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1. This Military Standard is approved for use by the Naval Ses
Systems Command (0S), Department of the Navy, and is available for
use by all Departments and Agencies of The Department of Defense.

2. Beneficial comments (recosmendations, additions, deletions) and
sny pertinent data which msy ‘be of use in immroving this document should
be addressed to: Officer, Naval Ordnance Station, Standardization
Documentation Division (501), Indian Head, M0 20640, by using the
self-addressed Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this document or by letter.
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FOREWORD

1. This standard has been prepared to establish procedures for
determining the chemical, physical and interface properties of solid
propellants other than gun propellants. In the past, 1llants
have been incorporated into weapon systems without a sufficient data
base available to assure proper safety and operational parameters;
therefore, improvement of a propellant or incorporation of an
existing propellant into a new system usually requires a large test
program. Immediate characterization of new propellants, according
to a standard procedure, is intended to establish the necessary data
base to allow more efficient improvement and design programs while
reducing the requirement for additional testing. This standard is
intended to be cited in contracts to ensure that the necessary data
are available to permit determination of optimum safety and performance.
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1. SCOPE
1.1 .. .The purpose of this standard is to a itmn
of s methads to determine the intrinsic p.gyrgg:le, mlard

interface properties of a solid propeliant or propeilsnts proposed for
use in tactical rockets, missiles, aircrew escape systems, or auxiliary
devices. These methods are listed in TABLE I.

1.2 Intended use. This standard is intended for use in development
programs 10T new propellants or in new applications research for which
the existing data base is : lete. e data generated shall be the
basis for (a) design selection between several alternatives, and
(b) generating specification requirements and quality assurance pro-
visions for future procurement. .

1.3 ﬁlication. This standard shall be applied to the extent

neces ish the required dats base for design selection and

to determine any hazardous characteristics of the formulation and
ingredients as required by FED-STD-313. It should be noted that all the
tests in TABLE I may not applicable to every propellant. This standard
shall, therefore, be tailored by the procuring activity via the contract to
require those tests and test conditions necessary to meet program
objectives and to satisfy DoD directives (refer to MIL-HDBK-248 for
additional tailoring guidance).: Altemnatively, additional tests or test
conditions cutside the envirommental conditions foreseen may be necessary
for any one specific program. Characterization shall not be considered

a substitute for, or modification of, development, qualification, quality
control, quality sssurance, type life, or surveillance requirements.

2. APPLICABLE DOCUMENTS
2.1 1ssues of documenits. The following documents of the issue in

effect on the date of Invitation for bids or request for proposals form
a part of this standard to the extent specified herein.
SPECIFICATIONS
MILITARY
MIL-C-45662 Calibration System Requirements
STANDARDS
FEDERAL
FED-STD-313 Material Safety Data Sheets, Preparation

and the Submission of



Downloaded from http://www.everyspec.com

MIL-STD- ZIOOSOS)
30 March 197

MILITARY
MIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-286 Propellants, Solid; Sampling,
Examination and Testing
MIL-STD-453 Inspection, Radiographic
MIL-STD-1218 ACS Chemicals
DRAWING
NAVAL ORDNANCE STATION, INDIAN HEAD, MD (CODE IDENT 14083)
22980 FPC Inhibited Grain
PUBLICATIONS
NAVAL SEA SYSTEMS COMMAND (CODE IDENT 10001)
NAVORDINST 8020.3 Explosive Hazard Classification
) Procedures
0D 9376 Standard Method and Process for the
Strand Burning Rate Evaluation of
Rocket Propellant Powder
0D 19554 Determination of Burning Rate Versus
Pressure from Propellant Test Slabs
0D 44811 Safety and Performance Tests for
Qualification of Explosives
oP S5 Ammmition and Explosives Ashore

NAVAL WEAPONS CENTER, CHINA LAKE, CA (CODE IDENT 12934)
Cruise, D.R., Notes on the Rapid Computation of Chemical Equilibrium
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(Copies of specifications, standards, drawings, and publications
Tequired by suppliers in commection with specific procurement functions
should be obtained from the procuring activity or as directed by the
contracting officer.)

2.2 Other tions, The following documents form a of this
standard to the t specified herein. Unless otherwise cated,
the issue in effect on date of invitation for bids or request for

proposals shall apply,
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

AS™M C 493-70 Bulk Density and Porosity of Refrsctory
Materials by Mercury Displacement

ASTM D 1193-74 Reagent Water
AST™M D 2240-75 Indentation Hardness of Rubber and
Plastics by Means of a Durometer
Special Publication Reporting Particle Size Characteristics
234 (1958)

(Application for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z129.1-1976 Precautionary Lsbeling of Hazardous
Industrial Chemicals

(Application for copies should be addressed to the American National
Standards Institute, 1430 Broadway, New York, NY 10018.)

CHEMICAL PROPULSION INPORMATION AGENCY (CPIA)

Publication 21 Solid Propellant Mechanical Behavior
Manual

Publication 230 Solid Propellant Structural Integrity
Handbook

Handbook Vol. II Solid Rocket Propellant, Processing,

Handling, Storage and Transportation

(Application for copies should be addressed to the Chemical
Propulsion Information Agency, Johns Hopkins University, Applied Physics

Laboratory, Johns Hopkins Road, Laurel, MD 20810).
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CODE OF FEDERAL REGULATIONS
49 CFR 100-199 Transportation

(The Code of Federal Regulations is available from the Superintendent
of Dociments, U.S. Government Printing Office, Washington, DC 20402,
Orders should specify ''49 CFR 100-199 (latest revision)'.)

DEPARTMENT OF DHFENSE

4145.26M° DOD Contractor's Safety Manual for
Amamition Bxplosives and Related
Dangerous Material

(Applications for copies of DoD Manual 4145.26M should be addressed to
Superintendent of Documents, Government Printing Office, Washington,
DC 20402.)

NATIONAL MOTOR FREIGHT TRAFFIC ASSOCIATION, INC., AGENT
National Motor Preight Classification

(Applicat{cm for copies should be addressed to American
Associatiu)\s, Attn: Traffic Department, 1616 P Street, Washington,
DC 20036.

UNIFORM CLASSIFICATION COMMITTEE, AGENT

Uniform Preight Classification

(Application for copies should be addressed to the Uniform Classification
Committee, Room 1106, 222 South Riverside Plaza, Chicago, IL 60606.)

(Technical society and technical association specifications and standards
are generally available for reference from libraries. They are
distributed among technical groups and using Federal agencies.)

3. DEFINITIONS

3.1 Characteriza . A characterization plan is a schedule of
tests that will resuit the accumulation of the necessary data to
determine the physical and chemical properties and the capabilities of

8 propellant.
3.2 (Critical temperature. The critical temperature shall be defined

as the transition point where the temperature becomes more important
than time in the degradation reactions of a propellant.
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3.3 Perfo activity. The performing activity is the activi

iza plan. mfoﬁmmﬂﬂtymycuﬂctthesgzﬁ.ﬂed
oruydolmu ptrt or all of the tests to other tivities.

3.4 %_w_ty_ig 'lheprocm'ht:&a::gityist}nw:gt
contrac ce or procuring pment, system or sub-
systom for which this standard is being contractually applied.

