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EXECUTIVE SUMMARY

A detailed test method comparison was performed to assess the equivalence of test methods for
composite materials, with emphasis on the Committee for European Standardization and ASTM
International test methods referred to in the SAE International Aerospace Material Specification
(AMS) 2980 and 3970 specifications. This comparison included both the parameters associated
with two comparable test methods and the additions and changes listed in the AMS
specifications. For the types of tests where only one test method is referred to in the SAE
specifications, a second comparable ASTM or Suppliers of Advanced Composite Materials
Association test method was selected for comparison purposes. In total, two test methods were
reviewed and compared for a total of 16 different types of tests. For each type of test, three
comparison tables are presented, focusing on geometric features of the specimen and test fixture,
parameters associated with the test procedure, and procedures for data reduction and reporting.
Each table contains a list of individual parameters specified in the test methods as well as any
additions or changes provided in the AMS 2980 and 3970 specifications. For every parameter
listed in the comparison tables, an assessment of the equivalence was made using a 0-4 rating
scale. A brief summary of each test method comparison is provided, which emphasizes the most
significant differences between the test methods.

Based on the comparative assessments performed, 4 of the 16 types of tests were recommended
for follow-on testing to further assess test method equivalency. Note that the selection of these
four tests for follow-on testing only reflects the need for additional test data to assess
equivalency and is not a reflection of their degree of equivalency relative to the other tests. The
four types of tests recommended for follow-on testing are lamina compression testing to assess
the effects of gage length, laminate compression testing to assess the effects of loading method,
in-plane shear testing to investigate the effects of specimen thickness, and constituent content
determinations to investigate the effects of specimen size and weighing accuracy.
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1. INTRODUCTION.

1.1 BACKGROUND TO COMPARISON STUDY.

The motivation for this comparative evaluation of U.S. and European test methods for composite
materials dates back to the early 1990s. At that time, a composite materials characterization
program was initiated to generate a data set and subsequently qualify a composite material
system for commercial aircraft repair [1]. The material to be qualified was a wet lay-up
composite material to be processed with a vacuum-only cure and used for airframe repair. The
carbon fiber used (HTA 5131, Tenax Fibers, Wuppertal, Germany) was woven into a 3 K plain
weave (Hexcel Fabrics S.A., Lyon, France) and impregnated with Epocast 52 A/B epoxy resin
(Vantico A&T, Los Angeles, CA). Two resin impregnation methods were used, referred to as
the squeeze-out method and the vertical bleed method. A variety of laminate and sandwich panel
configurations were produced and cured at 200°F under vacuum pressure.

The material qualification program was performed according to SAE International Aerospace
Material Specification (AMS) 2980 [2] and Commercial Aircraft Composite Repair Committee
(CACRC) requirements, which used Committee for European Standardization (CEN) test
methods. The goal of this material characterization program, sponsored by the manufacturers of
the fiber and resin, was to qualify a composite material system to be used in the repair of
composite structures on commercial aircraft. Mechanical testing performed included tension,
compression, in-plane shear, open-hole tension, filled-hole tension, open-hole compression,
filled-hole compression, bearing, compression-after-impact, tension-tapered joint, and tension-
stepped joint tests. At the completion of testing, the mechanical test results were processed into
MIL Handbook-acceptable form to provide statistical data.

In the mid-1990s, a MIL-Handbook-17 Composite Materials Handbook Committee reviewed the
test methods used in this material qualification program and compared them to the test methods
recommended by MIL-HDBK-17 [3]. They noted that CEN test methods were used extensively
in this qualification program, whereas MIL-HDBK-17 focuses on ASTM International test
methods. The MIL-HDBK-17 committee determined that the CEN and ASTM test methods
differed in several aspects, raising concerns that the SAE specified tests do not produce
equivalent results to the MIL-HDBK-17-recommended test methods. Results of the MIL-
HDBK-17 committee review were published by email in October 1995 [4].

Following this review, discussions continued between MIL-HDBK-17 and CACRC personnel.
Although the CACRC continued using CEN test methods, similar ASTM test methods were
added to the SAE specifications as an alternate for some tests. Additionally, for several types of
tests included in both SAE AMS 2980 [2] (for wet lay-up material) and SAE AMS 3970 [5] (for
prepreg material), several parameters were specified that limited potential differences in test
results between the CEN and ASTM test methods. For several types of tests, however, it
remained unclear if the ASTM and CEN test methods would produce equivalent test results. In
May 2002, a joint meeting was held between CACRC and the MIL-HDBK-17 committees.
Following this meeting, Mr. Rich Fields reviewed the test methods in the initial release of SAE
AMS 3970 [5] and wrote a summary of findings and conclusions [6]. Mr. Fields concluded that
results from some CEN test methods would not be expected to be equivalent to results for the
same properties obtained using MIL-HDBK-17-recommended test methods.



