
Designation: G74 − 13

Standard Test Method for
Ignition Sensitivity of Nonmetallic Materials and
Components by Gaseous Fluid Impact1

This standard is issued under the fixed designation G74; 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
epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes a method to determine the
relative sensitivity of nonmetallic materials (including plastics,
elastomers, coatings, etc.) and components (including valves,
regulators flexible hoses, etc.) to dynamic pressure impacts by
gases such as oxygen, air, or blends of gases containing
oxygen.

1.2 This test method describes the test apparatus and test
procedures employed in the evaluation of materials and com-
ponents for use in gases under dynamic pressure operating
conditions up to gauge pressures of 69 MPa and at elevated
temperatures.

1.3 This test method is primarily a test method for ranking
of materials and qualifying components for use in gaseous
oxygen. The material test method is not necessarily valid for
determination of the sensitivity of the materials in an “as-used”
configuration since the material sensitivity can be altered
because of changes in material configuration, usage, and
service conditions/interactions. However, the component test-
ing method outlined herein can be valid for determination of
the sensitivity of components under service conditions. The
current provisions of this method were based on the testing of
components having an inlet diameter (ID bore) less than or
equal to 14 mm (see Note 1).

1.4 A 5 mm Gaseous Fluid Impact Sensitivity (GFIS) test
system and a 14 mm GFIS test system are described in this
standard. The 5 mm GFIS system is utilized for materials and
components that are directly attached to a high-pressure source
and have minimal volume between the material/component and
the pressure source. The 14 mm GFIS system is utilized for
materials and components that are attached to a high pressure
source through a manifold or other higher volume or larger
sized connection. Other sizes than these may be utilized but no

attempt has been made to characterize the thermal profiles of
other volumes and geometries (see Note 1).

NOTE 1—The energy delivered by this test method is dependent on the
gas volume being rapidly compressed at the inlet to the test specimen or
test article. Therefore the geometry of the upstream volume (diameter and
length) is crucial to the test and crucial to the application of the results to
actual service conditions. It is therefore recommended that caution be
exercised in applying the results of this testing to rapid pressurization of
volumes larger than those standardized by this test method. This energy
delivered by this standard is based on the rapid compression of the volume
in either a 5 mm ID by 1000 mm long impact tube or a 14 mm ID by 750
mm long impact tube. These two upstream volumes are specified in this
standard based on historic application within the industry.

1.5 This test method can be utilized to provide batch-to-
batch comparison screening of materials when the data is
analyzed according to the methods described herein. Accept-
ability of any material by this test method may be based on its
50 % reaction pressure or its probability of ignition based on a
logistic regression analysis of the data (described herein).

1.6 Many ASTM, CGA, and ISO test standards require
ignition testing of materials and components by gaseous fluid
impact, also referred to as adiabatic compression testing. This
test method provides the test system requirements consistent
with the requirements of these other various standards. The
pass/fail acceptance criteria may be provided within other
standards and users should refer to those standards. Pass/fail
guidance is provided in this standard such as that noted in
section 4.6. This test method is designed to ensure that
consistent gaseous fluid impact tests are conducted in different
laboratories.

1.7 The criteria used for the acceptance, retest, and
rejection, or any combination thereof of materials and compo-
nents for any given application shall be determined by the user
and are not fixed by this method. However, it is recommended
that at a minimum the 95 % confidence interval be established
for all test results since ignition by this method is inherently
probabilistic and should be treated by appropriate statistical
methods.

1.8 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1 This test method is under the jurisdiction of ASTM Committee G04 on
Compatibility and Sensitivity of Materials in Oxygen Enriched Atmospheres and is
the direct responsibility of Subcommittee G04.01 on Test Methods.
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1.9 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. For specific
precautions see Section 7.

2. Referenced Documents

2.1 ASTM Standards:2

D618 Practice for Conditioning Plastics for Testing
D2463 Test Method for Drop Impact Resistance of Blow-

Molded Thermoplastic Containers
D3182 Practice for Rubber—Materials, Equipment, and Pro-

cedures for Mixing Standard Compounds and Preparing
Standard Vulcanized Sheets

D3183 Practice for Rubber—Preparation of Pieces for Test
Purposes from Products

D4894 Specification for Polytetrafluoroethylene (PTFE)
Granular Molding and Ram Extrusion Materials

G14 Test Method for Impact Resistance of Pipeline Coatings
(Falling Weight Test)

G63 Guide for Evaluating Nonmetallic Materials for Oxy-
gen Service

G88 Guide for Designing Systems for Oxygen Service
G93 Practice for Cleaning Methods and Cleanliness Levels

for Material and Equipment Used in Oxygen-Enriched
Environments

G94 Guide for Evaluating Metals for Oxygen Service
G128 Guide for Control of Hazards and Risks in Oxygen

Enriched Systems
G175 Test Method for Evaluating the Ignition Sensitivity

and Fault Tolerance of Oxygen Pressure Regulators Used
for Medical and Emergency Applications

MNL 36 Safe Use of Oxygen and Oxygen Systems: Guide-
lines for Oxygen System Design, Materials Selection,
Operations, Storage, and Transportation

2.2 Military Standards:3

MIL-STD-1330D Standard Practice for precision Cleaning
and Testing of Shipboard Oxygen, Helium, Helium-
Oxygen, Nitrogen, and Hydrogen Systems

MIL-STD-1622 Cleaning Shipboard Compressed Air Sys-
tems

MIL-D-16791G Detergents, General Purpose (Liquid, Non-
ionic) (26 Jan 1990)

MIL-O-27210E Amendment 1—Oxygen, Aviator’s
Breathing, Liquid and Gas

2.3 CGA Standards:4

CGA V-9 Compressed Gas Association Standard for Com-
pressed Gas Cylinder Valves

2.4 ISO Standards:5

ISO 291 Plastics—Standard Atmospheres for Conditioning
and Testing

ISO 10297 Transportable gas cylinders—Cylinder valves—
Specification and type testing

ISO 10524-1 Pressure regulators for use with medical
gases—Part 1: Pressure regulators and pressure regulators
with flow-metering devices

ISO 10524-2 Pressure regulators for use with medical
gases—Part 2: Manifold and line pressure regulators

ISO 10524-3 Pressure regulators for use with medical
gases—Part 3: Pressure regulators integrated with cylin-
der valves