4. RBQUIREMENTS

4.1 Semple propellant intended for characterization shall
conform fouow:lng requirements:

4.1.1 Materials. Propellant shall be formulated from sentative

materials of the composition, grade, type, and class descri in the
applicable documentation and proposed for use during productjem. Lot
mmbers and test data shall be reported under the provisions of 4.2

as specified in the contract (see 6.1).

4 1.2 ition. Variance for each individual ingredient shall
in the applicable documentation. In gemeral,

nﬂstim:hlllmtmodto3pomt.

4.1.5 Process Bquipment, procedures, and conditions shall be the
same as, Or cnt to, thoae described in the spplicable documentation
and proposed for subsequent production (see CPIA Handbook, Volume II).

4.1.4 tion. les for characterization shall be inspected
MW}' and defective items removed before

.1 § Norkmens 1lant shall be wniform in quality and
substantially M'} !!' ties, foreign materidls mity, voﬂls
cracks, and other assignable ts (see 6.7).

inucorduwewiﬂ\ﬂubestpucticesofﬂnhﬂustw

4.1.6 W Unless otherwise specified in the contract,
the forn ty of 4 sample shall conform to ‘the following
requiivements:

41,5,1 Bulk form. smmm&mkmm shall be required.
%5"5 inders 8 inches indimmeter and 7 inches long mav be
accepuble see 6.4).

4,1.6.2 Strain evaluation cylinders. Fifteen strain evaluation
crtinders mﬁvm%mm 21 shall be Tequired (806 6.4).

ese shall be shed in three sets of five. Within a set, bores shall
bemidm:m!rm-ustrunlmhoflo, 20, 30, 40 and 50 percent
st -40° C or levels tailored to the specific formulation and its

intended use.
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4.1.6.3 Subscale motors. Fifteen small-scale motors conforming to

0D 19554 shall be required. Altematively, an equal mmber of preferred
test vehicles, not to exceed 40 pounds of propellent each, may be accept-
able provided that prior written approval is obtained from the Government
procuring ectivity {see 6.4). Forty-pound charges, if supplied, shall
conform to NOS drawing -22980. Tooling and beakers for 40-pound charges
may be obtained fram: Commanding Officer, Naval Ordnance Station, Indien
Head, MD 20640, Attn: NSNC R20.

4.1.6.4 Interface . . A minimm of thirty (30) specimens shall be
furnished for each interface in the proposed motor design.

a. In the case of propellant/liner/case and propellant/liner/insulator
interface samples, the specimens shall be 2.0 inch poker chips and the
liner thickness shall be that of the proposed motor design (see 5.4.22
and CPIA Publication 21 Section 4.7).

b. In the case of a propellant to propellant interface s sufficient
number of bulk samples shall be furnished. BEach propellant layer shall
be 8 minimum of 3 inches (see 5.4.22.4).

4.1.7 Lot. Unless otherwise specified in the contract, the sample
submitted for characterization shall be prepared from one propellant lot.
The term "lot" shall be as defined in MIL-STD-105. A propellant lot shall
contain individual ingredients from one ingredient lot only. In the event
that more than one lot is represented, units of the sample shall be
identified by lot mmber.

4.1.8 Packaging. _
4.1,8.1 Preservation and packing. Samples shall be
preserved, 2 manner that will ensure protection

against damnge, loss of ingredients, and contamination by foreign material,
including atmospheric moisture. Unless otherwise specified, containers
shall be table to commercial carriers for shipment at the lowest rate.
Refer to the form Preight Classification Rules or the National Motor
Freight Rules as applicable. In all cases, the protection shall be not
less than that required by 49 CFR 170-178 (see CPIA Handbook, Vol II).

4.1.8,2 mm, In addition to any special marking required by the
contract, tainer shall be marked in uc}:o'lﬂance wi%— 129
and 49 CFR 100-199, Marking shall include, but not be limited to, the
following information:

a. Mamufacturer's name and address

b. Contract or order mmber

c. Item identification

d. Lot mmber or other identification
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e. PBEnviroomental limitations for storage
f. Explosive classification and warnings
g. Other applicable warnings (see ANSI Z 129.1 - 1976)

4.2 Documentation. The contractor shall furnish composition,
processing INTOTRATION, Tesults 'of tests perfermed (see 6.5), .and
assurance of compliance with requirements of 4.1.1 through 4.1.6 inclusive.
This information shall be certified and submitted to the procuring
activity as specified in the contract (see 6.1).

4.3 Submission of samples. Characterization samples shall be submitted
to the performing activity as designated by the procuring activity
(see 6.6). A copy of the documentation (4.2) shall accompany the samples.

4.4 Data submission. As specified in the contract, the performing
activity shall report the results of all characterization tests, data,
evaluations, and assessments to:

a. The procuring activity
b. The contractor
c. Other, as specified in the contract (see 4.10)

4.5 Retests. Retests required by the procuring activity shall be
conducted as specified in the contract (see 6.8).

4.6 Safety precautions. The safety precaution requirements of the
"'Contractor's ety Manual for Ammmition, Explosives, and Related
Dangerous Material" (DOD 4145.26M) are applicable and shall be as specified
in the contract.

NOTE: When this standard is used as part of the description of
work to be accamplished by a Government activity, the safety
precaution requirements of '"Ammmition and Explosives Ashore"
(OP 5) shall be made applicable.

4,7 Material safety dats sheets. The contractor shall prepare and
submit material safety data sheets in accordance with FED-STD-313 as

specified in the contract (see 6.2).

4.8 hazards, The manufacturer shall not use materials,
ingredients, or practices that gresent any undue toxic or explosive
hazard without expressed consent, in writing, fram the procuring activity.
Warnings of such hazards, together with a full description, shall be

included in the documentation (see 4.2).

4.9 %gug and %stic technolﬁ. The manufacturer shall not
use etary or n stic materials, ents, equipment, &Iocesses,
is

or practices without written consent of the procuring activity.
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provision shall not apply if the Government receives, without cost,
full disclosure rights of usage for proprietary materials at the time
of sample submission.

4.10 Security classification. Security classification for all
technical data 1nciuding proposed usage shall be as spacified by the
procuring activity.

5. DETAILED RBQUIRBMENTS

5.1 Inspection by contractor.

5.1.1 ients and ssing. The ingredients and processing
shall ﬁdmspec or ormance to the requirements of 4.1.1 through
4.1.5 4.1.7.

5.1.2 Visual inspection. The sample shall be visually inspected
before and the containers after packing for conformance to the require-
ments of 4.1.5, 4.1.6 and 4.1.8.

5.1.3 Radiographic. The individual umits of the sample shall be
examined radiographically in accordance with MIL-STD-453 to ensure
complisnce with 4.1.4 and 4.1.5. When bonded units are required
(see 4.1.6.3), exsmination details and conditions shall be sufficient

to verify adequate bonding.

5.1.4 Records. The manufacturer shall maintain records of manu-
facturing inspections for a period of at least six months after accept-
ance of the final characterization report. These records shall be made
available for inspection by the procuring activity upon request. Records
of propellant tests performed by the contractor as specified in the
contract shall be maintained and be available for review by the
Govermment for a period of at least two years.

