x 0.1 mm. 8.1.8 Raise the crosshead, place the specimen box on the

6'2'5. Al d|men§|ons shall be verified at time qf manUfa.‘C'tensile tester base, insert the 10- mm gage block and then the
ture using measuring devices traceable to the National Institut

. . Cover plate into the box.
of Science and Technology (NIST) or other national standards 8.1.5 Raise the specimen box by hand until the compression
laboratory.

6.3 Rotary Razor Cutter foot is insidg the box, then lower the crosshead and box

6. 4 Large Paperclips (Three)preferably with a serrated together L_Jntll the_ box rests on the support base _a_nd the

: ) - - compression foot is not touching the cover plate. Position the

surface to improve gripping capablllt.y. . . box so that the compression foot is in the approximate center
6.5 Permanent Marking Perpen with fine tip. of the box.

7. Specimen Preparation 8.1.10 Initiate the compression test and record thickness at

7.1 Condition fabric samples for a minimunfi ® h in the @l Specified loads. _
standard atmosphere for testing textiles in accordance with 8-1-11 Repeat 8.1.8-8.1.10 using the 20 and 30- mm gage
Practice D 1776. blocks. _

7.2 Without fraying or fusing the edges, cut four 750 by 800 8:1.12 Ensure th_at t.he. thickness measured for.each gage
+ 5 - mm specimens from each sample, with the 800 mrRlock at 100 forpe is Wlthlni 5.0 % of the act'ual th|cknes_s_.
dimension aligned in the warp direction and the cuts alignedXCc€ssive variation |n_d|cates the need for equipment servicing.
with the warp and weft yarns in the fabric. 8.2 Specimen Folding _ _

7.3 Write the fabric sample identification and the specimen 8-2-1 Place the folding jig on a table approximately 0.8 m in
number on the lower right corner of the specimen (warp yarn§€ight with the “A” side of the jig to the left of the operator,
running up/down and weft yarns running right/left relative to @nd place all slats on the table in ascending numerical order
the operator) at a location about 50 mm from the bottom edg&©m top to bottom. The “A” and “B” identification marks on

and 50 mm from the right edge. the jig base and all slats indicate correct orientation for
installation, and numbers on the slats indicate the correct
8. Procedure sequence for installation.
8.1 Tensile Tester Set-Up and Calibration Check 8.2.2 Place the base slat in the jig.

8.1.1 Set tensile tester for compression mode, install load 8.2.3 Place the fabric specimen in the jig with the identifi-
cell with maximum force rating of 200 to 1080 set crosshead cation mark up and at the bottom right corner, nearest the
speed to 25.@ 1.0 mm/min, set data acquisition equipment tooperator, and align the edges of the specimen with the outer
record thickness with an accuracy of 0.1 mm at loads of 20 tguide lines on the jig base.
180N in 20N increments (nine total points), set sampling 8.2.4 Fold the specimen using the wide slats, #1 to #5,
frequency at= 25 Hz and set test endpoint at 200 visually inspecting and adjusting at each step to ensure that all

8.1.2 Mount the rigid base to the tensile tester frame, mounfolds are straight, are aligned to within 1 mm and that the
the coupling to the load cell, and attach the compression foot téabric is tight around the slats.

the coupling, leaving the adjustment locking mechanism loose. NoTe 4—If slippage or misalignment occurs, the following procedure

(See Note 1) _ , can be repeated using the same specimen if there is sufficient fabric
8-_1-3 Lower the crosshead 5|0_W|y unt|I_20£)50N_ force IS remaining for the trimming step at the beginning and end of the folding
achieved and lock the compression foot into position. process.

8.1.4 Raise the crosshead until there is a gap of approxi-
”?ate'y 1mm between the compression foot qnd t.he base a'fﬂe specimen into position so that the fabric protrudes approxi-
visually check for parallel alignment in both directions. mately 5mm under the back edge of the slat

8'.1'5 Raise the crosshead, place the specimen box on the8.2.4.2 Run the rotary razor cutter along the back edge of
tensile tester base, and insert the top cover plate into the bo§Iat #1 and remove the trimmed excess fabric

8'1.‘6 _Ra_ise the specimen box by hand until the compression 8.2.4.3 Pull the fabric front to back across the top of slat #1,
foot is inside the box, then lower the crosshead and bo’énd install slat #2

together until the box rests on the support base and the 8.2.4.4 Pull the fabric from back to front across the top of
compression foot is not touching the cover plate. Position th%lat #2 and install slat #3

box so that the compression foot is in the approximate center 8.2.4.5 Pull the fabric from front to back across the top of

of the box. slat #3, and install slat #4.
Note 2—Exercise caution to avoid possible operator injuy from the 8.2.4.6 Pull the fabric from back to front across the top of