ISO 14113 Gas welding equipment—Rubber and plastics
hose and hose assemblies for use with industrial gases up
to 450 bar (45 MPa)

ISO 15001 Anesthetic and Respiratory Equipment—
Compatibility with Oxygen

ISO 23529 Rubber—General procedures for preparing and
conditioning test pieces for physical test methods refer-
ence

2.5 IEST Standards:6

IEST-STD-CC1246D “Product Cleanliness Levels and Con-
tamination Control Program,” Clean Rooms, August 2005

3. Summary of Method

3.1 The gaseous impact test system exposes material speci-
mens or components/elements to high-velocity (dynamic) gas-
eous impact environments. The basic configuration consists of
a high-pressure accumulator, a high-speed pressurization (im-
pact) valve, test system pressurization lines, test reaction
chamber/fixture (for materials tests), test chamber purge and
vent systems, and a valve sequencer/control device for auto-
matic control. Fig. 1 depicts a schematic of a typical 5 mm and
14 mm GFIS test system. Fig. 2a and b depict schematics of the
typical reaction chambers used for material screening for this
testing. Once a material test sample is installed in the reaction
chamber, the assembly is attached to the test article interface.
Components to be qualified are attached directly to the test
article interface.

3.2 The general test procedure is to prepare the test material
or component, record significant pretest data, pressurize the
system accumulators to the test pressure, calibrate the pressure
rise time, and place the test material in the reaction chamber or
install the component on the system interface. The test material
or component is then subjected to sequential gaseous impacts
by alternately opening and closing the test chamber pressur-
ization (impact) and vent valves. The test data obtained shall
include test chamber pressures and temperatures, test chamber
pressure rise times, pressurization and vent valve actuation
times, test gas temperature and pressure, and cycle-to-cycle
sequence times. The test material or component is then2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098, http://
dodssp.daps.dla.mil.

4 Available from Compressed Gas Association (CGA), 4221 Walney Rd., 5th
Floor, Chantilly, VA 20151-2923, http://www.cganet.com.

5 Available from International Organization for Standardization (ISO), 1, ch. de
la Voie-Creuse, CP 56, CH-1211 Geneva 20, Switzerland, http://www.iso.org.

6 Available from Institute of Environmental Sciences and Technology (IEST),
Arlington Place One, 2340 S. Arlington Heights Rd., Suite 100, Arlington Heights,
IL 60005-4516, http://www.iest.org.
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removed and examined for any significant changes or evidence
of reactions. Pertinent documentation is recorded.

4. Significance and Use

4.1 This test standard describes how to evaluate the relative
sensitivity of materials and components to dynamic pressure
impacts by various gaseous fluid media (can include gas
mixtures).

4.2 Changes or variations in test specimen configurations,
thickness, preparation, and cleanliness can cause a significant
change in their impact ignition sensitivity/reaction. For mate-
rial tests, the test specimen configuration shall be specified on
the test report.

4.3 Changes or variation in the test system configuration
from that specified herein may cause a significant change in the
severity produced by a dynamic pressure surge of the gaseous
media.

4.4 A reaction is indicated by an abrupt increase in test
specimen temperature, by obvious changes in odor, color, or
material appearance, or a combination thereof, as observed
during post-test examinations. Odor alone is not considered
positive evidence that a reaction has occurred. When an

increase in test specimen temperature is observed, a test
specimen reaction must be confirmed by visual inspection. To
aid with visual inspection, magnification less than 10× can be
used.

4.5 When testing components, the test article must be
disassembled and the nonmetallic materials examined for
evidence of ignition after completion of the specified pressure
surge cycles.

4.6 Ignition or precursors to ignition for any test sample
shall be considered a failure and are indicated by burning,
material loss, scorching, or melting of a test material detected
through direct visual means. Ignition is often indicated by
consumption of the non-metallic material under test, whether
as an individual material or within a component. Partial
ignition can also occur, as shown in Fig. 3a, b, and c, and shall
also be considered an ignition (failure) for the purpose of this
test standard.

NOTE 2—A representative (exemplar) material or component may be
requested by the test laboratory personnel for visual comparison with the
post-test condition of the test samples.

4.7 For material testing, the prescribed procedure is con-
ducted on multiple samples until a statistically significant

FIG. 2 a Material Test Sample Reaction Chamber Assembly for 5 mm Impact Tube.
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number of ignitions or no-ignitions, or both, are achieved at
various test pressures. The data is then analyzed by a procedure
that calculates the median failure pressure (i.e., the 50 %
reaction pressure) or the functional form of the ignition
probability versus pressure by logistic regression analysis.
Materials tested in a similar configuration can be ranked
against each other by either of these two criteria. The initial test
gas temperature may be varied as required depending on the
requirements of the test.

4.8 For component testing, a specified number of pressure
surge cycles are conducted at a defined test pressure, usually
specified by a particular industry test standard. Usually, this

pressure is 1.2 times the maximum allowable working pressure
of the component. The initial test gas temperature may be
varied depending on the requirements of the test; however,
most commonly the initial test gas temperature is 60 6 3 °C.

5. Apparatus

5.1 A typical gaseous impact test system used for determin-
ing the sensitivity of materials to gaseous fluid impact is
schematically depicted in Fig. 1. The major test system
components are described as follows:

5.1.1 The accumulator provides gaseous storage and is
precharged to the desired test pressure (potential energy head).

NOTE 1—Detailed drawings for Fig. 2 can be found in Appendix X1.
FIG. 2 b Material Test Sample Reaction Chamber Assembly for 14 mm Impact Tube. (continued)
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The capacity requirement is dependent on the test chamber
volume and line size and the number of impacts required per
test sequence. It is sized to limit static head loss to less than 3%
of initial pressure during any single cycle or series of test
cycles. The accumulator is also heated such that the test gas is
initially at the required gas temperature, usually 60 6 3 °C,
measured inside the accumulator. The accumulator may be
recharged between test cycles by an appropriate compressor as
long as the gas temperature does not exceed the required
starting gas temperature. The test pressure is established for
either a material or component test by the initial pressure
within the accumulator.

5.1.2 The pressurization rate shall be established based on
the time difference between 10 % and 90 % of the first pressure
peak on the rising pressure profile, as indicated in Fig. 4. The
10 % to 90 % pressurization rate shall be within 15 to 20 ms
(see 9.2.7 and Note 6).