5.2 Inspecticn by the perfomming activity. The sample shall be
inspected by the performing activity upon receipt in accordance with
the following:

5.2.1 Form and quantity. The sample shall be visually inspected
to verify contormance to the requirements of 4.1.6,

5.2.2 Dimensions. The dimensions of strain evaluation cylinders
and subscale motors shall be measured to verify conformance to the
requirements of the applicable reference documents.

5.2.3 Bore ic examination. The bore of each strain evaluation
cylinder ofa_rﬁ m‘f%ucmo motor shall be exmmined with a borescope. The
presence surface defects such as cracks, voids, or di tinuitie:
shall be cause for rejection of individual units [see 6%‘," o8
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5.2.4 Radi im. Bach mioz of the sample shall be
i ographically., The presence cracks, voids
fuel rich or oxidizer rich areas, or wbonding if apﬁlicablé, shall be
cause for rejection of am individual unit (see 6.7).

5.2.4.1 Bulk sampies. Each unit shall be inspected in two positionms:

a. With the beam parallel to the vertical axis
b. ¥With the beam parallel to the horizontal axis

5.2.4.2 Strain evaluation cylinders and subscale motors. Bach umit
shall be inspected with the E?am parallel with the dimmeter at 8 zero
point on the radius and with the unit or grain tumed 90° fram the initial
point.

$.3 Characterization inspection. The performing activity shall conduct
the characterization tests and examinations specified in the characterization

plan as approved by the procuring activity (see 1.3).

5.3.1 Calibration. Instruments, tools, gages, snd other measurement
devices shall be maintained in accordance with MIL-C-45662.

5.3.2 Mm% items. Proprietary and trade-marked devices or
materials may ca in the test methods for definition or
convenience. In such cases, eéquivalent items may be acceptable providing
prior approval is obtained from the procuring activity.

5.3.3 Reagents. Unless otherwise specified, required chemicals and
reagents sEEﬁI meet the American Chemical Society (ACS) standards as
specified in MIL-STD-1218. VWhen water is required, it shall be a
distilled or demineralized product in accordance with Type I or Type II
of ASIM D 1193-74 containing less than 2 parts per million total solids
and a pH in the range of 5.8 to 7.0.

5.3.4 Temperature tolerance. Where not specifically indicated, temperature
tolerances shall be  1°C ( 2°F).

5.3.5 1 tion .. ions. Unless otherwise specified, all
ﬁmpectionmaer the following ambient conditions:
Tenperature: Room ambient 18 to 35°C (65 to 95°F)
Altitude: Normal ground

Vibration: No requirement
Humidity: Room ambient to 95 percent relative, maximm

Test methods.

-}
b
c
d
5.4,
5.4.1 'Iheogg% performance calculations. Theoretical performance
calculations s pe acc ce with NWC publication, '"Notes
on the

Rapid Computation of Chemical Equilibrium."
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TABLE I. Test list.

Test Duscription Tast Method Paragraph
Theoretical calculation 5.4.1
ouﬂdmm : s

ebe A I
Bavircosental impact (of firings) 5.
Card-gap 5.4,
Cap g .

Impact
Priction sensitivity

EBlectrostatic discharge semsitivity

Ignition test

Qube cracking (see 6.4)
Talisni (ses 6.4)

Critical temperature (isothermal DTA)

Hardness

Density

Mechanical properties, unisxial

WWM/me band
liner

Propellsnt/liner m

Propellant/propellant bond

Boot/insulstor

Mochanical properties, unisaxial, high rate
high pressure

Mechanical
Stress relsation modulus

Strain evaluation cylinders
wfm of thermal expsnsion
Heat \-4

Thermal conductivity

Transition point(s)

AR

aaorrr&ak.kl;.asa.‘a

Sl al o o R e T T 2 T T T Y T B S S
tatatabat et ut ot

-
e er & ¢ 8 % 3
[T R7 X SN

RS NNNRPUNIRRERNNEEREERRnREEee s

Hygrescopicity
/insulator %’
Swelling ratio (seo 6.4) ~35
Scl/gel ratio (see 6.4) .36
Cross-link deusity (see 6.4) .37
Wrti’ 5430
Other es 4.
Agz effects 5.4.40
od units $.4.40,1
Subscale motors $.4.40.12
Serain svalimtion cylinders $.4.40.0
Bulk propellant 5.4.40,2
Storage conditions $.4.40,2.1
Storage :‘im 2 ﬁgz
u*‘ ! » Qh .
oder :Km!qn the specified Telstive hnﬂity,t" $.4.40.2.2
Under dry air 5.4,40.2.2¢
Under wet air $.4,40.2.2d
Specix! ozoms storTage 5.4.90.2.3
Bxterior $.4.40.2.5
liaxrdmess $.4.40.2.58.1
Impact test 5.4.40.2.58.2
Mechanical properties, unisxial 5.4.40.2.%.3
Density 5.4,40.2.58.4
Strand burning rate 5.4.40.2.50.5
Interior 240:;!:]
Mechanical properties, umisxial .4.40.2.5b.
Hardness 5.4,40,2.%.2
h‘” 51‘0“10 ao‘l ;
Heat of mxplosion 5.4,40.2.5b. 4
§ burning rate §.4.40.2.5b. 5
thermal snalysis (DTA 5.4.40.2.50.6
mhl/gcl. swelling ratio and cross-link density g::(l) .5¢
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5.4.2 Heat of explosion. Heat of explosion shall be determined in
accordance with method 802.1 of MIL-STD-286.

5.4.3 Strand %%%é rate. The strand burning rate shall be determined
as ified 1n or MIL-STD-286 as te. Nominally (see 1.3)
sg;c'nmg 0 ; §

the ing rate shall be measured at 500, 1000, 2000, 3000, 4000 and %000 s
and at -65, 77 and 165°F. The report shall include a log-log plot of the
data with calculation of pressure exponent and temperature dependence shown.

5.4.4 Envirommental impact (of firings). An environmental impact

assessment based on products in, and heit content of, the expanded after
plume zone shall be prepared, Effects at sea level and intermediate or

high altitudes, if applicable, shall be considered. Noise and electro-
magnetic (radar) attemuation shall not be factors in this assessment.
Primary and secondary smoke and handling toxicity,. if applicable, should
be considered qualitatively.

5.4.5 Card- test. Testing shall be performed in accordance with
NAVORDINST EUZE.E.

5.4.6 Cap. The cap test shall be conducted in accordance with
NAVORD 20.3.

5.4.7 Impact. Impact semsitivity tests shall be performed in accord-
ance wm'ﬁvummsr 8020.3.

5.4.8 Friction sensitivity. The testing shall be performed in accord-
ance with UD #4BIT.

_ 5.4.9 Electrostatic discharge sensitivity. The test shall be performed
in accordance with OD 34811,

5.4.10 JIgnition test. The test shall be performed in accordance with
49 CFR 173.88.

5.4.11 Unconfined burning. The testing shall be performed in accordance
with NAVORDINST 8020.3.

5.4.12 Velocity of detonation. NOTE: This paragraph is applicable
only to Class I, Division I compositions. The detonation velocity

shall be detemmined in accordance with 0D 44811.

