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Since this document was prepar:d in 1971 several organizational
changes have occurred which will require correction in an up-dated
version of this manual. For example, the .Joint Technical Coordinating
Group involved is now the JTCG/Munitions Development; the Naval Ordnance
Systems Command responsibi ities described are now incorporated in those
of the Naval Sea Systems Command; those of the Explosives Division,
R Picatinny Arsenal are now with the Energetic Materials Division, US Army
*g Armament Research and Development Command, Dover, NJ.
& - Although distributed as an interim document the manual continues to
f; be the basic document describing the tests and criteria used by the three
fg services to qualify explosives for military use, New tests are continuing
gf to be refined. Some of these advances are described in ARRADCOM Special
3 Publication ARLCD-77004 (September 1977) "Pr oceedings of the Conference,
;;f on the Standardization of Safety and Performancé Tests for Energetic
. Materials" Dover, N.J.
%
: As a consequence, the manual 1s under revision to incorporate the
. changes and to extend the coverage to propellant and pyrotechnic substances.
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’3; a manual of wider acceptability.
3 This is a wmassive task which may take some years to accomplish. In
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H ,’2 to provide advice or assistance in the conduct of qualification test
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the Working Party can be made through Dr. Raymond F. Walker (Chairman)
or Dr. Harold Matsuguma (alternate) in the Energetic. Materials
Division. Users in particular are urged to submit suggestions to
replace, improve or supplement the tests described.

The following pagss are provided to indicate the authority for
the statements made in the manual.,
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ABSTRACT
This document presents a compllation of Joint Service test
procedures for' qualifying primary, booster and main charge explo-
sives for interim development and final application in military
end-items. These qual@f‘lcation procedures will be required for any
explosive under consideration by any of the military services.
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PREFACE

This manual constitutes»lg_l@ IV of the four volume final
report on the use of DOD emergenty funds to initiate the long range
Joint Services Explosives Fill Program. The funds were assigned to
the US Amy Project }T562603A§59.
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As indicated in the FOREWORD, in its present form the document

‘= must be considered an interim manual, subject to continuing review
4 analysis and improvement. Nevertheless, it 1s a significant step

forward and has already played a role in other facets of the Joint
Services Explosives Fill Program.
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FOREWORD

This document presents a compilation of Joint Service test procedures
for'qualifying primary, booster, and main charge explosives for use in
service applications and in development proqrams leadino to such appli-
cations (interim qualification). Test procedures and criteria for final
qualification of explosives in their intended application are also
included. These qualification procedures will henceforth be required
for any explocsive to be used by any of the military services. Additional
guidance will be forthcoming concerning the qualification of Yiquid and
slurry explosives.
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Some of the tests are listed as mandatory and must, therefore, be
performed. For these, suggested passina criteria have been established
and it is exr~cted that these criteria will be used by all services. An

: individual service retains the right to impose additional passing criteria
to fit its own more stringent requirements in specific cases.

AL e G R A T R S

This document is intended to be a viable auide, subject to reaular
review and updating, as a greater understandinc is oenerated on the
behavior, properties and testina of explosives. New test. - 11 be
included to fill oaps or to replace existina tests and users of this
document are encouraaed to submit test procedures for consideration.

This document contains the followina:

Introduction

Chapter 1. Interim Qualification of Primarv Explosives
Chapter 1!. Final Qualification of Primary Lxplosives
Chapter I1{. Interim Qualification of Booster Explosives
Chapter V. Final Qualification of Booster Explosives
Chapter V. Interim Qualification of Main Charge Explosives
Chapter VI.  Final Qualification of Main Charae Explosives
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Appendixes :

A. Standard Test Procedures for Electrostatic Sensitivity
Testina

B. Proredure for Adiabatic Sensitivity Testing - NEDED Method

C. Cylinder Expansion, The Gurney Constant and Warhead
Fragmentation

D. FAE Test Facilities and Procedures

E. Explosive Hazard Classification Procedures
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INTRODUCTION

The Department of Defense supports explosives R&D proarams in each
of the three services. As these proarams are productive, new explosives

. are generated in response to goals set to obtain improved explosives to
satisfy future and ongoina needs. Some explosives may be of hiah interest
to consider for concurrent development with applications proarams and it
is essential that the capabilities and limitations of the explosive be
adequately determined.

As a guideline for weapons designers and as an aid to explosives
researchers and engineers, this document describes:

1. Evaluation procedures which must be run (discriminatory tests)
before an explosive can be selected for final evaluation in a warhead.

g 2. Additional background information concernina the explosive which
is desiratle but not mandatory.

3. Criteria for passinag the tests outlined herein.

This information is presented for primary, booster, and main charge
explosives and is mainly for storable explosives and not for 2xplosives
which may be made up and used the same day. Performance tests listed
are referenced or presented harein, includino both those essential and
those considered desirable. These are intended to give desianers better
knowledge as to the type of application best fulfilled by a particular
explosive and vice versa.

Durina the preparation of the documents for interim qualification
of primary, booster, and main charge explosives, concern was repeatedly
voiced that the explosive formulation made in production would not be
exactly the same as that subjected to the qualification tests. Compo-
sitions covering the probable range of variance in density, composition,
particle size, etc. expected to occur during production should be made
and tested; however, the added cost may be prohibitive durina interim
qualification. It is therefore recommended that any material passing




AR R e AN

SO A T

WREHT

TS

PR

T T S AT R R RN,

- “Downloaded from http:/'vaw.everyspgc» SEYR

0D 44811

s

these tests be examined thoroughly at the time of consideration for use
in a warhead or other application so that reasonable assurance can be
given that the product will be acceptable for the parameters considered.
The range considered should cover expected production variability. It is
recommended that this variability be further checked as to meeting the
requirements of WR-50 by means of desianed experiments including expected
variable extremes. Some of this information would normally be obtained
during development.

It is necessary that several batches of the explosive composition
be prepared so that processability by the intended production method is
reasonably assured. The composition should be successfully scaled up
to at least 100 pounds for main charge explosives, 25 pounds for booster
explosives and to a logical production size appropriate for the type of
primary explosive, if the method is a noncontinuous process, before it
can be considered as havinn completely satisfied the requirements for
interim qualification. Unless otherwise specified in this document, with
the evaluation procedure prescribed at least three batches of approxi-
mately the same composition should be tested and should pass the sensi-
tivity and stability tests as required for each type explosive before
the composition is considered safe. The composition is considered
unacceptahle if cne or more of the batches fail these tests.

It is further expected that any major problems in successful process-
ina by the method of intended production should be worked out so that
there are no known outstandina production problems to be solved when
interim qualification is qranted.

The explosive composition should be sent to the Bureau of Explosives
of the Associatior of American Railroads for appropriate classification
or classified by the appropriately recoanized service agency, such as
ORD-048, on the basis of similar tests so that suitable criteria for
establishina safe shipment methcds are clear.
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This Joint Service document presents a compilation of test procedures
from the three scrvices that have been agreed upon for qualifying primary,
booster, and main charge explosives for consideration for use in service

application (interim qualification) and also those test procedures and criteria

for evaluation of explosives for final qualification of the explosive in its intended

application. These qualification procedures will henceforth be required for
any cxplosive to be used by any of the military services.

Somie of the tests are listed as mandatory and must therefore be performed.
For these, suggested passing criteria have been established and are presented.
It is accordingly expected that these criteria will be used by all services. The
individual service reserves the right to change the passing criteria to fit their
own perhaps more stringent requirement in specific cases or to devise more
appropriate criteria.

Relationships of organizations in the three scrvices to the approval of

explosives and of explosives in weapons.

Although the required tests for qualification will be the same or nearly so
except for occasional more stringent requirements for certain applications,

the three services individually qualify the explosive they use¢. For the Navy

the Ordnance Systemns Command has full responsibility for explosives development

and qualification both interiin qualification and final qualification in the weapon.

The Explosives and Pyrotechnic Branch, ORD 0332 is respunsible for
making recommendations for approval to COMNAVORD whereas the Safety
Division ORD 048 has overall weapon systems safety responsibility per
NAVORDINST 8020.11. 'The Weapons Systems Explosives Safcty Review Board
must approve of every Navy weapon prior to its release for service use.
Further delineation of Navy responsibilities in NAVORD are girven wn several
instructions summarized in NAVORD INS'T 8020.11, included in the manual and
in NAVMATINST 8020.1D.

For the Avmy, interim gualification is grantzd by thc Explosive Division,
Feltman Research Luboratory (FRL) Picatinny Arsenal, Dover N. J. This

qualification will be granted on the basis of successful passing of required
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tests of OD W81 and its Joint Service successor and any other tests
{rom the background information sections of the Marmal that the
Explosives Division deem necessary. Final qualification requires
Wi-50 (Reference 1 of 6-?) type tests as indicated in this Joint
Services manual (and OD H4811) and in additlion those tests rsgquired
for special applications from the publication "Army Materie® Test
Procedures" Picatinny Arsenal. This 1s a rather large group of
booklets which cover speclalized tests for various Army applications.
Procedure 1-1-001 describes cognizant Army Agencles and offices for
weapons systems ammunition and explosives for thelr life cycle.
Environmental tests are covered in more detail in AR 70-38. A

large number of these test procedures are the same MILSTD 810B and
MILSTD 331 procedures referred to in Wi-50. The final explosives
approval and qualificatlon in the munition is given by the Army
Munitions Command.

The Alr Force grants interim explosives qualification through
its Alr Force armament Laboratory, Fglin Air Force Base, Florida
and final qualification through the Air Force Non-Nuclear Munitiors
Safety Group (NNMSG) in accordance AR 127-102 of 7 March 1972. The
Alr Force requires the use of the same evaluation procedures as the
other services, viz., the Joint Service Manual.
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The Naval Ordnance Systems Cormand, ORD-1332, will make the final
Judgment concer, zgghéhe arantina of interim qualification based upon
their interpregathyp of the results of the tgsts described by thig docu-
ment for theg@ﬁnd the AFATL/DLGS for 1:h';’j\i ix.lem-ce. The Agmy ac;:ep-
tance of an®»Jpldsive in a mupition is pr "gakgd on succe§gfuﬂ dandn-
stration erior performance in theiﬁxzzgymunition and\gﬁggessfu1
completion of manufacturing and-fie\ddﬁ%g&, egimens .

GENERAL DEFINITIONS

Primary Explosives are those sensitive formulations or compounds
such as Lead Azide or Lead Styphnate which are used principally as initi-

ating agents in explosive trains. Thece sensitive explosives are normally

separated from the booster explosive by the interrupter or safety and
arming device of the fuze nr exploder.

Booster Explosives are compounds or formulations such as tetryl or
CH-6 which are used to transmit and'augment the detonation reaction
(initiated by the primary explosive) with sufficient enerry to initiate
a stable detonation in the main-charqe explosive.

Main Charge Explosives are compounds or formulations such as TNT,
Composition B, or H-6 which are used as the final charge in any explo-
sive application. These explosives, because of their insensitivity,
ordinarily require initiation by a booster explosive. For this document
explosives do not include pyrotechnics or propellants unless they are
used as the principle eneray source for destructive effects.

Non-Certified Explosives are compounds or formulations which are
neither service approved nor interim qualified. For the purpose of this
document, these include both explosives still under develcpuent and ex-
plosives which, although they may be used commercially or by other ser-
vices, have not been formally approved or interim qualified,

Service Approved Explosives are compounds ur formulations which
have been aprroved by the appropriate service command.

- .‘,'&%1'! ’
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Interim Qualified Explosives are compounds or formulations that have
not been approved for service use in specific applications, but have been
approved for further development leading toward an application.

SAFETY

General Safety Precautions

The loading, essembly, and handlina of any item covered by this
document, and the subassemblies thereof, involve hazardous operations
and therefore require suitable explosives safety precautions. Use of
this document will not be construed as to relieve the contractor or manu-
facturer of responsibility for the safety of his operations. Listed below
are certain minimum provisions which, in combination with DOD 4145,.26M
(DOD Contractors' Safety Manual for Ammunition and Related Dangerous
Material, October 1968) a contractor or manufacturer should observe in
order to fulfill his responsibility for safety. At government plants
these provisions are mandatory. Such other warninqs and precautions,
pertinent to the operational effectiveness or safety durine use or load-
ing of the specified item, are included in the detailed technical require-
ments of the document.

1. AN loadinn operations should be conducted in a neat and orderly
manner.

2. Safe equipment and methods should be utilized for transporting
and handling explosives and loaded parts. Where required, remote control
barricaded handlina equipment shall be used for explosives operations
such as mixing, pourina, weighina, charginn, siftina, dryina, pressing,
castino, crimping, etc.

3. Personnel handlina detonators, primers, delay elements, lead-ins,
boosters, and related parts that affect functionina, should insofar as
practicable, avoid usino bare fingers or improper equipment in order (o

prevent damaqe, corrosion, or deterioration from perspiration or other
contaminatina depo.its.

f gL
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2 E‘%@ﬁ%&u& 7 oda -




b}

SRR SR

ta Gty

S o ot e i R L L R

ST s rw..% R R AN I TR e S B AN DS LR
= Downloaded from hitp://www.everyspec.com ¥ -

0D 44811

4. The exposure of explosive materials and related parts should be
so controllea as to minimize the absorption of misture from the atmo-
sphere or other sources durina loading and handling operations.

5. A1l explosives and completely or partially loaded items should
be stored in suitable storage magazines located in accordance with the
American Table of Distances (ATD) or other applicable safety standards:
and, while in process, in safety lockers and chests if in loading rooms,

" or in adequate ready or service magazines located in accordance with

Intraplant distances when outside of loading rooms.

6. Proper care must be exercised at all times to protect personnel
from accidents, fires or explosions, and to limit damage to equipment
and loading areas. In this connection, the precautionary measures in
the following paragraphs should be observed.

a. Employ properly proportioned and properly located protective
barricades, screens or shields at all required points.

b. Keep only minimum limited quantities of explosives and completed
or partially loaded parts present at each staqe of operation.

c. Keep explosives and explosive parts in approved covered recep-
tacles with covers in place when material is not beina taken out of or
put into the receptacles. Where necessary, receptacles should be con-
ductive to ground electrostatic charges.

d. Protect operations from electrostatic charnes by effectively
groundina all machinery, equipment, and fixtures; and, where necessary,
employ suitable grounded conductive coverinas for floors, work benches
and tables, and workers' conductive shoes. Workers' clothine of a type
to minimize the accumulation of static charaes should be employed,
Fabrics such as silk and nylon, which promote static charqe aeneration,
should be avoidad. Additional grounding devices, such as grounded
bracelets for workers, should be emnloyed where operations are conducted
with items that are unusually sensitive to initiation by static elec-
tricity. Such {tems include initiatino explosives, tracer mixtures, and




e R y -

{ 0D 44811
|
!
I

low-energy-type electric primers, detonators, and squihs. The latter
types of items should have the free ends of lead wires bared and twisted
together, and be packed in relatively small groups wrapped in bare non-
insulated aluminum foil or other uncoated metal foil. Durina assembly
and processing operations such sensitive electric items should be short
circuited by clips or other devices until installed with safety shunt in
the final device. Additional precautions for these items should include
mechanical shieldina to contain or deflect fragments and blast, also
electrical shieldina of these items from induced electric currents
generated by sources such as lightning, static charaes, radiations from

communications apparatus, radar, or hiah frequency heatino apparatus,
etc. Where necessary for safety, humidity of workrooms should be in-
creased, as required, to lessen electrostatic effects without excessive
moisture absorption.

e. Protect all explosive operations from effects of electric cur-
rent originating from equipment such as solderino irons, heaters,
switches, wirina, motors, lights, test instruments, etc., by suitable
insulation, grounding, separation, or shieldina.

f. Enforce, where necessary, the wearina of suitable safety foot-
wear, gloves, goqgales, respirators, and impreanated garments to protect
personnel against burns, poisoning and associated industrial hazards.

a. Allow no fires or exposed electrical or other sparkina equipment,
and little or no flarmahle material to be present in loading, handling,
and storane spaces. Enforce proper "Match" and "No Smokina" rules where
necessary.

h. Enforce aood housekeeping and maintain effective policing,
inspection, and supervisory methods throughout the loadina area and sur-
roundinas. Employ effective cleanina methods periondically to minimize
the accumulatinn of explosives or exolosive dust and other contamination
upon, and assure its removal from floors, walls, ceilinns, ledges, tables,
benches, pipina, and equipment or the items loaded: also, clean up any :
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spilled material immediately. Employ an adequate ventilation system to
prevent an accumulation of toxic or flammable vapors in manufacturi ng
or storage areas.
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1.  SCOPE

1.1 Purpose. This chapter establishes criteria for the acceptance of
primary explosives for use in Navy weapons. Initial and intermediary
charges for primers, detonators, relays, electric matches, delays, ex-
plosive bolts, explosive switches, explosive actuators.'explpsive valves,
explosive cutters, and explosive pistons are included when they do not
qualify under either Chapter IiI or Chapter V of this document.

1.2 Limitation. The condition of having satisfactorily passed the tests
described herein is necessary but not sufficient for a primary explosive
material to be approved for service use. Final approval for use {n wea-
pons must be obtained from the Naval Ordnance Systems Command upon satis-
factory completion of the appropriate tests of Chapter II of this
document.

1.3 Applicability. This document {s to be applied as a qualification
standard for primary explosives and not as a procurement or quality con-
trrl standard. It is necessary, however, that explosives qualifying
under this document for the applications of paragraph 1.1 abova contain
in their procurement specifications tests to assure continued contrel of
the properties as delineated in this standard. When such tests are not
included, the requirements of this standard, at the discreiion of the
procuring activity, may be invoked to demonstrate that the explosive as
procured still qualifies under this document.

1.4 Applicable Documents.

1.4.1 Specifications.

JAN-P-408 Pentclite 50/50.
MIL-L-757 Lead Styphate.
MIL-L-3055 Cextrinated Lead Azide.

1.4.2 Reports.

Applied Mathematic Panel of the National Defense Research Coimittee
(AMP Report Mo. i01.1R, SRG-P No. 40).

1-2
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A Naval Ordnance Laboratory. The Development of Impact Sensitivity Tests
at the Explosives Research Laboratories, Bruceton, Penn. During the Years

. 1941-1945. White Oak, Md., 6 March 1956. (NAVORD Report 4236, publica-

. tion CONFIDENTIAL.)

Naval Ordnance Laboratory. The Electrostatic Spark Sensitivity of Bulk
. Explosives and Metal/Oxidant Mixtures, by R. M. H. Wyatt. White Oak,
Md., 1 June 1969. (NAVORD Report 6632, publication CONFIDENTIAL.)

Naval Ordnance Laboratory. The Electrostatic Spark Sensitivity of Various
Organic Explosives and Metal/Oxidant Mixtures. White Oak, Md., 7 March
1966, (NOLTR 65-124, publication CONFIDENTIAL.)

2.  TERMS AND DEFINITIONS

2.1 Definitions. The following specialized terms and definitions are
applicab’e to the requirements of this document.

2.1.1 Primary Explosive. For the purposes of this document, a primary
explosive is a single explosive compound or a mixture that does not meet
the requirements of one or more of the tests specified in paragraphs 5.1,
5.2, 5.3, 5.5, 5.7, nr 5.8 of Chapter IIl of this document.

2.1.2 Explosive (Material). As used herein, the term "Explosive", or
“Explosive Composition" implies not only a specific composition, but a
specific particle size distribution, purity, and process of manufacture.
! When a specification includes several variants as indicated by types,

‘ gradas, clésses, etc., each permutation of type, grade, class, etc.,
shall be considered to be a different explosive. When foreign materials
Pl | such as binders, lubricants, etc., are added at the point of loading,

¥ \ i each explosive material with each such additive in each proportion vill

L

; be considered to be a different explosive, and each is subject to the

: qualification provisions of Sections 4 and 5.

§ 2.1.3 Candidate Explosive. As used herein, the term "candidate explo-
-2 R sive" is any explgsive material being evaluated in accordance with this !
4 document. ;
] :
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2.1.4 Test. As used herein, the term "test" is the complete series of

——————

trials or replicates specified.

2.1.5 Trial. The term "trial" means the application of a stimulus to
a single specimen of explosive.

2.1.6 Representative Sample. Sampling procedures may be varied to
accomodate circumstances. However, where feasible, part of each repre-
sentative sample shall be drawn from each container and from various
locations within each container. The sample shall not be blended before
use in tests.