5.1.3 The high-speed pressurization (impact) valve shall be
of a suitable design to achieve the pressurization rate specified
in 5.1.2 and satisfy the test severity requirements specified in
the precision and bias section of this standard. Experience
indicates that more repeatable results are achieved when the
immediate outlet of the high-speed valve is equipped with an
orifice to control the pressurization rate for tests on the 5 mm

FIG. 3 a Untested PCTFE (10X Magnification) (Polychlorotrifluoroethylene) Sample.

FIG. 3 b Untested Nylon (PA, polyamide) Valve Seat (10X magnification) (continued)
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test system (Fig. 1). The 14 mm test system is not usually
equipped with an orifice.

NOTE 3—Typical orifices are designed with a sharp-edge profile and
vary in inside diameter based on the flow dynamics of the upstream impact
valve. However, typical sizes for the 5 mm ID impact tube usually range
between 2 mm and 4 mm, depending on the valve used.

5.1.4 The inside diameter and the length of the pressuriza-
tion line to the test chamber are critical to this test method. The
lines and fittings between the outlet of the high-speed (impact)
valve and the test material or test article interface fitting shall
maintain a constant diameter and length according to Fig. 1 and
the tolerances specified. The fittings that accommodate the vent
valve and pressure transducers shall not restrict flow and shall
not affect the pressure rise in the impact tube.

5.1.5 The connecting tube shall comply with the geometric
requirements of 5.1.4 and be fabricated of a copper-nickel alloy
material, such as Monel 400™, Monel K-500™, or equivalent,
to ensure that the heat transfer characteristics are the same in
the connecting tube from one laboratory to another. Heat
transfer losses will change if different material types are used
for this connecting tube.

5.1.6 The fluid lines between the accumulator and high-
speed (impact) valve shall be sized to minimize flow losses and
enable pressurization of test materials or components in
accordance with 5.1.2. These fluid lines shall also be sized to
preclude a pressure drop upstream of the high-speed (impact)
valve during the pressure surge. It is recommended that this
line contain an isolation valve to provide a safety factor for
system operation. The isolation valve and interconnecting lines

shall have a flow factor at least equal to the pressurization
(impact) valve. The isolation valve shall be located upstream of
the pressurization (impact) valve or shall not restrict the flow to
the test material or test article.

5.1.7 The test system vent valve shall be sized to allow the
test chamber pressure to decay to atmospheric pressure be-
tween impacts so that the required 3 s minimum time at
ambient pressure is achieved between successive pressure
surge cycles, as shown in Fig. 4. This ambient pressure hold
time between cycles is intended to allow the test material or
component to cool between successive pressure surge cycles.

NOTE 4—A given gaseous impact test system screens materials and
components based on at least four basic parameters: the test article
pressurization rate, the accumulator pressure, the fluid dynamics in the
system, and the heat transfer in the connecting tube. Variations in the test
article pressurization rate of different test systems at a given test
(accumulator) pressure are believed to have the greatest influence and
therefore must comply with 5.1.2 and 5.1.3. The surface area to volume
ratio of the impact tube and its heat transfer characteristics are believed to
have the next greatest influence due to heat transfer effects and must
therefore comply with 5.1.4 – 5.1.7. The driving pressure and temperature
of the gas in the accumulator are believed to have the next greatest
influence and therefore must be maintained according to 5.1.1. If these
requirements are maintained, the data produced by the test system should
enable the screening and ranking of materials and components consis-
tently with other test systems. For example, a properly functioning test
system should rank most batches of chloroprene rubbers below most
batches of vinylidene fluoride hexafluoropropylene elastomers, which
should rank below most batches of polytetrafluoroethylene polymers. This
ranking cannot, however, be considered absolute due to material batch
differences imposed by contamination, differences in types and amounts of
mold release agents, differences in cures, new formulations, etc.

NOTE 1—For the purpose of this standard, test samples that visually appear in these conditions, or similar, are considered to be representative of
ignition.

FIG. 3 c Untested Pin-Index Sealing Washer (10X magnification) (continued)
FIG. 3 Photographs Representing Partial Reactions Including Scorching, Discoloration, Melting and Material Loss or

Material Consumption. For the purpose of this standard, test samples that visually appear in these conditions, or
similar, are considered to be representative of ignition.
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5.1.8 For material testing, the reaction chamber subassem-
bly is configured to hold and position the test sample. Details
of typical reaction chambers for the 5 mm and 14 mm systems
are shown in Fig. 2 a and b. The reaction chamber contains a
thermocouple to monitor the test sample temperature and to
detect an ignition. The reaction chamber is configured with a
sample cup to facilitate installation of a test sample and a
heating collar to allow for material screening at elevated
temperatures (if desired). Other requisites include the ability to
readily install and remove the test specimen.

5.2 The test specimen instrumentation and control require-
ments include the following equipment:

5.2.1 An automatic, remote valve sequencer which controls
the opening and closing of the test chamber pressurization
(impact) and vent valves during the test so that each impact/
vent cycle will be completed in identical, prescribed time
periods. It is preset to perform a prescribed number of
impact/vent cycles typically at 30 s intervals as shown in Fig.
4.

5.2.2 Test material or component instrumentation and data
requirements include test fluid and test article temperatures,
system static pressure, system chamber pressure, pressurization

(impact) rate or pressure rise time and valve actuation/timing.
All instrumentation and controls should have appropriate
response times.

6. Reagents and Materials

6.1 Alkaline Cleaner, as required for test chambers,
plumbing, and specimen substrates, such as sodium hydroxide
(NaOH) or trisodium phosphate (Na3PO4) diluted with an
appropriate amount of distilled or deionized water.

6.2 Deionized or Distilled Water, for test material or system
component-part rinsing.

6.3 Detergent—A noncorrosive, oxygen-compatible cleaner
in the concentration used, conforming to MIL-D-16791G.

6.4 Gaseous Oxygen, conforming to MIL-O-27210E,
Amendment 1, Federal Specification BB-O-925, Type 1, or
oxygen of 99.5 % purity or better. Oxygen of higher purity may
be used if desired. The oxygen purity used in this test shall be
controlled to an accuracy level at least as high as the oxygen
concentration of the intended gas service. The oxygen purity
shall be recorded on the test data sheet.