5.4.13 Critical diameter, NOITE: This psragraph is applicable only
to Class 17 Division 1 compositions. Critical dismeter shall be

determined as specified in 0D 44811,

5.4.14 Vacum stabili%. Testing shall be conducted in accordance with
method 403, - The sample size shall be selected to yield

a volume of gas between 0.1 milliliter (mL) and 5,0 mL at standard
ture and pressure during a 40-hour test period (applicable only to
high explosives/warhead materials and nitrate ester compositions, see 6.4),

11



Downloaded from http://www.everyspec.com

MIL-STD- 2400(0S)
30 March 1979

5.4,15 Differential thermal analysis (DTA). The test shall be conducted

as follows:
5.4.15.1 Bquipment.

a. Aluminiiii ‘héating tYlock having three tube ‘weiis

b. Linear programmer with controlling semnsor capable of holding a
heating rate of 1°C/minute from ambient to 400°C

c. Differemtial thermocouple

d. XY Recorder

e. Glass Tubes

5.4.15.2 Materials.
a. Glass beads, 30-micrometer (ym) diameter

5.4.15.3 Specimen.

a. Cylinder, 0.5 x 0.5 inch, drilled to acceot the thermocouple
shield and to position the thermocouple at center of sample.

b. Teflon tape

c. Teflon positioning discs

5.4.15.4 Procedure. Place the specimen in a glass sample tube, the
thermocouple shield in the drilled hole, and position the shield as
necessary with one or two Teflon discs. Prepare a reference tube and a
tube for the control probe, using a weight of glass beads, equal to the
specimen weight, to replace the specimen. Insert one side of the differ-
ential thermocouple in the specimen shield, the second arm of the ther-
mocouple in the reference tube, and the control probe in the remaining
tube., Cover each tube with a piece of Teflon tape. Place the tubes in
the heating block wells, and heat the assembly at a controlled linear
rate of 1°C/minute to destruction of the specimen. Record the temperature
and temperature differential on the XY recorder.

NOTE: The assembly must be barricaded during the actual testing.

5.4.15.5 Report. The report shall include a copy of the thermogram
showing sample identification, sample weight, heating rate, temperature
of reference at autoignition (T;), if any, and an interpretation of other
features of the plot, if any.

5.4.16 The avimetric analysis (TGA). The test shall be conducted
using a m% I% THeTmal Analyzer equipped with a 951 T6A umit, or
equivalent. The equipment shall be operated in accordance with the
manufacturer's recommended procedure. Nominally, the specimen shall be
10 milligrams (mg), the heating rate shall be 5°C/minute, and the
atmosphere shall be nitrogen. These conditions may be varied to obtain the
best fit for the particular sample. As a minimm, the report shall include
a mgy of the weight/loss temperature plot with smple identification, date,
sample size, heating rate, atmosphere, and an interpretation of the features
of the plot given,

12
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5.4.17 Cube ing test. Prepare three regular smooth faced cubes.
These shall be 2 inches, 3 inches and 4 inches in size, respectively.
Seal each in a lightweight alumimm container and radiograph in sufficient
detail to detect voids, cracks, or fissures. Discard and replace any
initially defective cubes. Place the cubes in their containers in an
oven preheated and maintained at 80 i 2°C. Reexamine radiographically
after 72 hours and every 24 hours thereafter, but minimize temperature
cycling. Report the mmber of days for each cube, by size, to crack.
Tests shall be conducted at temperatures other than 80°C, if specified by
the contract (usually for nitrate ester compositions, see 6.4).

5.4.18 Taliani test. The test shall be conducted in accordance with

method 406,1 of MIL-S5TD-286. The test temperature shall be 110°C and
the atmosphere nitrogen gas.(applicable only to nitrate ester containing

campositions, see 6.4).

5.4.19 Critical temperature. The critical temperature test shall be
performed iIn accordance with the following:

5.4.19.1 Equipment and specimen. The equipment and specimen shall
conform to 5.4.15.

5.4.19.2 Procedure. Preheat the heating block, sample tube (empty),
reference tube assembly, and controller probe assembly to a predetermined
temperature. This temperature shall be determined from the DTA thermo-
gram and shall be that reference temperature, Ty, where AT equals 12°C.
Insert the specimen and differential themmocouple assembly into the pre-
heated sample tube and seal lightly with Teflon Tape. Record AT of the
specimen until damage occurs as evidenced by the start of an exothemm.
The time shall be measured fram the point where the sample attains the
preset temperature to the start of the exotherm. Conditions must be
adjusted to minimize equilibration time. The procedure shall be repeated
using fresh specimens at other selected temperatures to obtain a minimum
:{f)osix points showing time to dsmage ranging from about 5 minutes to about

minutes,

5.4.19.3 Data treatment. Plot time to damage versus temperature for
the several isotherms to obtain an L-shaped curve. Extrapolate to obtain
the critical temperature. The report shall include & copy of the final
plot showing the extrapoldtion, sample identification, and date.

5.4.20 Hardness. Hardness shall be determined in accordance with ASIM D
2240-75, Test temperature shall be 77 t 2°F,

5.4.21 Density. The demsity shall be detemmined at 77 ¢ 2°F in
accordance with met.Lhod T 510.3 of MIL-STD-286.

5.4.21.1 Alternate method. Density may be determined at 77 ¢ 2°F in
accordance with ASTM C 493-70.

13



Downloaded from http://www.everyspec.com

MIL-~STD- 2100 (0S)
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S.4.22 Mechanical unisxial. Uniaxial mschanical properties
shall be lication 21. As a minimm,

five specimems shall be tested at each of three temperatures and strain
rates. The test temperatures shall be -65, 77 and 165°F and the crosshead
rates shall be 0.02, 0.20 and 2.0 in/min (see 1.3).

NOTB: Unless the intent ;is to show properties after glass
transition, the lowest temperature takem should be at
least 5°F sbove the transition point (see 5.4.31).

Conditioning of specimens at the highest temperatures
shall not result in significant material loss by
volatization or constitute an undue safety hazard.
The report shall include values for maximm stress,
stress at rupture, elongation at maximm stress,
elongation at rupture, and initial (tangential)
modulus, at each temperature and strain rate.

2.1 %ﬁnam[linerécase bond test. Testing shall be in accord-
ance with CP ication 21, tion 4.7. A minimm of five specimens
(see 4.1.6.4 for sample requirements) shall be tested at each of three
temperatures and strain rates. The test temperatures shall be -65, 77
and 165°F and the crosshead rates shall be 0.02, 0.20 and 2.0 in/min
(see 1.5). The report shall include values for maximm stress, stress at
rupture, and modes of failyre. The samples shall also be examined by
microscopic methods (see 5.4.41).

5.4.22.2 l?mrvggnmtéliner %1 test. Testing shall be in accordance
with CPIA Publication 2T, t .7. A minimm of five specimens shall
be tested at each of three temperature and strain rates (see 4.1.6.4 for

sample requirements). The test temperatures shall be -65, 77 and 165°F
and the crosshead rates shall be 0.02, 0.20 and 2.0 in/min (see 1.3).
The report shall include values for maximm stress, stress at rupture
and modes of failure. The samples shall also be examined by microscopic
methods (see 5.4.41). ‘

5.4,22.3 Eggguantéliner bond test. Testing shall be in accordance
with CPIA cation Z1, tion 4.7.

