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1. Scope D 1193 Specification for Reagent Weter

1.1 This test methdddescribes test equipment and tech- D 4080 Specificgtion for Trichloroethylene, Technical and
niques to determine the impact sensitivity of materials in _Vapor Degreasiry _ _
oxygen under two different conditions: (1) in ambient pressure G 63 Guide for Evaluating Nonmetallic Materials for Oxy-
liquid oxygen (LOX) or (2) under pressure-controlled condi- ~ 9€n Serwcé o _
tions in LOX or gaseous oxygen (GOX). It is applicable to G 88 Guide for Designing Systems for Oxygen Sgr’?‘nce
materials for use in LOX or GOX systems at pressures from G 93 Practice for Cleaning Methods for Materials and
ambient to 68.9 MPa (0 to 10 000 psig). The test method _Equipment Used in Oxygen-Enriched Environménts
described herein addresses testing with pure oxygen environ- G 94 Guide for Evaluating Metals for Oxygen Service
ments; however, other oxygen-enriched fluids may be substi- 2.2 Military Document: o
tuted throughout this document. MIL-D-16791 Detergent, General Purpose (Liquid, Non-
1.2 This test method provides a means for ranking nonme- _ ionic), Type Oné _
tallic materials as defined in Guide G 63 for use in liquid and 2-3 American Chemical Society:
gaseous oxygen systems and may not be directly applicable to Trichloroethylene, Reagent Grdtle
the determination of the sensitivity of the materials in an 2.4 Compressed Gas Association:
end-use configuration. This test method may be used to provide G-4 Oxygefl _
batch-to batch acceptance data. This test method may provideG-4-1 Cleaning Equipment for Oxygen Service
a means for evaluating metallic materials in oxygen-enriched G-4-3 Oxygen, Gaseous, Type PB
atmospheres also; however, Guide 94 should be consulted for G-4-3 Oxygen, Liquid, Type Il B
preferred testing methods. G-10.1 Nitrogen, Gaseous, Type PB
1.3 Values stated in S| units are to be regarded as the G-10.1 Nitrogen, Liquid, Type Il B
standard. The values given in parentheses are for information 2-5 NASA Standard:
only. NSS 1740.15 Safety Standard for Oxygen and Oxygen
1.4 This standard does not purport to address all of the Systems®
safety concerns, if any, associated with its use. It is th .
responsibility of the user of this standard to establish appro:%' Termln.ol.o.gy " i
priate safety and health practices and determine the applica- 3-1 Definitions of Terms Specific to This Standard:

bility of regulatory limitations prior to useSee also Section 9.  3-1.1 GOX n—gaseous oxygen.
3.1.2 LOX, n—liquid oxygen.

2. Referenced Documents 3.1.3 mechanical impac¢tn—a blow delivered by a plum-
2.1 ASTM Standards: met that has been dropped from a preestablished height onto a

D 2512 Test Method for Compatibility of Materials with Striker pin in contact with a sample.

Liquid Oxygen (Impact Sensitivity Threshold and Pass- 3-1.4 reaction n—a chemical change or transformation in
Fail Techniques) the sample initiated by a mechanical impact.

4 Annual Book of ASTM Standardgol. 11.01.
1 This test method is under the jurisdiction of ASTM Committee G 4 on 5 Annual Book of ASTM Standardgol. 15.05.
Compatibility and Sensitivity of Materials in Oxygen Enriched Atmospheres and is  © Annual Book of ASTM Standardéol. 14.02.

the direct responsibility of G 4.01 on Test Methods. 7 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,
Current edition approved Sept. 10, 1998. Published March 1999. OriginallyPhiladelphia, PA 19120.
published as G 86-84. Last previous edition G 86-98. 8 American Chemical Society, 1155 "%6t., N.W., Washington, DC 20036.
2 NASA Handbook 8060.1B, Pressurized Liquid and Gaseous Oxygen Mechani- ® Compressed Gas Association, 1725 Jefferson Davis Highway, Arlington, VA
cal Impact TestSept. 1981, pp. 4-72. 22202-4100.
3 Annual Book of ASTM Standardgol. 15.03. 19 National Aeronautics and Space Adminstration, Washington, DC 20546.
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3.1.4.1 Discussior—A reaction from ambient pressure, a test chamber equipped with a striker pin or striker pin
LOX mechanical impact may be determined by an audiblecounterloader (see Fig. 2), test chamber purge, pressurization
report, an electronically or visually detected flash, obviousand vent systems (see Fig. 3), and a plummet catcher (see Fig.
charring of the sample, cup, or striker pin. 4). The general procedure is to prepare the test sample and
3.1.4.2 Discussior—Reactions in pressurized LOX or GOX record significant pretest data.
are typically indicated by an abrupt increase in test sample 4.2 Ambient LOX Impact TestThe test conditions (pres-
temperature, chamber pressure, and light levels and may lseire and temperature) are the ambient pressure of the test
supplemented by obvious changes in odor, color, or materidhcility and the boiling point of LOX at that pressure. Each
appearance as a result of thermal decompositions observedmple is placed into a specimen cup (see Fig. 5), precooled in
during examination after the test. a sample freezing box (Fig. 6), covered with LOX, and placed
3.1.5 pressure thresholdh—the highest pressure at a given in the cup holder seater in the anvil assembly of the impact
impact energy level for which the passing criteria have beetester. The plummet is dropped from a selected height onto the
met. striker pin, which transmits the energy to the test sample.
3.1.6 energy thresholdn—the highest impact energy level Observation for any reaction is made and noted. Drop tests are
at a given pressure for which the passing criteria have beecontinued using a fresh sample, sample cup, and striker pin for

met. each drop until the threshold level is determined or the test
series is completed.
4. Summary of Test Method 4.3 For materials tested in pressurized LOX or GOX, each

4.1 The mechanical impact test system is designed teample is placed in the test chamber. The test chamber is filled
expose material samples to mechanical impact in the preseneséth liquid or gaseous oxygen, pressurized to the required test
of liquid or gaseous oxygen at pressures from ambient to 68.pressure, and the striker pin or striker pin counterloader is
MPa (0 to 10 000 psig). The basic drop tower configurationpressed down against the top of the test sample. The plummet
consists of: an electromagnet, a plummet, plummet guidés dropped from a selected height onto the striker pin or striker
tracks, plummet hold/release mechanism, base plate, anyiin counterloader. Instrumentation devices that monitor the test
plate, a specimen cup holder, sample cup, and striker pin (sesfhamber interior for pressure, temperature, and light emission
Fig. 1). For tests conducted under pressure-controlled condprovide evidence of test sample reaction. The sample is
tions, the anvil plate and specimen cup holder are replaced wittemoved from the chamber, and the sample is inspected for
other evidence of reaction such as odor or charring. Drop tests
are continued using a fresh sample, sample holder, and striker
pin or striker pin counterloader for each drop, until the
threshold level is determined or the test series is completed.
Additional modifications to the above procedure are required
ELECTROMAGNET 4 OINTER when testing is performed at temperatures above ambient.
CLAMP 4.4 This test method may be used to determine the impact

sensitivity of a material, batch-to-batch acceptance, or to
satisfy other prescribed pass-fail criteria.

SAFETY CATCH

MAGNETIC PLATE
5. Significance and Use
5.1 This test method evaluates the relative sensitivity of
" SPIDERASSEMBLY 2)  materials to mechanical impact in ambient pressure liquid
oxygen, pressurized liquid oxygen, and pressurized gaseous
oxygen.

5.2 Any change or variation in test sample configuration,
thickness, preparation, or cleanliness may cause a significant
change in impact sensitivity/reaction threshold.

5.3 Suggested criteria for discontinuing the tests are: (1)
occurrence of two reactions in a maximum of 60 samples or
less tested at the maximum energy level of 98 J (72 ftelbf) or
BASE PLATE one reaction in a maximgm of 20 _samples tested at any other

_\ | _—~——PLUNGER AND GUIDE energy level for a material that fails; (2) no reactions for 20
| samples tested at the 98-J (72-ftslbf) energy level; or (3) a
maximum of one reaction in 60 samples tested at the maximum
energy level.

PLUMMET ASSEMBLY

GUIDE BAR (3)

TIMER PICKUP

CUP ASSEMBLY CONCRETE BASE

6. Criteria for Acceptance for Ambient LOX and
Pressurized LOX and GOX Mechanical Impact Test

6.1 To meet the requirements for acceptability, the material
shall show no reaction when being subjected to 20 successive
FIG. 1 Oxygen Impact Test Frame impact tests tested at 98 J (72 ftelbf) using the equipment
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Cavity 14 Vent Port
6 and 8 Striker Pin 15 Sightglass for Photocell
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FIG. 2 Two Types of High-Pressure Test Chambers
described in Section 10. 6.4.3 Evidence of burning (obvious charring, see Note 1).