2.1.7 Sub-Sample. Where part of each sample, as specified above, is
drawn from each container and/or from various locations within each con-
tainer, each such part is considered to be a "sub-sample".

3. GENERAL REQUIREMENTS

3.1 Basic. ATl primary explosives used in weapons must meet all of the
mandatory requirements given in Section 4. Each explosive material, as
defined in paragraph 2.1.2 must meet these requirements. In addition,
Section 5 gives tests to provide desirable background information.

3.2 New Compositions. In addition to passing the tests described in the
mandatory requirements, each compound or mixture proposed for use as a
primary explosive shall be studied for the possibility of reactions with
containers or contaminants, or phase transitions under anticipated con-
ditions of use., Experiments shall be performed to determine the pro-
bability of such chonges and their effect upon stability and sensitivity
as determined by *ests described in Scction 4.

3.3 Explosives Description and Analysis. A description of what consti-
tutes the explosive (including its composition analysis) shall be pre-
sented when applying for an interim qualification. The explosive shall

be adequately defined and shall have met the requirements of this chapter.
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3.4 Specimens, General Requirements. The following paragraphs are dir-
ected toward the preparation of specimens of each candidate explosive in

a physical or chemical state similar (as is practical and compatible with
test procedures) to the physical and chemical state in which the candidate
explosive is to be used. Where, within the latitude of the requirements
as given, it is necessary to exercise judgement regarding specimen pre-
paration, this objective shall form the basis of such judgenent.

3.4.1 Sub-Samples. To the extent that it is practical and feasible, sub-
samples shall be kept separate, and equal numbers of specimens for each
test descritw:d under Mandatory Requirements {Section 4) shall be drawn
from each sub-sample of a candidate explosive.

4.  MANDATORY REQUIREMENTS

4.1 Vacuum Thermal Stability and Chemical Decomposition Test.

A 100°C vacuum thermal stability and chemical decomposition test
shall be run in triplicate on a composite sanple of the candidate primary
explosive. The test specimens shall be held at the 100°C temperature
for a period of 48 hours. This time may be exceeded but no candidate
explosive shall be considered to have passed the requircments of this
test if the time at 100°C is less than 48 hours. The apparatus and
procedure for running the test is given in the following paragraphs.
(Also see Specification JAN-P-408.)

4.1.1 Calibration. Dctermine the volume in ml of the 15,5 c¢m heating
tube (Fig. 1-1) by adding mercury from a buret until the tube is filled
to the level at which the ground glass joint of the capiliary tube will
make contact with the mercury. Subtract from the indicated buret read-
ing, the volum2 of explosive used in the test (0.1 m1). The difference
shall be represented by the symbol A. Transfer 7.0 ml of mercury to the
cup at tihe lower end of the capillary tube. Clamp the tube in an up-
right vertical position, and measure the height in mm of the mercury
column in the capillary tube (approximately 25 mm). Measure the length
in mm of each of the 3 parts of the capillary tube and add these values

1-5
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26 cm - -]

..

CAPILLARY TUBING
6 TO 6.6 mm EXTERNAL

- 1.6 cm DIA; 1.5 TO 2 mm
MATING SURFACES INTERNAL DtA
156 TO BE VERY WELL
GROUND

HEATING TUBE

1.8 cm =
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FIG. 1-1. Vacuum Thermal Stability Test. -
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to obtain total length. From the total length subtract the height of

the mercury column in the capillary tube as previously obtained. Repre-
sent this difference by the symbol B]. From the total length subtract
the height of the column of mercury in the capillary tube measured at

the end of the test described in paragraph 4.1.2. Represent this differ-
ence by the symbol B. Determine the capacity of the capillary tube per
unit of length as follows: Transfer an acburately weighed sample of
approximately 10 grams of mercury to the cup at the lower end of the
capillary tube. Manipulate the tube so that when it is horizontal mercury
is contained in the continuous section of the longest part of the tube,
and measure the length of the mercury column. Repeat this procedure .
twice with the mercury in 2 other parts of the long section of the tube.
Calculate the average of the 3 measured lengths of the mercury column.
Represent the unit capacity in ml per mm of the capillary tubing by the
symbol C. This can be obtained from the formula

where
C = unit capacity of capillary tubing in ml per im
W = grams of mercury
D = density of mercury at tenperature of determiration
L » average measured lengths of mercury column in nm,

4.1.2 Test Procedure. Transfer a 0.2 ¢+ 0.001 gn sample, dried at 65°C
for 2 hours, to the heating tube of the apparatus shown in Fig, 1-1,
Connect the capillary tube to the heating tube and seal the connection
with 1 ml of mercury. Clamp the apparatus so that the long section of
the capillary tube is in a nearly vertical position and the lower end
rests on a solid support. Transfer 7.0 ml of mercury to the cup at the
lower end of the capillary tube and #vacuate the systm until the pres-
sure is reduced to approximately 5 mm of n2rcury. Disconnect the pump
and measure the total vertical height of the column of mercury in the
capillary tube. Mrasure and subtract the vertical haight of the mercury

"
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in the cup. The difference shall be represented by the symbol H]. Note
the room temperature (t]) and the barometric pressure. Subtract the
value H] from the barometric pressure in mm. Represent this difference
by the syrbol P,. Insert the heating tube in a constant temperature
bath maintained at 100 t 0.5°C. Maintain the heating tube at temperature
for 48 hours. Remove the heating tube from the bath and allow it to
cool to room temperature. Measure the total vertical height of the
column of mercury in the capillary tube and subtract the vertical height
of the mercury in the cup. This difference shall be represented by the
symbol H. HNote the room temperature (t) and the barometric pressure.
Subtract the value H from the barometric pressure in mm. Represent this
difference by the synmbol P. Remove the heating tube and the sample from
the capillary tube and retain for the tests of paragraph 4.1.4.

4.1.3 Calculation of Gas Evolved, Calculate the volume of gas (V) in ml,
at standard conditions, liberated in the test described in paragraph 4.1.2
using the value represented by the symbols described in the preceding
paragraphs in the following formula:

273p . 273P,
V= A+C(B-H)Tm -A+C(B]-H])m

4.1.4 Amlysis. A chemical and/or physical analysis shall be made of
the material remaining in the heating tube to determine quantitatively
the deqree oi chemical decomposition that has nccurred in the test.
Since no sinqgle analytical procedure can be given for all primary explo-
sive, it will be the respornsibility of the organization proposing the
candidate primary explosive to provide a procedure meeting the approval
of the Maval Ordnance Systens Command. The proposed procedure shall be
capable of detectinyg not less than a 0.075 percent degradation in the
primary explosive or any of its major constituents if the primary ex-
plosive is a mixture.

1-8
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4.1.4.1 The tests of paragraph 4.1.4 may be waived if, to the satis-
faction of the Naval Ordnance Systems Command, it is shown that the de-
composition of each 0.1 gram of candidate primary explosive will be
accompanied by the liberation of at least 2 ml (at STP) of permanent
gas.

4.1.5 Qualification Criterion. The volume of gas evolved as calculated
under paragraph 4.1.3 shall be divided by the weight of the sample. This
figure yields the w1 of gas evolved per gram per 48 hours. To be accept-
able as a primary explosive, none of the triplicate samples shall yield

a value of more than 2.0 ml gas/gram/48 hours.

4.1.5.1 In those cases where the test of paragraph 4.1.4 applies, the
candidate primary explosive shall be considered acceptable iF not more
than 0.1 percent degradation has occurred in the explosive or any of its
major cnnstituents.

4.2 Impact Sensitivity.

A dry representative sample of a candidate primary explosive shall
be subjected to an impact sensitivity test using ERL type 12 tools as
described in NAVORD Report 4236. The results shall be compared with
results for normal lead styphnate (Specification MIL-L-757) and dextri-
nated lead azide (Specification MIL-L-3055) obtained at approximately
the same time and using the same apparatus and procedures.

-

4.2.1 Sample Preparation. Granular primary explosives shall be tested
in the loose, as prepared condition, after drying to constant weight at

65°C. Primary compositions with binders and solvents or with curing
binders shall be dried, then ground in a ball mill usiny a dispersing
fluid in which none of the ingredients including the binder are soluble,
and finally heated to constant weight at 65°C.

4.2.2 Test Procedure. Place @ 35 ¢ 1 mg sample of the candidate primary
explosive on the rough side of a piece of No. 05 sandpaper which is sup-
ported on the steel anvil shown in Fig. 1-2. Place the hardened steel
striker, Fig. 1-3, over the sample of explosive resting on the sandpaper
and anvil. Drop a 2-1/2 kilugram sieel weight from a height of 57 cm in
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a frictionless guided drop so that it impacts the striker centrally.

Note whether the response of the explosive is positive (explosion, burn-
ing, or other evidence of reaction) or negative, If the response is
positive, reduce the height of the next drop by 50%; if negative, in-
crease the height by 100% and proceed until a region is found where a

50 trial Bruceton test can be run. The test shall be run following the
procedure of AMP Report No. 101.1R, Statistical Research Group, Princeton
University 1944, using logarithmic step sizes of approximately 1 standard
deviation of the mean.

4,2.3 Qualification Criterion. There is no qualification criterion for
this test. The test results shall be reported along with those for normal
lead styphnate and dextrinated lead azide. (A normal range for these
compounds shall have been obtained at the time of testing the explosive

to be qualified.)

4.3 Electrostatic Sensitivity.

A dry representative sample of a candidate primary explcsive shall
be subjected to an electrostatic sensitivity test using the apparatus
described in NAVORD Report 6632 and NOLTR 65-124 and using the procedure
described in NOLTR 65-124. The test shall be run for both electrodes of
metal and for the base electrode of conductive rubber. The results shall
be compared with those for normal lead styphnate (MIL-L-757) and dextri-
nated jead azide (MIL-L-3055).

4.3.1 Sample Preparation. Granular primary explosives shall be tested
in the loose, as prepared condition after drying to constant deight at
60°C. Primary compositions with binders and solvents or with curing
binders shall be dried, then ground in a ball mill using a dispersing
fluid in which none of the ingredients including the binder are soluble,
and finally heated to constant weight at 65°C.

4.3.2 Test Procedure. Place approximately 15 mg of the explosive in the
phenolic holder and position on the basc electrode. Rotate the charge/
discharge knob to charge the capacitor to the full 7,500 voll apparatus
1imit and hold in position until the voltmeter shows that the potential
is reached. Rotate the charge/discharge knob to discharge the capacitor
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through the sample. Using only the voltage steps given below, repeat
the procedure until, for each capacitor size, the highest voltage at
which twenty out of twenty samples do not fire is determined. The test
shall be run for each capacitor size and for each electrode condition,
i.e., base electrode metal and base electrode conductive rubber.

Voltage Steps Capacitor Sizes

250 1 mfd

500 0.1 infd

{ 1,000 0.01 mfd

{ 1,500 0.007 mfd
3,000
? 4,500
) 6,000
7,500

4.3.3 Definition of Fire. For the purpose of paragraph 4.3.2 a fire
§ shall be defined as any audible report or noise that can be distinguished
‘ from the noise of the spark and/or any visible smoke or flame emitted
from the sample,

£.3.4 Qualification Criterion. There is no qualification criterion for
this test. The test results shall be reported along with those for normal
> ~ lead styphnate and dextrinated lead azide obtained using the same apparatus
and procedure and run at the same time.

4.3.5 Special Requirements.

4 | 4.3.5.1 Relative Humidity. The test must be run with ambient relative
- hunidity not exceeding 40%. Humidity shall be determined by wet and dry
; bulb hygrometry or by instruments of equal or better accuracy and pre-
cision.

4.3.5.2 Electrode Replacement. The upper (needle) electrode shall be
replaced after it has been used in ten trials, after any trial in which
a fire is obtained, whenever tests of a new explosive are started, or '
when any other condition dictates, whichever circumstance occurs first.
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4.4 Compatibility With Materials of Construction.

4.4.1 Discussion. On the surface the mandatory requirement on thermal
stability is disarmingly simple. This is because a single thermal sta-
bility test will not be feasible for all primary explosives. Some pri-
mary compositiuns may not be amenable to any thermal stability test that
does not include a performance requirement. Categorize the primary ex-
plosives on the basis of their reaction products into gassy materials
and "gasless" materials. As implied, the gassy materials produce much
gas on decomposition; the "gasless" materials very little gas. Each of
the two categories may be further subdivided:

Gassy Materials Examples

a. Single Compounds Lead Styphnate, lead azide

b. Mixtures NOL 130, NOL 60, FA 878

"Gasless" Materials Examples

a. Single Compounds Silver acetylide

b. Mixtures Zirconium/potassium perchlorate,
A-1A

In general, the qassy materials are used in detonating systems; the
gasless materials in delay trains, explosive switches, igniters, and
some 1 amp/]1 watt no fire devices.

Testing for the gassy materials usually is not difficult. A vacuum
thermal stability test can be run on the compound or mixture. It should
be noted, however, that running the test on individual ingredients of a
mixturc can be misleading if results are improperly interpreted. For
example, NOL 130 and NOL 60 compositions are thermally stable, but
tetracene, a constituent of both mixes, is itself not thermally stable.

The "gasless" materials pose quite a problem. It is likely that a
performance test will be necessary for them. A single performance test
may not suffice because different compositions may be compounded for
quite different uses, i.e., stab action or hot wire action. Testing for

some other property may rot be applicable.
1
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4.4.2 Gaésy Mate}ials. Mix proposed explosive and material and subject
to the 100°C VTS test given in paragraph 4.1.

4.4.3 Gasless Materials. Mix proposed explosive and material, subject
to 100°C for 45 hours and conduct appropriate chemical analysis and
performance tests.

5.  DESIRABLE BACKGROUND INFORMATION

In addition to mandatory requirements, all available Iackground
information should be obtained on a new primary explosive prior to use.
This type of information includes the following:

5.1 Detonation Velocity.

Assemble the test equipment as shown in Fig. 1-2 and 1-5, Press
the primary explosive so that it reaches a uniform density of 90-95%
theoretical maximum density (TMD). Conduct five identical tests and
record the detonation velocity in meters/second and the measured density.

5.2 Density.

Use any standard method of determining density on three samples
pressed at 20,000 + 500 psi.

5.3 Priming Ability.

Load 200 mg of RDX in the base of the cup as shown in Fig. 1-6 and
press to 10,000 psi. Place 100 mg of the proposed priming composition
loosely on icp. Position safety fuze as shown in Fig. 1-6 on top of
primary composition; use sufficient fuze (120 sec/yd) to retire to a
safe position. Light the safety fuze with a match and remain in a safe
position until after explosion. Heasure the depth of the dent in the
steglcplate. If it exceeds ___ inches*, reduce the primary charge by
15mg and repeat test. If it is less than __ inches*, increase the
primary charge by 15 mg and repeat test. Repeat this procedure increasing

*
Values to be determined.
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1. 200 mg RDX PRESSED AT 10,000 PS)
2. PRIMARY EXPLOSIVE BEING EVALUATED, LOOSE
3. PLASTIC {OR WOOD) HOLDER FOR SAFETY FUZE
4, SAFEYTY FUZE, 120 SEC/IVD
& PMMA HOLOER, 1.0 IN. OD X 0286 IN. 1D
8. 1020 STEEL PLATE, 1.0 IN. DIAMETER X 05 IN. THICK,
ROCKWELL B 70-98
7. GILDING METAL CUP, 0.278 IN. OD X 0.26 IN, 10 X
1.5 IN. LONG
FIG. 1-6. Typical Arrangement for
Priming Ability Tests.
{
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or decreasing each succeeding primary charge by 15 mg until a legitimate
30 trial Bruceton run is obtained. Calculate the 50% priming charge
weight and standard deviation.

5.4 Dent Output.

Make five test items as described in paragraph 5.3, replacing all
explosive charges (both RDX and primary) with 300 mg of the primary ex-
plosive only, pressed at 10,000 psi. Initizte with safety fuze and
measure dent depth in steel plate. Calculate and record the average
of 5 tests.

5.5 Dead Pressing Susceptibility.

Repeat paragraph 5.4 increasing the pressure loading as follows:
5 at 20,000 psi, 5 at 30,000 psi, 5 at 40,000 psi, etc., until the dent
value falls by at least 50% or 100,000 psi is reached, whichever occurs
first.

5.6 Solubility in later.

Use any standard method to determine solubility in water.

5.7 Hot Wire Initiability.

Bridge 60 P-12 plugs with a 0.0005 nichrome wire. Attach a charge
holder with a 0.1-inch-diameter charge hole and press in 20 mg of the
primary explosive at 5,000 psi. Fire 30 plugs in & continuous constant
curraent Bruceton test (current applied for 10 seconds, current constant
to + 2%) and 30 in a capacitor discharge Bruceton test using a 0.1 mfd
capacitor and 0.03 log unit voltage steps. Repeat using 60 plugs with
0.001 diameter nichrowe wire. Record the number of detonations for each
test condition and caiculate the means and standard deviations.

5.8 Stab Initiability.

Load 50 Mk 102 Mod 1 primer cups with the primary explosive pressed
at 20,000 psi. Determine s:nsitivity using the Bruceton method and the
Mk 136 test set. Repeat witn explosive loaded at 83,000 psi.

1-19
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5.9 Differential Thermal Analysis (DTA).

Run a standard DTA using a heating rate of 25°C/minute. Report the
curve obtained showing temperatures of all exotherms and endotherms to-
gether with sample size and identification.

5.10 Cook-off Temperature.

Using a standard melting point bar, determine the lowest temperature
at vhich approximately 5 mg samples of the primary explosive flash-off.

5.11 Friction Sensitivity.

To be determined.

5.12 Suggested Loading Procedure.

Suggestad loading procedures for the explosive being qualified will
be prepared and submitted to the Naval Ordnance Systems Command for
approval.

1-20
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Primary explosives are by their nature, sensitive materials which
may explode in a system outside of the usual functioning mode. Hence
; out-of-line or interrupter systems ae used to provide for adequate
safety. Therefore, final qualification of components containing pri-
mary explosives will be made on the basis of their behavior in the sys-~
tem of which they are a part. Usually, however, primary explosivas
containing components are subjected to the appropriate tests of MIL-STD-

331; these include joit, jumble, transportation vibration, 40-foot drop,
and the temperature-humidity cycle.

It is necessary, hcwever, for explosives qualifying under this
publication to contain in their procurament specifications a sufficient
nurber of the tests described in Chapters I and Il to assure continued
quality control of any of the properties described. The procuring
activity may invoke the requirements of this document at their discre-

; : tion to ascertain if the explosive, as procured, still qualifies.

]
}
i
t
}
!
i
;
I

The quality control provisions of the procurement specification must
also be reviewed to determine whether they adequately define the material
evaluated for qualification and assure that the stability and sensitivity

characteristics of the explosive will continue to meet the criteria of
this document.

< i A A 8

There are no other requirements for the primary explosive per se
for final qualification.
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1. SCOPE

1.1 Purpose. This chapter establishes criteria for the selection and
acceptance of explosives for use in fuze components so located that their
detonation would normally be comnunicated to the main explosive charge of
a fuzed weapon when the fuz2 is in the armed or unarmed condition. Ex-
plosives used in leads, relays, detonating cord, and boosters are in-
cluded when so located with respect to the interrupter.

1.2 Applicability. This document is to be applied as a qualification
standard for booster explosives and not as a procurement or quality con-
trol standard. It is necessary, however, that explosives qualifying

under this document for the applications of paragraph 1.1, contain in
thair procurement specifications sufficient tests described herein to
assure continued control of the properties which this document is designed
to measure. When such tests are not ficluded, the requirements of this
documant, at the discretion of the precuring activity, may be invoked to
demonstrate that the explosive as procured still qualifies.

2. APPLICABLE DOCUMENTS

2.1 Spacifications_and Standards. The following documents of the latest
issue form a part of these requirements.

SPECIFICATIONS - FEDERAL

U-T-106 Tape, Pressure-Sensitive Adhesive,
Paper, Drafting.

QQ-A-250/1C Aluminum Alloy 1100, Plate and Sheet.

TT-P-320a Pigment, Aluminum, Powder and Paste,
for Paint.

QQB-326 Brass.

QQ-5-698 Steel, Sheet and Strip, Low Carbon,

SPLCIF (CATIONS - MILITARY

JAN-P-408 Pentolite 50/50.

MIL-A-512A Aluminum Powder.