8.2.4.1 Install slat #1 on top of the fabric specimen. Slide
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slat #4, and install slat #5. 8.2.13.7 Pull the fabric from front to back across the top of
8.2.4.7 Run the rotary razor cutter along the front edge oflat #3, and install slat #4.
slat #5 and remove the trimmed excess fabric. 8.2.13.8 Remove the second paperclip from under slat #4.
8.2.5 Position the jig so that the “B” side faces toward the 8.2.13.9 Pull the fabric from back to front across the top of
operator. slat #4, and install slat #5.
8.2.6 Using a fine-tip permanent marker, make thin horizon- 8.2.13.10 Pull the fabric from front to back across the top of
tal marks on the fabric at three locations along the right side o$lat #5, and install slat #6.
slots #2 and #4 as indicated by guide lines on the jig base. 8.2.13.11 Pull the fabric from back to front across the top of
Make thin vertical marks on the fabric specimen adjacent to thelat #6, and install slat #7.
horizontal marks using a vertical edge of the 30mm gage block 8.2.13.12 Remove the third paperclip from under slat #7.
as a guide. When making the vertical marks, insert the pen tip 8.2.13.13 Run the rotary razor cutter along the front edge of
slightly under slat #1 so that the bottom single layer of fabricslat #7 and remove the trimmed excess fabric.

also will be marked. 8.2.14 Position the jig so that the “B” side faces toward the
8.2.7 Remove the slat bracket on the “B” side. operator.
8.2.8 Remove the wide slats one at a time from top to 8.2.15 Remove the slat bracket for the “B” side.

bottom. 8.2.16 Remove the narrow slats one at a time from top to
8.2.8.1 Slide slat #5 out and slightly left. bottom.
8.2.8.2 Slide slat #4 out and slightly left. 8.2.16.1 Slide slat #7 out and slightly left, and slide the
8.2.8.3 Slide slat #3 out and slightly right. specimen box cover plate on top of the folded specimen as the
8.2.8.4 Slide slat #2 out and slightly left. slat is moved away to prevent the specimen from unfolding.
8.2.8.5 Slide slat #1 out and slightly right. The cover plate should be oriented with “front” to the right side

8.2.9 Pinch the fabric folds and the single layer of fabricand facing upward.
together using the horizontal and vertical marks to align the 8.2.16.2 Slide slat #6 out and slightly left.
edges directly on top of each other. Insert a large paperclip 8.2.16.3 Slide slat #5 out and slightly right.
halfway over the tow folds and the edge of the single layer of 8.2.16.4 Slide slat #4 out and slightly left.
fabric at each of the three locations marked. 8.2.16.5 Slide slat #3 out and slightly right.
8.2.10 Invert the folded stack and adjust the individual folds 8.2.16.6 Slide slat #2 out and slightly left.
and the edge of the single fabric layer so that the alignment is 8.2.16.7 Slide slat #1 out and slightly right.
exact at each of the three locations clipped. Carefully revert the 8.2.17 Pick up the specimen with the cover plate on top, and
folded stack so that the specimen identification mark is on thévert both together so that the cover plate is on the bottom.
top. 8.2.18 Hold the empty specimen box in the other hand with
8.2.11 Reinstall the slat bracket on the B-side. the open end downward and the “front” to the left side.
8.2.12 Position the jig with the “A” side left of the operator, 8.2.19 Insert the specimen up into the box without disturb-
position the folded stack so the specimen identification mark ig"g the folds or compressing the specimen.

at the front edge of the jig f?.CIﬂg the Oper&_ltor’_ and align the Note 6—If the specimen is folded properly, it will slide into the box

edges of the folded stack with the inner guidelines on the jiguith Jittle resistance, and also will slide back out of the box under only the

base. force of gravity. If this condition is not met, the specimen should be
8.2.13 Fold the specimen using the narrow slats #1 to #7iscarded.

visually inspecting and adjusting at each step to insure that all 8.2.20 Revert the box with the specimen and cover plate
folds are straight, are aligned to within 1 mm and that the inside so the open end is upward.

fabric is tight around the slats. 8.2.21 Visually inspect the folded specimen through the