The detailed test method comparison contained in this report is directed towards assessing the
equivalence of the different test methods (primarily CEN and ASTM) referred to in the SAE
AMS 2980 and 3970 specifications. Of interest is both a direct comparison of the test methods
as well as an investigation of the effects of additions and changes given in the AMS
specifications. For the types of tests where only one test method is referred to in the SAE
specifications, a second comparable ASTM or Suppliers of Advanced Composite Materials
Association (SACMA) test method was selected for comparison purposes. In total, two test
methods were reviewed and compared for a total of 16 different types of tests. In addition to a
detailed comparison of test method parameters, the significance of differences in parameters was
assessed. For those tests where the significance of an important difference was not known,
follow-on mechanical testing was proposed for the second round of this investigation. The types
of tests recommended for follow-on mechanical testing and the specific parameters to be
assessed are summarized in the final section of this report.

1.2 METHOD OF COMPARATIVE EVALUATION.

For each of the 16 types of tests considered, two different test methods were carefully reviewed
and compared. For each type of test, the results of the comparative evaluation have been
arranged into three comparison tables. The first table focuses on geometric features of the
specimen and test fixture. Included in this table are important dimensions and tolerances
associated with both the test specimen and fixture. The second table focuses on parameters
associated with the test procedure, which include parameters associated with specimen
preparation and instrumentation, procedures for specimen preconditioning, loading, and testing,
and accuracy requirements for measured quantities. The third table focuses on procedures for
data reduction and reporting, which include procedures, formulas, and statistical methods used to
calculate and report test quantities.

In addition to listing specific parameters associated with each of the test methods reviewed, the
significance of differences in parameters was assessed and included in the comparison tables.
For every parameter compared, an assessment of the equivalence was made using the following
rating scale:

. 0—No difference, essentially the same, not expected to produce any effect on results
. I—Insignificant difference, potential to produce insignificant effect on results
. 2—Minimal difference, difference of minimal significance, potential to produce minimal

effect on results

. 3—Moderate difference, difference of moderate significance, potential to produce
moderate effect on results

. 4—Major difference, difference of major significance, potential to produce major effect
on results
. NC—Not comparable



An initial draft of these comparison tables was prepared and distributed to a selected group for
evaluation. This group of evaluators consisted of:

. Mr. Rich Fields, Lockheed Martin Orlando, Chairman of ASTM D 30 Committee and
Co-Chairman of MIL-HDBK-17 Testing Working Group

. Mr. Peter Shyprykevich, Federal Aviation Administration

. Dr. Donald F. Adams, President of Wyoming Test Fixtures, Inc.

. Dr. John Tomblin, Director of the National Institute for Aviation Research at Wichita
State University

The author and evaluators met at Wichita State University in August 2003 to discuss the
comparison and assessment tables as well as to determine which tests would require follow-on
testing to assess equivalence. As a result of this meeting, changes were made to both the format
and the content of the comparison and assessment tables. Additionally, four types of tests were
identified as requiring follow-on testing in the second round of this investigation to assess
equivalence.

In the following section, test methods are compared for 16 types of tests for composite materials.
A brief summary of the comparison is followed by the three comparative tables for each type of
test. The final section of this report presents the tests that were identified as requiring follow-on
testing in the second round of this investigation to assess equivalence.

2. TEST METHOD COMPARISONS.

In this section, each of the 16 types of tests is compared and the significance of differences is
assessed. Three comparison tables are presented, focusing on geometric features of the specimen
and test fixture, parameters associated with the test procedure, and procedures for data reduction
and reporting. Each table contains a list of individual parameters specified in the test methods as
well as any additions or changes provided in the AMS 2980 and 3970 specifications. The
column of AMS-specified additions/changes is placed between the columns containing the
description of parameters from the two test methods. The column heading for the AMS
specifications states which of the test methods the additions/changes are intended to modify. For
further clarification, the column of AMS additions/changes is separated from the test methods by
either a single line or double line, depending on whether the test method is included in the AMS
specifications. A single line ( | ) is used when the test method is listed in the AMS
specifications, whereas a double line ( || ) is used when the test method is not listed.

For every parameter listed in the comparison tables, an assessment of the equivalence was made
using a 0-4 rating scale. The definitions used for each number rating are:

. 0—No difference, essentially the same, not expected to produce any effect on results
. 1—Insignificant difference, potential to produce insignificant effect on results
. 2—Minimal difference, difference of minimal significance, potential to produce minimal

effect on results



. 3—Moderate difference, difference of moderate significance, potential to produce
moderate effect on results

. 4—Major difference, difference of major significance, potential to produce major effect
on results

For cases where an assessment of equivalence is not possible, a rating of NC (not comparable) is
used. A brief summary of each test method comparison is provided, which emphasizes the most
significant differences between the test methods.