6.2 The test may be discontinued and the materials consid- 6.4.4 Major discoloration (as a result of ignition only rather
ered to have failed if there is one reaction in 20 drops at anyhan other phenomena).

energy level less than 98 J (72 ftelbf). o 6.4.5 A temperature or pressure spike in elevated tempera-
6.3 A material is acceptable after 60 successive impact test§e tests.

with not more than one reaction at 98 J (72 ftelbf). The test may

be terminated and the material considered to have failed if Note 1—A burnt odor alone is not considered sufficient proof that a

there are two reactions in 60 tests or less at 98 J (72 ftelbf). reaction has occurred. If a reaction occurs (including those during bounce
6.4 The material shall show none of the following reactionSOf plummet), it shall be reported as evidence of sensitivity. Inclusion of

duri bounce reactions applies to ambient LOX mechanical impact tests only.
uring any of the tests.
6.4.1 Audible explosion. 6.5 All materials that fail 6.1 criteria and remain candidates
6.4.2 Flash (electronically or visually detected). for use must be subjected to LOX or GOX mechanical impact
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FIG. 3 Typical Pressurization Piping system for a LOX/GOX Pressurized Test System

i

PLUMMET REBOUND
LIMITER ASS'Y

-

COUNTERLOADER

PNEUMATIC AGTUATOR 2.2mm

i 0.4 mm
_J);u

[—25.0 mm——»] 1_2‘0 mm

COUNTERLOADER PIN

Note 1—Break sharp edges 0.4 mm.
Note 2—The cup is formed by deep drawing.
Note 3—The thickness and parallelness of the cup bottom shall be
controlled to 2.0 mm by coining.
Note 4—Material: any 3000 or 5000 series aluminum alloy.
FIG. 5 LOX Impact Tester One-Piece Sample Cup

FIG. 4 Typical Plummet Rebound Limiter Assembly

energy threshold determinations in the thickness of use.

6.6 The material to be tested must be traceable back to the
original manufacturer and to a specific batch or lot numbers, or
both. facility and the boiling point of LOX at that pressure. For the

6.7 The thickness of the sample shall be the worst-caspressurized test, test conditions (pressure and temperature)
thickness. While the worst-case thickness has been found &hall be determined for each test according to the requirements
vary from material to material, the general trend has been thapecified by the requester.
thinner samples of materials are generally more reactive. 6.9 Preparation of the samples for testing involve the

6.8 For the ambient LOX impact test, test conditions (presfollowing tasks.
sure and temperature) are the ambient pressure of the test6.9.1 Receiving the visually inspecting the material.
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tions of use, shall be tested as 1.27-0.13-mm (0.050-+

TEST CuPs 0.005-in.) layers in special test cups. Materials not readily
' available in sheet form shall be tested in the available configu-
ration. Specimens shall be free of ragged edges, fins, or other
irregularities.

7.2 Liquid Samples-Prepare a homogeneous sample. A
microburette may be used to transfer the sample into special
sample cups 1.2% 0.13 mm (0.050+ 0.005 in.) deep (see
) i ~ Fig. 7). For highly viscous materials, a microsyringe may be
FUNNEL ) . used. Determine the volume of the sample required to obtain a
sample thickness of 1.2¥ 0.13 mm (0.050+ 0.005 in.) in the
sample cup. This determination is required due to variations in
such physical properties as density, surface tension, and
volatility from liquid to liquid. A micrometre depth gage with
leveling blocks is suggested for measurement. The work table
must be level. Test material should be loaded into the sample
FIG. 6 Typical Sample Freezing Box cup just before loading the cup into the test chamber (or
freezing box, if testing in liquid oxygen).

7.3 Leak Check Compounds, Dye, Dye Penetrant, and
Emulsifier, Method 4-Clean, unsealed, sulfuric acid-anodized
6061-T6 aluminum alloy disks (or any other substrate specified
by the manufacturer or requester), 17.5 mid in.) in
7. Sample Preparation diameter by 1.60 mm (0.063 in.) thick are used as a carrier.

7.1 The material to be tested must be traceable back to th lean the disks before use (see 11.2.2.1). To ascertain the

original manufacturer and to specific batch or lot numbers, OE ectiveness of the cleaning procedure, test a minimum of 20

: : - blank disks. After cleaning and blank testing, dip new anodized
to both. When received, the test material must be accompanleéJISkS in the test materials for 15 min and drain for 15 min with

Egtcphrog)relr o;drfunr::g%arlgoig’er]:g;yii)éamgli’ar?qrglgtjcnt] a?g:% Sr,:gﬁtj_the disks oriented ve_rtical_ly. Cure the sam_ple as ;pecified, then
facturer, and appropriate material safety data sheets. TI;lsetor.e the prepared disks in a clean container until required for
material must be inspected to ensure that it is at the worst-ca 337“291' React involvi terial d lumi

use thickness and any flaws shall be noted. Preparation %Ifi T cactions Invoving materials prepared on aiuminum
samples for testing involve the following tasks: (1) receiving

sks have the potential for being extremely severe as a result
and visually inspecting the material, (2) preparing samples t

8f ignition of the aluminum disk, which may be initiated by a
the proper dimensions, (3) cleaning the samples, and (L%eactmn of the test material. For this reason, Method 2 (7.4) is
inspecting the samples.

rovided as an alternative procedure for preparing this type of

7.1.1 Sufficient material shall be available to permit prepa-material' In conjunction with Method 2, the user or test agency
ration and testing of 140 separate 17.5-m#din.) diameter may elect to use sample cups of the same material on which the
disk samples. Sheet materials up to 6.3-msif.) in thick-
ness shall be tested as 17.5 ni#éin.) diameter disks in the
thickness intended for use (see Table 1).

7.1.2 Materials normally used in thicknesses greater than
6.35 mm ¥z in.) shall be sized and tested as 17.5-mm diameter
disks of 6.35-* 0.13-mm (0.250-= 0.006-in.) thickness.
Failure of samples to meet the requirements of this test method

shall be cause for the rejection of the material. Greases, fluids,
and other materials, whose thicknesses are directed by condi-

KEL-F COVER

6.9.2 Preparing the sample to the specified dimensions.
6.9.3 Cleaning the samples.
6.9.4 Inspecting the samples.

N

1
/

-

TABLE 1 Recommended Minimum Quantities of Material
Required for Testing

Material Form” Minimum Quantities 16.0 mm
Sheets 2000-cm?(319-in.?) total area by 3.5-mm (Ye-in.) ‘ *
maximum thickness 0.4mm

Coatings, inks, and 120 cm3(4 fluid 0z.) W

adhesives
Foams 2000-cm?(310-in.?) total area by 3.5-mm (Ye-in.) 1.0£0.1 mm |
maximum thickness L— 17.0 mm—-v, 2.0+0.1mm
Insulated wires 50 cm (20 in.) in length
AActual test configurations and material quantities for material forms other than Note 1—Material: any 3000 or 5000 series aluminum alloy.
those listed (for example, O-rings and seals) must be established and approved by Note 2—Break all sharp edges 0.19 mm.
the responsible procurement or user materials organization. FIG. 7 LOX Impact Tester Special Insert
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dye, dye penetrant, or emulsifier is used in actual service. or smaller filter rating) dry air or inert gas, unless otherwise
7.4 Preparation of Dye, Dye Penetrant, Leak Check Com-specified. If the sample material cannot be wetted with any
pounds, and Emulsifier, Method-2Xlean sample cups 1.27  cleaning solution without altering the test sample, the samples
0.13 mm (0.05C+ 0.005 in.) deep or Type 316 stainless steelshall be blown clean using filtered (25-pum absolute or smaller
disks (see Fig. 8) of the same dimensions specified for thélter rating) dry air or inert gas.
aluminum disks in 10.1.1.5 are used as a carrier (unless other7.7 Preparation of Solder (Solid or Flux-Core Type)
base metal is specified). Before use, the sample cups or disksepare solder samples as follows: melt the solder (solid or
are cleaned as directed in 11.2.5, and the effectiveness of tifieix-core type) at a temperature not higher than 25°C above the
cleaning procedure is verified in 11.4. The test material igmelting point of the solder in a mold to form an ingot. Roll the
applied to the inside bottom of the sample cup or to one side dhgot to form a flat sheet 0.5% 0.13 (0.020+ 0.005 in.) thick.
the stainless steel disks in a thickness and a manner simulatifinch disks of 17.5-mm¥ie-in.) diameter from the sheet.
actual use, then dried or cured as it would be in actual useClean the disks by detergent washing, water rinsing, drying,
(Alternative method: dip and drain as directed in 7.8.) Theand vapor degreasing in an appropriate solvent. Store the
resultant thickness is measured and recorded on the test dggeepared samples in a clean container until required for testing.
shee_t. Store the_prepared test samples in a clean container untit7 g Preparation of Coatings, Paints, Adhesives, and Potting
required for tes_tlng. o Compounds-Materials of this type are prepared as follows.
7.5 Preparation of Greases and SemisotieBress a suffi- 781 Coating materials, such as paints, dry film lubricants,
cient amount of sample material (a slight excess) into a speciglng conformal coatings, shall be applied to 17.5-rhein.)
sample cup 1.2 0.13 mm (0.050+ 0.005 in.) deep (see Fig. giameter by 1.6-mm (0.063-in.) thick 316 or 347 stainless steel
7) with a cleaned, stainless steel spatula to form a uniforngjisks in the same manner and to the same thickness intended
sample free of bubbles and void areas. Scrape the excegsy yse. After the samples have dried, they shall be placed in
sample level to the rim of the sample cup until a smoothhe regular sample cups for ambient pressure testing and used
surface is obtained. It is necessary to fill the sample cupg prepared in the pressurized impact tester.
uniformly. Store the prepared sample cups in a clean container 7 g 5 g|astomeric coatings and adhesives shall be applied as

until required f‘.)r testing'. ., acoating to 316 or 347 stainless steel disks using Method 1 or
7.6 Preparation of Soligs-Cut and prepare samples_of solid \ethod 2 described below and cured according to applicable
material to a diameter of 17.5 mri¥{sin.). Sheet material not ;. <t-,ctions.