MI.~L-3055 Dextrinated Lead Azide.
3-2
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MIL-P-3R7A PETH.
MIL-R-398 RDX.
MIL-T-00339A Tetryl.
STANDARDS ~ MILITARY
MIL-STD-320 Terminoloay, Dimensions, and Materials
of Explosive Components for use in
Fuzes.
MIL-STD-444 Nomenclature and Definitions in the
Amnunition Area.
MIL-STD~1314 Safety Precautions for Explosive
i Loaded Items,
MIL-STD-1316A Fuze Desian Safety, Criteria for |
' |
2.2 Drawinas. |
CHIEF OF NAVAL MATERIALS
L.D 486247 Detonator, Electric, Mk 79 Mod 0.
L.D 533566 Detonator, Electric, Mk 86 Mod O.
457454 Plua Assembly. %
652215 Spacer. |
2426912 Explosive Prooerties Assembly.
2426913 Donor Assembly.
24256914 Accepter Assembly,
2426915 Body.
PL/DL 618104 . Static Discharne Test Set.
BUREAU OF NAVAL ‘EAPONS
457454 Plua Subassembly,
6522406 Spacer.

2.3 Reports.

Naval Ordnance Laboratorv. Standardization of the Small Scale Gap Test
Usad (o Measuce the Seasitivity of Explosives by, J. M. Ayree. White
Oak, Md., 16 January 1961, (NAVI.PS Report 7342.)

Naval Ordnance Laboratory. VARICOMP: A Method for Determining Detona-
tion - Transfer Probabilities, by J. N, Ayres, L. D. Hampton, et al.
White Oak, Md., 30 June 1961, (MAVWEPS Peport 7411.)
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Naval Ordnance Lahoratory. The Development of Impact Sensitivity Tests
at the Explosives Research Laboratories, Bruceton, Penn. During the
Years 1941-1945. White Oak, Md., 6 March 1956, (NAVORD Report 4236,
CONFIDENTIAL.)

3. TERMS AND DEFINITIONS
3.1 Terminuloav. Standardized terminology is used in this document in

accordance with the definitions of MIL-STD-444 and, more particularly,
MIL-STD-320.

3.2 Definitions. The followina specialized terms and definitions are
applicable to the requirements of this document.

3.2.1 As used herein, a "Booster Explosive" is de-
fined as an explosive acceptable for fuze components whose detonation
would normally be communicated to the main charge explosive of a fuzed
weapon whan the fuze is in either armed or an unarmed condition. This
will include explosives used in leads, relays, detonating cord, and other
components used on the warhead side of the interrupter.

Booster Explosive.

3.7.2 Explosive (Material). The term explosive or explosive material,
referring to a compound or composition beina investioated for qualifi-
cation in accordonce with this docunent, denotes a specific composition
with ranaes specified which have been covered by the safety tests of

this docunent. Whenever channes in particle size, purity, process of
manufacture, arade, class, or any other modification is made, it shall

be established that safety is not compromised and determination of

whether the composition becomes a new composition requirina a complete
rerun of the qualification will be made jointly Ly the qualifying group
with the approvina Departrent of Defense office from the counizant service.

3.2.3 Candidate Explosive. As used herein, the term "candidate explo-
sive” is any explosive material beina evaluated in accordance with this

documant .

3-4
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N 3.2.4 Test. As used herain, the term "test" is the complete series of
trials or replicates specified.
3 3.2.5 Trial. The terwm "trial" mezns the application of a stimulus to

a single specimen of explosive.

3.2.6 Represcntative Sample. Sampling procedures may be varied to
accemmodate circumstances. However, where feasible, part of each repre-
sentative sample shall be drawn from each container and from various
locations within each container. The sample shall not be blended before
use in tests.

3.2.7 Sub-Sample. Wnere part of each sample, as specified above, is
drawn from each container and/or from various locations within each con-
) tainer, each such part is considered to be a "sub-sample". i

4.  GENERAL REQUIREMENTS

4.1 Basic. All explosives used in fuzes.in direct communication with
main explosiv2 charges shall have met all of the mandatory requirements
given in Section 5. Each explosive material, as defined in paragraph
3.2.2, shall meet those rcquirements.

4.2 Mow Compositions. In addition to passing the tests presciibed in
the mandatory requirements, each compound or mixture proposed for use

as a booster explosive shall be studied for the pnssibilit, oF reactions
with containers or contaminants or phase transitions under anticipated
conditions of use. Experiments shall be performed to determine the pro- i ;

bability of such changas and their effect upon sensitivity as determined
; by tests described in Section 5. [

; 4.3 Explosive Description and Analysis. A description of what consti-
tutes the explosive (including its composition analysiz} shall be pre-
sented whan applying for an interim qualification. The explosive shall
be adaquately defined and shall have net the requivements of this
chapter,

.
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A.4 Specimens, General Requivemenis. The following parayraphs and the
more specific requirements for specitien preparation for specific tests
under Section 5 are directed toward the preparation of specimens of each
candidate explosive in a physical or chemical state similar (as is prac-
tical and compatible with test procedures) to the physical and chemical
state in which the candidate explosive is to be used. Where within the
latitude of the requirements as giver it is necessary to exercise judg-
ment regarding specimen preparation, this objective shall form the basis

of such judgment,

4.4.1 Sub-Samples. To the extent that it is practical and feasible,
sub-samples shall be kept separate, and equal numbers of specimens for
each test described under Mandatory Requirements shall be drawn from
cach sub-sample of a candidate explosive.

4.4.2 Cranular Explosives. For each test described under Mandatory
Requirements, a procedure is described for the preparation of specimens
from granular explcsives. These procedures are applicable to pure crys-
talline explosives and granular explosive mixtures, including plastic
bonded explosives, which are normally formed by pressing at temperatures
below the melling poirtf of the binder and at which the binder does not
undarge a chemical change (such as curing) as part of the fabrication
process .

4.4.3 Cast, Molded, and txtruded Explosives. For each of the tests
described in the Mandatory Requirements, the dimensions of the specimen
requived for cach trial are given either in the test or a referonced
drawing wheere necessary. Vhere the diirensions of a specinen to be used

in a specific test are compatible with fabrication proceduras for which
the candidate explosive is intended, such procedures shall be used in
specimen preparation. Whare intended fabrication procedures are only
feasible for chargns vory mich larger than the specinens specified herein,
these procedures shall be used to form billets of the candidate explosive
from which test specimens cen then he machined. Spccimens for each test

3-6
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dr.orribed shall be made from material taken al each of several locations
with respect to the principal dimensions of the billets from which they
are machined.

4.4.3.1 Other Sampling Requirements. Wnen billets are machined, the
uncontaminated chips, shavings, or dust resulting can be saved and used

as specimens in tests such as the vacuum stability test {paragraph 5.4)
and the electrostatic sensitivity test (paragraph 5.7) in which the tests
are performed on loose powder, and hot wire ignition test (paragraph
5.5) in which a finely divided powder is used. In general, except as
noted in the Mandatory Requirements, materials to be used in these tests
shall be used in the "as raceived" state exéept for drying. However,
explosives which have thermosctting or other binders vhich undergo
chemical changes in the process of "curing" should be cured before
testing. In tests where loose powders are used, particle size shall be
reduced to the point where all material passes through a U. S. Standard
No. 12 screen. Such screening shall not result in separation or loss of
material too coarse to pass the screen.

5.  MANDATORY RENUIREMENTS
5.1 Small Scalc Gap Test (SSGT).

A representative sample of the proposed new booster explosive shall
be csubjected to the standardized SSGT as described in NAVHEPS Report
7342 and the following paragraphs.

5.1.1 loading and Calibration of Donor Assemblies. Twenty-five donor
assemblies shall be prepared in acrordance with Fig. 3-1 (Drawing
2426913). Five of these donois shall be selected at randeir, assembled
in the test fixture shown in Tig. 3-2, and fired againt the block by
initiation of the detonator with a 50 volts DC (minimum) 20 amperes
(minimum) power supply. To be acceptable for use in the sensitivity
test, the average depth of dent produced in the block by the five repre-~
sentative donors nust be between 60 and 65 mils and the standard devia-
tion must not excced 4.0 mils. Each block shall be used only once and
the mecasurewent of the indentation depth shall be made in accordance
with paragraph 5.1.6.




Downloaded from http://Www.everysp')éc(.cb'm ’ s L R

— S e . - N 5 N

|
’ 0D 44811
i
| B
! ",
"‘.

, @
? . 1.000 INCH DIA ___

REF )

0.2010 INCH DIA
REF

FILL END {DENTIFIED BY BLACK DOT
L}

1500 INCH
REF

800Y

- .

; CHARGE TO BE FLUSH
WITH FACE OF BODY
CHARGE: RDK, MIL—R-00388, SEVEN 166 mg INCREMENT® PRESSED
AT 10,000 PS!. MOISTURE CONTENT AT TIME OF LOADING
NOT TO EXCEED 0.3% A MINIMUM OF 4 HOURS
DRYING TIME AT 50° C UNDER 28.5 INCH MERCURY
VACUUM JUST PRIOR TO LOADING,

FIG. 3-1. Donor Assemblies.
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¢ DETONATOR
ELECTRIC,
EXPLOSIVE,
. MARK 70 MOD 0
ILD188247)
OH MK 88-0 HOLOER
(LD533588) (2426918)

DONOA ASSEMBLY 1
/ (2426913)

i BLOCK DENT
b / 12426918)

1
i

AEPTR

0.250 CONCENTRICITY OF
; DONOR YO 8LOCK

; FIG. 3-2. Sm1Y Scale Gup Test Arrangement for Testing Donors.
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5.1.2 Preparation of Acceptor Specimens (Granular Explosives). The
explosive shall be loaded in eight equal weioht increments at 16,000

+ 1,000 psi. The first trial loadina shall be with increment weiqhts in
milligrams of 90 times the theoretical specific gravity of the explosive.
The acceptor body (Fia. 3-3) shall be weiched before and after loadina.
If all eight increments fit in the acceptor body with room to spare,
measure the remaining unloaded column height and adjust the weiaht of
each increment to meet the tolerance shown in Fin., 3-3 (Drawing 2426914).
Load another test body to assure that the drawing tolerance has been

met. ‘hen the adjustment is satisfactory, load the acceptor bodies to
form a total of 20 acceptors meetina the tolerance shown in Fia, 3-3,.

The acceptors shail be weiched before and after loadina and each indi-
vidual charge density detcrmined and accurately rcported to three decimal
places. If in loadina the first test body all einht increments do not
fit into the acceptor body, adjust the individual increment weiqght based
on the actual weight or explosive contained in the body and proceed to
adjust and load until 20 acceptors meetina the tolerance shown in Fig. 3-3
are obtained. Acceptors shall be weinhed before and after loading, and
each individual charae density determined and accurately reported to
three decimal plares.

5.1.3 Preparation of Acceptor Specimens (Cast, Molded, and Extruded
Explosives). The acceptor specimens of case, molded, and curing extruded
explosives shall be prepared in accordance with paraaraph 4,4.3, Where
mechanical properties of the exolosive make it pussible rods shall be

made 0.201 *0-0000 inch in dianeter by 1.520 *0-097 inches long. Ma-

terials which are too fraaile to be conveniently made into specimens of
these dimensions. may be made into shorter pellets which can be stacked
end to end to result in a composite specimen of these dimensions. (For
extrudable non-curine miterials the explosive may be extruded directly

into the acceptor and trimmed flush on cach end of the acceptor body.)

Each specimen shall be inserted in a body as shown in Fio. 3-8 (Drawing
2426915) after which the specimen shall he trimmed to a lenath, so that

310
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__0.2010 INCH DIA
REF

/—T REMOVE EXCESS INCREMENT FLUSH TO

005 INCH BELOW FACE OF BODY
(FILL END IDENTIFIED BY BLACK DOT)

80DbY

CHARGE TO BE FLUSH
WITH FACE Of BODY.

EACH INCREMENT TO BE LOADED AT A PRESSURE
MOISTURE CONTENT AT
TIME OF LOADING MUST NOT EXCEED 0.3%. A
MINIMUM.OF 4 HOURS DRYING TIME AT 650 C
UNDER 0.8 INCH MEACURY VACUUM JUST PHIOR

OF 16,000 ¢ 1,000 Ps1.

TO LOADING

.~ - L

FIG. 3-3.

Acceptor Assembly.
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it 1s flush with the body at both ends, by a method appropriate to the
specific material being tested. Before insertion into the body, each
acceptor specimen shall be accurately weighed and its diameter and
length accurately measured. These measuremens shall be used to accu-
rately calculate to three decimal places the charge density for each
acceptor. These densities shall be reported as an adjunct of this test.

5.1.4 Small Scale Gap Test Assemblies. Twenty explosive properties
assemblies shall be prepared in accordance with Drawing 2426912 (except
a Mc 86 Mod 0 Datonator may be used instead of a Mk 70 Mod O Detonator)
from a random selection of the accentable donors prepared in accordance
with paragraph 5.1.1 and the acceptors prepared in accordance with
paragraph 5.1.2 or 5.1.3. The concentricity of the acceptor to the dent
block shall be within 0.250 inch and the concentricity of the external
surfaces of the donor, attenuator, and acceptor shall be within 2.005
inch.

5.1.5 Test Procedure. Twenty assenblies shall be fired using 4.0 deci-
bang (see NAVWEPS Report 7411) attenuators. The dents produced in the
witness blocks shall be measured in accordance with paragraph 5.1.6.

§.1.6 Measuremsnt of Indentation Depth. Depth of indentation made in
the block by the explosion of the donor or acceptor as applicable, shall
be measured with a dial indicator capable of measuring 0.001 inch units
and accurate to 0.005 inch or better. The point of the dial indicator
probe shall have an approximate 30 degree included angle and the end of
the point shall have a radius of 0.025 + 0.002 inch. Before measuring
the depth of indentation in the block, remove any foreign material, such
as deposits, from the dent. Zero the indicator with the point of the
probe in the deepest part of the dent. Take the readings at four points
near the periphery of the block. These points shall be approximately
0.125 inch eway from the periphery and 90 degrees apart.

5.1.7 Qualification Criterion. The candidate explosive shall be re-
ported to have passed the Sinall Scale Gap Test and classified as a
booster explosive as defined in 3.2.1 if there are no explosions in 20

and only 20 trials. Any reaction causing a dent of 0.002 inch or more
shall be considerad an explosion.

3-13
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5.2 Impact Sensitivity (Small Scale Drop-Weight Test).

A representative sample of a proposed new booster explosive shall
be subjected to an impact sensitivity test using ERL Type 12 tools as
described in NAVORD Report 4236.

5.2.1 Specimen Preparation (Granular Materials). Granular materials as
defined in paragraph 4.4.2 shall be used as received. The specimen size
shall be appruximately 35 ¢ 1 milligrams. '

5.2.2 Specimen Preparation (Cast, Molded, -and Extruded Explosives).
Samples of cast, molded, or extruded explosives shall be prepared in
accordance with paragraph 4.4.3. Each specimen shall be a peliet not

Tess than 0.25 inch in diaweter and 0.025 *0-0% yncn thick. When test-

ing non-curing extrudable explosives, this size pellet should be formed
directly on 2 piece of sandpaper as described in paragraph 5.2.3 below.

5.2.3 Test Procedure. Place a specimen of the candidate explosive pre-
pared in accordance with paragraph 5.2.1 or 5.2.2 (taken from the sample
preparad in paragraph 5.1.2) on the rough side of a piece of No. 05 sand-
paper which is supported on the steel anvil shown in Fig. 3-5. Place

the hardened steel striker shown in Fig. 3-6 over the sample of explo-
sive resting on the sandpaper and anvil. Drop a 2-1/2 kilogram stee)
weight from a height of 12 centimeters in a frictionless quided drop so
that it impacts the striker centrally.

5.2.4 Quajification Criterion. The candidate explosive shall be re-
ported to have met the impact sensitivity test and to be acceptable as

a booster explosive as dafined in paragraph 3.2.1 it there are no explo-
sions, burning, or other positive evidence of reaction in 20 of only 20
trials.

5.3 Impact Vulnerability (“Flying Plata" Test).

5.3.1 Experimental Conditions. Impact vulnerability tests for this re-
quirement shall be performed using the arrangeiment shown in Fig. 3-7 and
the fullowing cxperimental conditions.
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Anvil for Impact Sensitivity Test.
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~ SAFETY FUSE

_—— BLASTING CAP

BOOSTER (TETARYL)
172 IN. DIA X $/2 IN, LONG
PHESSED AT 6 10,000 PS!

CARDBOARD TUBE
2 iN. L.D. X 0.125 THICK

DAY &)
y oo

PROPULSION CHARGE
ADJUST TO GIVE DRIVING
PLATE VELOCITY OF
400 + 25-0.0 FT/SEC

> &2 “ '.
b4 Sl
O . ",

e Fode
Crmtlordle

MASKING TAPE

ORIVING PLATE STEEL
2 IN. DIA X 075 1%, THICK

—— ALUMINUM TUBE
1 IN. 0.0. X 16 GAI006S)
WALL X 1 IN LONG

SPECIMEN CHARGE
PRESSED @ 10,000 PSI

So o S
T~ WITNESS BLOCK

NN sveec oo
1IN X 3 IN. X 3IN.

[~ ANViL, STEEL

e 3{”{.9 w‘c&ii' u}ﬂb
‘.‘ u-o ' .
RS c?c .05?«

FIG. 3-7. Impact Vulnerability Test Arrangement.
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5.3.1.1 Specimen Dimensions. THe specimen used for each trial in an

impact vulnerability test shall consist of one cylindrical pellet 7/8 .
inch in diameter and 1 inch long, loaded directly into an aluminum tube «
; 1.00 inch OD x 0.870 inch ID.

5.3.1.2 Specimen Preparation (Granular Explosives). The pellets shall .
be prepared by pressing at 16,000 + 1,000 pounds per square inch.

5.3.1.3 Specimen Preparation {Cast, Molded, and Extruded Explosives).
Specimens of cast, molded, or extruded explosives shall be prepared in
accordance with paragraph 4.4.3. (Extrudable non-curing explosives may
be extruded directly into the aluminum tube.) Each snecimen shall be a

pellet 0.865 tg’ggg inch in diameter and 1.000 tg’ggg inch lona. The

specimen shall be inserted in the aluminum tube as shown in Fiq. 3-7.

5.3.1.4 Driving Plate. The driving plate used in the impact vulner-
ability tests for this requirement shall be AISI E6150 steel, heat
treated to a hardness of 28-31 Rockwell C. The driving plate shall

have a diameter of 2 000 inches and a thickness of 0.750 tg‘ggg inch. .

5.3.1.5 Propulsion Charge. The propulsion charge shall be sufficient

+25
0 0o

In the arranqement shown in Fig. 3-7, with an explosive column 2 inches
in diameter by 8 inches long, nitroguanidine loaded at 0.68% gm/cc
(70.5 gm = 1,100 grains in each 2-inch increment) should give the de-
sired result, but the velocity shall be measured in preliminary experi-
ments.  The method of velocity measurement shall be accurate to within
2 percent and way be made by any of several techniques depending upon

E , instrumantation available. Either optical or electronic techniques are
permissible. Satisfactorv measurements are possible with framing and
smear cameras and with oscilloscopes and interval timers. The propulsion
ciarge shall be adjusted until five consecutive shots give velocities
within the specifiad rance. The propulsion charae density which qives

thic result <hall be wead in the test of the 20 charaes of each candidate
exploniye,

to propel the driving plale at a velocity of 40 feet per second.
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- 5.3.2 Impact Vulnerability Qualification Criteria. A candidate explo-
sive shall have passed the impact vulnerability test and be acceptable

. as a booster explosive as defined in paragraph 3.2.1 if there are no

. explosions in 20 of only 20 trials.

5.3.2.1 Criterion of an_Explosion. For purposes of this specification,
- any reaction which causes detectable damage to the witness plate shall
be considev2d an explosion,

5.4 Vacuum Thermal Stabilijty Test.

A 100°C vacuum thermal stability test shall be run in triplicate
on a composite sample of the proposed booster explosive. The apparatus
and procedure shall be the same as given in specification JAN-P-408 (for
50/50 pentolite) and in the following paragraphs except that the test
shall bea run for 48 hours rather than 40 hours.