In the comparisons that follow, the two test methods selected were based on those referred to in
the AMS specifications. For several types of tests, both a CEN and an ASTM test method are
referred to in the AMS specification and are, therefore, used for comparison. In several other
cases, however, only a CEN test method is referred to in the AMS specifications. For these
cases, a similar ASTM test method existed, either a draft ASTM standard or a SACMA-
recommended method was selected. For one type of test, the AMS specifications referred only
to a SACMA -recommended method. For this case, a comparable ASTM standard was identified
and used for comparison.

Of the CEN test methods used for comparison, several of the standards are currently draft or
preliminary standards and are denoted as prEN test methods. Other test methods, which have
been approved by CEN, are denoted as EN test methods.

2.1 LAMINA TENSION TESTING.

The two test methods considered, EN 2561 and ASTM D 3039, are similar test methods for
determining tensile properties of composite materials (tables 1 through 3). However, EN 2561 is
limited in scope to 0° unidirectional carbon fiber composites, whereas ASTM D 3039 is
applicable to balanced and symmetric laminates as well as discontinuous fiber polymer
composites. The AMS 2980 and 3970 specifications provide additions and changes to either
standard for testing woven fabric laminates. Although different specimen widths and thicknesses
are specified for the different types of laminates (unidirectional, woven fabric, and balanced and
symmetric laminates), the stated widths are consistent among the specifications for each laminate

type.

A comparison of specimen geometries revealed only minor differences in dimensions and
tolerances that were considered to produce insignificant effects on results. Differences in
tabbing requirements may produce a minimal effect on results. Whereas both EN 2561 and
ASTM D 3039 specify a minimum of five specimens, the AMS 2980 and 3970 specifications
require six specimens. Different micrometers specified in EN 2561 and ASTM D 3039 for
measuring specimen thickness as well as different data ranges for calculating the modulus of
elasticity and Poisson’s ratio may produce minimal effects on results. Whereas ASTM D 3039
requires the reporting of failure modes to follow a three-part code and does not specify
requirements for acceptable failures, the EN 2561 and the AMS specifications require that
specimens fail within the gage section (between the grips) but do not require the reporting of the
observed failure mode.
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2.2 LAMINATE TENSION TESTING.

Although ASTM D 3039 pertains to the tensile testing of quasi-isotropic composite laminates, it
does not have a comparable open-hole test configuration such that the effect of the open hole can
be determined. As a result, the prEN 6035 test specifications were compared to the ASTM D
5766 test method (open-hole tensile strength) but without a hole present in the specimen (tables 4
through 6). ASTM D 5766 describes a uniaxial tension test of a balanced, symmetric laminate
that is performed in accordance with ASTM D 3039, but with a centrally located hole and
without strain or displacement transducers. Thus, many aspects of the ASTM D 3039 and D
5766 test procedures and data reduction and recording methods are the same. The AMS 2980
and 3970 specifications provide additions and changes to either the prEN 6035 or the ASTM D
5766 standards, primarily relating to the specimen geometry.

A comparison of specimen geometries revealed only minor differences in dimensions with the
exception of specimen widths. Whereas a width-tapered specimen with a 30-mm gage section is
specified in prEN 6035, a constant width 36-mm specimen is specified in ASTM D 5766. AMS
2980 and 3970 modify both specifications to an untapered 38.1-mm-wide specimen. Differences
in tabbing requirements provided in the prEN 6035 and the ASTM D 5766 test methods may
produce a minimal effect on results. AMS 2980 and 3970 require six specimens, whereas both
EN 2561 and ASTM D 5766 specify a minimum of five specimens. Additionally, different
micrometers specified in EN 2561 and ASTM D 5766 for measuring specimen thickness may
produce minimal effects on results.
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2.3 OPEN-HOLE TENSION TESTING.

The two test methods considered, prEN 6035 and ASTM D 5766, are similar test methods for
determining the open-hole tensile strength of composite laminates (tables 7 through 9). The
AMS 2980 and 3970 specifications provide additions and changes to either the prEN 6035 or the
ASTM D 5766 standards, primarily relating to the specimen geometry. One significant
difference in specimen geometries is the specimen widths, which range from 30 mm (prEN
6035) to 36.1 mm (ASTM D 5766). The AMS 2980 and 3970 specifications modify both values
to a width of 38.1 mm. Although a 6.35-mm-diameter hole is specified in both the prEN 6035
and the AMS specifications, ASTM D 5766 requires a 6-mm-diameter hole. The resulting
specimen width-to-hole diameter ratio varies from 4.7 for prEN 6035 to 6.0 for both the ASTM
D 5766 and the AMS 2980 and 3970 specifications. AMS 2980 and 3970 require six specimens,
whereas both EN 2561 and ASTM D 5766 specify a minimum of five specimens. Additionally,
different micrometers specified in EN 2561 and ASTM D 5766 for measuring specimen may
produce minimal effects on results.
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2.4 LAMINA COMPRESSION TESTING.