available in 1.52++ 0.13-mm (0.060< 0.005-in.) thickness is 7.8.2.1 Method 1 (Single-Dip Coat)-Dip coat inserts to

tested in the thickness intended for use when that thickness g%ecified thickness and place on clean aluminum foil or on

not more than 6.35 mm (0.250 in.). Materials normally used i . ;
a thickness greater than 6.35 mm (0.250 in.) are cut to proviggTFE to air dry. The coated inserts shall be removed from the

. . . 0il and turned over after 30 min to allow both sides to dry. The
disks of 1.52-* 0.13-mm (0.060<= 0.005-in) thickness. The - (o yans” shall be cured as specified before testing. The

samp_les should pe clea_ned_ by the same method that will b oating thickness shall be checked on at least four samples and
used in the material application. Alternatively, the samples ma ecorded

be cleaned by rinsing with an oxygen-compatible solvent tha 7.8.2.2 Method 2 (Brush Coat)-Material shall be applied

is compatible with the test material, then detergent rinsed, " ) ingle brush stroke with ft heddi
distilled-water rinsed, and dried using filtered (25-um absolut 0 INSETNS using a single brush stroke with a Soft nonshedding
rush, in single brush coats of finished coating as specified.

Each specimen shall be visually examined for contamination
/ (especially bristles from the brush) following application of
!

each coat. The coated specimens shall be air dried for a
minimum of 24 h following application of the final coat before
testing.

7.9 O-Rings—Each size from each batch of O-rings or
O-ring materials or both shall be sampled and tested as follows
unless it can be demonstrated that test results on different sizes
and batches are comparable. To clean O-rings before testing,
rinse with tap water, rinse in nonionic detergent solution, rinse
in DI water, drain for a minimum of 10 min, and dry using a
gaseous nitrogen purge.

L/

16.0 mm 7.9.1 Extruded O-Rings-140 sample disks 17.5-mr¥e-
04 mm ‘ | | * in.) diameter by the thickness of the O-rings shall be cut from
’ a strip after the chopping operation. The disks shall be similarly
)ﬁ’hﬂm processed and deflashed with the same equipment used for the
1.0+0.1 mm I I { O-rings. The disks shall be cleaned as specified for the material
17.0mm 20£01mm  and its use.
Note 1—Material: Type 347 stainless steel. 7.9.2 Molded O-Rings-140 sample disks 17.5-mni}s-
Note 2—Break all sharp edges 0.19 mm. in.) diameter by the thickness of the O-rings, and which have
FIG. 8 One-Piece Insert Cup been similarly processed and deflashed, shall be furnished.



i G 86

7.9.3 O-Rings From Standard Stock or Where Above Pro-other combustible materials. All tools must be degreased
cedures Are ImpracticatO-rings 1.27-cm ¥2-in.) outside before use. Precautions should be taken to prevent accumula-
diameter or less shall be sampled and tested as a compldften of moisture in lines, valves, traps, and so forth to avert
O-ring. O-rings larger than 1.27-cr#in.) outside diameter freezing and plugging which would cause subsequent pressure
shall be tested as one segment (approximately 1.9G%fm(  ruptures. Care should also be taken to prevent undesired
long). To clean O-rings before testing, rinse with tap waterentrapment of liquid oxygen in unvented sections of any
wash in nonionic detergent solution, rinse in DI water, drain forsystem.

a minimum of 10 min, and dry using a gaseous nitrogen purge. 9.1.4 Direct physical contact with LOX, cold vapor, or cold

If a sample is not impacted during testing, it shall be placed irequipment can cause serious tissue damage. Medical assistance
a new cup and precooled before retesting. As an alternativghould be obtained as soon as possible for any cold injury.
sufficient samples may be prepared to account for the norma&roper immediate bystander response be as follows:

impact misses. (1) If it is safe to do so, remove the patient from the source
7.10 Heat Shrink Tubing-Heat shrunk tubing shall be of the cold.

preshrunk before testing in accordance with the manufacturer's (2) |n the event of limb-size cryogenic exposure, appropriate

instructions. _ _ _ . response may include an attempt to warm the affected area
7.11 Nonmetallic, Solid, Metallic, and Solvent-ReS|stantrapid|y with moist heat from a shower, eyewash, or warm

Samples-If received in a certified clean condition, test in the \yater bath, not exceeding 39°C (102°F).

as-received condition. Otherwise, clean the sample before (3) Massive full-body cryogenic exposures present signifi-

testing by rinsing with tap water, then washing in nonionic .ant additional concerns, but removal of the victim from the
dgtgrgent solutlon', then finally rinsing in DI water. Drain for a exposure atmosphere and keeping the victim’s airway open are
minimum of 10 min and dry using a gaseous nitrogen purgeimnortant. Loosely wrapping the victim in a blanket until the
8. Reagents and Materials arrival of the ambulance team is also advised.
' g . _ ) (4) Some important don'ts: don’t remove frozen gloves,
8.1 Alkaline Cleanerfor test chambers, striker pins, sample ghges  or clothing: slaveageable skin may be pulled off
cups, and sample holder units, consisting of a solution of 15 gya4yertently. Don’'t massage the affected part; don't expose
of sodium hydroxide (NaOH), 15 g of trisodium phosphatehe part to temperatures higher than 45°C (112°F), such as heat

(NaPQ,), and 1 L of distilled or deionized water. or fire; this superimposes a burn and further tissue damage;
8.2 Deionized Water conforming to Specification ASTM = 41t apply, ice, snow, or ointments.

D 1193, Type IV.

8.3 Detergent a noncorrosive cleaner that is liquid oxygen
compatible in the concentration used, conforming to MIL-D-
16791.

8.4 Gaseous Oxygerconforming to CGA G4.3 Type | B.
Oxygen of higher purity may be used if desired (see Note 2)

8.5 Liquid Oxygen conforming to CGA G4.3, Type 1l B.

9.1.5 Safety shower and other protective equipment should
be inspected periodically to ensure that they are operational
when needed. Personnel handling liquid oxygen must ensure
that oxygen vapors do not remain absorbed in their clothing
before smoking or approaching any source of ignition. Des-
orbtion of oxygen may be accomplished by remaining in a
well-ventilated area for 30 min after exiting the test area.

Note 2—Gaseous mixtures of the appropriate oxygen concentration 9.2 GOX

and certified analysis may be purchased commercially. 9.2.1 This is a hazardous test. Normal safety precautions
8.6 Gaseous NitrogenCGA 10.1, Type IB. applicable to the operation and maintenance of high-pressure
8.7 Liquid Nitrogen CGA 10.1, Type IIB. gas systems must be followed when working with the test
8.8 Trichloroethyleng ACS reagent grade or Specification system.
D 4080. 9.2.2 Complete isolation of personnel from the test appara-
tus is required whenever the test chamber contains a test
9. Safety Precautions sample and is pressurized above atmospheric pressure with
9.1 LOX oxygen. Violent reactions between test materials and high-

9.1.1 When testing is to be performed in liquid oxygen,pressure oxygen must be expected at all times. Test chamber
normal safety precautions applicable to the handling and use ¢omponent failure caused by violent test sample reaction has
liquid oxygen must be used. produced shrapnel, flying objects, dense smoke, and high-

9.1.2 The hazards associated with handling oxygen are vefgressure gas jets and flames inside the test cell. Test cell design
serious. Contact with the skin can cause frostbite. Contact aind layout, test procedures, personnel access controls, and
liquid oxygen with hydrocarbons or other fuels constitutes aemergency shutdown procedures must be designed with this
fire or explosion hazard because such mixtures can be sensititgpe of failure expected any time the test system contains
to shock, impact, or vibration. oxygen.

9.1.3 Personnel working with liquid oxygen must be famil- 9.2.3 Complete isolation is assured by locating the test
iar with its characteristics. Approved goggles or face shieldsapparatus in an enclosure and behind an barricade. The
fire-retardant protective clothing, gloves, and boots must beperator is stationed in a control room on the other side of the
worn during handling or transfer. Such operations should béarricade. Visual observation of the test shall be accomplished
performed by no less than two persons, as a minimum. Extremigy means such as a reinforced window, periscope, mirrors, or
caution should be exercised in preventing contact with oils oclosed-circuit television.
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9.2.4 Equipment used in a 69-MPa (10 000-psig) oxygen 9.2.8 The sample heater, heater wiring, and control system
system must be properly designed and rated for oxygemust be designed for continuous usage. Adequate precautions
service. Proper design of high-pressure oxygen systems imaust be taken to eliminate the potential for electrical shock.
cludes designing for minimum internal volumes, thereby lim-The heater circuit shall be equipped with a safety switch and
iting the magnitude of catastrophic reactions that may occuwarning lights in the immediate vicinity of the tester to permit
while testing materials. Components such as valves, regulatorgersonnel working on the test chamber to assess the condition
gages, filters, and the like, must be fabricated from materialsf the heater circuit. A local method of opening the circuit must
that have a proven record of suitability for high-pressurebe provided in the test chamber area which is in series with the
oxygen service. Examples of such materials are Monel 40Q;ontrol area heater control switch. A typical instrumentation
Inconel 600, nickel, and selected stainless steels (see Note ®pntrol system is shown in Fig. 3.