5.4.1 Calibration. Determine the volume in ml of the 15.5 cm heating
tube (Fig. 3-8) by adding mercury from a buret until the tube is filled
to the level at which the ground glass joint of the capillary tube will
make contact with the mercury. Subtract from the indicated buret read-
ing, th2 volume of explosive used in the test (5 ml). The difference
shall be represented by the symbol A. Transfer 7.0 ml of mercury to

the cup at the lower end of the capillary tube. Clamp the tube in an
upright vertical position, and measure the height in mm of the mercury
column in the capillary tube (approximately 25 mm). Measure the length
in nm of cach of the three parts of the capillary tube and add these
values to obtain total length. From the total length subtract the height
of the mercury column in the capillary tube as proviously obtained. Re-
present this difference by the synbol B]’ From the total length subtract
the height of the column of mercury in the capillary tube measured at the
end of the test described in paragraph 5.4.2. Represent this difference
by the symbol B. Determin2 the capacity of the capillary tube per unit
of length as follows: Transfer an accurately weighed samplc of approxi-
i mately 10 grams of marcury to the cup at the lower end of the capillary

; tube. Manipulate the tube so that when it is horizontal mercury is con-
x' tained in the continuous section of the longest part of the tube and

3-19
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]
!
X. -y
N
28 em
’ 8 cm
1.5 cm - I
\ CAPILLARY TUBING
6 TO 6.6 mm EXTERNAL
15 cm DIA, 1.5 TO 2 mm
MATING SURFACES INTERNAL DIA
18,8 cm TO BE VERY WELL
GROUND
i
HEATING TUBE
: "
¥ P
88 cm

45°

2.2 cm

FIG. 3-8. Vacuum Thermal Stability Test.
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measure the length of the mevcury coluin. Repeat this procedure twice
with the mercury in two other paris of the long section of the tube.
Calculate the average of the lhrce measured lenqths of the mercury.
column. Represent the unit capacity in ml per mm of the canillary tub-
ing by the symbdl C. This can be obtainced from the formula

. ¥
¢ =
where
C = unit Eapacity of capillary tubing in ml per mm
W = grams >f mercury
D = density of mercury at temperature of determination
L =

average measured lengths of mercury column in am.

5.4.2 Test Procedure. Transfer a 5

2 hours, to the heating tube of the apparatus shown in Fiq. 3-8.

shall be prepared in accordance with paragraph 4.4.2 or 4.4.3 as appli-
cable, and sclected in accordance with 4.4.1.

to the heating tube and seal the connection with 1 ml of mercury. Clamp

the apparatus so that the long section of the capillary tube is in a
nearly vertical position and the lower end rests on a solid support.
Transfer 7.0 ml of mercury to the cup at the Tower end of tne capillary

tube and evacuate the system until the pressurc is reduced to apnroxi-

nately 5 nm of mercury. Disconnect the pump and measure the total

vertical height of the celumn of mercury in the capillary tube.

Measure
and subtract the vertical height of the mercury in the cun.

The dif-

ference shall be represented by the symbol H]. Note the room temperature

(t]) and the barowetric pressuire. Subtract the value H1 from the baro-
metric pressure in mn. Represent this difference by the symbol P1. In-
sert the heating tube in a constant temperature bath maintained at

100 + 0.5°C. Maintain the heating tube at temperature for 48 hours.
Remove the heating tube from the bath and allow it to cool to room tem-
perature. leasure the total vertical height of the column of mercury

3-21
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in the capillary tube and subtlract the vertical heiaht of the mercury

in the cup. This difference shall be represented by the symbol H. Note
the room temperature (t) and thy barcmetric pressure. Subtract the value
N from the barometric prossure in mm.  Represent this difference by the
symbol P.

5.4.3 Calculation of Gas Evolved. Calculate the volume of gas (V) in
ml, at standard conditions, liberated in the test described in paragraph
5.4.2 using the value represented by the symbols described in the pre-
ceding paragraphs in the following formula:

V= A+ C (B-H) TN R PR {(B,-H,) - 279
' 0273+ ) 1777 T60(273 + 1 t.'])'

5.4.4 (Qualification Criterion. The volume of gas evolved as calcu]atgd
under paragraph 5.4.3 shall be divided by the weight of the sample. This
figure yields the m1 of gas evolved per gm per 48 hours. To be acceptable
as a booster explosive as defined in paragraph 3.2.1, none of the tri-
plicate samples shall yield a value of more than 2.0 ml gas/am/48 hours.

5.5 Hot Wire Ignition Test.

A represcntative sample of a proposed new booster explosive shall
be subjected to the hot wire ignition test as detailed below.

5.5.1 Explosive Material. The explosive material particle size for this
test must be small compared to the diameter of the ianition wire. There-

fore, only explosive passing through a 325 mesh screen shall be used,
(Cxcept for extrudable non-curing explosives which shall be extruded
direclly into the charge holder and onto the bridgewire.) If a minimum

of 90% of the explosive as submitted does not pass through a 325 mesh
screen, a representative sample shall he taken and milled. Millina

should be conducted under @ noncombustible wetting agant that will neither
appreciably dissolve nor react with the explosive. The millina shall be
acconplished using stainless stecl balls or flint pebbles. Milling shall
be continued until at least 98% of the samole passes through the 325 mesh

3-22
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sicve. Only that portion passing the 325 mesh sicve shall be used for

i- the test. The explosive shall be dried to constant weight at 54°C be-
? i fore being lnaded in acco;dance with paragraph 5.5.2.

i 5.5.2 Loading Procedure. Bridge 40 pluy assemblics (BUMEPS Drawing

~& Lo, 457454) with a 2-mil-diameter tunysten wire flush with the plug surface
?; ‘ (Fig. 3-9). Firmly attach the spacer (BUNEPS Drawina 652246) to the

? . bridged plug assembly. Twenty bridged plug subassemblies each shall be

loaded with the dry explosive prepared as in paraaraph 5.5.1 by pressing
the explosive flush % 0.010 inch with the spacer at pressures of 4,000
and 20,000 psi respectively.

FoSu

sy T s

3 5.5.3 Firinq Procedure. Each loaded unit shall be tested with an

; ohmneter prior to firing to determine that the tunysten bridge wire is
intact. The test unit shall then be placed explosive side down on an
aluminum witness plate (Fig. 3-10) and fired in a safety chamber. Firing
k- ) voltage shall be supplicd by a fully charqed 12 volt lead-acid automotive
3 storage battery of at least 45 amperc hours capacity. The battery shall
é be connected to the test unit by a plunger tyvpe mercury relay (Macke
electrical devices or equivalent) through appropriate wiring and safety
interlocks. The total circuit resistance includina the relay, wiring,
and interiocks, but not the battery or test unit, shall not exceed

s 0.4 ohmn., Testing shall continue until all 40 samples (only 20 samples

i are necessary for extrudable non-curing explosives) are tested, unless

an individual test sample does not meet the requiremant of paragraph
E 5.5.4.

5.5.4 Qualification Criterion. Th: candidate exnlosive shall be re-
b ported to have passed the hot wire ignition test and to be accentable

4,
3 as a booster explosive as defined in paraarach 3.2.1 if pone of the 40
2 L samples show any evidence of reactior in the form of visible, audible,
13
e ! or measurable cxternal change to e *ost explosive, tie test unit, or

the witness plat:. The tungsten wire shall, however, have been burned
out as determined by an ohmmeter test.
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5.6 Thermal Detonability (Bon-Fire) Test.

5.6.1 Test Arrangement. Each trial shall be arranged as shown in s
Fig. 3-11. :

5.6.2 Specimens.

5.6.2.1 Specimen Preparation (Granular Explosives). The small column
of explosive shall be presced directly into the hole provided at 10,000
pounds per square inch. The length of the loaded increment shail not
exceed its diameter. The large diameter components of the specimen may

be either a pellet 0.930 fg:ggg inch in diameter by 1.000 fg:g?g inch

long pressed at 10,000 pounds per square inch or it may be pressed dir-
ectly into a 1 inch length of steel tubing 15/16 inches in diameter by
24 gauge wall.

5.6.2.2 Spacimen Preparation (Cast, Molded, and Extruded Explosives). .
Specimens of cast, molded, or extruded explosives shall be prepared in
accordance with paragraph 4.4.2. (Extrudable non-curing materials may
be extruded directly into the hole.) The specimens shall be of dimen-
sions indicated in Fia. 3-11.

5.6.3 Test Procedure. CLach trial shall be arranged as shown in Fig. 3-11
in a bombproof shelter or firing chamber adequate for protection against
the effects of detonation of a charge of the size shown. After person-
nel have retreated to a protected pssition, or the firing chamber has

been closed, the thermite mixture shall be ignited. Personnel shall

not approach the charge nor shall the firing chamber (if used) be opened
unti) ) hour after the ignition of the thermite. ‘

5.6.4 Qualification Criterion. The candidate exnlosive shall be re-
ported to have passed the thermal detonability test and to be acceptable
as a booster explosive as defined in paragraph 3.2.1 if there are no
explosions in 20 of only 20 trials,
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PRESSED, CAST, EXTRUDFD OR MOLDED

PELLETS OR ROD.
H . . 1IN,
D STEEL TUGING. 18/18 IN. OD X 24
k. ; GAUGE (0.072) WALL, USED WiTH
; EXPLOSIVES THAT CANNOT € HANDLED
: : AS PELLETS
E 1-14 N+ THREADED ROD
{'a ) : '
: am, - Q
G { V
9," X
h; 1
3 ) N
b | \
? ' 7t 1& \
9 i \ STEEL PLATE, 1 X 4 X & IN, CENTHALLY
3 ! " DAILLED AND TAPPED 1-14NF
3(,
£} i
S FIG. 3-11. Bon-Fire Test Arrangement.
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5.6.5 Criterion for Explosion. For the purpose of this document, any
reaction which causes detectable damage to the witness plate shall be
considered an explosion,

5.7 Electrostatic Sensitivity Test.

A representative sample of the proposed new booster explosive shall
be subjected to the electrostatic sensitivity test described in the
following paragraphs using apparatus in accordance with drawings and
specifications listed in PL/DL 618104.

5.7.1 Experimental Procedure and Conditions. Electrostatic sensitivity
tests for this requirement shall be performed using apparatus in accor-
dance with the drawings and specifications listed in PL/DL 618104 and
the following experimental conditions.

5.7.1.1 Electrode Adjustnent. Before starting a test or when the upper
(needle) electrod2 is replaced in accordance with parasraph 5.7.3.2, it
is necessary to readjust the electrode spacing. This is accomplished

by bringing the electrodes in contact, adjusting the dial indicator so
that the pointer is at zero and then turning the adjusting screw to move
the electrodes 0.050 inch apart as indicated by the dial indicator (one
revolution) (Fig. 3-12).

5.7.1.2 Voltage Adjustment. Before starting a test, the outout of the
high voltage power supply shall be adjusted to 10,000 = 100 volts. This
can be checked by pressing the charge switch button and reading the
electrostatic voltmeter. (See Fig. 3-13.) After releasing the charge
switch button, advance the grounding bar to contact the upper electrode,

5.7.1.3 Specimen Preparation. A specimen is prepared for each trial

by inserting approximately 20 milligrams (enough to cover the bottom but
not to fill the charge cavity more than about one-third full) of the
explosive in the charge cavity (the hole in the washer) of a lower elec-
trode assembly. For cast, molded, and cured extruded explosive it will
be necessary to pulverize the cured or formed samples in a ball mill as
described in paragraph 5.5.1, Since some explosives are subject to
scgregation with respect to particle size or components of mixtures,
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FIG. 3-12. Explosive Test Chamber.
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cdare should be exercised to insure that, in the course of a test, the
material actually used constitutes a representative sample, with respect
to both particle size distribution and composition. Since segregation
is possible in use as well as in testing, it is not necessary that each
specimen have the exact composition and particle size distribution of
the sample.

5.7.1.4 Procedure for Each Trial (Granular, Cast, Molded, and Curing
Extrudable). The procedure for each trial shall be as follows.

5.7.1.4.1 Move shorting bar into contact with upper electrode assembly
to discharge any residual charge on the capacitor. Raise upper electrode
by means of the dial indicator 1ifting lever. Do not put hands into test
chamber before shorting upper electrode assembly. Insert lower electrode
assembly containing explosive specimen prepared according to paragraph
5.7.1.3. Close door. Lower upper electrode to position (limited by ad-
justing screw as adjusted per paragraph 5.7.1.1) 0.050 inch above the
lower electrode. Retract shorting bar to its limiting position.

5.7.1.5 Procedure for Each Trail (Non-Curing Extrudable). Prepare
specimen per paragraph 5.7.1.3 by extruding the explosive directly into
the hole in the lower electrode. The explosive charge should not fill
the cavity to more than 1/3 full. Move shorting bar into contact with
the upper electrode assembly and raise the upper electrode by means of
the dial indicator lifting lever. Do not put hands into test chamber
before shorting the upper electrode assembly. Insert the lower electrode
assembly containing the explosive specimen and close the door. Lower
the upper electrode to the position limited by the -adjusting screw pre-
viously adjusted per paragraph 5.7.1.1. Retract the shorting bar to its
limiting position. Press the charge switch unti) the capacitor is

charged to 10,000 ¢+ 100 volts as indicated by the electrostatic voltmeter.

Release the charge switch and note whether or not there is a spark and
drop in voltage as indicated by the voltmeter. If a discharge does occur
proceed with the testing making sure that discharge occurs on each trial.

3-31

T o o men VT

]

7 = 7'23




Downloaded from http://www.everyspec.com

0D 44811

If a discharge does not occur in any trial, readjust the upper electrode
per paragraph 5.7.1.1 lowering the upper electrode in 0.005 inch steps
until the test can be completed by running 20 consecutive trials wfth

a discharge occurring in every trial. To pass the test, the requisite
number of trials must be made for the final electrode gap setting ignore
ing failures to fire in all previous trials even though a spark may have
occurred.

5.7.2 Qualification Criterion. A candidate explosive shall be reported
to have passed the electrostatic sensitivity test and to be acceptable
as a booster explosive as dafined in paragraph 3.2.1 if there are no
reactions in the 20 consecutive trials.

5.7.2.1 Evidence of Reaction. An audible report which can be distin-
guished from the noise of the spark, and/or visible smoke or flame shall
be considered evidence of reaction.

5.7.3 Other Reouirements. The test shall not be considered valid nor
the results repcrted unless the following conditions have been met.

5.7.3.1 Relative Humidity. The relative humidity shall not exceed 40%
as measured by a wet-and-dry bulb thermometer, or instrument of similar
reliability. Note - very low humidity increases the hazard of accidental
initiation by discharge of body or stray static charges.

5.7.3.2 Electrude Replacement. The upper (needle) electrode shall be
replaced after it has been used in 10 trials, after any trial in which
there is evidence of reaction, when a test of a new explosive sample is
started, or at any time that the operator observes any change in its
condition (whichever of these circumstances occurs first).

5.7.3.3 Periodic Apparatus Check. The apparatus shall be checked at
least every 10 working days by subjecting a sample nf lead azide (per
MIL-L-3055) to the static sensitivity test. Data obtained subsequent

to a check test shall not be official’y reported or used in the qualifi-
cation of any candidate buoster explosive until another apparatus check
test has been performed. The procedure and conditions shall be as
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outlined above except that the voltage shall be 5,000 ¢+ 50 volts. The
check test shall consist of 10 trials. The apparatus shall be considered
to be performing satisfactorily if all 10 specimens explode, as evidenced

by a loud report. If each trial does not result in .an explosion, evi-

denced by a loud report, a detailed examination of the apparatus shall be
made to determine the cause of the failure to initiate lead azide, and

all data which have been obtained since the last satisfactory check test
discarded. '

5.8 Friction Sensitivity Test.

A representative sample of the proposed booster explosive shall be
subjected to the friction sensitivity test as described in the following
paragraphs.

5.8.1 Experimental Conditions and Procedbres. Each trial shall be per-
formed using the arrangement as shown in Fig. 3-14 through 3-18 and the
following experimental conditions.

5.8.1.1 Specimen Preparation (Cast, Molded, and Extruded Explosives).

The method of preparation of test samples shall depend upon the properties
of the explosive and the intended procedure to be used in fabrication for
use as a booster explosive. Pellets of the test explosive shall be fabri-

cated to the coufiguration as shown in Fig. 3-16 in accordance with para-
graph 4.4.3.

5.8.1.2 Specimen Preparation (Granular Explosives). Four tenths of a
gram of the test explosive shall be pressed into the specimen holder at
20,000 psi (a dead load of 2,200 pounds) to the configuration shown in
Fig. 3-14. Note - since some explosives are subject to segregation with
respect to particle size or components of mixtures, care should be exer-
cised to insure that, in the course of a test, the material actually

used constitutes a representative sample, with respect to both particle
size distribution and composition.

5.8.1.3 Abrasive Strip Preparation. The abrasive strip shall consist
of spring steel strip 0.015 inch thick by 2.000 inches wide by 18.0 inches
long, hardened and tempered to a hardness of Rockwell C48/51 (Rockwell
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04 gm TEST EXPLOSIVE

PRESSED AT 20,000 PSI

0.016R
\ £ L N —L 0.045 IN. A ‘t\‘l“%{‘-.’
COLD FINISHED ————""% \
SEAMLESS MECHANICAL \ \
STEEL TUBING \ §
5/8 IN, O.0. X 11 GAUGE § 4 \\
(0.120) WALL \ / §
\ /

I

RAM, COLD FINISH —

SCREW STOCK (STEEL)

7

T

7/

it
7

i

N L

FIG. 3-14. Friction Sensitiviiy Test Specimens in Holder.
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ALTERNATE CONFIGURAFION FOR MATERIALS WHOSE
PROPEHTIES PRECLUDE THAT SMOWN IN SECYION 1

g 0.340 3 0.010 IN.

g%

0048 3 0.005 IN. b

B

0.148 & 001 IN.

}*————-——0.375 + 0004 IN, DIAMETER

PELLEYS OF TEST EXPLOSIVES MAY BE FORMED BY PRESS-
ING, CASTING, MOLDING, MACHINING ISOSTATIC PRESSING,
EXTRUSION OR BY OTHER MEANS OR BY A COMBINATION OF
THE ABOVE MENTIONED FABRICATION METHODS.

NOTEL  FOR MOST OF THE MORE COMMON BOOSTER EXPLOSIVES,
APPROXIMATELY 0.4 GRAM OF EXPLOSIVE WILL BE
SUFFICIENT. PRESSED GRANULAR EXPLOSIVES SHALL
BE PRESSED AT 20,000 PS!

FIG. 3-16. Test Specimen Configuration.
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COLO FINISHED SEAMLESS
MECHANICAL STEEL TUBING
§/3 IN. 0.0, X 11 GAUGE
(0.120) wALL

0.0. 0.625 + 0.005 IN.

LD, 0.385 ¢ 0.005 IN.

2375 IN.

A,

LU T T i

THESE TOLERANCES AKE SMALLER THAN STANDARD
COMMERCIAL TOLERANCES; HOWEVER, DUE TO IMPROVE -
MENTS IN MILL EQUIPMENT AND PRACTICES, MOSY
RECENTLY PRODUCED TUBING WILL FALL WITHIN THESE
TOLERANCES

FIG. 3-17. Specimen Holder Tube.
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- EXPLOSIVE SPECIMEN AS
,----'*:'/ PER FIGURE 3-15

0.100 & 0.006 IN,

e T NEZR
\

\

=N \
% N o coo e

|__~ 04 GRAM GRANULATED SUGAaR
PRESSED AT 20,000 pst

| o—— PER FIGURE 3-17

}""-~r- 0.378 IN,

FIG. 3-18. Specimen Holder Assembly,
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30 N 66.5/69.5) and roughened as follows: On one side, over an area
including the entire width and from one end to a point not less than

vo? 6.5 inches from the end. The roughening is accomplished by means of a

§ belt sander using a cloth belt with resin bonded, 60 grit silicon carbide
abrasive (Carborundum, Locking, Type 865F, or equivalent). While sand-
ing, the long axis of the stainless steei.strip shall be perpendicular

to the motion of the sanding belt. The sanding shall continue until all i
temper color has been removed from the area defined above and the ap- %

parent texture of this area is uniform. Fresh sanding belts, which have !
not been used for other operations, shall be used and not more than five ‘
spring steel straps shall be roughened with the same belt., The roughness

shall be such as to have an average deviation of not less than 50 nor

more than 90 microinches, as measured by means of a profilometer, from

the mean surface.

v, 5.8.1.4 Procedure for Each Trial. The procedure for each trial shall
be as follows (see Fig. 3-15).

5.8.1.4.1 Locate witness block with the help of spacer block, as shown
in Fig. 3-15, so that witness block is approximately centered with center
line of specimen support bushing.