5.4.22.4 Propellant/propeill o test. Example: (Booster/sustainer
propellant system]. Testing shs # in accordance with CPIA Publication
21, Section 4.3. Standard specimens containingmeqml lengths of
each propellant in the gage length shall be obtained . a bulk sample of
booster/sustainer 1 Tocket motor. A minimum of five specimens shall
be tested at each of three temperatures and strain rates (see 4.1.6.4
for smple requirements). Nominally (see 1.3), the temperatures shall be

5.4.2

-65, 77 and 165°F and the crosshead rates shall be 0.02, 0.20 and 2.0 in/min.

The report shall include values for maximm stress, stress at rupture, and
?odusof f;)ilure. The samples shall also be examined by microscopic methods
see 5.4.41).

14
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5.4.22.5 Boot/insulator test. Prepare boot/insulator coupons; age
at 120 to 165°F under a pressure which will simulate the load experienced
by the boot/insulator in a fully loaded motor. Ten samples shall be
tested for each withdrawal at 77:? and 2.0 in/min.

t '

5.4.23 Mechanical '%gr_ties, mn?:'ia'li high rate. Testing shall be in
accordance ication us I ge teg‘dtmeachuﬁ? ﬂt:st
systems or equivalent. Five specimens shal tested 8 o ee
t atures and strain rates. The test temperstures shall be -65, 77 and

I65°F (see 1.3) and the crosshead rates shall be 500, 750 and 1000 inches
per nimite (see notein 5.4.22).

5.4.24 Mechanical ; rties, uniaxial . Uniaxial
properties of pressuriz S accordance with
CPIA Publication 230. Five specimens shall be tested at 77°F using a
crosshead rate of 20 in/min at each of three pressures. Unless otherwise
defined, the pressures shall be 400, 700 and 1000 psi.

5.4.25 Stress relaxation wmodulus. Stress relaxation modulus shall be
measured in accordance with CPIA Publication 21 using tab-bonded JANNAF
specimens. Nominally, specimens shall be strained 5 percent at a crosshead
rate of 2.0 in/min. Five specimens shall be tested at each t ature,
The test temperatures shall be -65, -40, -20, 0, 77 and 165°F, (see 1.3),
Temperature considerations given under mechanical properties, uniaxial

.(5.4.7Z shall apply.

5.4.26 Mechanical properties, biaxial. Testing shall be in accordance
with CPIA Publication Z1 using strip biaxial specimens. Five specimens
shall be tested at each of three temperatures and rates. The test
temperatures shall be -65, 77 and 165°F and the crosshead rates 0.02, 0.20
and 2.0 in/min (see 1.3). Temperature considerations discussed under

mechanical properties, uniaxial (5.4.22) shall apply.

5.4.27 Strain evaluation cylinders. Cylinders shall be conditioned at
77 + 2°F examined radiographically and by borescope. The temperature
of each shall be reduced at the rate of 10°F per day to 0°F and then at the
rate of 5°F per day to failure. They shall be reexamined each day and
cracked units rémoved {see CPIA Publication 21).

5.4.28
expansion s

5.4.29 Heat capacity. The determination of the mean specific heat
of the propellant shal made as described in CPIA Publication 21.

5.4.30 Thermal conductivity. The determination of the themal
conductivity shall be made in accordance with CPIA Publication 21.

L)
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$.4.31 Transition point(s). The transition point(s) shall be determined
The ToTlowlog methods. In case of disputs, the method of

by ome of >ITowing me
5.4.51.1 shall "ba deteritinative,
5.4.31.1 rd method. The transition point or points, over the
ture range } to -70°F, shall be detemmined according to the
mo described in-CPIA .Publication 21. .
§.4.31.2 Alternate method. Tramsition point(s) mey be dstermined

using a DuPont D47 Thermal Mechanical Analyzer or equivalent. Operation
of the instrument shall be according to the memufacturer's recammendations.

5.4.32 icity. Twelve freshly cut specimens approximately
0.12 inches (3. mdweighimappmim::gmgshaubeprepared,
placed in individual tared weighing dishes, and reweighed, The
sample shall be desiccated over anhydrous magnesium perchlorate at
ambient temperature and pressure until constant weight is attained. These
desiccated specimens shall be exposed at 30°C as follows:

Number of specimens % Relative humidity
3 90
3 75
3 52
3 20

These humidities may be obtained using constant humidity cabinets or
over the following solutions:

Relative humidity Solution
90 18.6 weight 8 (wt %) H2SO4
75 Saturated NaCl
52 Saturated Mg(NOz)2 * 6H0
20 59.2 wt § HpSO4

The specimens shall be exposed until weight equilibrium is attained. The
average percent water absorbed at each hamidity shall be reported.

NOTE 1: Mhen propellant jis exposed over sulfuric acid sclutiom,
contact of the propellant with the scid must be avoided.

NOTE 2: 1If data at other temperatures and humidities are required,
solutions may be obtained from the following:

a. Internati Gritical Tables 1,67
b. Stokes and Robinson, Ind, Eng. Chem., 41, 2013 (1549)
¢. Carr and Harris, ibid, 41, 2014 (1949)

16
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5.4,33 Vi ressure. The partial pressures of constituents over
the propeﬁant shall be measured by a dynsmic (transpiration) method.
Nominally, measursments shall be made at 100, 120, and 140°F. (Not
applicable to propellsnts containing appreciable amoumts of occluded
volatile solvents such as ethyl ether, acetone, etc).

5.4.33.1 18, ' “The sample is w pass 8 U.S. sieve screen
number 35 (500im). Alternatively, lathe approximately 0.5 mm
thick be used. The prepared sample shall be dried over amhydrous
n:l Tzr sieves in g desiccator at umbient temperature and pressure for
48 to hours.

5.4.33.2 Apparatus. A glass apparatus confotming in general detail
to descriptions given in ad physical chemistry texts .shall be used.
The sample container, approximately 9 mm inside dimmeter x 19C mm long,
shall be comected with glass to a cold trap (cooled with a mixture of
dry ice acetone). The cold trap outlet shall be commected with glass to
a constant pressure gasometer having a capacity of about 3 liters(L).
The sample and most of the comnection to the cold.trap shall be maintained
at the indicated temperature(s) * 0.005°C (x 0.01°F). Dry prepurified
nitrogen shall be used as the effluent.

5.4.33.3 Procedure. Adjust the constant temperature bath to the
proper temperature. Pack the dried sample locsely in the sample tube,
assemble into the apparatus and immerse in the bath. Vent the top of the
sample tube to the air, start the nitrogen flow and adjust the rate to
approximately 2 liters in 3 hours. Connect the sample tube to the cold
trap and gasometer, pass about 2 liters of nitrogen through the system,
and measure the actual amount used with the gasometer. Remove the cold
trap and analyze the contents by infrared absorbance or other analytical
technique. Calculate the apparent partial pressure for each constituent
from the expression PV = nRT. Repeat the measurement ysing fresh samples
and flow rates of about 2 liters in 4 and 5 hours, respectively. To
obtain the true partial pressure(s),, extrapolate to zero flow rate.