The two test methods considered, prEN 2850-B and SACMA SRM 1 R-94, are similar test
methods for determining compressive properties of composite materials (tables 10 through 12).
This type of compression test, sometimes referred to as a modified ASTM D 695 compression
test, features an end-loaded, face-supported specimen. Whereas untabbed specimens are used for
modulus determinations, tabbed specimens are used for strength determination. Note that prEN
2850-B describes two types of compression tests; this comparison is based on method B. The
AMS 2980 and 3970 specifications provide additions and changes only to prEN 2850-B; the
SACMA SRM 1 standard is not referred to in either AMS specification.

A comparison of specimen geometries revealed several minor differences in dimensions and
tolerances that are not expected to produce significant effects on results. Some confusion exists
concerning the specification of specimen gage lengths, however. Whereas similar gage lengths
are listed for the prEN 2850-B and SACMA SRM 1 test methods (5 mm versus 4.75 mm,
respectively), the AMS 2980 and 3970 specifications, which modify the prEN 2850-B test
method, specify a 12.5-mm gage length. It is possible that this significantly larger gage length
given in the AMS 2980 and 3970 specifications refers to a different quantity. The shorter gage
lengths specified in both the prEN 2850-B and SACMA SRM 1 test methods are clearly shown
as the length of the untabbed region of the specimen used for strength determination. The
opening in the face support, or cover plate, used for untabbed specimens during modulus
determination is shown as 12.7 mm in length in the SACMA SRM 1 test method. Since the
12.5-mm gage length is simply stated in the AMS 2980 and 3970 specifications without referring
to a drawing, it is not clear whether this dimension refers to the tabbed or the untabbed specimen
configurations. However, this 12.5-mm dimension is believed to refer to the length of the
opening in the face support in the modulus specimens.

Whereas both prEN 2850-B and SACMA SRM 1 specitfy a minimum of five specimens, the
AMS 2980 and 3970 specifications require six specimens. Different data ranges for calculating
the modulus of elasticity between prEN 2850-B and SACMA SRM 1 may produce minimal
effects on results.
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2.5 LAMINATE COMPRESSION TESTING.

The laminate compression test method referred to in the AMS 2980 and 3970 specifications is
the SACMA SRM 3-94 open-hole compression test method, but using a specimen without a hole
(tables 13 through 15). Since the resulting test method is not similar to any ASTM compression
tests without holes, a comparison is made to ASTM D 6484 using a specimen without a central
hole. This test method is very similar to SACMA SRM 3 and therefore provides for a good
comparison. Note, however, that the AMS 2980 and 3970 specifications provide additions and
changes only to SACMA SRM 3; the ASTM D 6484 standard is not referred to in either AMS
specification.

A comparison of specimen geometries and tolerances revealed only minor differences, none of
which are expected to produce significant effects on results. AMS 2980 and 3970 require six
specimens, whereas both SACMA SRM 3 and ASTM D 6484 specify a minimum of five
specimens. Whereas strain measurement methods differ between SACMA SRM 3 and ASTM D
6484, both are intended for testing an open-hole specimen, and thus the comparison is of limited
significance when used for unnotched compression testing. Although the test fixture specified in
the two test methods is very similar, the method of load introduction differs significantly.
Whereas ASTM D 6484 requires hydraulic wedge grips to be used to grip the test fixture, the
SACMA SRM 3 test method allows the test fixture to be end-loaded between two parallel
platens of the test machine.
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2.6 OPEN-HOLE COMPRESSION TESTING.

Although only the SACMA SRM 3-94 open-hole compression test method is referred to in the
AMS 2980 and 3970 specifications, a comparison is made to ASTM D 6484, a similar open-hole
compression test method (tables 16 through 18). Therefore, this comparison parallels that
performed for laminate compression testing, which followed these test methods using a specimen
without a hole. In addition to the differences noted in the laminate compression comparison, a
few additional differences exist related to the hole in the specimen. Although both the specimen
width and the hole diameter are approximately 5% different between the two test methods, the
ratio of specimen width to hole diameter remains the same (6.0). Whereas guidance for hole
preparation is provided in ASTM D6485, the SACMA test method simply states that the “hole
must not have delamination or other damage.” The difference in the fixture-gripping method
(required use of hydraulic grips in ASTM D 6484 versus the permitted use of end-loading in
SACMA SRM 3) is perceived to be of lesser importance for open-hole compression testing than
for laminate compression testing (no hole), since failures must occur at the location of the hole to
be acceptable.
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2.7 FILLED-HOLE COMPRESSION TESTING.