5.8.1.4.2 Coat back (opposite side to that roughened) of spring steel
abrasive strip with a two to one mixture of S.A.E. 30W engine oi1 and
flake graphite (Dixon Crucible Co. No. 635 or equivalent). Roughened
surface shall be kept clean.

5.8.1.4.3 Install spring steel abrasive strip as shown in Fig. 3-15,
with roughened surface facing specimen support bushing, and bend end of
spring stee! strip (opposite ena to that roughened) around heel of jerk
lever. Clamp as shown in Fig. 3-15.

5.8.1.4.4 Insert specimen in specimen holder assenbly. (See Fiq. 3-14
and 3-15.) Insert specimen holder assembly with specimen ir place in
support bushing and apply normal force nf 1,675 ¢ 25 pounds to ram of
specimen holder. (Either hydraulic pressure or dead weight may be used

m
g

;
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to apply and maintain the normal force. It may be advantageous, parti-
cularly with dead weights, to use a lever system or other force multi-
plying mechanism.)

5.8.1.4.5 The "boom box" shall be closed, the safety bar (which restrains
the pendulum) remcved, the handle of the pendulum adjusted so that its
center of gravity is 18 * 0.5 inches above its low equilibrium point (at
which it strikes the jerk lever), and the pendulum released. If the
apparatus is performing normally, the spring steel abrasive strip will

be jerked entirely free from the boom box (except for pieces which may

be broken or torn from the strip as t'e result of an explosion).

5.8.1.4.6 The pendulum shail be returned to its top position, the safety
bar replaced, the boom box opened, the normal force removed, and the
specimen holder removed from the support busing. (When an explosion has
expanded the specimen holder, it is usually necessary to remove the
witness block and remove the specimen holder through the hole in the
witness block support.)

5.8.2 Qualification Criterion. The candidate explosive shall be reported
to have passed the friction sensitivity test and to be acceptable as a
booster explosive as defined in paragraph 3.2.1 if there are no explosions
in 20 of only 20 trials.

5.8.2.1 (Criterion of Explosion. For purposes of qualification, dny re-
action which results in an expansion of 0.005 inch or more of the speci-
men holder or produces a dent more than 0.002 inch deep in the witness
block, or both, shall be considered an expliosion.

5.8.3 Other Requirements. The test shall not be considered to be valid
nor shall the results be reported as part of the qualification data for
the expiosive under test unless the following conditions have been met.

5.8.3.1 Relative Humidity. The relative humidity shall not exceed 80%

as measured by a wet and dry bulb thermometer or instrument of similar
reliability.

3-40
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5.8.3.2 Perlodic Apparatus Check. The apparatus shall be checked subse-
quent to or concurrent with each series of qualifying tests, by subjecting
a sample of tetryl (MIL-T-00339A) and a sample of PETN, (Pentaerythritol
tetranitrate) (per MIL-P-387A) to the friction sensitivity test. Data
obtained subsequent to a check test shall not be officially reported or
used in the qualification of any candidate booster explosive until an-
other apparatus check test has been performed. (Check test trials may

be interspersed among qualification test trials in a random or systematic
order so that data can be developed concurrently.) The procedure and
conditions shall be as outlined above. The apparatus shall be considered
to be performing satisfactorily if the PETN fails and the tetry) passes
in accordance with the criterion outlined in paragraphs 5.8.2 and 5.8.3.
If either the PETN passes or the tetryl fails, a detailed examination

and calibration of the apparatus shall be made to detect any change in
test conditions, and all data obtained since the last satisfactory check
test discarded.

5.9 Detonation Valocity Test.

Detonaticn Velocity Tests will be conducted in accordance with
Ref. 1 and 2.

REFERENCES FOR CHAPTER II1

1. Campbell, A. W., M. E. Malin, T. J. Boyd, Jr., and J. A. Hull. Rev,
Sci. Instru. 27 (8), 567 (1956).

2. Amester, A. B., P. A. Kendall, L. V. Veillette, and B. Harrell. Rev.
Sci. Instru. 31, 188 (1960).
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1. SCOPE

1.1 Scope. This chapter establishes environmental and performance tests
which are required for final qualification of a booster explosive to be
used in naval weapons. The tests set forth herein represent the minimum
amount of data required on an explosive to be used in a proposed service
item before approval can be given for service use of that explosive in
that item. This does not supersede the requirements of MIL-STD 331 for
the fuze itself. If the fuze is subjected to the requirements of MIL-
STD 331 the following are sections applicable to the explosive.

1.2 Application. This chapter applies to any explosive waich is loaded
into a component whose detonation would be communicated to the main charge
of a weapon when that weapon's fuze is in either safe or arm condition.

1.3 Sample Size. The sample sizes specified in each test are only the
minimum necessary to parform the test. The sizes are not considered suf-
ficient to provide the basis for a statistical evaluation relative to
quality or reliability of the test item. Additional tests may be required
for certain systems.

1.4 Definitions.

1.4.1 Safe. For the purpose of this chapter, safe is defined to be the
condition of the item for which no undue hazard would exist to personnel
or equipment engaged 1n handling, shipping, or disposing of the unit.

1.5 Appiicable Documents.

MIL-STD 331 Environmental and Performance Tests
for Fuzes and Fuze Components,

MIL-STD 210A Climatic Extremes for Military Equip-
ment.

2. GENERAL REQUIREMENTS

2.1 Test Conformance. CLach individual test shall be performed in the
manner and sequence specified herein. Any deviation or modification
essentially defeats the standardization which is an objective of this
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document. Therefore, when a test is not performed as specified, the

test report shall so indicate, documenting the difference(s), and in
general, shall not be reported as performance under this document.

2.2 Test Equipment.

2.2.1 Capability. All equipment reauirved for the tests must be capable
of providing or meetina the conditions required.

2.2.2 Accuracy of Test Equipment. The accuracy of instruments and test

equipment used to control or monitor the test parameters shall be veri-
fied periodically (at least every 12 months, and preferably once every

6 months). A1l instruments and test equipment used in conducting the
tests specified herein shall:

a. Conform to laboratory standards whose calibration is traceable
to the U. S. Bureau of Standards.

b. Have an accuracy of at least one-fourth the tolerance for the
variable to be measured. In the event of conflict between this require-
ment and any accuracy requirement in any one of the tests of this docu-
ment, the accuracy requirement of the test beinq used shall qovern.

c. Be appropriate for measurina the conditions concerned.
2.3 Test Conditions.

Unless otherwise specified herein, all measurements
and tests shall be performed at ambient temperature, pressure, and rela-
tive humidiiy. Whenever these conditions must be controlled in order to
obtain reproducible results, a reference temperature of 23°C (73°F), an
atmospheric pressure of 30 inches of mercury, and a relative humidity of

50 percent shall be used together with whatever tolerances are required

to obtain the desired precision of measurement. Actual test conditions

shall be recorded durina the test period whether controlled or not.

2.3.7 Installation of Test Item. Unless otherwisc soecified the test

item shall be installed, mounted, attached to or placed in the test equip-
ment in a manner that will simulate service usaaqe.

If fixtures or adaptors
are required they shall be desianed to provide the same simulation. Plugs,

covers, plates, cables, and accessory items used in service shall remain
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in place. When mechanical or electrical connections on the test item
are not used, the connections shall be provided the same amount of pro-
tection which is provided durine service use.

2.3.2 Tolerance of Test Conditions. The maximum allowable tolerances
of test conditions (exclusive of accuracy of instruments), unless other-'
wise specified in any of the tests of this document shall be as follows:

3. Temperature: #2°C (3.6°F).

b. Pressure: When measured by devices such as manometers 5 per-
cent or 0.05 inches of mercury, whichever provides the qgreater accuracy.
When measured by devices such as ion aauaes, 10 percent to 1 x 10'5 torr.

c. Relative Humidity: +5 percent, -0 percent.

d. Vibration Amnlitude: Sinusoidal, *10 percent; random, +30
percent,

2,3.3 Preconditioning and Stabilization. Unless snecified no precon-
ditionina or stabilization will be required. When preconditioning is
required the conditions shall be instituted and brought to the level for
the time specified, at which point the test shall beqin. When stabili-
zation is required the conditions shall be held at the level for the time
specified. Checkinn operation of or adjusting test equipment with the
test item installed or exposed, at any time (pre-test, during test, post-
test), shall be kept at a minimum. Such time shall be considered a part
of the test time, if time is a factor of test item performance or life.

2.4 Examination and Test Criteria.

2.4.1 Visual Examination. At the beginning or complet%on of any test
required herein or when test exposure is considered to have affected the
test item, a visual examination shall be made of the item and any damage
observed shall bc recorded in the test record. The extent of the visual
examination shall be aoverned by the nature of the test item and the
damage suspectea or incurred. The examination shall not be performed in
a manner which interferes with anv subsequent performance or operational

test which is necessary to determine conformance to the criteria for pass-
ing the test.
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3.  MANDATORY REQUIREMENTS

3.1 Sequence. The tests shall be conducted in the sequence -and with no
less than the number of units shown in Fiq. 4-1.

3.2 Transportation Vibration.

3.2.1 Description of Test. The test consists of vibrating explosive
components accordina to a specified schedule of frequencies, amplitudes

and durations while being maintained at prescribed temperature conditions.

3.2.2 C(Criteria for Passing Test. The units must be safe to handle and
dispose of following this test as determined by inspection.

3.2.3 Test Equipment.

3.2.3.1 The vibration equipmeﬁt required to conduct this test may be any
remotely controlled vibration machine, Such as mechanical (direct-drive),
mechanical reaction or electrodynamic type, producing essentially recti-
linear simple harmonic motion and hav.ng the necessary capacity for force
output, weight of load, and frequency ranqe. Vibration machines which
produce complex motion in a combination of circular or rocking modes may
be used. However, the amplification conditions which occur with this
type of equipment, due to veriations of load sizes and shapes, should be
determined and the maximum acceleration point established for use in
monitoring. Frequency control may be continuous or by discrete steps,
using locarithmic distribution. The vibration equipment must be capable
of covering the frequency range of 10 to 500 cycles per second (cps) *3
percent. Amplitude capabilities required for the 10 to 60 cps ranqge
shall be 0.10 & 0.01 inch double amplitude or 2 ¢+ 0.2 ¢ peak, vhichever
is lesser, and for the 60 to 500 cps range 5 t 0.2 g peak.

3.2.3.2 Riqgid mounting fixtures which simulate the service assembly of

3
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the units must be provided. In desianing test fixtures, or in devising o
any method of securina test samples to the vibration table, it is desir- @%ﬁ
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30 units

RADIQGRAPHIC
INSPECTION

f IZS units

TRANSPORTATION 5 units
VIBRATION

120 units

—

TEMPERATURE & HUMIDITY
AND
RADIOGRAPHIC INSP.

2 units 1 unit
JOLT
1 unit
Loame JUMBLE — unit |
4 units 1 unit
SR 40 FOOT DROP IR ——

TACTICAL ENVIRONMENT

{13 units AND <2 units |
RADIOGRAPHIC INSP

FIG. 4-1. Sequence of MiL~-STD 331 Tests.
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3.2.3.3 The instrumentation required shall be capable of measuring,
within the prescribed limits, the frequency and amplitude of the applied
vibration and the conditions of temperature specified.

3.2.3.4 Temperature conditioning equipment shall be required to establish
and maintair the fuze at the specified temperature levels during test.

3.2.4 Test Procedure,

3.2.4.1 Temperature Conditions. Three conditions are required for the
complete test: (1) -65 + 4°F, (2) +86 + 18°F, and (3) +160 + 4°F. Each
unit shall te subject to only one temperature. The units shall be divided
among the three temperatures as equally as possible. They shall be tem-
perature conditioned prior to the test at the value chosen and maintained
at that temperature level for the duration of the test.

3.2.4.2 Vibration Conditions. The units shall be mounted in the test
fixture and securely fastened to the vibration table. Vibratory excita-
tion shall be applied parallel to each of three major axes in turn:

(1) the longitudinal axis {line of fliaht), (2) a first transverse orthog-
onal axis, and (3) a second transverse orthogonal axis. The two trans-
versc axes and the sense of the vibration (nose up or nose down) along

the longitudinal axis shall be chosen to expose the most critical or
vulnerable positions of the unit to the vibration. The vibration sched-
ule used shall be one of the following specified, dependent upon the
method of frequency control of the vibration equipment.

3.2.4.2.1 (Cycling Method. The vibration schedule of Table 4-1 shall be
used. Frequency shall be controlled by logarithmic sweep. Total test
duration shall be 24 hours plus the time spent at resonant frequencies,
The resonant frequencies should be determined during the first cycling
period for each axis position. When resonant conditions are not observed
within the specified vibration schedule the resonance vibration shall con-
sist of performing four additional sweeps, two over the 10-60-10 cps range

and two over the 60-500-60 cps range, 15 minutes each, totaling 60 minutes.
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TABLE 4-1. Vibration Schedule (Cycling Method).
Type Frequency, cps Input amplitude Cyc'lesa
Cycling 10-60-10 0.10 ¢ 0.01 inch 10
double amplitude
or 2 ¢+ 0.2 g peak,
whichever is lesser
Cycling 60-500-60 5+ 0.2 g peak 14
Resonance As determined As indicated above Dependent upon
(would be in the specific the number
single fre- frequency ranqe of resonant
quency points) points

uration at each cycle and at the resonant frequencv shall be
20 minutes. The total cycling test time in each axis shall be 4 hours
and the test time at resonant points shall be 20 minutes times the
number of resonant frequencies (i.e., 20 minutes at each resonant point).

3.2.4.2.2 Discrete Step Method. The vibration schedule of Table 4-2
shall be used. Tota! test duration shall be 24 hours plus the time spent
at resonant frequercies. The resonant frequencies may occur between the
frequency steps and additional investiqation will be necescsary to deter-
mine whether rcsonant conditions exist. Intermediate frequency points
may be studied to identify either resonant points or resonant bands.

The item shall then be vibrated at each fixed point or within each reso-
nant band for 15 minutes. When resonant conditions are not observed
within the d:screte frequency vibration schedule the resonant vibration
shall consist of repeating vibration at four frequency steps, 10 cps,

46 cps, 152 cps, and 500 cps for 15 minutes at each frequency. Ampli-

tudes of vibration shall be as specified in Table 4-2 for the stated
frequency.

3.2.4.3 Upon completion of vibration, radiographic inspection is recuired.
In general, the results of vibration tests are manifest in varying degrees
of abrasion or loosening of components. Distinction between reasonable
wear and borderline or serious damage, significant in terms of safety or

operability, must be made on the basis of engineering judgment. Examine
the item for conformance with paragraph 3.2.2.
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. TABLE 4-2. Vibration Schedule {Discrete Step Method).
A. Frequency, cps
- Pxis
: Step -
§ Longitudinal Transverse 1 Transverse 2
| 1 10 12 14
2 17 20 24
3 28 33 38
4 46 54 65
5 76 91 107
b 128 152 178
; 7 212 250 297 ;
8 350 417 500 '
9 Resonanc frequency Resonant freauency Resonant frequency
; as determined as determined as determined
; B. Vibration Amplitude
? 1. Input amplitude shall be 0.10 + 0.01 inch double amplitude or 2 ¢+ L
! 0.2 g peak, whichever is lesser, for frequencies below 60 cps.
{ ;
; 2. Input amplitude shall be 5 *+ 0.2 g peak for frequencies above 69 cps. i
? 3 C. Duration
] 1. Duration at sters 1-8 (fixed frequency) per axis shall be 60 minutes :
per st p.
| 2. Duration at step 9 per axis shall be 15 minutes per resonant fre-

quency.
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3.2.5 Background Information. (Not a mandatory part of this test.)

3.2.5.1 Vibration Schedules. The schedules utilized in this test have
been developed following extensive measurements of accelerations during
transportation in 1 variety of vehicles. The test as described is conse-
quently a simulation test, and the units must not be adversely affected
by it.

3.2.5.2 Resonance Studies. The resonant frequency of the total weapon
structure may not be the most damaging. Individual components of the
structure will have their own natural frequency of resonance and may
experience greater g-amplification and damage at their own resonance
than at the mass resonance. Therefore, it is suggested that studies of
the response of individual components be made to provide the proper
information as to resonance effect.

3.2.5.3 Mechanical Vibration Effects. In general, the results of vibra-
tion tests are manifest in varying degrees of abrasion or loosening of
components. Distinction between reasonable wear and borderline or serious
damage, significant in terms of safety or operability, must be made on

the basis of engineering judgment, including studies under dynamic oper-
ating conditions where practicable.

3.2.5.4 Temperature Conditions. Temperatures are combined with the
vibration environment to simulate the service use conditions. Temperature
conditions of -65 and +160°F are the extremes generally used to evaluate
the suitability of a weapon to withstand the temperature environments,
Values beyond these cxtremes may be encountered if particular geogrzphic
locations are to be chosen. MIL-STD-210A should be consulted for the
known extremes whick will occur at various world points.

3.3 Temperature and Humidity.

t. This test consists of exposing the explosive
component to two complete 14-day JAN temperature and humidity cycles.

The basic 14-day unit or "JAN TEMPERATURE AND HUMIDITY CYCLE" corsists

of cycling fuzes nine times between the extremes of +160°F (95 percent
RH) and -65°F with additional storage at +160°F (95 percent RH) and -80°F.

3.3.1 Description of Test
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3.3.2 Criteria for Passing Test. The units must be safe and operable
following this test as determined by inspection.

3.3.3 Test Equipment.

3.3.3.1 The special equipment needed to run this test consists of com-
mercially available chambers or cabinets especiallv made to controi
temperatures and humidities. It will be noted that the test cycle is
so arranged that the units may be changed from one cabinet to another.
Therefore if the equipment cannot be cycled between the various temper-
atures, the test can be run by transferrina the fuzes between constant
temperature cabinets.

3.3.3.2 In cases where fixtures are used in the cabinets to hold the
units in particular orientations, the design of the fixture shall be
such that encrance of moisture will not be impeded and a minimum of
interference with the attainment of thermal equilibrium will result,

3.3.3.3 The term “cabinet temperature" used throughout this test is
defined as the temperature of the air immediately surrounding the test
components. Cabinet temperature may thus be changed two ways: (1) by
varying the temperature of a single cabinet, and (2) by moving the units
from one constant-temperature cabinet to another. The fluctuations from
the specified temperatures shall at no time exceed 3°F.

3.3.4 Test Procedurc.

3.3.4.1 The sequence and duration of the exposure to heat and cold has
been chosen so as to permit operation during a S-day week, without over-
time, and also to utilize the time from Friday at 1600 to Mondav at 0800
in the sequence. For purposes of illustration, the graph shown in

Fig. 4-2, and the following descrintion, present the sequence of opera-
tions based on a start at 0800 Monday. Regardless of the day and time
the test is initiated, there shall be no deviation from the sequence of
operations as prescribed.

3.3.4.2 The first step is to store the units ir a cabinet maintained at
-65°F for at least 2 hours.

4-1
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3.3.4,3 At 1600 Monday the cabinet temperature shall be changed to
+160°F (95 percent RH), as rapidly as practicable. This may be done
either by removing the units from the low temperature chambers and plac-
ing them in a separate cabinet at +160°F (35 percent RH), or by changing
the temperature of the chamber. The cabinet temperature must reach +160°F
(95 percent RH) not later than 1800.

3.3.4.4 The units shall be held under these conditions until 0800
Tuesday, at which time the temperature decrease must beain. The rate

of decrease of cabinet temperature shall be equal to or greater than 36°F
per hour for at least 2 1/2 hours. Thus at 1030, the temperature of the
air surrounding the units will be +70°F or lower. The cabinet temperature
must reach -65°F no later than 1400, and this temperature shall be held
until 1600.

3.3.4.5 At 1600 on Tuesday, the cabinet temperature shall be changed to
+160°F (95 percent RH) as rapidly as practicable (not later than 1800),
and held until 0800 Wednesday.

3.3.4.6 On Wednesday, Thursday, and Friday the operations carried out on
Tuesday shall be repeated.

3.3.4.7 After raising the cabinet temperature to +160°F (95 percent RH)
on Friday evening, these conditions shall be maintained until 0800 on the
following Monday.

3.3.4.8 At 0800 Monday, the sequence of operations described above for
Tuesday of the first week shall be carried out and shall be repeated
daily until Friday of the second week.

3.3.4.9 On Friday the cabinet temperature shall be reduced to -80°F
instead of -65°F, and this temperature shall be maintained until 0800
Monday of th2 third week. The cycle is completed on Monday at 0800, at
which time the second cycle shall be started.