5.4.34. Propellant/liner/insulator. Remove the insulator from the
propellant/liner interface and cut in half, depth wise. Chop a portion
of each section and extract approximately 0.3 g of sample with di-ethyl
ether for 10 - 15 min. The extraction is repested until atotml -
volume of 40 mL of ether is used. Evaporate the ether and dissolve the
residue in a 20 volume § I, "2-dimethoxyethane/heptane solution;
dilute to 25 mL in a volumetric flask. The solution is then
for plasticizers, stablizers, etc. by high performance liquid chromatograph
(HPLC, analytical scale).

17
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NOTE: If stabilizers present in the formulation-are Aitreso compounds,
extraction equipment should be wrapped in foil to retard
possible photolytic effects. If the analysis is delayed for
more than one hour, the samples and standards should be stored
in an area free from all soutces of ultraviolet light.

Analysis of llant Bxtract:
a. . rmence Liqua romatograph (HPLC, Analytical Scale):
trumentation:

1. HPLC, modular construction, consisting of:

A. Pump, M-6000A Solvent Delivery System, Waters Associates,
Milford, MA

B. Injector, Model U6K Universal Injector, Waters Associates,
Milford, MA

C. Column, u-Porasil, 10 um particle silica gel, Waters
Associates, Milford, MA

D. Spectrophotometer, Beckman Model 25 UV-Visible, adapted
to HPLC using a Waters Associates Microcell Assembly, Beckman Instruments
Inc., Irvine, CA

E. Photometer, Model 440 UV-Visible, Waters Associates,
Milford, MA

F. Refractometer, Model R-401, Waters Associates, Milford,
MA

G. Recorder, Model 282 Integrating, Linear Instruments
Corporations, Irvine, CA, and Servo Riter II, chamnel, Texas
instnuments, "Inc. ) stton, X

2. Syringes, Series LC-210 and Series C, Precision Sempling
Corporation, Baton Rouge, LA

3. Glass wool, Coming Glass Works, Corning, NY
4, Nalgene thistle tops, Fisher Scientific Co.
5. Solvent dispenser, '"REPIPET', Lab Industries, Berkeley, CA

18
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6. Micrometer buret, Ultra-Precision, Roger Gilmont Instruments,
Inc., Great Neck, NY

b. Reagents:

1. Diethyl ether, '"Distilled in Glass', W cutoff 218 mm, Burdick
and Jackson Laboratories, Inc., Muskegon, MI

2. 1,2-Dimethoxyethane (Glyme), 'Distilled in Glass'", UV cutoff
220 om, above supplier.

3. n-Heptane, '"Distilled in Glass", UV cutoff 200 nm, above
supplier.

4, Silica gel, 40-140 mesh, ‘Baker Analyzed', J. T. Baker
Chemical Co., Phillipsburg, NJ

c. Standards:

100 mg of stabilizers, plasticizers, etc., are weighed into
respective 100-mL volumetric flasks, dissolved and diluted to volume with
glyme. Using a pipette or a precision buret (recommended), the standard
stock solution is transferred into a 25-m1 volumetric flask containing
20 ml of n-heptane, diluted to volume with glyme and stored, tightly
closed, along with the stock solutions in an area free of light.

d. Instrument Conditions:

1. Mobile phase - 10 to 35 volume % glyme in heptane depending on
colum efficiency, achievable separation, and desired separation parameters.

2. Flow rate - 1.0 to 2.0 mL/min depending on solvent polar
strength, group (Solvent Use Index I, Waters Associates) and desired

separation.

3. Detector settings - 280 mm for 2NDPA, 340 nm for MNA and
NNOMNA. Response settings must be determined for each detector; e.g.,
.25 AUFS on the tometer, .05 AUPFS onthe Model 440, 2X-4X on

the R-401.

e. Analysis:

With the injector in the '""load" position, insert 20 uL of the
standard solution into the sample loop. Close the loop, and inject the
standard into the system. When the standard has been eluted from the

system, in the order of ZNDPA, NNOMNA, MNA, measure the peak heights or
peak areas for each compound.

Inject the sample solution in like manner and calculate the per-
centage of each component as follows:
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wti &lpment-%_xg X 100%

Whore A = wedght in mg of the standard component in the
25-mL volumetric (mg/25 mL)

B = height (pesk area) of the standard compment in
;cwiative%ts

C = peak height (peak ares) of the component in the
sample in relative units

D = weight in mg of the sample in the 25-mlL volumetric
(mg/25 mL)

f. Limitatioms:

1. The concentration of the substances to be measured should
approximate the concentration of standard. Follow the guidelines in the
Methods and Procedures section.

2. Depending on separation techmiques via HPLC, other species
eluting along with the species of interest could interfere with quantitation.

3. Samples containing nitroso compounds should be
with minimusm exposure to any source of ultraviolet (UV) light, as
decomposition of the nitroso group will occur.

5.4.35 Swelling ratio. The swelling ratio shall be determined in
accordance cation 21 (Applicable only to crosslinked
formulations (see 6.4)).

5.4.36 Sol/gel ratio. Samples conforming to CPIA Publication 21 shall
be a suitable solvent in a continuous extractor. (Applicable
only to crosslimked formulations (see 6.4)). Criteria for selection of
a solvent shall be as follows:

&. Solvent shall swell the gel phase to a maximm extent

b. Boiling point shall be low enough to permit extrsction on
a hot water bath

C. Solvent shall not dissolve or react with fillers

The extraction shall be continued until the soluble phase has besn com-
pletely removed. The solvent shall be removed from the solution portion

of to constant t in a stream of ni en. Calcula-
mm‘auMhWMMﬂmn dry Frog

5.4.37 - 1‘3;1 The c:('osﬁ& density shall be calculated
as specifi on 21 (Appl le only to cross-linked
formulations (see 6.4)).

5.438 Subscale motors. Nine subscale motors shall be tested at three
W' Neminally (see 1.3), the temperatures shall be
.336"“1 P, and the 2211 be tely 1000, 2000, and
psi. be fitted with sized t0 operate st

MW&’%& cuad st the Teguited tamerates),
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NOTE: In selecting motor operating pressure, consideration of the
strength of the case and propellant burning rate expenent
mst be the controlling factors. Maximm pressure must not

excood 85 percent of the capebility of the case and the rate
exponent at the maximm pressure must not sxceed 1.0.

5.4. 80 -Other properties. -Detemminination of properties other than
those described herein may be necessary to characterize a specific solid
propellant or to describe suitability for a given application (see 1.2
and 6.8). Additional tests may be required by the procuring activity when
xciﬁed in the contract. These may include but shall not be limited to

following:

8. Mechanical properties and burning rates in the direction of
major and minor axes of extruded or compressed forms

b. Stress relaxation modulus at additional strain levels and for
various time intervals

c. Composition of evolved gas as a fumction of time, temperature,
and loading density

d. Solubility of evolved gas species in the propellant

e. Diffusivity of evolved gas species

f. Constant strain capability

g. High rate, high pressure, cold, mechanical properties

5.4, 40, Aging effects. Propellant shall be aged at ambient temperature
and under accelerated conditions and tested as indicated in TABLE II and
the following paragraphs:

5.4. 40.1 Sealed units. Subscale motors and strain evaluation
cylinders shall be flushed with dry nitrogen, sealed, and subjected
to accelerated aging at a specified temperature.

a. Subscale motors. Six subscale motors shall be aged at Tz (see TABLE II).