Note 3—Where not otherwise indicated, stainless steel shall be of the 9.2.9 When performing t_eStS at elevated tempgratures, per-
AISI 300 series. sonnel must wear heat-resistant gloves for handling hot com-

9.2.5 High-pressure oxygen systems require the utmo onents or a_||0W the heated components to cool completely
efore handling them.

cleanliness. Therefore, components should be designed 1o )
facilitate disassembly, thorough cleaning, and reassembly with- 2-3 Trichloroethylene -~ _ _
out compromise of cleanliness level. Screening tests performed 9-3.1 Warning—Harmful if inhaled. High concentrations
on nonmetallic materials have shown that the impact sensitivitf@y cause unconsciousness or death. Contact may cause skin
of these materials can vary from batch to batch. Sincditationand derma.tms. Avoid prolpnged or repeateq b_reathmg
nonmetallic materials are usually the most easily ignitecPf vapor or spray mist. Use only with adequate ventilation. Eye
components in a high-pressure oxygen system, nonmetalliér'tatﬁon and dizziness are indications qf overexposure. Do not
items to be used in this test apparatus, such as seats, seals, & internally. Swallowing may cause injury, iliness, or death.
gaskets, should be chosen from the best (that is, least sensitivyoid prolonged or repeated contact with skin. Do not get in
available batch of material. eyes. Do not allow to contact hot surfaces, since toxic products
9.2.6 The test chamber shall be isolated from the oxygefan be formed.
source by a double-block-and-bleed valve arrangement con- 9.4 Oxygen
sisting of two block valves in series with a vent valve between 9.4.1 Warning! Oxygen vigorously accelerates combustion.
them. Each block valve shall be locked closed and the veriteep oil and grease away. Do not use oil or grease on
valve locked open whenever personnel are working in test celkegulators, gages, or control equipment, except as suggested by
By ensuring two-valve isolation and continuous venting, theGuide 63. ASTM Guides G 63, G 88, and G 94 should be used
chance of exposing personnel to high-pressure oxygen asiathe selection of materials used in test systems. Use only with
result of inadvertent valve actuation or leakage during samplequipment conditioned for oxygen service by carefully clean-
changeout is minimized (see Fig. 9). ing to remove oil, grease, and other combustibles. Keep
9.2.7 When testing is to be performed at elevated temperazombustibles away from oxygen and eliminate ignition
ture, normal safety precautions applicable to the operation angburces. Keep surfaces clean to prevent ignition or explosion,

maintenance of electrical systems must be followed. or both, on contact with oxygen. Always use a pressure
] — |
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FIG. 9 Typical Instrumentation/Control Diagram for Pressurized LOX/GOX System
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regulator. Release regulator tension before opening cylinder
valve. All equipment and containers used must be suitable and
recommended for oxygen service. Never attempt to transfer™ E'FL”°”°°A“B°N\
oxygen from the cylinder in which it is received to any other
cylinder. Do not mix gases in cylinders. Do not drop the
cylinder. Make sure cylinders are maintained upright and
secured at all times. Keep cylinder valve closed and capped
when not in use. Stand away from outlet when opening
cylinder valve. For technical use only; do not use for inhalation
purposes. Keep cylinder out of sun and away from heat. Keep
cylinder from corrosive environment. Do not use cylinder *———RerEReNCE "1
without label. Do not use dented or damaged cylinders.

9.4.2 See Compressed Gas Association Pamphlets G-4, 0.03R
“Oxygen” and G-4.1, “Cleaning Equipment for Oxygen Ser- °'4°'“"‘__L MAXIMUM\ _L

vice” for details of safe practice in the use of oxygen. ASTM 7 37
G-93 may be consulted for cleaning practices also. L0501 mm Tz.om _

22.0 mm

RRTRREERRRN

PANSSSSANNANSN]

t———————18.0 mm————»

10. Test Apparatus
. . . Note 1—Break sharp edges 0.19 mm.
10.1 The impact tester for the ambient LOX impact test \ " 5 ot oo marked shall be parallel within 0.05 mm.

shall have a rugged structural frame capable of maintaining no:e 3_Material: aluminum alloy 3000 or 5000 series.

accurate vertical alignment under repeated shock conditions FIG. 11 LOX Impact Tester Two-Piece Cup

(see Fig. 1), a mechanism for dropping a plummet which

Weighs 9.072+ 0.023 kg (20= 0.05 Ib) (See_ Note 4.) throggh Note 4—The weight times the drop height specified is not duplicated
a dISta_nce of 1.1G= 0.005 m (43'3:. 0.2 m) which will for the purposes of ?his test by combi[?]atiogs otﬁer than 9101]2023pkg
transmit to the test sample an approximate impact energy of 96%01 0.05 Ib) through a distance of 1.160.005 m (43.3 + 0.2 in.). For

J (72 ftelbf), a striker pin (see Fig. 10) 1.27 cr#z(in.) in example, doubling the mass of the plummet and halving the drop height
diameter and 5.08 cm (2 in.) long, and a one- or two-piecavould not duplicate the specified requirement. Drop height shall be
sample cup (see Fig. 5 and Fig. 11) approximately 2.22-cnmeasured from the nose of the plummet to the top of the striker pin with
(7e-in.) inside diameter by approximately 2.22-crife{n.)  the cup and stainless steel disk in position.

inside depth made from 0.16-cn¥16-in.) thick aluminum 10.1.1 The tester also consists of the following parts:
alloy. The initial alignment and subsequent operation of the 10.1.1.1Electromagnet-The electromagnet (if used) shall
impact tester shall be such that the plummet falls uniformlybe designed with a sufficient safety factor to hold over 9.08 kg
under essentially friction-free conditions. This shall be verified(20 Ib) of weight with a minimum energizing wattage. Me-
by suitable means on each drop to ensure that% of the chanical suspension/release devices shall be designed with a
theoretical drop time is attained. Measurement shall be made asifficient safety factor to hold a 9.08-kg (20-Ib) plummet
close to the striker pin as possible. See Section 12 for theositively.

calibration of the impact tester. 10.1.1.2 Safety catch-The solenoid-operated safety catch
25.0 mm DIAMETER shall be designed to hold the plummet near the base of the
O mm 1 . magnet in the event of a power failure.
[A] 030 mm x 15? CHAMFER 10.1.1.3Base plate-The base shall be constructed from
T 2.54-cm (1-in.) minimum thick stainless steel plate and shall
210 mm’5~° mm rest solidly and level on a base of reinforced concrete. It is
‘ ¥ recommended that grout be applied to prevent any spilled LOX
| from being trapped under the steel plate. A minimum of four
§0.0 mm | 'i stainless steel foundation bolts shall be used to anchor the plate
0.03 mm TYPICAL to the concrete.
10.1.1.4 Anvil plate and sample cup holdésee Fig. 12)—A
°~4i’/’"’" stainless steel, Type 440B, or equivalent, heat-treated anvil
B plate 12.7 by 12.7 by 5.1 cm (5 by 5 by 2 in.) thick, shall be
bolted to the base plate in the center of the machine. This plate
1.26%388 mm DIAMETER —} f— g’_‘g’f;g“j&MUM shall center_the specimer_l cup hold_er and provide the base plate
with protection from denting upon impact. A 12.7- by 12.7-cm
Note 1—Break sharp edges. (5- by 5-in.) stainles steel specimen cup holder, 2.54 cm (1 in.)
Nore 2—Machine all surfaces to 0.40 mm or smoother. thick, shall be bolted on top of the anvil plate. The specimen

Note 3—Material: stainless steel AMS 5643D. ; ; ;
Nore 4—Heat treatment: obtain HRG 40.45. cup holder shall have a slightly tapered hole into which the test

Note 5—Finish: electropolish after heat treatment. cup can be placed. . .
Note 6—Surfaces A and B should be parallel and perpendicular to the 10-1.1.5Sample cups-One-piece sample cups (see Fig. 5)
center line. shall be made of any dead soft 3000 or 5000 series aluminum

FIG. 10 LOX Impact Striker Pin alloy. A special insert cup made of any 3000 or 5000 series
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PLUMMET (9.09 KG)
OIL HARDENED
TOOL STEEL

PLUMMET NOSE

STRIER PN _\ mm

STRIKER
PIN GUIDE Lox Seom
SAMPLE
CUP HOLDER
SAMPLE CUP AR
TEST SAMPLE

ANVIL
FIG. 12 LOX Impact Tester Sample Cup, Sample Cup Holder, Striker Pin, and Anvil Configuration

iNpPUT ouTPUT STARTING

aluminum alloy (see Fig. 7) with an inside depth of 0.127 & et
0.013 cm (0.050 + 0.005 in.) shall also be used when testing
semisolid materials. These special insert cups shall be placed
inside the one-piece specimen cups.