3.3.4.10 The sequence of temperature and humidity conditions described
above shall constitute one JAN temperature and humidity cycle. Two such
cycles shall be applied in testing fuzes. Since at 0800 Monday of the
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third week the cabinet -temperature will be -80°F, it will only be neces-
sary to raise the temperature to -65°F, and the sequence of changes can
be followed exactly as described above.

3.3.4.11 The second cycle is completed on Monday of the fifth week at
0800 at which time the units are allowed to return to ambient temperature’
(approximately 70°F).

3.3.4.12 The units shall then be examined and/or tested for conformance
with paragraph 3.3.2.

3.3.5 Related Information.

A relative humidity of 95 percent at the high temperatures is used
because damage to certain typical elements is accelerated in the presence
of mnisture. It has been found through experiment that in the case of
ordinary thread seals and other similar closures, moisture is transported
fnto the interior of units primarily through diffusion rather than by a
"breathing process", although both occur. However, there have been
instances where moisture entry could have occurred only during the cool-
ing period. For instance, in one assembly utilizing an "0"-ring gasket
seal, a partial rnlief of the pressure differences (developed during
cycling) occurred, a pressure differential being maintained after attain-
ment of thermal equilibrium. In this situation diffusion would be
excluded as the process for moisture transport and moisture entry would
occur only during the cooling period. Thus, the results obtained by
imposing a slow conling period with maintenance of high relative humidity,
would differ from those obtained when units are allowed to cool at ambient
humidity. Therefore, if a unit has such seals, the designer should con-
sider this point in running the test.

3.4 Jolt.

3.4.1 Dascription of Test. This test shall consist of jolting each
sample 1,750 times in each of three positions in the Jolt testing machine,
as shown in MIL-STD 331 (Ordnance Corps Drawing 81-3-30). In that part
of the test where the fuzes are positioned with the longitudinal axis in
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a horizontal direction, the units shall be oriented so as to expose what
are considered to be the most vulnerable plane or planes of weakness.

3.4.2 (Criterta for Passing Test. In general, it is not required that
the units be operable after this test. The criteria by which the samples
are judged to have withstood this test are that (1) no elements shall
explode, burn, or char and (2) no parts shall be broken, be deformed, be
displaced, or come apart in such a manner as to make the assembly unsafe
to handle and dispose of as determined by examination.

3.4.3 Test Equipment. The machine consists basically of a pivoted arm,
the frec end of which is alternately elevated to a height of 4 inches by
cam action and allowed to drop freely upon a leather padded anvil. The

free end of the arm is provided with three sockets into which test items
can be assembled in the three required positions.

3.4.4 Test Procedure.

3.4.4.1 Check to determine that the machine is in proper operating con-
dition, with particular attention being given to the condition of the
leather pad.

3.4.4.2 Insert the units in the three available positions of the machine.
Those in the horizontal position should be oriented by the use of shims
$0 as to expose what are considered to Le the most vulnerable planes of
weakness .

3.4.4.3 Operate the machine through 1,750 jolts of the arm at the stan-
dard speed of 35 blows per minute.

3.4.4.4 Repeat the steps 3.4.4.2 and 3.4.4.3 twice, with the units in
different positions, so0 that at the conclusion of the test each item
will have received 1,750 jolts in each of the three positions of thé
machine.

3.4.4.5 Examine the units for compliance with paragraph 3.4.2.

3.4.5 Background Information. (Not a mandatory part of this test.)
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3.4.5.1 The jolt test has been used for many years to establish the
safety and general ruggedness of fuze designs under the application of
repeated shocks in several directions. The test was originally designed
as a simulation of the shocks received during transportation of Army
caissons over rough terrain. In its present application the test is not
intended to be accurately representative of actual conditions which may

he encountered in transportation, handling or use of an explosive item.

It is rather a del.berate exaggeration of severe conditions to which the
item conceivably might be exposed during transportation or use. As a
development test it is valuable in demonstrating the basic ruggedness of
the design. Although it is not a requirement of this test that the item
be operable. In such cases operability is generally judged by examination
only, although firings may be conducted where considered appropriate by
the designer.

3.5 Jumble,

3.5.1 Description of Test. This test consists of tumbling the unprotected

sample explosive items through 3,600 revolutions in a jumble testing
machine, shown in MIL-STD 331 (Ordnance Corps Drawing GEL 1386-1).

3.5.2 (Criteria for Passing Test. In general, it is not required that
the items be operable after this test. The criteria by which the samples
are judged to have withstood this test are that (1) no elements shall
explode, burn, or char, and (2) no parts shall be broken, be deformed,

be displaced, or come apart in such a manner as to make the unit unsafe

to handle or dispose of av datermined by examination.

3.5.3 Test Equipment. The jumbie machine consists of a wood-lined steel
box, which is rotated about two diagonal corners of the bottom at a stan-
dard speed of 30 rpm.

3.5.4 Test Procedure.

3.5.4.1 Check to determine that the machine is in proper operating con-
dition, with particular attention being given to the condition of the

wood liner. A substantial thickness of wood should be present. One-fourth
inch is considered to be a practical minimum thickness at the bottom of the
worn areas.
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3.5.4.2 Place nne unprotected unit in the box and secure the cover, and
rotate the box through 3,600 revolutions at the standard speed of 30 rpm.

3.5.4.3 Remove and inspect the item for compliance with paragraph 3.5.2,

3.5.5 Background Information. (Not a mandatory part of this test.)

3.5.5.1 The jumble test, has been used for many years to establish the
safety and general ruggedness of fuze designs under the application of
repeated shocks in several directions. The test was originally designed
to simulate those shocks a loose fuze would receive during transportation
on an Army caisson traveling over rough terrain. In its present appli-
cation the test is not intended to be accurately representative of actual
conditions which may be encountered in transportation handling or use of
an explosive component. It is rather a deliberate exaageration of severe
conditions to which the item conceivably might be exposed during trans-
portation or use.

3.6 Forty Foot Drep.

3.6.1 Description of Test. The test consists of a series of five drops,
each employing a fresh explosive component assembly to an appropriate
fixture to cimulate service mounting, with each drop having a different
orientation of impact. The test assembly is dropped 40 feet in free fall
onto a steel plate solidly supported on a reinforced concrete base. The
impact area shall be surrounded on all four sides by an enclosure of suf-
ficient height and strength to contain the assembly during rebound. The
interior horizontal dimensions of the enclosure shall be approximately
the same as those of the steel plate.

3.6.2 Criteria for Passing Test. 1In general, it is not reauired that
the units be operable after this test. The criteria by which the samples
are judged to have withstood this test are that {1) no elements shall
explode, burn or char and (2) no parts shall be broken, be deformed, be
displaced or come apart in such a manner as to make the assembly unsafe
to handle or dispose of as determined by examination.
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3.6.3 Test Equipment. The 40-foot height necessary to perform this test
can be obtained by using any tower, derrick, or boom arrangement providad
the conditions of free fall and impact are met.

3.6.3.1 The impact surface shall be a steel plate having a minimum thick:
ness of 3 inches and a minimum Brinell hardness of 207. The plate shall
have a flat surface (not deformed from previous test impacts to the point
where further proper angular impacts are prevented) and shall have a
length and width at least 1 1/2 times the maximum dimensions of the assem-
bly being dropped. The plate shall be solidly supported in a horizontal
plane over its entire beariny area by a minimum thickness of 24 inches of
reinforced concrete.

3.6.3.2 A guidance system may be employed to insure the proper angle.

For example, a vertical steel tube may be used for nose or tail impacts;
however, the guidance system shall be disengaged at a sufficient height
above the impact plate to permit unimpeded free fall and rebound to occur.
The guidance system shall not reduce the impact velocity of the item
being dropped more than 2 percent of the velocity the item would achieve
in 40-foot free fall.

3.6.4 Test Procedure.

3.6.4.1 In general, this test requires that each unit shall be assembled
to a fixture which simulates service mounting.

3.6.4.2 One unit shall be dropped in each of the five orientations of
impact as follcws:

a. Lengitudinal axis] of the test vehicle vertical
with nose down.

b. Longitudinal axis of the test vehicle vertical
with base down.

rLongitud‘na] axis of the test vehicle is that which is parallel to

the line of flight axis of the weapon.
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c. Longitudinal axis of the test vehicle horizontal.

d. Longitudinal axis of the test vehicle 45 degrees
from vertical with nose down.

e. Longitudinal axis of the test vehicle 45 degrees
from vertical with nose up.

The angular tolerance for each of the impacts shall be +10 deqrees.
During drops other than vertical with nose down and veriical with base
down, the lateral orientation of the test vehicle shall be such as to
expose the most critical or vulnerable plane of the unit to impact (as
determined by engineering judgment or past experience with the design).

3.6.4.3 In performing the test, the following steps are necessary:

a. An undropped unit shall be assembled to the
appropriate vehicle.

b. Drop the vehicle 40 feet to impact in the chosen
orientation. Velocity of impact shatl be as
specified in paragraph 3.6.3.2.

¢. Examine the unit for conformance with paragraph
3.6.2.

d. Do not reuse this item for other drops. The test
vehicle, however, may be reused if damage incurred
will not affect results of other drops.

3.6.5 Background Information.

3.6.5.1 The 49-foot drop test has been used for many years in safety
testing of fuzes. Although the test is not a direct simulation of field
or Fleet conditions, it is a safety test which represents free fall possi-
bilities of a prcjectile, bomb, missile, or other munition during handling
from deck to ship, or the possibility of between-deck falls on shipboard.
If other drop heights or impact media are considered possible in service

use and the test item is vulnerable to these conditions, such tests
should alsv be conducted.
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3.6.5.2 It may be advisable to perform the 40-foot drop test with fuzes- ‘
at extreme temperatures when materials or components are suspected of
being vulnerable under these conditions.

3.6.5.3 While it is desirable to have new impact surfaces for each drop
on the steel plate, it is recognized that this is not economically sound.
Experience in usage of this test has shown that additional impacts on a
plate can be accomplished without affecting the validity of the test.
There are, however, limits of usefulness for individual plates depending
upon the type of vehicle and the weight of units being tested. These
would be units which would cause defects such as "dishing" of the plate
and pock marking or spalling, etc., and which would reduce the anvil
effect or the actual angle of contact between the drop vehicle and the
plate to such an extent that the test would be invalid. Replacement of
tne plate will be determined by engineering judgment.

3.7 Tactical Environment. .

3.7.1 Descriptinn of Test This test consists of subjecting the samples
to a series of tests designed to simulate the tactical environment of the
weapon in which the explosive component is to be used. This may include

captive flight vibration, missile flight vibration, shipboard vibration,
thermal shock or salt spray.

3.7.2 Criteria for Passing Test. The units must be safe and operable
following this test as determined by radiographic inspection and output
tests.

3.7.3 Test Equipment and Procedure. As this test is directly related to

the design and deployment of a particular weapon system, the test equip-
ment and procedure cannot be specified in this document. It can only be
emphasized that the test should closely simulate the worst environmental
conditions that might be encountered by an explosive compenent in a Fleet
deployed weapon.

4-20
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4. SPECIFICATION REVIEW

The quality control provisions of the procurement specification
must also be reviewed to determine whether they adequately define the
material evaluated for qualification and will assure that the sensi-

tivity characteristics of the explosive will continue to meet the
criteria of this chapter.

4-21
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1. SCOPE

. 1.1 Purpose. This chapter establishes criteria for the selection and
acceptance of main charqge explosives.

1.2 Applicability. This document is to be applied as a qualification
standard for main charqe explosives and not as a procurement or quality
control standard, It is necessary, however, that explosives qualifying
under this decument for the applications of parasraph 1.1, contain in
their procurement specifications a sufficient number of the tests des-
cribed herein to assure continued contro) of the properties which this
3 document is designed to measure. When such tests are not included, the
25 requirements of this document, at the discretion of the procuring

activity, may be invoked to demonstrate that the explosive as procured
still qualifies.

s e cp B SR REAB SRR

S
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2. APPLICASLE DOCUMENTS (See 5.3.3.2)

e

_ MIL-P-387A PETN,

E MIL-T-00339A Tetryl.

g MIL-STD-650 Explosive, Samplina, Inspection
2 Testing.

| Other documents are listed in the reference section.

R3S SR e

3. DEFINITIONS
3.1 Main Charge Explosive.

Main charge explosives are compounds or formulations such as TNT
or Composition B which are used as the final charge in any explosive
application. These explosives, because of their insensitivity, ordinartly
require initiation by a booster explosive. For this document explosives

do not include pyrotechnics or propellants unless they ara used as the
principle eneray source for destructive effects.
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3.2 Exnlosive (Material).

As used herein, the term "Explosive" or "Explosive Material" implies
not only a specific composition, but a specific particle size distribution,
purity, and process of manufacture. Where a specification includes
several variants as indicated by types, grades, classes, etc., each
permutation of type, grade, class, etc., shall be considered to be a
different explosive. When foreign materials, such as binders, lubricants,
etc., are added at the point of loading, each explosive material with
cach such additive in each proportion will be considered to be a differ-
ent explosive, and each is subject to the qualification provisions of
Section 5. In addition, each shall be considered to be a "new composition"
for consideration as per paragraph 4.2.

3.3 Candidate Explosive.

As used herein, the term "candidate explosive" is any explosive
inaterial being evaluated in accordance with this document.

3.4 Test.

As used herein, the term "test" is the complete series of trials
or replicates specified.

3.5 Trial.

The term "trial" means the application of a stimulus to a single
specinman of explosive.

3.6 Representative Sample.

Sampling procedures may be varied to accommodate circumstances.
Hoviever, where feasible, part of each representative sample shall be
drawn from each container and from various locations within each con-
tainer. The sample shall not be blended before use in tests.

3.7 Sub-Sample.

Where part of each sample, as specified above, is drawn from each
container and/or from various locations within each container, each such
part is considered to be a "sub-sample®.

5-4
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4,  GENERAL REQUIREMENTS

4.1 Basic. A1l explosives used in main explosive charges shall have
met all of the mandatory requirement given in Section 5. Each explosive
material, as defined in paragraph 3.2, shall meet those requirements.

4.2 New Compositions. In addition to passing the tests prescribed in
the mandatory requirements, each compound or mixture proposed for use

as a min charge explosive shall be studied for the possibility of re-
actions with containers or conteminants or phase transitions under anti=-
cipated conditions of use. Experiments shall be performed to determine
the probability of such changes and their effect upon sensitivity as
detarmined by tests dascribed in Section 5.

4.3 Explosive Description and Analysis. A description of what consti-
tutes the explosive (including its composition analysis) shall be pre-
sented when applying for an interim qualification. The explosive shall
be adoquately defined and shall have met the requircments of this
chapter.

4.4 Speciwens, Genecal Noquivements. The following paragraphs and the
more specific requirvements for specimen preparation for specific tests
under Section 5 are direcled toward the preparation of specimens of each
candidate explosive in a physical or chemical state simiiar (as is prac-
tical and compatihle vith test proceduras) tu the physical and ch mical
state in which tho candidate explosive is to be used. Where within the
latitude of the requirements as given it is necessary to exercrse judg-
ment regarding specimen preparation, this objective shall form the basis
of such judament.

4.4.1 Sub-Sumples. o the extent that it is practical and foasible,
sub-samples shall be kept separate, and equal numbers of specimens for
each tast dascribed under Mandatory Requirements shall be drawn from
each sub-sample oi a candidate explosiva.

4.4.2 Granular Explosives. For each test described und:r Mandatory
Requirements, a procedure is describad for the preparation of spacimens
from granular explosives. These procedures are applicable to pure crys-
talline explosives and granular explosive mlxtures, including plastic

5-5
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bonded explosives, which are normally formed by pressing at temperatures
below the melting point of the binder and at which the binder does not
undergo a chemical change (such as curing) as part of the fabrication
process.

4.4.3 Cast, Molded, and Extruded Explosives. For each of the tests
described in the Mandatory Requirements, the dimensions of the specimen
requirved for each trial are given either in the test or a referenced
drawing where necessary. Where the dimensions of a specimen to be used
in a specific test are compatible with fabrication procadures for which
the cundidate explosive is intended, such procedures shall be used in
specimen preparation. Where intended fabrication procedures are only
feasible for charges very much larger than the specimens specified herein,
these procedures shall be used to form billets of the candidate explosive
from which test specimens can then be machined. Specimens for each test
described shall be made from material taken at each of several locations
with respect to the principal dimensions of the billets from which they
are mxchined,

¢ 5. MANDATORY REJQUIREMENTS
: 5.1 Impact Sensitivity.
; 9.1.1 hcceptable Procedures. Impact tesis of 01 through 08 of The

Techiical Cooperation Progiram Manual of Sensitiveness Tests insued by
TICP Pane) 0-2 (Explosives) Yorking Grovp on Sensitivity, Feb. Y966

(Ref. 1) are acceptable; unc of these shall be used. Procedures cover-
iny Naval Heapens Center (then NGTS), Nuval Ordnance Laboratory, and

| Los Alanns Scientific Laboratory tests are very similar. The Bureau of
Mines end UCLPL test methods are also acceptable for prrposes of qualify-
irg any non-Navy daveloped explosive for use by the Navy. TNT (set pt.
€0.2 or better), Comnosition B (Grade I(), and RDX are suggested cali-
bration standard:.
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5.1.2 Qualification Criteria. Although the impact sensitivity test

does not always correlate very well quantitatively and sowetimes
qualitatively with larger scale tests, a sensitivity number less than

that of RDX for a formulated explosive should rule it out for considera-
tion. This test is io be used only for a guideline; the passing criteria
are not mandatory. A sensitivity number equal to or greater than that of
Composition B would indicate a likely candidate for larger scale sensitivity
tests. Standard explosive values should be reported together with the test
explosive vaiue determined using the same procedures. The physical form,
state, and size (including whether powder or pellct) should be reported.

5.2 Larye Scale Gap Sensitivity.

The large scale gap test or shock sensitivity test indicates the
sensitivity of a material to shock and therefore yields useful informa-
tion relating to boosteriny requirements, safcty from syspathetic detona-
tion while in storage, and vulnerability to air-blast weapons.

5.2.1 Acceptable Procedures. Explosive shock tests 01, 02, and 04 of
Ref. 1 apply. These are Bureau of Mines, NOL/White Oak, and Los Alamos
procedures respuctively.

5.2.2 Qualification Criteria for Larqe Scale Gap Test. For use as a
main charge explosive, the gap shall be no greater at the 50% probability
point than the 50% valus for tetryl (at 1.57 + 0.003 g/cc). Gaps smaller
than those from Composition B are preferred. The explosive must be com-
pared using the same gap test procedure. The preparation and the pro-
cessing method for the explosive shall be disclosed. The small scale

gap test may give useful informction when the material i« limited in
quantity. MNowever, before the expiosive is considered as a serious
candidate for a weapon, the supply must be sulficient for larga scale
tests,

5.3 Friction Sansitivitly.

Friction sensitivity tests are made to determine relative safety
during processing,

5-7
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5.3.1 Acceptable Procedures. Either of two friction sensitivity test
procedures are considered adequate: The first is covered by Friction
tests 01 through 03 of Ref. 1 covering Bureau of Mines, Naval Veapons
Center, and Picatinny Arsenal tests. The other test is described in
Ref. 2.

5.3.2 Qualification Criteria for Friction Sensitivity. Using the pro-
cedures of Ref. 1, 20/20 no fires using a standard pendulum with the
steel shoe; or Ref. 2, 20/20 no fires with 250 pound force using the
ABL sliding friction machine with 90 degrees pendulum drop angle and

8 ft/sec initial slider velocity shall be sufficient criteria for
passing. (For the test of Ref. 1 PETN fails and tetryl passes; for

the ABL method (Raf. 2) both usually pass.)

5.3.3 Other Requivements. The test shall not be considered to be valid
nor shall the results be reported as part of the qualification data for
the explosive under test unless the following conditions are met.

5.3.3.1 Relative Humidity. The relative humidity shall not exceed 80%
as neasured by a wet and dry bulb thermometar or instrument of similar
reliability.

5.3.3.2 Periodic Apparatus Check. The apparatus shall be checked sub-
sequent to or concurrent with each series of qualifying tests, by sub-
Jecting a sample of PETN (Pentaerythritol tetranitrate) per MIL-P-387A
and a sample of tetryl (MIL-T-00339A) to a 50% value cetermination on

the friction sensitivity test. Data obtained subsequent to 2 check test
shall not be otficially reported or used in the qualification of any
candidate explosive until ancther apparatus check test has been performed.
(Check test trials may be interspersed among qualification test trials

in a random or systematic order so that the data can be developed con-
currentiy.)