There are no specifications for filled-hole compression testing in either the AMS 2980 or 3970
specifications (tables 19 through 21). Nonetheless, a comparison was made between a CEN test
method (prEN 6036) and an ASTM test method (ASTM D 6742) for filled-hole compression
testing. Whereas prEN 6036 is a complete test method, ASTM D 6742 supplements the ASTM
standard for open-hole compression testing (D 6484).

The two test methods being compared are fundamentally different in the manner in which the
specimen is gripped and loaded. Whereas prEN 6036 directly loads the specimen into grips (the
use of tabs is optional), ASTM D 6742 uses the same support fixture used by ASTM D 6484.
This test fixture supports the faces of the specimen, gripping over a 100-mm length at either end.

In addition to the difference in the method of gripping and loading, the specimen width and hole
size differ between the two test methods, and result in a significantly different ratio of specimen
width to hole diameter. Additional differences in the tolerance of the hole diameter, the hole
countersink, and the fastener specification are all believed to be between minimal and moderate
significance.
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2.8 IN-PLANE SHEAR TESTING.

The two test methods considered, prEN 6031 and ASTM D 3518, are similar test methods for
determining the in-plane shear properties of composite materials using +45° type laminates
loaded in tension (tables 22 through 24). Whereas both prEN 6031 and ASTM D 3518 specify a
minimum of five specimens, the AMS 2980 and 3970 specifications require six specimens.
Otherwise, the only significant difference between the two test methods is the prescribed
specimen thickness. Although both the prEN 6031 test method and the AMS 2980 and 3970
specifications require an 8-ply #45° laminate for either unidirectional tape or woven fabric,
ASTM D 3518 requires 16-, 20-, or 24-ply unidirectional tape laminates or 8-, 12-, or 16-ply
woven fabric laminates. ASTM D 3518 refers to an investigation by Kellas et al. [7] where a
specimen thickness effect on strength was observed. Thus, lower strengths are expected to be
produced from the testing of thinner +45° specimens, a result of the reduced load-carrying
capacity of the surface plies relative to the inner plies. Based on this observation, the different
laminate thickness specified in the prEN 6031 and the ASTM D 3518 standards have the
potential to produce a moderate effect on the maximum shear stress and shear strain.
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2.9 BEARING STRENGTH TESTING.

The two test methods considered, prEN 6037 and ASTM D 5961 procedure A, are similar test
methods for determining the bearing strength of multidirectional composite laminates using a
double-shear, tensile-loading procedure (tables 25 through 27). The AMS 2980 and 3970
specifications provide additions and changes only to prEN 6037; the ASTM D 5961 standard is
not referred to in either AMS specification. Note, however, that the only additions or changes
specified in AMS 2980 and 3970 are the laminate lay-up and that six specimens be tested. prEN
6037 also requires six specimens, whereas ASTM D 5961 requires that at least five specimens be
tested.

A comparison of specimen geometries revealed several minor differences in specimen length,
edge distance, specimen width, hole diameter, and resulting ratio of specimen width to hole
diameter. Since localized bearing failure is produced in this test, none of these differences are
expected to produce significant effects on results. However, tolerance differences for the hole
diameter and pin diameter produce differences in hole clearance. For prEN 6037, the resulting
hole clearance (difference between the hole and pin diameter) will range between 0.0127 and
0.127 mm, whereas for ASTM D 5961, the hole clearance will range between 0.00 and 0.06 mm.
This difference in range may produce minimal differences in the measured bearing strength. The
loading procedure also differs between the two test methods, with prEN 6037 including an
unload/reload step following the estimated yield load that is not present in ASTM D 5961.

Perhaps the most significant difference between the two test methods is the specification of
fastener torque. Note that prEN 6037 specifies no torque and a minimum clearance on either
side of the specimen. In contrast, ASTM D 5961 specifies a standard fastener torque of 2.2-3.4
N-m but allows for any variation if documented. Using this standard value of fastener torque
could produce moderate to major differences in the results compared to the specified clearance in
prEN 6037. This difference in bearing strength results from the difference in restraint against
out-of-plane hole deformation that is provided by the fixture or the fastener. Note, however, that
this difference could be reduced or eliminated if the torque was reduced or eliminated, as
permitted in ASTM D 5961.
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2.10 COMPRESSION AFTER IMPACT TESTING.