NOTE 1—Two pressurization cycles showing the 10 % to 90 % rise time profile for each cycle illustrated in the detail to the left.
NOTE 2—The baseline pressure is sea level ambient pressure (1 atm). For a given final pressure, initial baseline pressures below 1 atm (sub-ambient,

other than vacuum) will increase the final temperature of the compressed gas since this increases the pressure ratio. Further, initial baseline pressures
above 1 atm will decrease the final temperature since this decreases the pressure ratio. Therefore, in this standard, the “Test Pressure” is defined herein
as the starting pressure in the test system accumulators and 1 atm is required as the initial test article pressure. Users are also cautioned that dynamic
overshoot may cause a momentary pressure higher than the design/test pressure desired. Efforts to minimize dynamic overshoot, such as the incorporation
of a suitably sized orifice, shall be exercised.

FIG. 4 Example Pressure Surge Cycles and Pressure Rise Rate Illustration
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6.5 Gases used to dilute oxygen for testing in atmospheres
other than pure oxygen shall have a purity at least equal to that
specified for the material service condition or oxygen compo-
nent under test. Some research indicates that ultra-high purity
oxygen may influence the reactivity of some materials.

7. Safety Precautions

7.1 This is a hazardous test. The test area shall be capable of
withstanding short-term energetic fires, pressure releases, and
shrapnel ejections from the effects of test system or test article
reactions with high-pressure oxygen or oxidizing gas mixtures.

7.2 It is recommended that an appropriate pressure isolation
valve be installed in the line between the accumulator and the
pressurization (impact) valve. This valve may be either manu-
ally or remotely operated, but if present, must provide for
personnel protection during test article loading and unloading
operations.

7.3 Caution—Approved eye protection shall be worn in the
test area at all times. Other protective equipment such as gloves
and ear protection shall be required if the system vent is
adjacent to the test system.

7.4 No personnel shall be permitted in the test cell when
remotely controlled valves are operated or when testing is in
progress.

7.5 The housekeeping and maintenance characteristics of
the test area shall be considered for both safety and cleanliness
aspects.

7.6 See “Safe Use of Oxygen and Oxygen Systems: Hand-
book for Design, Operation, and Maintenance” (MNL 36),
“Guide for Control of Hazards and Risks in Oxygen Enriched
Systems” (Guide G128), “Guide for Designing Systems for
Oxygen Service” (Guide G88), “Guide for Evaluating Non-
Metallic Materials for Oxygen Service (Guide G63), and
“Guide for Evaluating Metals for Oxygen Service” (Guide
G94) for details of safe practices related to the use of oxygen.

7.7 It must be understood that this standard does not provide
for all safety requirements that may be deemed mandatory by
local, regional, and national regulations. Users of this standard
shall comply with all such regulations.

8. Test Specimens

8.1 Component Tests—Components (i.e., valves, regulators,
etc.) shall be tested in their “as-received” condition or as
specified by the test requirements. The initial cleanliness of the
component is crucial to the outcome of the test. Therefore,
handling of the component after its arrival at the test laboratory
shall maintain the “as-received” cleanliness without potential
contamination before test. If required, an interface fitting of
minimum volume, cleaned for oxygen service, may be installed
between the system’s test article interface and the component
to allow for the tests to be conducted.

8.2 Nonmetallic Material Tests:
8.2.1 Nonmetallic material tests may be conducted on either

the 5-mm system or 14-mm system depending on the require-
ments of the user or the applicable industry standard. The

material test report, however, shall specify which system was
used for the material tests.

8.2.2 Since nonmetallic materials can vary significantly in
their geometry, use configuration, and viscosity, no specific
material preparation requirement is specified herein; however,
materials shall be tested in their end-use condition. Physical
properties such as ignition of nonmetallic materials are influ-
enced by temperature and relative humidity in a manner that
materially affects test results. In order to make reliable com-
parisons between different materials and between different
laboratories, it is necessary to standardize the humidity
conditions, as well as the temperature, to which specimens of
these materials are subjected prior to and during testing.

8.2.2.1 Plastic Materials—Preparation and conditioning of
plastic test specimens shall be accomplished according to
Practice D618, ISO 291 or equivalent.

8.2.2.2 Rubber Materials—Preparation and conditioning of
rubber test specimen from sheet and products shall be accom-
plished according to Practice D3182, Practice D3183, ISO
23529 or equivalent.

8.2.3 The samples may be prepared in disc geometries or
into divided segments (multiple pieces). The material test
sample configuration, mass and preparation procedure shall be
recorded in the test report. Several preparation options are
provided below.

8.2.4 The following material preparation steps are provided
as options for preparation of test material specimens for test, as
desired by the user. The material test sample configuration and
mass shall be recorded in the test report.

8.2.4.1 Test the nonmetallic material samples in a thickness
of 1.5 6 0.13 mm (standard thickness), or in the end-use
thickness if less than 1.40 mm. If specimens are tested in a
thickness other than 1.5 6 0.13 mm, the deviation shall be
recorded in the test report. The samples should be representa-
tive of the as-used condition where possible. The as-used
condition may be either the installed condition, or where
preferable, the condition that exists at any time in the service
life.

8.2.4.2 The nonmetallic test materials shall be prepared to a
diameter that fits loosely in the sample cup and shall geometri-
cally be disk-shaped. The standard diameter range for the
5-mm system shall be 3.75 to 4.0 mm to fit loosely. The
standard diameter range for the 14-mm system shall be 11.5 to
12.0 mm to fit loosely. Once an appropriate punch or equiva-
lent preparation method is selected, all samples should be
prepared to the same nominal diameter (6 0.1 mm nominal).

8.2.4.3 An alternate preparation method is to subdivide each
nonmetallic test sample into 4 to 8 nominally equal pieces by
subdividing the initially prepared sample after step 8.2.4.2 in
order to ensure that samples are loosely held in the sample cup.

8.2.4.4 Apply coatings and paint in end-use thickness onto a
brass or 316 stainless steel (or other suitable metal) substrate.
The substrate surface should be clean for oxygen use and
prepared according to the coating manufacturer’s recom-
mended procedures. Prepare applied material in accordance
with the manufacturer’s recommendations. Record the final
coating thickness (or mass), application steps, and preparation
procedure for test reporting purposes.
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8.2.4.5 Prepare specimens of O-rings as subdivided samples
in their as-used diameter and approximately the same surface-
area-to-volume ratio as for subdivided samples prepared from
sheet or rod stock.