5.4 Electrostatic Sensitivity.

Electrostatic sunsitivity tests are made to ensure relative safety
from the discharge of charged objects or bodies including humans,

5-8
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5.4.1 Acceptable Procedures. The Maval Weapons Center Electrostetic
Sensitivity Test is designed to simulate an electrostatically charged
person or object discharging through a thin layer of sample cardidate
material to a grounded conductive surface. A sample of approximately
50 mg is placed on a grounded steel button. A capacitor, in this case
0.02 microfarad, is charged to a selected voltage by means of a high
voltage power supply. The positive side of the capacitor is then
brought into cohtact with the sample by means of a steel phonograph
needle on the end of a probe and so discharges through the sample to
the steel button, which is grounded to the other side of the capacitor.
The discharge is plainly visible. The test is normally conducted at a
voitage of 5,000 VDC or less. An ambient temperature of 65-90°F and
relative humiditly not exceeding 80% are maintained. The ABL report
(Ref. 2) estimates an ungrounded person can deliver a maximum discharge
of 0.001 joules (0.0003uF, 3000 V). A second satisfactory test is that
of the Naval Ordnance Station, Indian Head (Appendix A).

5.4.2 Criteria for Electrostatic Sensitivity. There shall be at least
20 consecutive tests of which no fires should occur at the 0.25 joule
level under the foregoing test.

5.5 Vacuum Thermel Stability (VIS) 100°C.

[

5.5

.5.1 Acceptahle Procedures. Acceptable tests are described in Ref. 3,
as corrected by the errata of 11 Jan, 1962. The test described for
booster explosives (Chapter 3) is essentially the same. When an explo-
sive is to be used at a higher temperature, values at two higher temper-
atures arc necessary so that proper extrapolation can be made (Ref. 4).

5.5.2 Qualification Criteria. 7To be sufficiently stable for military
storage and use, the VTS value must not be larger than 2.0 ml/q/48 hours
vhen a 5 gram sample is used and the test conducted according to para-
graph 5.5.1. then the products of decomposition are not known, as in

the use of new explosive ingredients, it must first be detcrmined whether
gas evolution {s sufficient criteria.

5-9
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5.6 Growth and Exudation Characteristics.

When explosives contain liquids as impurities they often undergo
irreversible dimensional changes when subjected to many temperature
cycles betwsen -65 and +160°F. In explosives containing TNT, the
dinitrotoluenes. form low-melting liquid eutectics which cause problems.
Mononi trotoluenes added as anti-cracking agents give large irreversible
growth in TNT explosives. In the use of pure TNT explosives, one solu-
tion to the cracking problem is the use of pure TNT with addition of
high melting point eutectic formers which reduce cracking without intro-
ducing objectable irreversible dimensional change during the normal
temperature variations encountered (Ref. 5). For details see paragraph
6.7.

Another cause for irreversible dimensional change is the solid-
solid polymorphic transition such as occurs with ammonium nitrate.
Teble 5-1 gives the changes which can occur such as Beta to Garma at
32.1°C with an increase in volume of about 3%.

TASLE 5-1. Polymorphic Forms of Crystalline NHNOg."

Form Range, °C

Above 169.6

Crystal system Density, g/cc

-

Liquid

I Epsilon (v
IT Dolta ()
111 Gamma (y)

IV Beta (8)
V Alpha (o)

ot drtr e e o e s e

Regular {cubic)
?1sometric)
Rhombohedral or
tctregonal
Orthorhombic
Orthorhombic

Tetragonal

e o o v - -

1.594 at 130 +5°

1.666 at 93 +5°
1.661 at 40 +1°
1.725 at 24°

1.701 at -25 +5°

125.2 to 169.6

84.2 to 125.2
32.1 to 84.2
=16 to 32.1
-18 to -16

- r——

*From Encyclopedia ot Explosives, Vol. 1.

5.6.1

Growth_and Exudation Characteristics Acceptable Procedures.
Acceptabie
procedures for solids include any cylindrical sample at least 1/2-inch
diameter bv 1/2-inch high, temperature cycled between -65 and 140°F for
30 cycles or more.

Referenc» 7 describas the growth problem in soe detail.

If no exudation nor excessive growth is noted on

5-10
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triplicate samples, an additional test should be made for exudation by
placing two cylinders together inside a sealed can. These should be
held together by steel parallel face plates and clamped together to an
initial pressure of 60 psi. The sealed unit is subjected to 30 cycles
from ambient to 140°F, maintaining each temperature long enough for the
entire sample to reach the temperature of the oven. It is then observed
for exudation; any exudate is removad and weighed.

.
’

5.6.2 Qualificatinr Criteria for Growtn and Exudation Characteristics.
Irreversible “growth” and exudation both cause problems in ordnance
items. Irreversible dimensional change could ruin a Earefu])y designed
warhead by distorting the geometry of a lens system, by damaging the
fuze well, or by causing leakage into detonator areas.

The irreversihle change after 30 cycles should not be more than
1.0 volume percent as measured by calipers and calculated, or as deter-
mined by density change. Exudation should be less than 0.1% by weight.

5.7 Self Heating.

A series of laboratory tests will be run to determine the relative
safety of material for self-heating under varied conditions. This
should include thermal decomposition studies and selected physical pro-
perty analysis on the candidate explosive. Then, when possible, kinet-
ic or procedural kinetic parameters (frequency factors and activation
energics), thormal diffusivity, heat capacity and heat of reaction will
be determined so that for slab, sphere, or cylindrical confiqurations,
the critical temperature (heat balance) and time to explosion can be
predicted starting from any ambient or standard condition.

5.7.1 Acceptable Tescs. Details of the procedure for determining kinet-
ic parameters, procedural kineitic parameters and thermal diffusivity of
explosives are described in Ref. 6, 7, and 8 respectively. The heat
capacity and heat of reaction (or explosion) are standard laboratory ]
tests. The procedures for calculating or predictirg the critical tem- ;
perature and the time to explosion are dzscribed in Ref. 7. The

5-1
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experimental procedures for determining the self heating (the experi-
mental value for the critical temnerature and the time to explosion) of

an explosive charge of a given mass and geometry are also desciibed in
Ref. 7.

5.7.2 Criteria for Acceptance.

Self-heating should not cause deflagration nor be detectable
(< 1°F) in any normal size or shape of explosive used in bombs or war-
heads from ambient temperature conditions up to 165°F. The calculated
critical temperature or the time to explosion for a given mass and
geometry of explosive should not be less than 180°F or 500 days at this
temperaturc. The maxinum size to be considered for normal use will be
2,000 pounds. Whenever an explosive is to be used in larger quantities
in any one warhead or bomb, self-heating and calculations for critical
temperature and time to explosion must be considered for that size for
any explosive.

5.8 Detonation Velocity.

These tests will be performed In accordance with Ref. 9 and 10.

6.  BACKGROUND INFORMATION

The fallowing tests are desirable for backaround information. Some

of these tests may be required for either interim or final qualification
depending upon the application.

6.1 Bullet Impact Sensilivity.

— ———

Al though bullet impact sensitivity testing is required by WR-50 for

warheads, it is covered herein for information and is not a sole cause
for rejection,

6.1.1 Accoptable Procedures. The US/Fragment Imnact/02 0.50 Caliber
Projectile Impact Sensitivity Test used by the Explosives Research
Center, Burcau of Mines, Pittsburgh, Pa. (Ref. 1) is the preferred pro-
cedurc:.  The sample containers with flat ends may give less variation

of results. US Fragment Impact Tests 01 through 04 are considered
satisfactory.

5-12
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6.1.2 Advisory Statement. Those explosives which do not detonate, de-
flagrate or burn would be considered highly desirable: those burning

but not detonating would still be generally satisafactory, those deton-
ating would be used only in applications where detonation from projectile

impact is unlikely because of protection, high altitude ralease or other
considerations.

6.2 SUSAN Sensitivity Test.

This is a test developed by the Atomic Enerqy Commission and has
been standardized by a Tripartite Group for atomic weapons.

6.2.1 Acceptable Procedures. US/Impact/14 (Large Scale-SUSAN) (Ref. 1)
as conducted at Naval Weapons Laboratory, Dahlgren and designed by the
Lawrence Radiation Laboratory in 1951 is acceptable.

6.2.2 Advisory Statement. To be acceptable the explosive should indicate
a sensitivity sigpificant]y lower than that of PBX 9404 in the form and
density normally used for these tests. This test is not adequate in its
present form for soma slurry and other explosives.

6.3 Vibration Test.

Vibration tests will be conducted to provide some indication of the
ability of the new cxplosives to withstand a dynamic environment without
cerious degradation or deterioration of the explosive due to powderina.
physical property changes, structural failure of the explosive, etc.

6.3.1 Acceptable Procedure.

6.3.1.1 Test Samples. Test samples shall be made by usina predicted
liner material and explosive manufacture processes to make a sample in
the test container shown in Fig. 5-1. Three samples of a given type
and manufacture shall be submitted for testing.

6.3.1.2 Vibration Test Environnent. The samples shall be subjected to
a vibration eavironment of:

0.2 inches double amplitude (DA) from 5 to 14 Hz (cps)

2 g vector from 14 to 26 Hz
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FIG. 5-1. Vibration Test Setup.
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0.06 inches Double Amplitude (DA) from 26 to 37 Hz

10 g vector from 57 to 500 Hz
Sveep time from 5 to 500 Hz shall be 7 1/2 minutes for the resonant
search. Resonant dwells of 30 minutes shall be conducted at the four
lowest resonant frequencies. If four resonant frequencies are not p}e-
sent, the total test time of 2 hours shall be completed by cycling from
5 to 500 to'5 Hz in 15 minute cycles.

Tests shall be conducted in longitudinal and one transverse direc-
tion only. Total test time shall be 4 hours and 15 minutes.

6.3.1.3 Test Instrumentation. Accelerometers for control and response
vibration measurement and thermocouples for temperature measurement
shall be installed as shown in Fig. 5-i.

6.3.1.4 Test Temperature. Tests shall be conducted at -40 * 4°F,
+135 ¢ 4°F, and 77 #+ 5°F. The three samples (one at each temnerature)
shail be subjected to the test. Minimum temperature pre-conditioning
time shall be 8 hours. The temperature shall be maintained during the
tests.

6.3.1.5 Failurc Criteria. A catastrophic failur: (detonation or burn)
shall be investigisted to determine mode of failure. If the failure is
due solely to the explosive, it would be considered unusable. Slight
deterioration or powdering shall not be considered a failure. Other
failure criteria shall be determined by the particular explosive char-
acteristics relative to the series of tests being conducted.

6.4 Drop Tests.

Since the small scale impact sensitivity tests do not reliably pre-
dict larger scale behavior, other drop tests are conducted which more
closely simulate actual accidental dropping of weapons.

6.4.1 Acceptable Test Procedure. US Impact 99 through 12 (Ref. 1)
covering Naval Weapons Center., NOL/White Oak, and Naval Weapons Laboratory/

Dahlgren tests are acceptable. It is not expected that more than one of
these tests will be used on any one explosive.

5-15

o e o G




o ARy TR SCRKAN S SRR o eI Y A o - .
Downloaded from http:/fwww.everyspec.com vaﬁ AR T T

Kl

0D 44811

6.4.2 Advisory Statement. These tests have in the past been performed

to provide information, and decisions have been made bascd on comparison
with other explosives. Explosives more sensitive than Composition B

have been questioned, but some have bcen passed. The explosive can be .
categorized according to this test as more or less sensitive than others,
and explosive selection for warhead considerations made accordingly with-
out go-no-go criteria.

6.5 Small Scale Gap Test.

This test may be performed during preliminary evaluation of the
explosive to determine particular applications of interest. The test
is not required for main charge explosives; however, since the large
scale gap test is considered an essential discriminatory test, it may be
useful in preliminary evaluation.

6.5.1 Acceptable Procedures. Acceptable tests are US Exnlosive Shock
03 (Ref. 1) an NOL procedure, US Explosive Shock 06, a Naval Neaoons‘

Center procedure, and US Explosive Shock 07, a Pantex Ordnance Plant,

Amarillo, Texas procedure.

. 6.6 Skid Tests.

A combination of friction and impact is a frequent cause of accidents
wheire large pieces can be dropped a few feet. The skid test was oriqinally
developed by the Atomic Research Establishment in cooperation with the
Explosives Research and Development Establishment, both of the United
4 Kingdom. (This test alone has caused an explosive otherwise considered
: &> safe to be withdrawn or modified before acceptance by the University of
| California, Lawrence Radiation Laboratories.)

R B R N SN P T TR

6.6.1 Acceptable Procedure. Acceptable tests are US/Friction plus
Impact 01 and 02 (Ref. 1).

AR SR

6.6.2 Advisory Statement. Although this is listed under backqround

i information, if conducted, a value of less than 5 feet in Test 02 giving
g high order detonations should disqualify an exolosive. Similarly in

5 lest 01 a 50% height of less than 9 feet should be cause for rejection.
£
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6.7 High Temperature Exposure.

The nature of this test will depend upon the expected use of the
explosive, If it is expected to be used at hiaoher than normal storage
temperatures (e.g., flioht at hiah Mach No.), the upper temperature re-
quirement must be determined (Ref. 4).

6.7.1 Acceptable Procedures.

6.7.1.1 The procedure of WR-50 (MIL-STD 8173 Test 501) (Pef. 11) shall
be used except that the specimen rather than beinc a warhead will be a
test vehicle. A 4-inch diameter by 6-inch lona pipe with caps on both
ends will be used. Three of these will be filled with 4 inches of explo-
cive being careful to keep explosivi cut of threads. The weiaht and
height should be determined accurately. Post test examination shall be
made for irreversible arowth, crackine, exudation, and any miaration of
explosive inoredients.

6.7.1.2 A supplementary test shall be to include three sets of two
specimens, 1-inch diameter and 1-inch high, clamped tonether at a pres-
sure of 60 psi. These specimens shall underao the sample test cycle and
examination for oxudation. Instead of beino exposed to humidity, these
specimens should be placed in sealed containers so that any exudate will
not be lost. Samples shall be measured and weiched accurately: and

weight loss, irreversible dimensional chanaes, and percent of exudate
determined.

6.7.1.3 An alternate procedure for determinina exudation under tempera-

ture cyclina exposure is the procedure used for determinine exudation of
a PBX during cyclinn to 3N0°F,

6.7.1.3.1 The explosive to be tested is cast into 2 inch diameter by

1 5/8 inch hiah charaes or into aluminum cups of about the same inside
dimensions, efach with a cover with outside threads which can be screwed
into the aluminum cup to make contact with the top of the explosive.

6.7.1.3.2 The cup dimensions are approximately as sinown in Fiq. 5-2.
Half of the covers have 1/8 inch diameter holes in the center.
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FIG. 5-2. Aluminum Cup.

6.7.1.3.3 After curing, there is a gap of less than 0.002 inches be-
tween the explosive and the aluminum container when PBXC-113 is used.

6.7.1.3.4 The charges in the containers and also the base charges are
cycled to a temperature of 149°C (300°F), held at this temperature for
1 hour, and then cooled to ambient.

6.7.1.3.5 After 10 cycles, weight and dimensional chanqes of all samples
are measured to check for possible losses and exudate.

6.7.1.3.6 The results ohtained for PBXC-113 are noted in Table 3 of
Ref. 4. These show that there was less weight loss on cyciing for the
chargas in the alumiaum containers than for the bare charges. Thus if
pressure was cxerted uvon the explosive sample it did not force as much
liquid out, and the inference is that the explosive does not have a
tendancy to exude.
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NOTES

(1) This procedure has been used with only one explosive,
PBXC-113, and it did not show exudation.

(2) Due to the lack of standardization of the test with a
number of explosives, it must be considered somewhat
qualitative.

(3) Use of this specific procedure may be misleadina for
an explosive with a high percentage of shrinkaqe on
curing, since a large gap between the explosive and
walt would result in less pressure buildup at the
test temperature.

6.7.2 Advisory Statement. Greater than 1% weight loss for any reason
(other than loss of water) or irreversible dimensional chanae should be
cause for rejection. Greater than 0.1% exudation (other than water) is

also cause for rejection. Crumbling under the temperature-humidity

cycling is also grounds for rejection. If exudation and growth are not
excessive and other properties are not changed excessively (see WR-50 & Mil3J
Test 501, paragraph), the explosives are considered to have passed thisg'o P
test series.

6.8 Compatibility With Standard Materials.

Explosives are used in proximity with various materials; it is im-
portant that the explosive not react with steel, brass, copper, aluminum,

f ! zinc, magnesium, lead, stainless steel, and malleable iron. 5
B !
: 6.8.1 Acceptable Procedure. Reactivity test given in MIL-STD-650 under

' 504.1.

6.8.2 Advistory Criteria for Compatibility from Reactivity Tests. The
mixture should show no enhancement in gas evolution as described in MIL-
STD-650.
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6.9 Physical Stability.

The explosive should maintain its integrity throtighout the normal
usage temperature range (-65 to 160°F) (Ref. 12 and 13). That is, it
should neither be segregated by standing (or from being vibrated) at an

elevated temperature nor be changed in physical phase such that a large
volume expansion occurs.

6.9.1 Acceptable Procedure. Exudation and irreversible dimensional
change were covered under paragraphs 5.6 and 6.7. To observe whether
seqreqgation occurs, analysis of sections of the explosive must be made
when the material has been partially liquid at any time.

6.9.2 Criteria for Acceptance. A composition spread of more than 4% of
one ingredient from top to bottom of an explosive charge (not specifi-

cally designnd that way for an application) should be considered exces-
sive.

6.10 Physical Properties.

6.10.1 Melting Point. This is a simple determination and any method
whrre a suitable calibration standard is used in the range of the melt-
ing point of the compound or mixture involved is considered suitable.

6.10.1.1 Procedures. One acceptable procedure is as described on page
19 of (Ref. 3). Another acceptable procedure is "Meltina Point of Semi-
Crystalline Polymers®, ASTH D2117-64(27) 1968.

6.10.1.2 Criteria for Melting Point. For a conventional solid exnlo-
sive, there should be no melting of ingredients below 60°C (140°F}. The
preferred solid explosives melting point would be above 72°C (160°F).

6.10.2 Softening Point.

6.10.2.1 Acceptuble Procedure. ASTH DI525 (27) p. 525 (1968). The

softening point can be used where non-crystalline or non-melting compon-
ents are present.

6.10.2.2 (Criteria for Softenina Point. No softening of : material
should occur below 60°C (140°F).
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6.11 Physical Properties at Various Temperatures.

Within the temperature range of normal use (unless otherwise sneci-
fied -65 to +160°F), the material should not underco undesirable channes
in properties. A phase change that caused the material to underqo
liquifaction would be unsuitable if a design incorporatina the use of
an explosive did not allow for use of liquids. If physical strenath
such as compressive and tensile are made use of in subsenquent applica-
tions, a large degradation of strenath on heating could lead to a design
failure. A solid polymorphic transition could also lead to undesirable
properties.

6.11.1 Acceptable Procedures. ASTM ur other recoonized standards are
sufficient for physical strength tests. Compressive and tensile strength
and modulus of elasticity are often useful measurements (see paragraphs
6.15 through 6.24).

6.11.2 Advisory Statement. Unless certain properties are called for

in applications considered, this need not be considered for acceptance,
however gross reduction in physical, tensile, and comnression strenath
should be cause to question the use of the explosive. A 100% or more
reduction ir modulus might indicate a phase change with attendant possible
exudation.

6.12 Toxicity.

It is important that relatively non-toxic materials be used whenaver
possible both to prevent hazard to health in processina piants, and no-
tential hazard during storage and handling should breakaae or corrosion
leaks occur.

6.12.1 Acceptable Procadure. New and untested materials should be tested
for toxicity., NAVMAT INST 5100.3 MAT 046 July 17, 1969 will be followed
in investigating and controlling hazardous materials which are not explo-
sive but which may be ingredients in explosives formulations. For ex-
plosive materials SECHNAV 6270.2A shall be followed. A letter will be
processed via Industrial Hygienist of the activity concerned to BuMed
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Code 73. The Bureau of Medicine and Surgerv in turn reports to the
Council who determines whether a toxicity study should be made. Some
activities have other routines which are workino satisfactorily.