10.1.1.6 Striker pins—The striker pins shall be made from
17-4 PH stainless steel, or equivalent, with hardness in
accordance with the applicable detail drawings (see Fig. 10). A _§ roox
sufficient number of pins shall be provided for testing and \ =

45 V —
discard. ‘ / '
10.1.1.7 Auxiliary equipment-The auxiliary equipment kj.

shall consist of stainless steel forceps for handling the speci-

men cups and striker pins, stainless steel spatulas, and LOX
handling egipment (for example, stainless steel dewar flasks,
fireproof lintless laboratory coats, safety goggles, gloves, and
LOX storage containers). Additional handling equipment shall
include a grease insert cup holder (see Fig. 8), a sample
freezing box (see Fig. 6), striker pin baskets, specimen cup
trays, microburettes, syringes, a control panel for the operator 'r——«i
to activate the safety catch and electromagnet, and timing

instrumentation to measure the drop time of the plummet or its i’mﬂ

velocity just before impact. FIG. 13 Typical Free-Fall Timing Circuit
10.1.1.8 Timer—A universal counter and timer shall be used
to measure drop time. The overall drop time shall be measured

and recorded for each drop to ensure that the rated accuracy gfessurized LOX or GOX is similar to the ABMA-type tester
the equipment is maintained. A typical timing circuit is shown as described in 10.1 except that the guide tracks have been
in Fig. 13. extended approximately 0.45 m (18 in.) to accommodate the
10.1.1.9 Test cel—The impact tester shall be housed in apressurizable test chamber and plummet rebound limiter.
test cell with a concrete floor. Walls shall be constructed of 10.2.1 The tester also consists of the following parts:
reinforced concrete or metal to provide protection from explo- 10.2.1.1 At least two different types of test chambers have
sion or fire hazards. The cell shall contain a shatterproof gladseen designed and fabricated for the pressurized LOX and
observation window. It shall be darkened sufficiently for GOX tests. Of the two types of chamber designs (see Fig. 2)
observation of flashes. Continous ventilation shall providehat have been evaluated, both designs produce equivalent
fresh air to the test cell. Construction of the test cell shall be
directed at providing a facilitiy that can be economically
maintained at a high level of good housekeeping.
. . . “Detailed drawings from the ABMA-Type Impact Tester and Anvil Region
10.2 The mechanical Impact test system used for determ'rkssembly are available at a nominal fee from ASTM Headquartersss, 100 Barr
ing the sensitivity of materials to mechanical impact inHarbor Dr., Philadelphia, PA 19428. Request Adjunct No. 12-4512120-00.

AUDIO AMPLIFIER COUNTER

BATTERY ==

i}

& t - 4

U
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rankings of material$? This test chamber, which contains the requiring elevated sample temperatures, the sample holder or
test sample and desired test environment during test, has thest chamber is equipped with an electrical resistance heater. A
following features. typical sample holder is depicted in Fig. 12.

10.2.1.2 Striker pin—The striker pin has a sample contact 10.2.1.4 Thermocouple-The thermocouple is for monitor-
diameter of 12.7 mm (0.500 in.) and a sample contact surfacigg test sample temperature.
finish of 0.406 pm (16 win.) or smoother, machined from 152 1 5pressure transducerThe pressure transducer
17-4PH stainless steel (HRC 40-45) or equivalent. A typicakng|| have a minimum range from ambient to 69 MPa (0 to 10
striker pin is depicted in Fig. 10. 000 psig) for monitoring test chamber internal pressure.

10.2.1.3 Sample holder-The sample holder is for support- 10.2.1.6 Photocel—The photocell is for detecting light

ing the sample during test, as well as holding liquid OXYGENamission in the wavelength of 550 to 650 nm produced by

around the test sample when testing in liquid oxygen. For tSthaterial reaction during test, with attendant detector circuitry.
10.2.1.7 Sample cup-The sample cup is one piece for
liquid or other nonsolid test materials (see Fig. 14). No cup is

12NASA Technical Publication 74106, “LOX/GOX Mechanical Impact Tester . . . . .
required for solid materials; solid material samples are placed

Assessment.”
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directly on top of the sample holder plate and retained undebe maintained in clean condition to ensure reproducibility of

the striker pin by a centering ring. results and meet the requirements of blank testing as described
10.2.1.8 Counterloader—The counterloader positions the in 11.4.

striker pin in contact with the top surface of the test sample 11.2 Ambient LOX Impact Tester

when the Type 2 test cell is pressurized. o 11.2.1 Genera—The guide tracks, plummet, anvil plate,

10.2.1.9 Plumr_net catcherThe plummet catcher limits '_[he striker pin guide, sample cup holder, and base plate of the
plummet to one impact on the striker pin per test (see Fig. 4jmpact tester shall be cleaned thoroughly at the start of each

10.2.1.10Test celi—The test cell is constructed of noncom- test and between tests of different materials using lint-free
bustible material (such as concrete or metal) with suffiicientcioths and a suitable cleaner such as trichloroethylene or
strength to provide protection from explosion or fire hazards; i'(equivalent. As needed, the striker pin guide, plummet, and
houses the impact tester. Continous ventiliation shall provid%’uide tracks of the impact tester shall be wiped with a lint-free
fresh air to the test cell. The cell shall provide a facility that cang|gth wet with trichloroethylene or equivalent. After comple-
be maintained economically at a high level of good housekeepion of testing for the day, the impact tester shall be thoroughly
ing. The test cell shall be cleaned periodically to ensurgjeaned. Cleanliness shall be maintained throughout any series
cleanliness of sample and equipment. of impact tests to minimize erroneous results.

10.2.1.11Piping system-The piping system is used for 14 5 5 giriker Pins and Insert DisksStriker pins shall be

purging, pressurizing, and venting the test chamber; pressurigiseq gnly once and then cleaned. Before each test, the striker

ing and venting the counterloader; and activating the plummtig1

catcher. The piping system shall be designed to permit tesfyjicapie drawing and then examined to ensure freedom from
chamber purge, pressurization, and venting and counterloadgg aiches, nicks, metallic slivers, and other imperfections on
operation without the presence of personnel in the test cell. Thg, o impacting surface of the pins. When required, the pins shall
chamber shall be purged and pressurized through one line apdl remachined to remove scratches and pits. All striker pins

vented through a separate line to minimize the chances Qi pe cleaned, dried, and stored in a suitable container to
contaminant migration into the pressurization line, which could,5intain cleanliness

influence subsequent tests. A typical piping system from this
test is shown in Fig. 9.

ins shall be checked for dimensional conformance to the

11.2.2.1 The striker pins and insert disks shall be rinsed in
10.2.1.12Control area—The control area isolates test per- trlchlproethylene, or eq'u[valent, ar d”?d’ 'lmmers.ed n a.hot
alkaline cleaner for a minimum of 15 min, rinsed with running

sonnel from the test cell during impact tests. This control aree%alo water. rinsed with DI water. and dried in a convection oven

shall be provided with the necessary control and mstrumentaé 125 to 150°C. They shall be removed from the oven and

tion features to perform test chamber purge, pressurization an ored in a clean, dry container. An alternate cleaning method

venting operations (and sample heating when testing at to. a visible clean level may be used per Practice G 93
evated temperatures), counterloader operation, electromagnet

> . > recommended procedures.
release, and monitoring of the test chamber instrumentation
during test. A means of measuring and recording the plummet

drop time shall also be provided. A typical instrumentation anog

control system is illustrated in Fig. 13. ' : . ; . e
10.2.1.13Freezing box-The freezing box is for pretest 0.1(_)0_ in.). Striker pins shall be remachined if the striking area
exhibits scratches or pits or both. It may be necessary to

conditioning of samples to be tested in liquid oxygen, as _ . o
illustrated i?] Fig. 6 P d ¥g remachine pins that are bent or flattened during impact tests.