8.2.4.6 Apply greases or semisolid materials onto a woven
inert disc (such as fiberglass) or equivalent that has been
prepared to a thickness consistent with 8.2.4.1. Greases and
semisolid materials may also be applied as an approximately
consistent surface layer covering the bottom of the lower
sample cup. Record the mg/m2 (or mass equivalent) surface
coverage.

8.2.4.7 Irregular nonmetallic materials should be prepared
as subdivided samples of approximate mass or surface area-
to-volume ratio as for samples prepared from sheet or rod
stock.

8.2.5 Maintain specimen cleanliness at all times. Prepare
and handle the specimens with new, visibly clean, vinyl
surgical gloves or equivalent. Do not touch the materials or
samples with bare hands during or after the cleaning process.
Do not expose gloves to reactive solvents and then handle the
material test specimen.

NOTE 5—The 50% reaction pressure of single diameter disks, subdi-
vided samples, greases, and irregular shape specimen may not be the
same. Round-robin testing to evaluate configuration variables is yet to be
performed. Therefore it is recommended that only similarly-prepared
materials be ranked against each other.

8.3 Document the prepared test specimen configurations for
inclusion in the test report.

8.4 Test specimen cleaning procedures are as follows:
8.4.1 Clean solid specimens, coatings, paints, and O-rings

by soaking with agitation in a mild aqueous detergent compat-
ible with the test material and rinsing with distilled or
deionized water or a solvent that is inert with the test material
and will not absorb into the material or leach additives from the
material, consistent with the recommendations in Practice G93
or MNL 36. Wash with detergent, then rinse with distilled or
deionized water and dry using a filtered (25-µm absolute or
smaller filter rating) inert gas or air purge. If the specimen
cannot be wetted with any cleaning solution, blow the speci-
mens clean using filtered (25-µm absolute or smaller filter
rating) inert gas or air.

8.4.2 Clean brass or Type 316 stainless steel substrates on
which coating, paint, or grease samples are to be applied by
immersing the substrates in an alkaline cleaner (see 6.1) for a
minimum of 15 min at elevated temperature (refer to Practice
G93). Follow immersion with a thorough rinse in running tap
water, followed by a thorough rinse(s) in distilled or deionized
water. Perform a water break test during the rinsing step to
verify that organic material has been removed from the surface.
Blow dry the substrate with a clean, dry, oil-free nitrogen to
remove the excess water, place the substrate in an oven at
elevated temperature (typically greater than 50° C) until free of
water. Remove from the oven and store in a clean covered
container until ready for use. Substrates may be cleaned using
any process that will produce a cleanliness level at least as
good as the level provided by the above process or achieve a
level 100A as specified by Pracitce G93 or MNL 36.

8.5 It may be desired to evaluate the reactivity of materials
already in use. In this case, specimens shall be prepared in the
appropriate configuration (see 8.2), but cleaning in accordance
with 8.4 may be omitted to permit full evaluation of the use
condition.

9. Procedure

9.1 Preparation of the test system shall include the follow-
ing. These precautions are required to ensure test results
independent of the effects of extraneous materials.

9.1.1 Initially, clean all component parts of the test system
that are exposed to the test media or test specimen, or both, to
a level equivalent with the requirements of the test media.
Follow Practice G93 or MNL 36 recommended procedures.
Reference to MIL-STD-1330D or IEST-STD-CC1246 may
also be helpful.

9.1.2 Pressurization cycles shall be conducted on an impact
tube (see Fig. 1) instrumented with a fast-response pressure
transducer to ensure that the pressure rise rate is consistent with
5.1.2 and Fig. 4 (see also Note 6).

9.1.3 For material tests, install a clean new sample cup and
test sample for each test pressure or each replication test. The
test samples, prepared according to the instructions in Section
8, should be positioned in the sample cup and subjected to
gaseous fluid impact according to Section 9.2.

9.2 The gaseous impact test for materials and components
shall include the following sequence and procedures:

9.2.1 Install the test sample cup and sample in the reaction
chamber (Fig. 2a or b). Take care not to contaminate the
chamber hardware or test specimen. Install the test fixture
assembly on the test article interface adaptor.

9.2.2 Pressurize the accumulator with the desired gas or gas
mixture to the required test pressure.

9.2.3 Clear the test cell area of personnel, then purge the test
chamber and specimen with low-pressure test media suffi-
ciently to ensure that ambient air is completely purged from the
test chamber and associated tubing.

9.2.4 Ensure that all data acquisition equipment is operating
properly.

9.2.5 Open the impact line vent valve until the chamber
pressure transducer indicates atmospheric pressure (see note on
Fig. 4); then close the impact line vent valve.

9.2.6 Ensure the high-speed (impact) valve is closed and
open the impact isolation valve.

9.2.7 The following operations shall be controlled with an
automatic valve sequencer to minimize valve timing/sequence
changes. A typical gaseous impact test cycle is shown in Fig. 4.

9.2.7.1 Verify that the instrumentation systems are opera-
tional; then open the impact line vent valve. After the preset
duration (which allows the chamber pressure to decay to
atmospheric), close the impact line vent valve.

9.2.7.2 Open the high-speed (impact) valve to pressurize the
test sample/article (see Note 6).

NOTE 6—It is critical that the rise time from 10 % to 90 % of the first
peak be between 15 and 20 ms, as shown in Fig. 4. The pressurization rate
requirement shall be confirmed with one of the following configurations:
(1) Configuration 1 – This configuration verifies the rise time with the
material reaction chamber or test article attached at the test article
interface (preferred); or, (2) Configuration 2 – This configuration verifies
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the rise time with the impact line plugged at the test article interface (i.e.,
impact line dead-ended without a test article attached). Configuration 1 is
the preferred methodology since it eliminates the influence of the test
specimen on the pressurization rise time. However, some industry test
standards require the use of Configuration 2 for determination of the rise
time and may be used where required. The configuration utilized shall be
specified in the test report along with representative rise time data to
document the typical pressurization profile and pressure rise dynamics.