Although both of the compression after impact test methods compared involve drop-weight
impact testing followed by edgewise compression testing, these two test methods serve very
different purposes (tables 28 through 30). Test method prEN 6038 focuses on the energy level
associated with barely visible impact damage (BVID), a damage state defined as producing a
0.3-mm-deep indentation in the impacted surface. In contrast, SACMA SRM 2R is intended as
either a screening or comparison test and uses a single impact energy level. Note that the two
AMS specifications, AMS 2980 and 3970, provide additions and changes only to prEN 6038; the
SACMA SRM 2R standard is not referred to in either AMS specification. Thus, the AMS
specifications serve the same general purpose of prEN 6038 and focus on examining the BVID
and the compression after impact strength associated with this damage state.

Although there are many significant differences in the test procedures between the two
compression after impact test methods considered, the specimen, impact support fixture, and
compression after impact test fixture specifications are very similar. The most significant
difference is the recommended mass of the impactor. Significant differences between the two
test methods include the number and magnitude of specified impact energy levels, the method of
postimpact nondestructive inspection, and the number of specimens impacted and compression-
tested. The most significant of the modifications listed in the AMS specifications involve the
number of impact energy levels used. Whereas prEN 6038 requires impacting at a total of seven
different energy levels, the AMS specifications start the impacting with the lowest energy level
and increase the impact energy until an indentation depth of 0.3 mm is created. Once this
indentation depth has been obtained, only one additional impact energy level is required.
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2.11 MODE I FRACTURE TOUGHNESS TESTING.

Of the two AMS specifications considered, only AMS 3970 includes Mode I fracture toughness
testing (table 31 through 33). Of the two test methods compared, prEN 6033 and ASTM D 5528,
only prEN 6033 is referred to in the AMS 3970 specification. However, the only additions or
changes to prEN 6033 specified in AMS 3970 are the laminate lay-up and that six specimens be
tested. Interestingly, the number of test specimens is not specified in prEN 6033, whereas at
least five specimens are specified in ASTM D 5528.

Although both prEN 6033 and ASTM D 5528 use a double-cantilever beam specimen to
calculate the Mode 1 fracture toughness, significant differences exist in the specimen
configurations. The most significant differences involve the length of the specimen and the
length and thickness of the film insert used to produce a delamination in the specimen.
Significant differences also exist in the specimen loading procedure, including both the
preloading procedure and the subsequent loading. Further, significant differences exist in the
method used to calculate the Mode I fracture toughness, Gic. In prEN 6033, Gyc is calculated
using the area between the loading and unloading curves (force versus crosshead displacement)
over a 100-mm length of crack propagation. ASTM D 5528 recommends the use of a modified
beam theory method for calculating Gyc values as a function of delamination length. Thus, while
a single value of Gyc is calculated and reported in prEN 6033, a series of Gjc values are
calculated and three values reported in ASTM D 5528.
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2.12 MODE IT FRACTURE TOUGHNESS TESTING.

As was the case for Mode I testing, Mode II fracture toughness testing was only included in
AMS 3970 specifications (tables 34 through 36). Further, AMS 3970 refers only to the prEN
6034 test method. The only additions or changes to prEN 6034 specified in AMS 3970 are the
laminate lay-up that six specimens to be tested. As was the case for Mode I testing, however, the
number of test specimens is not specified in the prEN test method.

Although currently there is no ASTM standard for Mode II fracture toughness testing, a
comparison is made between prEN 6034 and a draft ASTM standard for Mode II fracture
toughness testing. Whereas the draft ASTM test method (4ENF) uses a four-point loading end-
notch flexure configuration, prEN 6034 uses a three-point loading configuration. As a result of
this fundamental difference in loading configuration, a comparison of the specimen geometries
has limited value. However, meaningful comparisons may be made between the length and
thickness of the film insert. Significant differences exist in both quantities between the two test
methods. Further, prEN 6034 uses the residual part of a previously tested Gic specimen, whereas
the draft ASTM 4ENF test method uses an untested specimen that is precracked under Mode 11
loading. Significant differences also exist in the method used to calculate the Mode II fracture
toughness, Gyic. Whereas prEN 6034 produces a single value of Gyc, three different Gy values
are calculated and reported in the draft ASTM 4ENF test method.
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2.13 GLASS TRANSITION TEMPERATURE DETERMINATION.

The two AMS specifications considered, AMS 2980 and 3970, both provide additions and
changes to procedure A of test method prEN 6032 (tables 37 through 39). Although not referred
to in the AMS specifications, a draft ASTM standard for determining the glass transition
temperature by dynamic mechanical analysis (DMA) is used as a comparison test method to
prEN 6032. Note that this draft ASTM standard is very similar to SACMA 18R-94, “Glass
Transition Temperature (T,) Determination by DMA of Oriented Fiber-Resin Composites.” All
three test methods detail the determination of the glass transition temperature using DMA.