10.2.1.14Auxiliary equipment-Auxiliary equipment con- Badly bent and remachined pins, in which the diameter near

sists of clean, powder-free gloves for handling the sample cupéhe striking area is greater than 1'283 cm (0.505 in.) or is less
striker pins, sample cup trays, and covered storage containeﬁ}%an 1.257 c_m (0.495 in.), shall be dlscarded_.

for sample cups and striker pins. For tests involving liquid 11.2.3 Stainless Steel InsertsType 347 stainless steel or
oxygen, liquid oxygen handling equipment, such as stainlesgduivalent inserts (see Fig. 8), 1.75-cA¥i¢-in.) diameter,
steel Dewar flasks, liquid oxygen storage containers, C|e(—i<,s,h(_all be.cleaned in accordance with the method speqfled for
cloth or insulating-type protective gloves, clean fire-retardanstriker pins. Inserts shall be used only once and then discarded.
laboratory coat or coveralls, and eye protection equipment, are 11.2.4 Specimen CupsThe one-piece cup, lower part of
also required. When performing tests at elevated temperaturf}e two-piece specimen cup, and one-piece insert are made of
a means of energizing and controlling the sample heater ign aluminum alloy. These parts shall be cleaned by rinsing with
required. The following items are also required: equipment fotrichloroethylene or equivalent, rinsing in tap water, soaking
preparing test samples; a set of visual roughness comparisé@ 20 min in a hot alkaline detergent, and rinsing thoroughly
standards or a surface roughness measurement instrument farDI water. This is followed by a 15-min immersion in a
checking surface roughness of striker pins, sample cups, arfglution of the following mixture at room temperature: 0.5
sample holder plates; and necessary equipment and materiaiglume percent of concentrated (48 %) HF, 5.0 volume percent
for cleaning test chambers, striker pins, sample cups, an@f concentrated HNQ(relative density of 1.42), and 94.5

11.2.2.2 Remachined striker pirsThe length of rema-
hined striker pins for the ambient LOX impact test shall be
.080 plus 0.025 or minus 0.254 cm (2.000 plus 0.010 or minus

sample holder units. volume percent of DI water. Rinse in DI water and desmut by
] ] . immersing the parts for 5 min or until the smut is removed in
11. Preparation of Equipment for Testing a 50 volume percent solution of concentrated HNf@lative

11.1 The impact tester, its accessories, and the test cell shalensity of 1.42). Rinse with DI water and dry in an oven at 125

12
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to 150°C until dry. The cups shall not be used until at least 7Zleaned in accordance with the procedure. In addition to these
h after cleaning. An alternate cleaning method to a visiblyblank tests, perform four blank tests at random during any 8-h
clean level may be used per Practice G 93 recommendegkeriod of testing. Additional blank tests may be made at the
procedures. discretion of the operator. The striker pins and sample cups

11.2.5 Sleeve for the Two-Piece Specimen Gifhe cup  shall be handled by forceps or tongs and kept out of contact
includes a sleeve made of stainless steel. Clean this sleeve \&ih the operator’'s hands or other sources of contamination.
follows: soak in aqua regia for a minimum of 10 min, rinse 11.5 Cleaning Procedures for Auxiliary Equipment
with tap water, rinse in nonionic detergent solution, rinse in DI 11.5.1 Test Cel—The interior surfaces of the test cell shall
water, drain for a minimum of 10 min, rinse with trichloroet- be maintained in a sufficiently clean condition to preclude
hylene or equivalent, and dry in an oven at 125 to 150°C. Th&iasing of the test data which may occur as a result of
sleeves may be used as soon as they cool. introduction of local contamination onto the test material or

11.3 Pressurized LOX/GOX Impact Tester apparatus. _

11.3.1 Thoroughly clean the guide tracks, plummet, and 11.5.2 Stainless Steel WareStainless steel ware, such as
chamber region at the start of each day using lint-free wipeSUKer pin baskets, forceps, tongs, spatulas, and inserts, shall
and a suitable cleaner, such as trichloroethylene or equivaler® cléaned in the same manner as the striker pins. Once
Clean the sample preparation equipment as required to preveffegrated into the handling procedure, a thorough rinse of the
cross-contamination of test materials. stainless steel ware with trichloroethylene or equivalent should

11.3.2 Striker Pins and Sample Holder UnitsBefore each  P€ the only cleaning necessary. _
test, check the striker pins and sample holder units for 11-5-3 Glassware Check-Any glassware, such as microbu-

dimensional and finish conformance to drawing requirementg.enes’ beakers, or Syrnges, sh_all be cleaned n the_same
anner as the striker pins, dried, and stored in suitable

The striker pins shall be fabricated from 17-4 PH stainless sted]'ann! S .
(HRC 40 - 45) or equivalent. The striker pins and samplecONtainers to maintain cleanliness.
holder units shall be rinsed in trichloroethylene, or equivalent12 Calibration of Tester
air dried, immersed in a hot alkaline cleaner for a minimum of ™"
15 min, rinsed with running tap water, then rinsed again with 12.1 Verify that the vertical guide tracks are properly

DI water, and dried in a convection oven at 125 to 150°C. Theyligned and the plummet assembly will encounter minimal
shall be removed from the oven and stored in a clean, dryffiction so that essentially free-fall conditions are obtained (see
covered container. An alternate cleaning method to a visiblyNote 5). This is accomplished by timing the plummet fall from

clean level may be used per Practice G 93 recommended given height. For this test, the free-fall time shall be within

procedures. +3 % of the theoretical drop time calculated by using the
11.3.3 Sample Cups-Clean the sample cups in the same prevailing test site gravitational acceleration in the calculation.
manner as striker pins and sample holder units. Note 5—The ideal conditions for plummet free fall are obtained when

11.3.4 Test ChamberInitially, clean the test chamber in the guide rails are aligned perfectly vertical, the center of gravity of the
the same manner as the striker pins and sample holder unit@ummet lies exactly on the longitudinal axis of the plummet, the plummet
Thereafter, clean the test chamber interior after any test iqfse and magnet face are perfectly flat and perpendicular to the longitu-

. L . dinal axis of the plummet, the magnetic field collapses uniformly when the
which a reaction is observed or suspected and after COmpletlomagnet is deenergized, and the plummet bearings have sufficient clearance

of the testing of each material. As needed, perform solvent, ayoid contact with the guide rails during the downward plunge, yet keep
c!e_anlng per Practice 693 recommended procedures t0 tAe plummet restrained within the rails during the rebound. The theoretical
visibly clean level. Cleaning may be performed with thedrop time of the plummet may be calculated by the equatior

chamber in place. After cleaning, blow-dry the chamber with\/2h /g, wheretis the theoretical free fall timéis the drop height, and
filtered (25-um absolute or smaller filter rating) dry air or 91S gravitational constant for the latitude of the test site.

gaseous nitrogen. After inital cleaning, maintain a visibly clean 12.1.1 Establish the energy delivered by the tester to a

test chamber interior. calibration sample before the tester is placed into service and at
11.3.5Test System Piping and ComponerGlean test |east once per year thereafter. Evaluate the effect of any basic

system pressurization piping and components that provide gafesign changes to the tester by this calibration technique before

to the test chamber to the same level as the test chamber befaentinuing use of the tester.

initial use. Thereafter, maintain cleanliness of the test system 12.1.2 Establish a calibration curve for each tester initially

piping and components to the level that will provide cleanpy determining the penetration dept) a4t each level given in

oxygen to the test chamber. Table 2 and plotting the square of this value versus energy
11.4 Blank Check-The cleaning procedures specified level. Perform subsequent verification at the 14-, 41-, 69-, and

herein will provide an adequate level of cleanliness for oxyger®8-J (10-, 30-, 50-, and 72-fteIbf) energy levels.

service. Other cleaning agents and procedures may be substi-12.1.3 The calibration test specimen shall be 304 stainless

tuted if they provide a level of cleanliness equal to or bettersteel disk annealed to a hardness of ¥5A5 HB, 17.48=*

than the level obtained using the agents and procedure spe€:254 mm (0.688+ 0.010 in.) in diameter, and 8.890 0.254

fied above. Check the effectiveness of any cleaning procedumam (0.35G= 0.010 in.) thick, with a surface of 0.41 pm (16

used to clean striker pins, sample holder units, and sample cupén.) or better, cleaned as directed in 11.2.2.1.

by testing at the 98-J (72-ftelbf) level with a series of 20 striker 12.2 Calibration of Ambient Pressure Mechanical Impact

pins and sample holder units (and sample cups, if applicabld)OX Testers

13
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TABLE 2 Drop Height Schedule for Energy Threshold Value e S N N
Determination Using a 9.07-kg (20-lb) Plummet

Energy Drop Height

—X

J Ftelbf Metres Inches ;‘
A

98 72 11 43.3 ? I
88 65 0.99 39.0
81 60 0.91 36.0 N~—— 1
75 55 0.84 33.0
69 50 0.76 30.0
61 45 0.69 27.0 ——d
54 40 0.61 24.0
48 35 0.53 21.0
41 30 0.46 18.0
34 25 0.38 15.0
27 20 0.31 12.0
20 15 0.23 9.0
14 10 0.15 6.0

12.2.1 This procedure uses liquid nitrogen as the fluid
medium.

12.2.2 The basic ambient pressure mechanical impact tester
(described in 10.1) shall be used with appropriate modifica- 12.4 Calculation of the Penetration Function
tions as follows. 12.4.1 Measure the diameter of the indentation in each of

12.2.3 The standard striker pin shall be used with the tighe calibration specimens to the nearest 0.013 mm (0.0005 in.)
remachined into a 12.7= 0.127-mm (0.500-= 0.005-in.) by averaging two readings taken 90° apart.

hemisphere having an 0.2-pm (8-pin.) or smoother surface 12.4.2 The penetration deptid)(is determined from the

FIG. 15 Determination of the Penetration Depth from the
Measured Diameter

finish (see Fig. 14). measured diameter of the indentation (see Fig. 15) by the
12.2.4 No sample cups shall be used. following equation:
12.2.5 Use a plummet catcher.
12.3 Calibration of Pressurized Mechanical Impact Tester d=R-"\/R - 029D’ @)
12.3.1 Verify that the plummet catcher will limit the plum- where:

met to one impact on the counterloader pin per test. R = étriker radius (6.35 mm):

12.3.2 Calibrate the test chamber pressure versus countepy — dent diameter, (mm); and
loader pressure for each increment of test pressure. Using = penetration depth, mm.