9.2.7.3 Close the high-speed (impact) valve after a preset
duration, usually 10 s, or when a reaction is observed.

9.2.7.4 Monitor instrumentation for indication of ignition.
9.2.7.5 For MATERIAL testing:

(1) All tests on a material start at a pressure estimated by
experience to approximate the pressure at which 50 % of the
samples should ignite (50 % reaction pressure). If uncertain, it
is recommended that testing start at approximately 10 MPa.

(2) For every sample, repeat 9.2.7.1 – 9.2.7.4 until 5 test
cycles (impacts) at the same pressure have been performed in
30-s intervals or until ignition of the sample occurs as indicated
by a sudden/abrupt increase of the reaction chamber tempera-
ture. Whether or not an indication of ignition was observed
during the test, the sample condition shall be evaluated by
post-test visual inspection of the sample.

(3) If ignition occurs, the test pressure shall be reduced by
approximately 1 MPa for the next sample (other test pressure
decrements may be used as required). If ignition does not
occur, the test pressure shall be increased by 1 MPa for the next
sample (again, other test pressure increments may be used as
required). This process of decreasing or increasing the test
pressure for each successive sample shall continue until a
change in the ignition/no-ignition result occurs. The successive
increase/decrease of pressure with no-ignition/ignition of a
sample shall continue for 20 to 40 samples, or until a
statistically significant 50 % reaction pressure can be calcu-
lated.

(4) If a logistic regression analysis is required, then addi-
tional samples shall be performed at pressure levels above and
below the 50 % reaction pressure. Usually, it is recommended
that 5 to 6 pressure levels in addition to the 50 % reaction
pressure level be selected and at least 5-10 samples be
completed at each pressure level. The highest pressure tested
should ideally result in ignitions of all of the samples. The
lowest pressure level tested should ideally result in no ignitions
of the test samples. The other pressure levels typically result in
mixed results (ignitions and no-ignitions). See Figure 10 as an
example of following the procedure described above.

(5) Record all ignition and no-ignition data on a permanent
record such as the data sheet shown in Figure 10, as required.

(6) Close the impact isolation valve.
(7) Ensure that the test chamber pressure and temperature

conditions are stabilized and indicate that the test chamber may
be vented. Vent the test system and allow the chamber to vent
to ambient pressure. Close and isolate the system valves for
safe access to the system.

(8) Remove the reaction chamber and sample cup and
examine for evidence of reaction. Record all observations on a
permanent record form such as the data sheet shown in Figure
10.

NOTE 7—The procedure above requires that each test specimen be

subjected to five successive impacts in 30-s intervals at a given pressure.
The material may be ranked on the basis of the 50 % reaction pressure
(Section 9.2.7.5(3)) or by a logistic regression analysis (Section
9.2.7.5(4)). Section 9.2.7.5(3) represents a Bruceton Up-Down methodol-
ogy (see Test Method D2463) to allow estimation of the 50 % reaction
pressure with a minimum number of samples. An example of a Bruceton
Up-Down procedure is shown in Fig. 5. The data analysis is discussed in
Section 10. The Up-Down method consists of testing at specific pressures
and then raising or lowering the pressure based on the result of the
previous test. Initially, larger test pressure increments/decrements are used
to narrow down the level at which the 50 % pressure will occur. However,
after mixed results (ignitions/no-ignitions) are achieved on a few pressure
levels and the 50% pressure is bracketed, a single consistent pressure
increment/decrement should be used for the remainder of the samples. It
is noteworthy that some materials will ignite with relative ease at very low
pressures resulting in difficulty in performing the analysis suggested
above. Other materials may not ignite with high frequency even at very
high pressures, also complicating the data analysis. However, for most
common materials, the procedures specified above will provide a consis-
tent ranking.

9.2.7.6 For COMPONENT tests:
(1) Install a component on the test article interface (see Fig.

1).
(2) Repeat 9.2.7.1 – 9.2.7.4 until the required number of

test cycles (impacts) have been performed on a single compo-
nent or ignition occurs, according to the test configurations and
number of cycles required by an industry qualification test
standard such as CGA V-9, ISO 10297, ISO 10524-1, ISO
10524-2, ISO 10524-3, ISO 14113, ISO 15001, Test Method
G175, or other relevant standard.

(3) Close the impact isolation valve.
(4) Ensure that the test chamber pressure and temperature

conditions are stabilized and indicate that the test chamber may
be vented. Vent the test system and allow the component to
come to ambient pressure. Close and isolate system valves for
safe access to the system.

9.2.7.7 For COMPONENT tests, after the desired number of
test cycles are completed, remove the component and examine
for evidence of ignition or ignition precursors (see Fig. 3a, b,
and c). The component must be disassembled to visually assess
the condition of the nonmetallic materials (seats and seals).
Record all observations on a permanent record form such as the
data sheet shown in Figure 10.

9.2.8 Repeat the procedure of Section 9 at the test pressures
for the required number of test samples until the test series is
completed.

10. Data Analysis

10.1 For MATERIAL tests, two methods of data analysis
may be utilized. The first calculates the median ignition
pressure also known as the 50 % reaction pressure. The second
method calculates the ignition probability based on the entire
population of results. The first method requires that at least 20
to 40 samples be tested; however, the standard deviation of the
results shall be calculated to determine the scatter in the data if
this method of data analysis is used. The second method
requires that 40 to 100 samples be tested in order to predict the
probability of ignition with high confidence intervals.
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10.1.1 Median Ignition Pressure7—The median ignition
pressure (50 % reaction pressure) is calculated by the follow-
ing formula. The calculation is illustrated in Fig. 6.

Pmedian 5 Plow1Pinc·
S (

i50

N

~i · Ni!

Ntot

6
1
2
D (1)

where:
Pmedian = median ignition pressure or 50 % reaction pres-

sure. The calculation should be performed based
on the less frequent response (ignition or non-
ignition). The minus sign is used when the calcu-
lation for Pmedian is based on the total number of
reactions (ignitions). The plus sign is used when
the calculation is based on non-reactions (no-
ignitions). In the case of an equal number of
reactions and non-reactions, either event can be
used with the appropriate sign.