Three shall be removed after 6 weeks and examined radiographically at
ambient temperature. Motors exhibiting cracks, slump, or other defects
shall not be fired. Acceptable motors shall be fitted with nozzles to yield

operating pressures of 1000, 2000 and 4000 psi, respectively, and static-
‘flred (see 4.1.6.3 and 5.4.1":8). The remaining three motors shall be with-

drawn after 12 weeks conditioning, examined, defective units reiected.
acceptable units fitted with nozzles and fired.

b. Strain evaluati linders. Two sets of strain evaluation
cylinders (see 4.1.0. aged at T3.  One set shall be with-

S
drawn after 6 weeks and the remaining set after 12 weeks. Each set of
cylinders shall be examined and tested as soon as possible after with-

drawal, as specified in 5.4. 27,

21



Downloaded from http://www.everyspec.com

”.u.v NPV.HH.
ﬂmﬂun [
£3¢2 y < saameiadeay 3 ouo os gl & !% v.couu u-lm uuoﬁu
3 03, .CrmF: El ﬁ 31593 pus 3.;.3:.%35 o&m ¥ ovvbmwu awm pagog oq n—.ﬁu_ 3% STy)
x ¥ xfg x x xjx. w aJx x x xJx x xfx ¥ ¥ ¥xj{x ¥ - ¥jx x x % £3§3wp
W (SIAI ‘dagsnju| ‘yiag
x x xfy x x ¥}z x ¥§{x ¥x x xJ¥x ¥ x}x x x x{x x - ygfx ¢ x ¥yj¥x ¥ ¥y o404
Sugjans ‘a0493u) ‘ying
¥ X X{¥ x ¥ ¥fx x ¥f{¥X ¥ ¥ X}¥ ¥ ¥yx ¥ ¥ x{x ¥ - ¥xyx ¢ x ¥}y ¥ 1y 130/ |95 4014038} “Y|ng
x x -ls - x -|x x <fjx - x -}x x -{x - ¥ -t x - -4 - x -}Jx ¥ - AL ‘3044334 ‘yyag
r x -|]g - ¢ -jx x -jx -~ ¥ -fx ¥ -x - ¥ -} - - - - g jy ¥ - N fujuang ‘aojaazu) ‘yiag
x x xilg - ¥ -jyx x xfx - x -fx ¥ xfx - ¥ -jx ¥ - -jx - - -}y - - uogsedxa
- 46 Jeay ‘sopalu) Sying
£ x xjr - ¢ -Jx ¢ ¥jx - x -jx x xqx ¥ x ¥jt - - -4p - - -fx - -~ £3isuap ‘Jojsajuy ‘yyng
X ¢t ox x xfx % xJx ¥x ¥ xj¥y ¢ ¥yx ¥y ¥ ¥{xr x - x|x ¢ ¥ ¥Y}¥ ¥ «x SSIPINY ‘A0)aaN) ‘yag
x x xjr ox x xix x xjx x x xfx x xix x ¥x xfx ¥ - ;xjx ¥ x xyx ¥ SIMUNIE 40} I2JU} ‘ying
x - - - - -Ix - -Ix - - -Jx - -} - - -} - - -<x - - -}px - - nw
] Sujning “gRup §/L 4034833
r X X r x xfx x xlx x x x}Jx ¥ x|x x x xjx x - -}x - ¥ -fjx -~ - £31swap ‘qaw) p/| S044nx3
X X1 X X ¥gx X Xix X Y ¢y ¢ xj{x x x X{xr x - kjx - x -1x x & S{®juayom
‘wup /| 40)423x3
I O X Xix X X§x ¥ ¥ Xf¥x ¥ xjx - x - ¥ - ¥Xj|;¥ - x -}x - = 1 33edm ‘3w gi/| w0janix3
X x X x x xfx x xx x x xfx x rjx x x xfxr ¥ - xf§x x ¥ ¥Jx ¥ x sshupiny
SP38).03 204403 ‘Y Vg
R R Y EE I L L T EEE ST O S L B B Y Y T L L I
N ] EEEEY CEEE R R R T | SHC IR ST TR U S4030u 3| BISGAG
~ [ 23 2 -—n¢~—.c2~—oo~—n~2~—a-N—uuco—.wpncﬂo—u.
Y93y ‘sourr] a8ui03g [EOT
) a1 ul 4 t Z £ 4 14
mm ' njesadew) s
s'H 3wy ) ?m& uehoa3 by 440
2 At i
aseydsomyy -

« XTIIEN $35337d BUdy (8OTAAL  “II T14VL



Downloaded from http://www.everyspec.com

M
5.4.40.2 Bulk propellant.

5.4.40.2.1 Storage conditions. Twenty-four slabs of propellmt spproximately
6 X 6 X3 inches sgﬂ be aged for various periods and under various conditions

as specified in TABLE II and 8&s shown below:

.8, Under dry nitrogen at Ty, T, ol Ty to show the effect of
thermal aging
b. Under wet nitrogen at T, and T, to show the effects
of thermal and hydrolytic attack
¢. Under dry air at T, and T3 to show thermal and
oxidative effects
d. Under air at T, in the presence of the specified relative mmidity, H,%
e. Under air st '1“3 in the presence of the specified relative mmidity, Hl%

The slabs in a. b. and c. above shall be stored in a 10-inch Pyrex vacuum
desiccator fitted with a glazed porcelain support disc. Flanges and cocks
shall be lubricated with a thin £film of high vacanm silicone grease. The
slabs in d. and e. above shall be stored in a controlled temperature and
relative mmidity conditioning oven in such memmer that the slabs are exposed

to the desired enviromment.

5.4.40.2.2 Storage preparatian.

a. Under g% nit_t_'_ogm. Place anhydrous molecular sieves in the
bottam compartment of a ccator, insert the support plate, place the
slab on the plate and seat the top. Ten such assemblies shall be required.

Evacuate the desiccator to about 30 mm of mercury (Hg) and fill with dry
nitrogen. Repeat evacuation and filling two additional times. Pressure

at smbient after final filling with nitrogen shall be:
1. Three containers, Tl storage = atmospheric mimus 10 mn of Hg
2. Four containers, Tz storage = atmospheric minus 70 mm of Hg
3. Three containers, T, storage = atmospheric minus 90 nm of Hg
b. Under nitrosen at _the %giﬁod relstive humidity, Hh4. Four assemblies
for T2 s ge ee for stur:g: s preparéd. Preparation
shall be as specified in 5.440.2.& with exception that the bottom

campartment of the desiccator shall be filled with a solution to yield
the specified relative lmmidity, H;b at the respective storage temperatures.

c. Under dry air. The lower compartment of the desiccator shall be
filled with anhydrous molecular sieve and the propellant slab supported
above the desiccant on & support plate. Prepare four assemblies for T;
storage and three for T3 storage. While in elevated temperature storage
the cock or valve shall be open. A Teflon tube shall be commected to the
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cock and extended through the side or top of the heated chasber. The
external end of the Teflon tube shall be cannected to a vented drying
tower filled with molecular sieves. The drying tower shall be at room
(ambient) temperature. ‘

d. Under wet sir. The bulk propellant slabs shell be stored in a
controlled temperature and relative humidity oven in such a mamner that
the slabs are exposed to the environment (see 5.4.40.2.1 and TABLE II for
instructions and conditions).