The size of the specimen used and the actual DMA test procedure are not specified in the two
test methods compared, but rather are determined based on the manufacturer of the DMA
equipment. Whereas the draft ASTM standard specifies two specimens, prEN 6032 specifies
three specimens. AMS 2980 and 3970 specify six specimens per test condition. Other
differences in test procedures and data reduction/reporting requirements are of minimal
significance. Overall, it is believed that differences in DMA equipment produced by different
manufacturers may produce more significant variability in test results than the parameters from
the two test methods reviewed in the following tables.
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2.14 CONSTITUENT CONTENT DETERMINATION.

The two test methods considered, EN 2564 method A and ASTM D 3171 method I procedure B,
are similar test methods for determining the constituent content of composite laminates
(tables 40 through 42). The matrix material is removed by acid digestion in both test methods,
allowing for the determination of the fiber and matrix content (by weight or volume) as well as
the void volume fraction. Of the two AMS specifications considered, only AMS 3970 includes
constituent content determination. Further, only EN 2564 is referred to in the AMS 3970
specification. Other than specifying the laminate lay-up, SAE 3970 does not provide any
additions or changes to EN 2564.

Two significant differences exist between the two test methods. First, the difference in the
required specimen size between the two test methods could produce moderate effects on results.
Whereas EN 2564 requires a 20 mm by 10 mm (200 mm?®) rectangular specimen 2 mm thick,
ASTM D 3171 requires a minimum surface area of 625 mm” and specifies a minimum mass
requirement. Secondly, the required weighing accuracy is significantly different between the
two test methods. ASTM D 3171 requires that weights be determined to the nearest 0.1 mg,
whereas EN 2564 only requires an accuracy to the nearest +1 mg. These differences between
these two test methods have the potential to produce moderate effects on the constituent content
determinations.
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2.15 MOISTURE CONDITIONING PROCEDURE.

The two test methods considered, prEN 2823 and ASTM D 5229 procedure B, are similar
procedures for conditioning specimens to be used in subsequent testing to determine the effects
of moisture conditioning on physical or mechanical properties (tables 43 through 45). Note that
ASTM D 5229 also specifies a fluid immersion procedure, which will be presented in the
following section. Both test methods involve humidity aging at elevated temperature until
moisture equilibrium is reached. The AMS 2980 and 3970 specifications provide extensive
additions and changes to prEN 2823. Since humidity aging could cause postcuring effects on the
specified materials, AMS 2980 specifies that DMA tests be performed on both water-immersed
and humidity-aged specimens to determine which moisture conditioning procedure should be
selected. In contrast, AMS 3970 specifies humidity aging only. Of the many differences noted
between the two test methods and the additions and changes listed in the AMS specifications,
none are expected to produce significant effects on results.
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2.16 FLUID IMMERSION PROCEDURE.

The two test methods considered, EN 2849 and ASTM D 5229 procedure B, both provide
procedures for fluid immersion of specimens for use in subsequent testing to determine the
effects of moisture conditioning on physical or mechanical properties (tables 46 through 48).
Note that ASTM D 5229 is the same test method used for moisture conditioning through
humidity aging, as discussed in the section 2.1.5. For fluid immersion, ASTM D 5229 procedure
B requires that specimens be immersed until moisture equilibrium is obtained, and details a
method of periodic weighings for establishing when equilibrium has been reached. In contrast,
EN 2489 refers to the particular material standard to be used for subsequent testing for this
information. Both the AMS 2980 and 3970 specifications provide extensive additions and
changes to EN 2849 only. These specifications include detailed immersion procedures for
specific fluids (water, fuel, solvent, hydraulic fluid, and hydraulic fluid/water mixture) as well as
specimen storage positions during fabrication, prior to fluid immersion, and prior to subsequent
material testing. Although many differences are noted between the two test methods and the
additions and changes listed in the AMS specifications, none are expected to produce significant
effects on results.
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3. FOLLOW-ON TESTING.

Based on the comparative assessments of equivalence presented in section 2 and input received
from the evaluators at the August meeting (section 2.1), 4 of the 16 types of tests were selected
for follow-on testing to further assess test method equivalency. Note that the selection of these
four tests for follow-on testing only reflects the need for additional test data to assess
equivalency and is not a reflection of their degree of equivalency relative to other tests. The four
types of tests selected for follow-on testing and the parameter(s) to be investigated are presented
in the following sections. All testing will be performed using autoclave, prepreg carbon/epoxy
composite materials.

3.1 LAMINA COMPRESSION TESTING: EFFECTS OF GAGE LENGTH.

The test method comparison for lamina compression testing presented in section 2.4 revealed a
potentially significant difference in specimen gage lengths. Although similar gage lengths are
listed for the prEN 2850-B and SACMA SRM 1 test methods (5 mm versus 4.75 mm,
respectively), the AMS 2980 and 3970 specifications specify a 12.5-mm gage length. It is not
well understood how this difference in gage length (4.75 mm versus 12.5 mm) will affect the
delivered compression strengths produced in lamina compression testing. Thus, follow-on
testing has been recommended to determine the effects of specimen gage length on delivered
lamina compression strength. Testing is proposed using specimens with both 4.75-mm
(~3/16-in.) and 12.5-mm (~1/2-in.) gage length specimens. Both unidirectional prepreg
laminates and 0/90 prepreg fabric laminates will be tested. Testing will be conducted at room
temperature/ambient as well as 82°C (180°F)/wet conditions.