Plow = lowest pressure at which the less frequent response
occurred, represented by N (either ignition or
non-ignition),

Pinc = pressure increment used in testing (should be a
constant interval),

i = range variable for N (0, 1, 2, 3, etc.) starting with
0 at the lowest pressure where N (either ignition or
non-ignition) occurred,

Ni = number of ignitions or non-ignitions at each pres-
sure level (P0, P1, P2, etc. are the pressures where
N occurred in progressive order of magnitude)
where N refers to the number of reactions or
no-reactions and “i” refers to the range variable,
and

Ntot = total number of less frequent response (either
ignitions or no-ignitions).

s 5 1.62·Pinc·
Ntot·B 2 A2

Ntot
2 10.029 (2)

where:
s = sample standard deviation (takes the pressure units

utilized for Pmedian),
A = Σi·Ni, sum of the product of “i” times Ni (number of

ignitions or non-ignitions) at each pressure interval, and
B = Σi2·Ni, sum of the product of “i” squared (i2) times Ni

(number of ignitions or non-ignitions) at each pressure
interval

10.1.2 Logistic Regression Analysis—The ignition probabil-
ity calculated as a function of pressure can be obtained by
fitting the test results to the following sigmoidal function as
shown by Suvorovs, et.al8 and shown in Fig. 7.

P~x! 5
eβ01β1·x

11eβ01β1·x (3)

10.1.3 Logistic regression probability function (P) where
the independent variable (x = pressure); β0 and β1 are the
intercept and slope values. The logistic regression parameters
β0 and β1 may be calculated through the use of several standard
statistical analysis packages.

UCL ⁄LCL 5
e ~β0 1 β1 · x!6~Zα ⁄2 1 s e ~x!!

11e ~β0 1 β1 · x!6~Zα ⁄2 1 s e ~x!! (4)

se~x! 5 =svβ0
12x~c vβ0β1!1x2svβ1

(5)

where:
UCL/LCL = upper and lower confidence limits respectively;
Zα/2 = percentile for standard cumulative distribution

with 100(1-α/2)th confidence interval where α =
1 minus the interval of interest (i.e., 1-0.95) =
0.05 for 95% confidence);

se(x) = standard error at the independent variable (x =
pressure);

svβ0
= variance of regression coefficient β0;

svβ1
= variance of regression coefficient β1; and

cvβ0β1
= covariance between regression coefficients β0

and β1.
NOTE 8—The variances and covariance are usually obtained from a

standard statistical analysis package when the logistic regression coeffi-
cients are calculated.7 This procedure and associated calculations generally follow the Test Methods

D2463 and G14 which describe the 50 % reaction method for mechanical impact
testing. Detailed discussions are also outlined by Dixon, W. J. et al, “A Method for
Obtaining and Analyzing Sensitivity Data,” Journal of the American Statistical
Association, Vol. 43, 1948, pg. 109-126 and Natrella, M.G., “Experimental
Statistics,” National Bureau of Standards Handbook 91, pg. 10-23.

8 Suvorovs, T., Ward, N. Steinberg, T, Wilson, R., “Statistical Evaluation of
Promoted Ignition Test Data,” Journal of ASTM International, Vol. 4, No. 7, Paper
ID JAI101068.

FIG. 6 Median Ignition Pressure Calculated for PTFE (polytetrafluoroethylene) Data from Fig. 5
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10.2 For COMPONENT tests, the number of successful
pressure surge cycles and the number of test articles that
successfully complete the pressure surges provide an indication
of the reliability, or confidence, in the test result. The prob-
abilities are provided in Fig. 8 and Fig. 9. This standard does
not provide recommended number of cycles or test articles.
Other standards will specify these based upon the desired
reliability. It is, however, recommended that a sufficient num-
ber of test cycles be performed so that a confidence above 95 %
per component test is achieved. It is also recommended that a
sufficient number of components be tested (replication tests)
that a desired reliability (user defined) be achieved in the test
(see Table 1). This test produces results that are inherently
probabilistic, as demonstrated by Fig. 5 for material tests;
therefore, a sufficiently high number of cycles must be per-
formed before a reasonable statistical confidence can be
achieved by this test. Further, in order to obtain an acceptable
repeatability between test articles, it is recommended that a
minimum of 3 components successfully complete the testing. A
95 % confidence per component is recommended to ensure
reliability in results is obtained.

NOTE 9—The results obtained by this test method are inherently

probabilistic and must be considered through proper statistical method-
ologies. Fig. 8 and Fig. 9 present standard relationships showing the 95%
confidence intervals for a binomial distribution. Since ignition testing as
described by this standard results in only two possible outcomes (ignition
or no-ignition) and since the individual trials are independent, the
binomial distribution is often used to describe the data. Standard statistics
textbooks10 describe this distribution and the associated calculational
methodologies. Since binomial statistics rely on the event under consid-
eration being represented by only two possible results and since each trial
must be independent of the last trial (i.e., cycle one cannot influence the
results of cycle two and cycle two cannot influence the results of cycle
three, etc.) these statistics are only valid for tests where the conditions are
the same for each successive pressure surge. The implications of this for
the present test are that, in order to use these statistical relationships, each
successive pressure surge must start with the same initial conditions for
the test article (i.e., initial temperature, initial pressure, test article
orientation, etc.) and the pressure surge for each successive cycle must be
as close to identical as possible (i.e., pressure rise rate, final pressure, heat
transfer, etc.).11 Two approaches to estimating the confidences in the
results of this test method are shown (Fig. 8 and Fig. 9).

10.3 Fig. 8 shows only the lower confidence interval for 0
ignitions out of the number of trials performed. This figure also
allows an experimenter to specify the confidence in the result
for a specified probability of ignition. Suvorovs et al8 demon-
strate that the relationship between the number of trials in a test

10 Miller & Freund’s Probability and Statistics for Engineers, 6th Edition, 2000.
11 It is recognized that the test article itself may be changing during the

successive pressure surges. For instance, for a component, the seat may undergo
conditioning to render it more (or less) susceptible to ignition during the course of
the test. However, for the purposes of the test considered herein, the statistical
calculations are applied to the test method itself and not to the component.
Therefore, the changes affected by the test on the component are ignored in these
statistical calculations. This conclusion is considered justified by recognizing that
the test is more severe than the expected service conditions for any component or
material. Therefore, the test is believed to produce a conservative result for the test
article and the statistics are applied to the methodology.