5.4.40.2.3 Special ozone storage. Test set-up and equipment. The ozone
accelerated aging equipment setup 1s shown in Figure 1. Filtered regulated
air.with a pressure of 69 kiloPascals (kPa) (10 psig) is supplied by an air
pump. The air passes through an ozone generator, a distribution manifold, and
flow meters prior to reaching the sample containers.. UV radiation converts

en in the air to ozome in the gemerators where the level of ozone is

controlled by the amount of exposure of the UV source to the air flow. The
ozone level is monitored by a Bendix Model 8002 Ozone Analyzer. This amalyzer,
currently state-of-the-art in ozone measurement, uses a photometric method
for detecting the chemiluminescense reaction of ozone and ethylene. The
analyzer is comnected so as to measure both input and exhaust levels of ozone
from any of eight desiccators. These desiccators are standard 7-liter glass
chambers housed in temperature controlled ovens. The ozone/air mixture is
introduced at the bottom of the desiccators since it has a higher specific
gravity than air. The mixture then exits through the top of the desiccator,

To maintain strain on the propellant samples during testing, a special
strain controlling fixture was designed and fabricated. This fixture can
be adjusted to control the: amount of strain on the propellant dogbones. The
test procedure is presented and the special fixture is illustrated in the
1978 publication of "JANNAF Structures and Mechanical Behavior Working
Group' (Service Life Sub-committee) 15th Meeting,

5.4.40.2.4 Storage. The propellant-desiccator assemblies shall be stored
at the temperatues and for the times indicated in TABLE II.

5.4.40.2.5 'I‘ of stored propellant. After the specified storage
time(s), the p ant shall be examined radiographically. Slabs that are
cracked, fiss\n'ed or ‘othérwise defective shill be removed from the program.
The remaming propellant shall be tested to the extent necessary to describe
properties after each eging period end condition. Tests may include but
shall not be limited to those given in TABLE II and the following paragraphs:
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5. Strand nu. The burning rate of intermediate with-
drawals + 2°F s 1000 psi. The burning rate
of the ‘terminal 'withdremals »ltuchsw condition shall be measured
at the conditions of the initial assessment (see 5.4.3).

6. Diffﬂ:%thl thermal mlg% nME ln‘A tests, as indicated
in TABLE II, ce with 5.4, 15. In cases where
appreciable dogradntim is indicated, as compared to the original
assessment, vacinm stability tests as spocified in 5.4.14 shall be required.

c. So swell ratio and cross-link demsi licate tests
shall be «4. 35, -ﬁ 4. 57,
respectively. Individual and average valuas "shall be reported.

5.4.41 Microscopy.

a. Particle size analysis. The particle size analysis of solid
ingredients shall be determined in accordance with the ASTM recommended
practice for reporting particle size characteristics, ASTM Special
Publication #234, (1958).

b. Interface les 111 s). Characteristics such as unbonding,

migration phenomena, porosity at a p rug:llmt/insulator
interface, propellant/propellmt interface, etc., shall microscopically
determined utilizing scanning electron microscopy (SBM) and/or stereo-

microscopy. 1. 0 x 1 0 x 0.25cm sections of the interface shall be shadowed
with a conductive coating before analysis by SEM. The working distance of
the stereomicroscope is the determining factor for sample size for stereo
microscopical analysis.

. Bulk llant Propellant morphology shall be
characteriz polar z ght microscopy for determining the
presence of agglmerates, dewetting phenomena, crystalline desolvation,
streining, particle growth and fragmentation, homogeneity and phase
changes of oxydizer ingredients. The crystalline ingredients shall be
remvod from the propellant, placed on.a microscope slide and an immersion

medimm such as & Cargille liquid added to the slide. After the slide has
been repamd pourizing research microscope shall be utilized for
charac terizing crystalline material. SEM analysis shall be utilized
for detemining banding characteristics between the crystalline ingredients
and the propellant matrix. Refer to 5.4.41b.for sample preparation for

analysis by SBM.
6. NOTES

1 Opntract data %mts. Any data required for delivuy in
comect;on Wl ts be specified on a DD Form 1423
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incorporated into the contract. Such data will be delivered as identified
on campleted (numbered) DIDs (Data Item Descriptions/ID 1664) which will
:eﬂdgc?)um‘bod in the Applicable ADL (Authorized Data List) (see 4.2, 4.4

6.2 Material safety data. Material safety data sheet requirements are
applicable and should be specified in the contract as required by the
Ammed Services Procurement Regulations (ASPR) 1-323.2 (see 4.7).

6.3 Safety precautions. Safety precaution requirements are applicable
and should be specified in the contract as required by ASPR 1-323 (see 4.6).

6.4 Deviations. Propellant properties, processing methods, and type of
applications are quite diverse. Consequently, it may not be feasible to
furnish the forms and quantities specified in 4.1.6 or perform all of the
tests indicated in TABLE I. Such situations, if not clarified in the
contract, must be resolved before the start of the program. Requests for
deviations shall be addressed to the procuring activity and prior approval
for deviations obtained in writing (see 5.4.14, 5.4.17, 5.4.18. 5.4.35.
5.4.36 and 5.4.37).

6.5 Documentation. When results of chemical analysis or other test
data are supplied by the manufacturer, a detailed description of the
procedure, or a nonproprietary reference, shall be required. In many
cases, interaction among ingredients occurs and the final composition
differs significantly from statement of nominal composition. In such
cases, the best available information calculated from the amounts of
ingredients ‘actually added shall be acceptable (see 4.2 and 6.1).

6.6 Submission of samples. Unless otherwise specified in the contract,
the characterization sample shall be sent to: Receiving Officer, Naval
Ordnance Station, Indian Head, MD 20640, Attn: NSWC R20 (see 3.3). A

of the documentation specified in 4.2 shall accompany the sample as
specified in the contract.

6.7 Defects. Surface defects, cracks, voids, fissures, fuel rich areas,
oxidizer rich areas, unbonding foreign material, or other defects of
sufficient magnitude to constitute a safety problem or to compromise test
results, shall be cause for rejection of individual units of 2 sample. In
cases of disagreement, the judgement of the contracting officer shall be

final.

6.8 Retests and additional tests. Provisions for retests and/or
additiona] tests should be specified in the contract (see 4.5 and 5.4. 39).

6.9 Conversions. The following conversions shall apply for all
temperatures specified in this document;
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6:9.1 Temperatures.
°F

-70
~65
-40
-20

0

6.9.2 Rates.
*F/minute

1.8
9

6923 Tolerances.
°F

£l
£2
25
+10

6.10 Supersession information.

*C

-57
-54
~-40

-18

of Naval Air Systems Command (30003)
Propellant Characterization: Sample

Custodian:
Navy - 0S

CF CC

77 25

86 30
100 38
120 49
140 60
165 74
176 80
180 82
230 110

°C/minute

1.0

S

°C

+0.5

1
i
5.5

MIL-STD- 2100(0S)

30 March 19

This standard includes the requirements
of and for Naval Sea Systems Command procurements, shall be used in lieu

29
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