gaseous nitrogen, pressurize the test chamber to the testj2 4.3 Plot the penetration functiod?) versus energy level
pressure, then increase the counterloader pressure until thging a linear least-squares curve fit forced through the origin.
striker pin moves into positive contact with the test sample petermine the correlation coefficient for this line. The calibra-
Affix a force gauge to the counterloader pin. Adjust counter-tion and vertification curves must have a slope greater than
loader pressure until the downward counterload force on thg 0100 mm per J and must have a correlation coefficient

test specimen is 22@ 20 N (50 5 Ibf). Verify the calibration  greater than 0.985 when the curve is forced through the
a minimum of five times for each test pressure. Rate of forCQ,rigin_ls

application is important to preclude damage to the test sample; ) )
therefore, do not pressurize the counterloader in less than 1 53. Ambient Pressure LOX Mechanical Impact and
12.3.3 Perform the calibration with the test chamber stabi-  Screening Test
lized at atmospheric pressure and a temperature af 8(6°C 13.1 The energy loss as a result of friction shall be con-
(70 = 10°F). The user may select other calibration conditionstrolled by measuring and recording the drop time of each drop
if desired, to evaluate further or compare tester performanceof any given height. The observed plummet drop time shall not
12.3.4 Calibration is performed using the tester in thedeviate more than 3 % from the theoretical drop time.
standard configuration, except the standard striker pin is 13.2 The effectiveness of the cleaning procedure shall be
replaced with one that has the tip machined into a 12:7- checked by testing blank cups. The cups shall be prepared as
0.127-mm (0.500= 0.005-in.) diameter hemisphere having an specified in 13.3.3.
0.2-pm (8-pin.) or smoother surface finish (see Fig. 15). 13.3 Precooling Procedure
12.3.5 After verifying that the tester ancillary equipment is 13.3.1 Precooling shall be accomplished by lowering the
in current calibration and working properly, load the preparedemperature of the material to the boiling point of LOX at
calibration sample into the test chamber in the same manner asmospheric pressure.
a test sample. 13.3.2 Stainless steel Dewar flasks shall be precooled by
12.3.6 Perform a standard drop test on a total of fiveslowly pouring LOX into the flask until the LOX ceases to boil.
calibration specimens at each approrpriate energy level. Exam-
ine the striker pin after each impact and replace if deformed. , Lox/Gox Mechanical Impact Tester AssessméniV. Bransford, C. J. Bryan,

Deformation can be eXpECted to occur at the hlgher energy | Stohler, NASA Technical Memorandum TM-74106, Kennedy Space Center,
levels. FL, Feb. 1980.
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When cooled, the flask shall be filled with LOX and coveredoccurs in 60 test drops, testing may be considered complete. If
with clean aluminum foil or a stainless steel cover. Since glas® reactions occur in 60 test drops, decrease the drop height
Dewar flasks are easily broken, they should not be used. until no reactions occur in 20 test drops. The energy threshold
13.3.3 Clean, blank specimen cups shall be precooled bl the highest impact energy level for which the passing
slowly pouring LOX into a sample freezing box until the LOX critieria has been met (see Section 5.3).
covers and fills the cups. To minimize the cracking of samples 13.6 Failure of any sample to meet the requirements of this
in specimen cups during freezing, the cups containing thépecification shall be cause for rejection of the lot represented.
samples shall be precooled slowly by using the freezing bokejected materials shall not be submitted for approval without
shown in Fig. 6. First, level the box before use. Then, placdull details being furnished concerning the previous rejection
approximately 40 specimen cups over the holes in the retainénd measures taken to correct the defects. If not more than one
plate. Using an automatic delivery tube with a 25-L Dewarspecimen of the original test sample fails to meet the test
flask, pressurize the Dewar flask to approximately 120 kPa (2.82quirements specified herein, the manufacturer may request a
psig) with oxygen. While maintaining the pressure at approxiretest. If all test specimens of the retest meet the requirements
mately 120 kPa (2.5 psig), open the discharge valve approxspecified herein, the material shall be considered compatible
mately halfway and start to fill the freezing box. As an for use in LOX systems.
alternate, a nonpressurized hand Dewar may be used. The timel3.7 Data Collectior—Collect and record the following
required to fill the cups and the freezing box 3.2 mimaif.) data. Determine whether or not a positive reaction was ob-
from the top shall be 35 to 40 min. After this step, a carefultained for each drop and report as (1) no reaction, (2) evidence
inspection shall be made. Any sample that separates from tH#f light emission, (3) obvious discoloration or char, (4) odor
bottom of the cup and floats shall be forcibly submerged in(however, a burnt odor alone is not considered sufficient
LOX during conditioning. Any sample that shatters as a resulgvidence that a reaction has occurred), and (5) material
of thermal shock shall be discarded. The samples shall bdeformation as a result of reaction (such as, melting of striker
transferred to a suitable (precooled) container for storage untRins, sample cups, and the like). Determine and record the drop
tested. Additions of LOX shall be made, as necessary, whil@eight of the plummet. The data sheet shall also include sample
tests are in progress to ensure that each sample cup $&€ and number of blank tests performed. Fig. 16 provides a
completely filled at time of testing. sample data sheet.

13.3.4 Cleaned striker pins shall be precooled by placing 4. pressurized LOX/GOX Mechanical Impact and
pins in a Dewar flask and adding liquid nitrogen or liquid Screening Test

oxygen to the flask until the pins are covered. 14.1 The energy loss as a result of friction shall be con-

13.3.5 The specimen cup holder and anvil plate shall bgqjieq by measuring and recording the drop time of each drop

precooled by adding liquid nitrogen or liquid oxygen to the o¢ oy given height. The observed plummet drop time shall not
stainless steel moat surrounding the specimen cup holder angl,iate more than 3 % from the theoretical drop time.

base plate. The moat should be filled with liquid nitrogen or = 14 5 The effectiveness of the cleaning procedure shall be

liquid oxygen to approximately 12.7 mmif{in.) below the top  checked by testing blank cups. The cups shall be prepared as
of the specimen cup holder. Time should be allowed to bringspecified il’)l/ 13_3_3(‘:]_ Ps- P prep

the base plate and anvil to equilibrium temperature before” ;4 3 precooling Procedure-If the material is to be tested in

starting the test. liquid oxygen, the samples must be preconditioned in liquid

13.4 Test Procedure-Adjust the magnet located on the oxygen. Use a freezing box such as shown in Fig. 6, taking
impact tester to the proper drop height (see Table 2). Usingteps to ensure that it is level. Place the sample holder units,
clean tongs, set the precooled specimen cups into the specimgBch containing a test sample, over the holes on top of the
cup holder. Visually check to assure that the frozen sample ifetainer plate. Fill the freezing box and cups with liquid
fU”y submerged in LOX. Samples that float shall be restraineq)xygen_ The time required to fill the cups and box to 3.2 mm
under the LOX surface by the striker pin. Place the striker pinsin.) from the top shall be between 35 and 40 min. Submerge
in the cup and hold it in place by the striker pin guide. Add thethe test samples in the liquid oxygen during the precooling
LOX to the specimen cup to ensure that the specimen cup isrocess. Cracking of samples shall not be cause for rejection;
full. Cover the exposed container of LOX. The operator shallhowever, samples that shatter shall be discarded. Additions of
leave the test Ce”, close the test cell door, and extinguish a.”qu|d oxygen shall be made, as necessary, while testing is in
illumination in the test cell and observation area. Release thprogress to ensure that each sample remains submerged and
plummet safety catch, then release the plummet. Observgach sample holder unit is completely filled when it is loaded
visually or electronically and record the results of the impactinto the test chamber. Precool cleaned striker pins by the same
reaction on the data sheet. Verify that the drop time of theyrocedure described in 13.3.4.
plummet was within specified tolerance. 14.4 Drop Test Using Liquid OxygerVerify that the in-

13.5 Test Logie—Table 2 lists a set of recommended drop strumentation and the test chamber, counterloader (Type 2 test
heights to be used for this test method and the potential energghamber only), and plummet-catcher pressure systems are
for each height represented. Initiate testing at the drop height @fctivated and ready to support testing. Adjust the magnet of the
1.1 m (43.3 in.) unless otherwise specified. If no reactionsmpact tester to the drop height to be used. Adjust the
occur, perform 20 test drops. If a reaction occurs, test until Zupply-pressure regulator to provide the pressure that will be
reactions occur in 60 tests drops. If no more than 1 reactionequired to press the striker pin positively against the top
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Material Type

Trade Name or Manufacturer's Designation

Manufacturer

Material Batch/Lot Number

Test Sample Preparation History

Test Sample Dimensions: Diameter:
Thickness:
Weight:
Other:
Test Media: Constituents: R
Phase: Liquid Gas
Oxygen Concentration: _________ percent

Test Conditions and Resuits:

Pressure Temperature Plummet impact Number Number
Drop Height Energy of Reactions of Tesis
SAMPLE # DROP TIME ODESCRIPTION OF TYPE OF REACTION
BLANK
1.

.

.