NOTE 1—New test systems may be validated by conducting a series of ignition tests (50 samples minimum) on certified PTFE samples according to
the procedures in Section 12.3 of this standard. The data obtained must fit within the confidence intervals provided in Research Report RR:G04-10029,
when analyzed by logistic regression procedures. Fig. 7 represents the typical behavior of a well-behaved test system.

FIG. 7 Typical Logistic Regression Curve Fit for PTFE (polytetrafluoroethylene) Data from Fig. 5 (see analysis described in 10.1.2)

TABLE 1 Probability Achieved by Testing Multiple Samples Each
With 0 Ignitions

Component
Test Samples

20-Cycle 60-Cycle

1 1:6 (0.161) 1:17 (0.0596)
2 1:39 1:282
3 1:240 1:4,723
4 1:1488 1:79,253
5 1:9244 1:1,329,746
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series (or number of pneumatic impact cycles), the probability
of ignition for a given test condition, and the confidence that
may be placed in a series of test results is described by the
relationships shown in Fig. 8. For example, using Fig. 8, if a
test sample is expected to exhibit a 5% probability of ignition
in the test, then 73 pressure surge cycles would be required to
produce a 95 % confidence for that test article.

10.4 Fig. 9 provides the standard form for the confidence
intervals for a binomial distribution (Plow < P < Phigh),
calculated for a 20-cycle test and a 60-cycle test. For a test
series involving a specific number of trials or cycles, the
confidence interval for the results obtained may be directly
observed from the figure. For instance, for a 20-cycle test, it
may be asserted with 95 % confidence that a result of 0

FIG. 8 Test Reliability for Material Tests Based on Number of Trials Successfully Completed

FIG. 9 Confidence Intervals (95%) for 20-Cycle (A), 60-Cycle (B)

G74 − 13

15

 



ignitions in 20 cycles lies between 0 and 0.16 (0 < P < 0.16).
For a 60-cycle test, it may be asserted with 95 % confidence
that a 0/60 result lies between 0 and 0.06 (0 < P < 0.06).

10.5 Based on the information in Fig. 9, it is recommended
that for component testing, a sufficient number of components
successfully complete the testing until the user-desired reliabil-
ity is achieved. Usually 3 to 4 replication tests of 60 cycles
each are required as a minimum, as indicated in Table 1. Based
on the calculations discussed above, Table 1 gives the prob-
ability achieved during the test for multiple samples of a
component, when 0 ignitions occur for each component and
each trial is treated as independent.

10.6 It should be understood that these statistical calcula-
tions represent the probabilities of ignition under the conditions
of the test method and NOT under service conditions. The test
method is intentionally more severe than the expected service
conditions12 and the probability for ignition in service would
therefore be less. However, to express confidence in the results
obtained, the probabilistic nature of the test method should be
carefully considered.

11. Report

11.1 The test report shall include the following information
and data:

11.1.1 The type of material/component, trade name/serial
number/formulation, manufacturer, any applicable Type, Class,
or Grade and the batch or lot number, if known;

11.1.2 Summary of preparation steps and condition of
material/component prior to test (mixing proportions, cure or
mold date, post-fabrication annealing, cleaning steps, condi-
tioning procedures, etc.);

11.1.3 Material sample configuration (size, shape, etc.) and
weight or component working pressure rating;

11.1.4 Rise time verification configuration (see 9.2.7 and
Note 6) and example pressurization profiles;

11.1.5 Number of specimens tested;
11.1.6 Test conditions (test cell ambient temperature, test

static (head) pressure);
11.1.7 Test media (refer to 6.4 and 6.5);
11.1.8 Description of reactions including photographs, to

the extent possible;
11.1.9 Number of reactions observed versus number of

specimens tested; and
11.1.10 Pertinent observations or comments of the test

agency.

11.2 The following information is required if different from
the specified method: system operation data (valve timing,

pressurization rate from 10 % to 90 %, hold time at pressure,
hold time at ambient pressure between cycles, test system
description, etc.).

11.3 The report shall indicate any deviation or modification
that was made to the requirements given in this standard and
the choices that were made where options were provided (e.g.,
sample preparation procedures or number of successful test
cycles required).

12. Precision and Accuracy9

12.1 An Inter-Laboratory Study (ILS) is underway to estab-
lish the precision and bias or accuracy of this standard.

12.2 Since the precision and bias of the standard also relates
to how closely the test laboratories are able to produce the
same thermal energy in the pressure surge, all test laboratories
must demonstrate that the results they achieve are consistent
between the laboratories conducting this testing.

12.3 Test systems may be qualified by conducting a series of
ignition tests (50 samples minimum) on Teflon 7A PTFE
(Specification D4894 Type II) disc configuration samples
prepared according to the requirements of Section 8.2 (8.2.4.1
and 8.2.4.2), tested according to the requirements of Section
9.2 (including 9.2.7.5 for material tests and 9.2.7.5(4) for
logistic regression), and analyzed according to the logistic
regression analysis of Section 10.1.2. The rise time for test
system qualification shall be verified according to Configura-
tion 1, with the reaction chamber attached (see 9.2.7 and Note
6). The logistic regression ignition probability obtained by any
laboratory claiming compliance with this standard must fit
within the confidence intervals provided in Research Report
G04-10029. Each laboratory that claims compliance with this
standard shall maintain proof of compliance and be able to
show supporting data and analysis as required by this section
consistent with the data provided in the Research Report.

12.4 Test system qualification data, consistent with the
forthcoming Research Report, is illustrated for a typical 5 mm
system in Fig. 7 (see also Note 1), including typical 95 %
confidence intervals.

12.5 A Research Report containing the required test system
performance data to show conformance with this standard and
the associated analysis can be obtained from ASTM Interna-
tional Headquarters.9

13. Keywords

13.1 component adiabatic compression test; gaseous fluid
impact; ignition sensitivity; material oxygen compatibility test;
oxygen enriched environment; oxygen qualification test; oxy-
gen valve test12 A study is being undertaken to quantify the severity of the gaseous fluid impact

test as compared to service conditions. For the 5 mm system, the data presently
available suggests that the test is about 1.9 times more severe than typical service
conditions.
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APPENDIX

X1. Material Reaction Chamber and Sample Holder Detail Drawings

FIG. 10 Optional Material Testing Data Sheet
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FIG. X1.1 Material Fixture for 5-mm Diameter Test System
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FIG. X1.2 Material Test Fixture Assembly for 14 mm Diameter Test System
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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