3.2 LAMINATE COMPRESSION TESTING: EFFECTS OF LOADING METHOD.

The two test methods compared for laminate compression testing follow procedures generated
for open-hole compression testing, but use a specimen without a hole. The test fixture specified
in these two test methods, SACMA SRM 3 and ASTM D 6484, is very similar. As described in
section 2.5, however, the method used to load the test fixture differs significantly and may
produce differences in delivered compression strengths. Whereas ASTM D 6484 currently
requires hydraulic wedge grips to be used to grip the test fixture, the SACMA SRM 3 test
method allows the test fixture to be end-loaded between two parallel platens of the test machine.
Thus, follow-on testing has been recommended to determine the effects of loading method on the
delivered compression strength of composite laminates. Testing will be performed both with the
test fixture gripped (hydraulic wedge grips) and with the test fixture end-loaded. Both
multidirectional prepreg laminates and prepreg fabric laminates will be tested. Testing will be
conducted at room temperature/ambient as well as 82°C (180°F)/wet conditions.

3.3 IN-PLANE SHEAR TESTING: EFFECTS OF SPECIMEN THICKNESS.

As described in section 2.8, the two test methods compared for in-plane shear testing both use
+45° type laminates loaded in tension. Although both the prEN 6031 test method and the AMS
2980 and 3970 specifications require an 8-ply +45° laminate for either unidirectional tape or
woven fabric, ASTM D 3518 requires 16-, 20-, or 24-ply unidirectional tape laminates or 8-, 12-,
or 16-ply woven fabric laminates. As discussed in section 2.8, a specimen thickness effect on
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strength has been reported [7], resulting in lower delivered shear strengths from thinner +45°
specimens. To further investigate the effects of specimen thickness, follow-on testing has been
recommended using multiple thickness specimens fabricated from both prepreg tape and prepreg
fabric materials. Testing will be conducted at room temperature/ambient as well as 82°C
(180°F)/wet conditions.

3.4 CONSTITUENT CONTENT DETERMINATION: EFFECTS OF SPECIMEN SIZE AND
WEIGHING ACCURACY.

Both of the test methods described in section 2.14, EN 2564 Method A and ASTM D 3171
Method I procedure B, use an acid digestion procedure to determine the constituent content of
composite laminates. Two significant differences between the test methods will be investigated
in follow-on testing. First, the effect of differences in the required specimen size reported
between the two test methods will be investigated. Whereas EN 2564 requires a 200 mm’
rectangular specimen 2 mm thick, ASTM D 3171 requires a minimum surface area of 625 mm”
and specifies a minimum mass requirement. Second, the difference in the required weighing
accuracy between the two test methods will be investigated. Although ASTM D 3171 requires
that weights be determined to the nearest 0.1 mg, EN 2564 only requires accuracy to the nearest
+1 mg. Follow-on testing will be used to investigate the significance of both of these differences
on the constituent content determinations. Both unidirectional prepreg laminates and prepreg
fabric laminates will be used in these determinations.

4. CONCLUSIONS.

The detailed test method comparison between ASTM and primarily EN test specifications was
performed for 16 tests. Nine test methods appear to be equivalent. Of the remaining seven test
methods four were chosen for further comparison by performing the tests to determine whether
the differences in test methods are significant. These were lumina and laminate compression
testing, in-plane shear testing, and constituent content determination.

Three tests, compression after impact (CAI) and Mode I and Mode II fracture properties tests
were deemed sufficiently different so that no reasonable correlation will be obtained from
additional testing. The CAI test methods serve different purposes—this is explained in the test
summary. The Mode II tests are very different—one is a three point bend and the other is a four
point bend. Additionally, the ASTM test method used is only a draft standard. The differences
between the prEN and ASTM test methods for Mode I are not quite so obvious, but there are
nonetheless significant differences: length and thickness of the insert and the definition of G
(area under curve over a 100-mm length of propagation versus an R-curve containing several G
measurements).

The general conclusion from this study is that except for fracture properties, the CEN test
methods will provide test results similar to the ASTM test methods for at least nine test methods
with an additional four test methods having a very good chance to meet equivalency through
follow-on testing.

The current research has also provided a blueprint on how to conduct a test equivalency study to
permit data inclusion into MIL-Handbook-17 from nonstandard tests.
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