Note 5—If slippage or misalignment occurs, the procedure below carCl€@r box. Reject the specimen if edges of the folds made using
be repeated using the same specimen if there is sufficient fabric remainid§€ wide slats are m|33-||9ned by more thahmm at any point.
for the trimming step at the beginning and end of the folding process. 8.3 Compression Testing

8.2.13.1 Install slat #1 on top of the fabric specimen. Slide . 8.3.1 Raise the crosshead and place the specimen box on the

: : o : Tigid base in the designated orientation.
the specimen into position so that the fabric protrudes approxi 8.3.2 Raise the specimen box by hand until the compression

mately 5 mm under the back edge of the slat. T . .
8.2.13.2 Check and adjust the relative alignment of th footis |nS|dgthe box but is not touching the cover plate, so that
e sample is not compressed.

folded edges under slat #1 so that they are directly on top o 8.3.3 Lower the crosshead and specimen box together until

each other. he box rests on th t base. Do not allow th i
8.2.13.3 Use the back edge of slat #1 to hold the foldeé.e oxX rests on the support base. Do not allow the compres
specimen in position and remove the paperclip under the slag " foort]_to touch the cover plate and compress the specimen
8.2.13.4 Run the rotary razor cutter along the back edge Oqurlng this step.

slat #1 and remove the trimmed excess fabric. Note 7—Using an alternate zero (Note 2) will simplify this step if the
8.2.13.5 Pull the fabric from front to back across the top oftensile tester can be set to return automatically to the zero point.

slat #1, and install slat #2. 8.3.4 Position the specimen box such that the compression
8.2.13.6 Pull the fabric from back to front across the top offoot is visually centered inside the box in both directions.

slat #2, and install slat #3. 8.3.5 Start the compression tester and record specimen
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thickness at each specified force. specimens. This is defined as the specific packability of the
8.4 Calculation and Error Correction sample.
8.4.1 Calculate the measurement error for each gage block

at each specified force and calculate the average error of & Report

three gage blocks at each specified folEeample—Fhe error 9.1 Report the following information:
for the 10 mm gage block at 20N force and the average error 9.1.1 State that the fabric was tested in accordance with this
at 2(N force are: test method,
Ezxaz0mm = Gao0mm — 10 1) 9.1.1.1 If deyiation from this test method oc'curred, any
Eyon = (E +E +E /3 reference to this test method shall state: “Testing was per-
20— Trzanomm. 2020 mm 2030 mm formed in accordance with ASTM D 6478, with the following
where: changes:”
Exoaommy = error in measured thickness of 10mm gage 9.1.2 The purchaser and supplier shall determine the exact
block at 20N compression force, form of the report. Unless otherwise specified, the report will
Gyo10mmy = Measured thickness of 10mm gage block at provide the following information:
20N compression force, and 9.1.2.1 Date of testing,
Ezom) = average thickness measurement error at 9.1.2.2 Name and signature of person certifying the report,
20N compression force. 9.1.2.3 Fabric description including but not limited to fiber

8.4.2 Adjust the measured thickness data for error at eaclyPe. fiber linear density, nominal construction and coating
specified force using the average error previously calculated€ight,

Example—Fhe corrected thickness of the specimen at a force 9-1.2.4 Roll and lot identification,
9.1.2.5 Specific packability test results,

of 20N is: =G )
T T e 5 9.1.2.6 Individual results for all four specimens tested,

e T 20m =200 ) 9.1.2.7 Coefficient of variance (Cv) for four individual
where, results,
Tae = corrected specimen thickness at 20N compres- 9.1.2.8 Average of four test results, and

sion force, and 9.1.2.9 Relevant specification.
Toqmy = measured specimen thickness at 20N compres- . .
10. Precision and Bias

sion force.

8.4.3 Calculate the specific packability volume of the speci- 10.1 An interlaboratory test was conducted in accordance

men; add the corrected thickness values at all specified IoadvsvIth Practice D 2904 and Practice E 691. A precision and bias

multiply by the dimensions of the specimen box and Convergtatement based on an interlaboratory report using TexPac is

o ! ing developed in accordance with Practice D 2906.
the resultant value from [mfhto [cm?. This is defined as o9 o ; . ;
specific packability of the specimefExample—Fhe specific 10.2 The precision and bias statement will be included by

packability of specime # 1 is: revision in the year 2000.
. _ [Taae) + Taoe + Teae T - - - + Tagae X 100X 150 11. Keywords
- 1000 11.1 airbag; fabric; inflatable restraint; packability; packing;
8.4.4 Calculate the average specific packability for the fourolume
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