CONODOEWN
- .
>
z
x

10.
BLANK
11.
12.
13.
14,
16.
BLANK
16.
17.
18.
19.
20.

Description of Reaction:
Test Chamber Temperature Increase: Yes No
Test Chamber Pressure Increase: Yes No
Electronically Detectad Flash in Test Chamber: Yes No
Test Sample Discolored or Charred: Yes No
Melting of Test Specimen, Striker Pin, Sample Cup, etc.: Yes No
Stains/Scorch marks on striker pin and/or Sample Cup: Yes No
Ordor: (Note: A burnt odor alone is not considered evidence of reaction.) Yes No
Some/No (Circle One), unoxidized material remaining in sample cup: Yes No

FIG. 16 Sample Data Sheet

I
I

surface of the test sample after test chamber pressurization.14.4.1 Alternative methods of providing a liquid oxygen
Verify that the precooled sample holder unit containing the tesenvironment around the test sample after the test sample is
sample is completely filled with liquid oxygen. loaded into the test chamber are to flow liquid oxygen into the
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test chamber after the test chamber is sealed or to flow gaseocisamber, counterloader, and plummet catcher pressure systems
oxygen into the chamber after the tester is sealed and chilled fre activated and ready to support testing. Adjust the magnet of
LOX temperature and allow the oxygen to condense. the impact tester to the drop height to be used. If a Type 2 test

14.5 Load the sample into the test chamber, using noncorthamber is being used, adjust the counterloader supply-
taminating tongs, taking care not to spill any liquid oxygenPressure regulator to provide the pressure required to restrain
from the sample holder unit. Seal the chamber, then verify théhe striker pin positively against the top surface of the test
plummet catcher is set in the ready position. Remove alfample after test chamber pressurization (empirically deter-
personnel from the test cell. Purge the test chamber witfinined valves of 220+ 20-N (50-= 5-Ibf) force are currently
oxygen, pressurize the test chamber to the desired test pressged). Load the sample holder unit containing the test sample
+3 %, and then actuate the counterloader pressure contrtito the test chamber. Verify that the test chamber thermo-
valve if a Type 2 test chamber is used. Release the plummé&@uple is positioned so that it will contact the top surface of the
safety catch, then release the plummet. Observe the te§@mple outside the area in contact with the striker pin. Seal the
chamber instrumentation for evidence of a reaction. Verify thaghambers and connect the heater circuit leads to the heater
the plummet drop time was within specification and that thelerminals. Verify that the plummet catcher is set in the ready
plummet catcher precluded more than one impact of th@osition. Pressurize the test chamber to the desired test
plummet on the striker pin. When test chamber conditiongressure+3 %, then, if a Type 2 test chamber is being used,
appear to be stabilized after impact, vent the test chamber ®ctuate the counterloader pressure control valve. Do not
atmospheric pressure. Allow the test chamber vent valve t@ressurize the counterloader in less than 1 s. Select the heater
remain open. Enter the test cell and raise and latch the plumm&@fety switch to the ON position. Remove all personnel from
to the magnet safety catch. Vent the counterloader (if used) ari#® test cell. Purge the test chamber with gaseous oxygen to
the plummet catcher and allow them to return to their neutralémove the air. A 1-min purge from 445-kPa (50-psig) system
positions. Remove the sample holder unit from the testS @dequate for this purpose. Energize the heater and bring the
chamber and perform an inspection of the test sample and tetst sample to the desired test temperature (see Note 6).

chamber interior. Note 6—The effects of heating on the chamber pressure should be
14.5.1 The previous steps must be performed as rapidly asnsidered when pressurizing the chamber so that overpressurization does
possible to minimize the loss of liquid oxygen from the samplenot occur. It is undesirable to vent the test chamber after heating is
holder unit before dropping the plummet. initiated due to the possible loss of volatile material which may have been
offgassed from the test material and the possible effects of this losss on the

14.6 Drop Test Using Gaseous Oxygen at Ambient ... . reactivity of the material.

Temperature-Verify that the instrumentation and the pressure
systems of the test chamber, counterloader (|f used), and 14.7.1 When the desired test conditions of pressure and
plummet catcher pressure systems are activated and readytgimperature are attained, turn the heater off. Release the
support testing. Adjust the magnet of the impact tester to th@lummet safety catch, then release the plummet. Observe the
drop height to be used. If a Type 2 test chamber is being usedgst chamber instrumentation for evidence of a reaction. Verify
adjust the supply pressure regulator of the counterloader that the plummet drop time was within specification. When test
provide the pressure required to restrain the striker pin posichamber conditions appear to be stabilized after impact, vent
tively against the top surface of the test sample after tedhe test chamber to atmospheric pressure. Allow the test
chamber pressurization. Load the sample holder unit contairthamber vent valve to remain open. Enter the test cell, and turn
ing the test sample into the test chamber. Seal the chambdhe heater safety switch to the OFF position. Raise and latch
then verify that the plummet catcher is set in the ready positionthe plummet to the magnet safety catch. Vent the counterloader
Remove all personnel from the test cell. Purge the test chambéif used) and the plummet catcher and allow them to return to
with gaseous oxygen to remove the air. A 1-min purge from éhEir neutral pOSitiOﬂ. Carefully remove the sample holder unit
446-kPa (50-psig) system is adequate for this purpose. Preffom the test chamber and perform an inspection of the test
surize the test chamber to the desired test press@ré, then ~sample and test chamber interior.
actuate the counterloader pressure control valve if a Type 2 test 14.8 Test Logie—Table 2 lists a set of recommended drop
chamber is being used. Release the plummet safety catch, thbaights to be used for this test method and the potential energy
release the plummet. Observe the test chamber instrumentatieach height represents. The capabilities of the equipment used
for evidence of a reaction. Verify that the plummet drop timein this test method permit the screening of materials by either
was within specification. When test chamber conditions appegressure (14.8.1) or impact energy (14.8.2).
to be stabilized after impact, vent the test chamber to atmo- 14.8.1 Pressure Threshold Screening Methethis screen-
spheric pressure. Allow the test chamber vent valve to remaimg method varies the test chamber pressure and keeps the
open. Enter the test cell and raise and latch the pIummet to thﬁ]pact energy constant. Prepare a minimum of 80 Samp|es_
magnet safety catch. Vent the counterloader (if used) and theerform tests at a drop height of 1.1 m (43.3 in.) unless
plummet catcher and allow them to return to their neutrabtherwise specified. Vary the pressure in increments/
positions. Remove the sample holder unit from the testecrements of 3.45 MPa (500 psi) unless otherwise specified.
chamber and perform and inspection of the test sample and tegfitiate testing at a pressure level estimated to produce reac-
chamber interior. tions. If the material passes (no reactions in 20 drop tests or no
14.7 Drop Test Using Gaseous Oxygen at Elevatedmore than 1 reaction in 60 drop tests), increase the pressure. If
Temperature-Verify that the instrumentations and the testthe material fails, decrease the pressure until the material

17



i G 86

passes. For tests at a drop height less than 1.1 m (43.3 in),15.1.1 Type of material, generic name, trade name (if any),
follow the same logic with the exception that the criteria for manufacturer, composition, and batch/lot number (if known);
failure is one reaction obtained in a maximum of 20 samples 15 1 2 Material preparation and cure information (if

tested. known):
14.8.2 Energy Threshold Screening Methedhis screen- ’ . . .
ing method varies the impact energy and keeps the chamber15'1'3 Sample dimensions and weight (average) of four

pressure constant. Prepare a minimum of 80 samples. Perfor?‘r?mpl('}S randomly selecteq;
tests at a series of drop heights such as those listed in Table 2.15.1.4 Threshold level (impact energy);
Initiate testing at a drop height of 1.1 m (43.3 in.) unless 15.1.5 Test pressure;
otherwise specified. If not reactions are observed, perform 20 151 .6 Test temperature;
tests_. If _reactlons are observed, test untll_ 2 _react|0_ns are 151 7 Test thickness,
obtained in 60 tests. If no more than 1 reaction is obtained in o ,
60 tests, testing can be considered complete. If two reactions 1°-1-8 Description of reaction; and
are observed in 60 tests, decrease the drop heighht until no15.1.9 Any other pertinent remarks.
reactions are observed in 20 tests.

14.9 Data Collection—Collect and record the following 16. Precision and Bias
data. Determine whether or not a positive reaction was ob-
tained for each drop and report as (1) no reaction, (2) te%
chamber temperature increase, (3) test chamber pressure |

16.1 Precision—An interlaboratory study of the threshold
rgEl_)Iue of ambient pressure LOX impact testers and pressurized
crease, (4) evidence of light emission in the test chamber, ( X/GOX impact testers was conducted. Two results should

obvious discoloration or char, (6) odor (however, a burnt odo e suspect if they differ by more than 7.3 J W'th"f‘ one
alone is not considered sufficient evidence that a reaction hdgboratory and by more than 14.4 J between laboratories.
occurred), and (7) material deformation reaction (such as, 16.2 Accuracy—No accuracy statement is possible since no
melting of striker pins, sample cups, and the like). Determinestandard reference materials are available for this test method
and record the drop height of the plummet and the test chambé#hat are traceable to NIST.

predrop pressure and temperature. The data sheet shall also

include sample size and number of blank tests performed. Fid.7. Keywords

16 provides a sample data sheet. 17.1 compatibility; ignition; impact test; mechanical im-

15. Report pact; oxygen; pressurized oxygen; liquid oxygen; gaseous

15.1 In reporting the test results, the following data shall pePXygen

included:

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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