6.12.2 Criteria for Accoptance. This is determinod by the Occunational
Health Division of the Burecau of Medicine and Surcery.

The duPont Company has estimated that a full toxicitv study on one
of their new products costs them about one million dollars.

6.13 Radiation Effects.

Knowledge of the effects of radiation (X-rav, y-rays, and neutrons)
may he desirable for new explosives.

6.13.1 Acceptable Procedure. The procedure of Ref. 14 is tentatively
suggested in lieu of a standardized procedure. In addition ASTM D1672-
66 (27) P553 (1968) Exposure of Polymeric Materials to Hioh Energv Radia-
tion provides information on exposure, especiallv of polvmer binders to
radiation.

6.14 Effect of Exposure to Moisture.

The results obtained in the presence of moisture should be known.
This can be ohbtained during other tests such as those for growth and
exudation. Moisture on aluminized explosives particularly during pro-
cessing can cause fire, for example, while being oven dried, when non
passivated aluminum is used.

6.15 Cocfficient of Thermal Expansicn.

6.15.1 Acceptance Precedures. Coefficient of linear thermal expan: fon-
of plastics ASTH D696 -(27) 1968 and Coefficient of Cubica)l Thermal Ex-
pansion of Plastics ASTI! D 814-52 (27) 1968.

6.16 Thermal Conductivity.

6.16.1 Acceptable Procedures. Test for thermal conductivity of materials
by weans of the quarded hot plate ASTI! C-177 (27) 1968. Also, plastics-
General Methods of Testing, Homenclature ASTM D2326-64T (25) p 483 {1968)
includes another conductivity measurement.
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6.17 Flexural Strength.

6.17.1 Acceptable Proceduves. Flexural Properties of Plastics ASTH
D790-66 (27) p 302 (1958).

6.18 lodulus.

6.18.1 Acceptable Procedure. Included under comaressive properiiss in
ASTH D 695-637 (27) p 249 (196%).

6.19 ilardness.

-t o e e 4

6.19.1 Acceptable Procedure. Rockweil Hardness of Plesiics end {Teatrice

Insulatory Materiels ASTM D785-65(27) (1968).

6.20 Compressive Streiuth.

-

6.20.1 Acceptable Procedire. ASTM D695-637 (27) p 248 (1968). s
docurant includes coipessive <iivss, compressive strenoth, combressive

streugth at failure, cemprossive derdomtion, corpresyive strein, oy
sive yield point, yield strencih, uiodulus of elasticity and cv.whire inad,

6.21 Tensilc Strength.

6.21.1 Acceptable Procodure. ASTH Da38(27) p 169 (1968). This includes
tensile strenath, percent elongation, rate of stressing. &nd clestic
modulus.

6.22 Impact Resistance.

6.22.1 Acceptable Procedure. Impact Resistance of Plastics at Subnormal
and Supernormal temperatures ASTM £ 758 (27) p 290 (1963).

6.23 Stiffness.

6.23.1 Acceptable “rocedure. Stiffness of Plastics by means of a Canti-
lever Beam, ASTM D 747-63 (27) p 272 (1968).

6.24 Deformation Under Load.

5.24.1 Accentable Procedure. Deformation of Plastics Under Load, ASTH

D621-64 (27) p 175 (1968). This is a useful test to aid in determining
flow properties and comressibility.
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6.25 Bulk Density.

It is important to know the bulk density of an explosive both for
a solid warhead or bonb explosive and for exnlosive powders that are to
be pressed.

6.25.1 Acceptable Procedures. The procedure of 4.6.7 of WS 3824 (Ref.
15) applies. Place anproximately 50 grams (weinhed to nearest 0.1 gram)
cf the sample material from the compesite sample (as described under
4.3.1 of WS 3824) into a 100 m! cylinder {graduated in 1 ml increments).
Compact the material by allowing the cylinder fall freely from a heiaht
of 1-inch onto a 1/4-inch-thick felt pad meetina requirements of Speci-
fication C-F-206, Type 1, Ciass 16R3. After the samnle material has
been compacted 50 times. read the volume of material in the cylinder to
the nearest m?,

Bulk density: am/m] = g_

where

W = weight of sample in grams

V = volume ccinpacted material in ml,
6.25.2 Another acceptable procedures is Apparent Density, Bulk Factor
and Pourability of Plastic Materials ASTH D 1895-67 (27) p 604 (1968).
6.26 Shrinkage on Cure.

6.26.1 Acceptable Procedure. Linear Shrinkage of Thermosettina Casting
Systems During Cure. ASTH D 2566-66T (26) p 727 (1968).

6.27 Flow_and Injection Moldability.

6.27.1 Acceptable Procedure. Injection Molding of Specimens of Thermo-
plastic Moldina and Extrusicn Materials, ASTM D1897-68 (27) p 613 (1968).

6.28 Adiabatic Sensitivity Test.

6.28.1 Acceptable Procedures. A satisfactory test is that of the Haval
Weapnns Station, Yorktown, Va. (Apnendix B).
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6.29 Thermal Detonability Test.

The explosive detonability test measures the tyne of fragmentation
produced under controlled conditions. From this it can be determined
whether a detonation or merely a deflagration has occurved. The test
forms an inter-correlation to the existing envelopine flame test as
described in WR-50, where the time-temperature history of both iests
are in the same region.

6.29.1 Acceptable Tests. Details of this test are described in Ref. 7
and 16.

6.29.2 Criteria for Acceptance. Those explosives which do not detonat:
in this test but burn slowly without transformation to detonation would
be considered highly desirable. Those that only deflagrate raoidly but
do not detonate under the test may be acceptable.

6.30 Composition Analysis.

A composition analysis procedure should be available before the
explosive is considered for weapon application. Each procedurc will
have to be determined according to the ingredients and their proncrties
and the methods necessary for their separation and determination.

6.30.1 Acceptable Procedure. Any procedure that qives inaredient anal-
sis sufficiently close for practical evaluation {usually from * 0.1 to

+ 0.2 of the true value) will be satisfactory. This varies according

to the type of composition and actual ingredients.
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7. PERFORMANCE

Explosive performance is considered separately from essential tests
and background information because some performance methods will be con-
sidered essential for some applicaticns and others for different appli-
cations. The performance of an explosive in a given weapon is determined
through a number of warhead tests such as fragmentation with recovery of
fragments, damage to specific targets, and pressure measurements.

In order to decide to which applications particular new explosives
should be applied, it is necessary to determine values relating to parti-
cular modes of energy delivery (i.e., fragments, air-blast, shaped charge,
etc.). Calculations and past experience serve as general guides toward
synthesizing and formulating explosives with sufficient potential energy
and release-rate-level to be undertaken for development. Calculations,
while providing information for initial selection, must be backed up by
actual performance data before selection is made to use the explosive
in a given application. If the initial objective for an explosive is to
increase energy of a fragmenting warhead, for example, tests which give
results correlating well with fragmenting warheads are desired. Gurney
values for explosives have been used to predict fragment accelerating
capability in non-nuclear warheads. In nuclear warheads, hydrodynamic
codes together with deteriined explosives parameters such as Chapman
Jouget pressure, detchaticn temperature and others are used. Experi-
mental methods that scale well are preferred for performance evaluation.
Of all the means for predicting either fragment acceleration or metal
movement for nuclear or non-nuclear warheads, the cylinder expansion
method is considered the best,

A condensation (Table 5-2) has been made of the performance evalua-
tion methods which appear useful for explosives considering the applica-
tions for which this information is needed.
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7.1 Determination of Critical Diameter.

In his discussion of the effect of charge diameter on the detonation
velocity of cylindrical charges, Taylor (Ref. 1) states:

"These results show that the maximum or hydrodynamic velocity
of detonation is approached as the diameter is increased, but
as the diameter is reduced the velocity fails. Eventually
the velocity becomes so low that the detonation wave is not
strong enough to maintain its own propagation. There is,
therefore, a critical minimum diameter for any explosive

below which a self-sustained detonation wave will not pro-
pagate."

This critical diameter (dc) defines the threshold for propagation of
steady-state conditions. Because it is a failure threshold, it {is far
irore easily affected by small variations in the physical properties of
the charge than is the value of the detonation velocity at larger dia-
maters. Consequently, charges must be of good quality if reproducible
results are to be obtained. Charge preparation recommendations of para-
graph 7.2 should be used.

As an explosive approaches its dc’ its shock sensitivity decreases‘
rapidly. Hence, it is important to specify a powerful booster (e.g.,
CH-6, 9404) for these tests. Any irregularity of the charge such as
continuous wires or metal probes are apt to perturb the threshold con-
ditions. Hence, optical measurements with the smear camera are recom-
mended. For a steady detonation, the streak is straight; for a failing
detonation the streak is curved, and may disappear altogether. [In fact,
some of the unreacted uxplosive may be recovered after the shot. It is
not necessary to determine the instantaneous velocity ot the detonation
from the curved traces. The observation that the trace is definftely
curved in the direction of decreasing velocity is sufficient to show
that the test diameter is < dc' This avoids the necessity of differentia-
tion of experimental data. It is important to have a sufficiently iong
charge because as d approaches dc from below, the shock induced reaction

may run for long distances at apparently constant velocity -efore failure
can be seen (Ref. 2).
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The most direct method of determining dc is to fire a series of
different diameter charges and obtain the smear-camera record of each.
For castable materials which can be easily prepared as conical charges,
the record of the reaction initiated at the cone's base will show failure
at some diameter of the cone. This measured dc is always too small, -he-
cause in a base initiated conical charge the detonation is overboostered
as it progresses to smaller diameters. The use of & stepped cylinder,
instead of a cone, avoide this problem but introduces others. The lengih
at each diamzter (each step) must be about 4 d or greater Lo allow the
overboostering to fade out and a sufficient length of steady state pro-
pagation to measure detonation velocity (D). The camera cannot view an
extremely long cnarge and still give a record ihat can yield an accurate
value of D. Hence, the stepped cylinder, Tike the cone, is best suited
for obtaining a preliminary and approximate value of dc' Jt should be
followed by mora precise measurements on cylindricsl charges.

Another approximate method was used by Smith {Ref. 3) who observed
the dents produced in steel plates hv charges of different diameters.
This method depends on an approximate measurement of total "output" and
does not establish the existence of a steady-state detonation. It may,
however, give a good estimate of dc, and it can be applied to confined
charges (as can also the probe metho:! of measuring D). Up to this point
only bare uncontined charges have been considered because the theory of
confinement is rot quantitative. For practical problems it is, of course,
possible to woik with a scaled confinowent, i.o., constant raiio of wall
thickness/internal diameter.

The range in dc over all explosives is very large. Common pressed
HE have dc of ~1 cm or less whereas voidless composite propellants may
exhibit dc of ~several meters. For the materials with a very small dc‘
it is sometimes easier to prepare a rectangular plate charge (or even a
wedge) than to prepare a cylinder. In such cases, a criticai height
(instead of dc) is measured and may be related to a corresponding d,

(Ref. 4). For charges of very large d., strong confinement is sometimes
used to reduce charge size.
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7.2 Determination of Infinite Uiameter Detonation Velocity.

Detonation velocity (D) is the most easily measured of the detonation
parameters. Its value is highly dependent on the loading density (pc) of
the charge and somewhat dependent on charge diameter and, for granular
charges, ‘on the initial particle size of the explosive. The hydrodynamic
theory of dotonation includes the density effect but not the diameter
effect. Hence, it is the detonation velocity which would be observed in
an infinite diameter cylindrical charge (Di) that is necessary in any
comparison of experimental results with the theory.

The usual method of obtaining Di is to fire a series of charges of
different diameters (d), and measure the corresponding D. A plot of D
versus d generally shows D increasing with d and apparently approaching
the value D asymptotically as d + =, However, it is difficult to select
D from such a curve, and it is more customary to plot D versus d~ ]

D™ X: versus d~ -2 (see Ref. 1) in a range of values of d large enough to
give a linear curve. Di is then taken from the intercept at d~ -1, 0 or
a2 =0, The plot D versus ! is most comnonly used and seems most
successful in exhibhiting linearity at large values of d.

Because a number of charges must be used in determining the value
of D1 for a single explosive in a given physical condition, charge pre-
paration is a problem. For good results, all charges should be prepared
from one uniform batch of the explosive. If the charges are pressed,
isostatic pressing is recommended in preference to ram pressing (Ref. 5).
This method requires machining the pressings to make cylinders of the
required dimensions. If the material is cast from a melt, conditions
must be carefully controlled to insure that all charges have the same
physical properties (e.g., the same density and the same crystal struc-
ture. Hence, charges of different diameters and length must be prepared
under carefully controlled conditions in order to determine the true
value of Di' biameters of the charges should he chosen so that the re-
sulting data are most useful in the extrapolation to D‘. That is, if
d'] is chosen as the independent variable for plotting the results, the

da%a points should be more or less equally spaced with respect to the
d”’ axis,
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The booster explosive should have a shock impedance about 20--30%
greater than that of the test explosive so that detonation is initiated
reliably. Because of the mismatch of the explosives, the test charges
must be long enough so that the effects of over boostering will die out
by the time the detonation reaches the purtion of the charge vherz the
detonation velocity is to be measured. That is, the measured D should
be that for steady state detonation. The Tength of charge required for
this is conveniently expressed in terms of the ratio of the length of
the charge to its diameter, 2/d, and is probably adequate wher o/d
> 2 (see Ref. 3). If the explosive has a front of constant curvature,
this distance will also be sufficient for its establishment., If, on
the other hand, the explosive has a froni showing spherical ¢ pansion,
an 2/d > 9 should be attained for 1% accuracy (Ref. 6). In such a case,

use oF a plane wave booster can reduce the required length of vun before
measurement,

»?
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Detonation velocity can be determined in any of several wuys; the
choice of a method probably depends more on thc availabilily of equip-
ment and well tested procedures than on any inherent advantage of a
given method. Some of these methods are discused by Taylor in Ref. 1.

7.2.1 Chronographic Method. The chronographic method is widely used;
it depends on the closing of "switches" either by the conduction of hot
gases between two electrodes, or the forcing together of two electrodes
by the pressure induced by the detonation. Precision of the measure-
ments depends on the number of switches or pins that are used on the
charge, and on the precision of the equipment. Precautions which should
be observed are discussed in Ref. 7.

7.2.2 [lectronic Method. Another method, which is also entircly elec-

tronic, depends on embedding a resistance wire in the explosive {Ref. 8).

| A constant current is maintained in the rasistance wire and the return

1 . path, which may be a nearby embedded copper wire, a wire or foil on the
surface of the charge, or a metal case if the charge is confined. The

| voltage across the resistance wire is recorded on an oscilloscope. This
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voltage decreases as the detonation moves along the wire and effectively
shortens the wire. This method gives, in effect, the instantaneous posi-
tion of the detonation front, so that the slope of the crace on the re-
cord from the oscilloscope is proportional to the detonation velecity.

A closely related technique uses a resistance wire which is wound on an
insulated wire or other conducting core (Ref. 9 anc 10). These methods
are not recommended for pressed charges. The precision of either version
of the resistance technique depends on the quality of the charges, the
precision of making the probes and the precision of the electronics.

For small diameter charges, the probes and wires may perturb the detona-
tion front so that a true value of the detonation velocity can not be
obtained.

1.2.3 OQOptical Method. A commonly used optical method makes use of the
streak or smear camera to record the instantaneous position of the de-
tonation frent. This method is also discussed by Taylor, who gives a
picture of the "streak" for a typical explosive. Because the record
gives the instantaneous location of the detonation front, the slope of
the streak is prcportional to the velocity. Simple data reduction
techniques can be used for the application discussed here. The traces
are straight so that after digitizing, the data are fitted with a linear
relation, the coefficient of the time being the velocity of the detona-
tion. Again, this method can be made to give nrecise resui*s if suffi-
cient care is taken in preparing the charges and in arranging the ex-
periment. A description of smear camera techniques is given in Ref. 11
and the use of a 70mn stwar camera with a writing speed up to 4mn/usec
is described in Ref. 12. Reference 13 discusses a number of other opti-
cal methods used in shock measurements.

7.3 Fragment Velocity.

In addition to the cylinder expansion test, described separately,
an NOL cylinder fragmentation test is described in Ref. 14 and 15, and
shown below.

5-34
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7.3.1 Cylinder Fragmentation Test.

7.3.1.1 The comparative ability of explosives to fragment metal can be
determined from the cylinder fragmentation test. The test arrangement
is shown in Fig. 1 of Ref. 14,

7.3.1.2 The cylinders, 9.00 inches tTong, arc made of AISI 1045 seamless
steel tubing, cold ralled, stress relief annealed. The hardness is
Rockwell B-100. The cylinders are 2.000 inches in inside diameter with
a wall thickness of 0.25 inch., The wall thickness variation should be
no more than * 2%.

7.3.1.3 For cast explosives, the casting is done directly into the
cylinders; for pressed explosives, the explosives are pelleted at 16,000
psi, into 1-inch-long pellets from 5 to 10 mils less in diameter than
the inside diameter of the tubing. The pellets are then slipped into
the cylinder making good contact with each other, but are not reconsoli-
dated. The explosive should completely fill the test cylinder.

7.3.1.4 The mean density of the explosive must be determined. For cast
explosives, this is determined from the mass of the explosive and the
volume of the cylirder; for the pressed explosive, from the mass and
volume of the individual pellets.

7.3.1.5 The cylinder containing the test explosive is initiated by a
pressed tetryl pellet 2 inches in diameter and 1 inch long. The pellet
is pressed at 10,000 psi. The pellet is initiated by an Engineer's
Special Blasting cap certered by a wooden disc with an axial hole. The
tetryl, wood disc, and blasting cap are held in position by masking tape.

7.3.1.6 The cylinders are positioned on end in the center of a cardboard
box 12 by 12 by 12 inches. They must be in this position when fired.

The cylinders are then Towered into a sawdust pit roughly 6 feet in dia-
maeter and 6 feet deep, which contains 3 feet of sawdust. Uhen the box

is positioned as desired, the remainder of the pit is filled with sawdust
and the charge fired. The sawdust containing the fragments is then sent
to a magnetic separator and the metal particles collected for weighing
and counting.

5-35




TR TAREIAITIVAF
T "

rgmmmww S
- ~ ol . B -~

Downloaded from http://www.everyspec.com ~

0D 44811

7.3.1.7 The fragments collected from the sawdust (~98% of the original
cylinder weight) are classified into 0.5 gram groupings starting at the
0.5 to 1.0 gram class. , The number of fragments in each group is counted.

7.3.1.8 To analyze the data, a Mott Distribution is assumed and, thus,
the Yogarithm of the number of fragments of mass (m) or greater is plot-
ted against m’lz. The Mott distribution is:

_ m1/2
N(m) = N_ exp —(g)

Where N(m) is the number of fragments whose mass is equal in or greater
than m. Nj and u are constants dependent upon the cylinder and the ex-
plosive. No is the total number of fragments from the cylinder and %92
is the mean fragment mass. Large values of No and small values of u'
are obtained from the best straight iines fitted to the graph described
above,

7.3.2 Cylinder Expansion. The cylinder expansion evaluation method is
included as Appendix C. The method correlates well with the AEC methods
from which it originates.

7.4 Fuel Air Explosives Performance.

The procedure for evaluation of the pressure and impulse from a
fuel-air detonation is included as Appendix D.

7.5 Gurney Constant (See Also Cylinder Expansion).

The Gurney constant o or v/2E s obtained from the cylinder expan-
sion evaluation of explosives. For more detailed procedure, Appendix C
covers an acceptable method for Gurney constant.

It can also be cbtained by solving from known vai‘ies of fragment
velocities using various warheads or models from the esquation

V=f2£(£[M‘ T)
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where V is the highest velocity to which the particular explosive charge
accelerates metal, C/M is the explosive charge weight to total case +
explosive weight and v/ 2E , related to explosive energy, has dimensions
of velocity.

7.6 Detonation Pressure (Chapman-Jouget Pressure).

Detonation pressure data are derived from measurements of shock
waves transmitted into water by the detonation of cylindrical explosive
charges ? inches in diameter and 6 inches long initiated by Pentolite.
Baratol plane wave boosters (Ref. 16 through 22). (Also see Cylinder
Expansion.)

7.7 Shaped Charge Penetration.

Shaped charge penetration depends on a large number of factors:
therefore, it is imperative that any comparison be made using identical
procedures. Although it is not the intent of this document to be ve-
strictive to only one procedure, a procedure that is documented is given
in Ref. 23.

7.8 Pressure Versus Scaled Distance.

Free Air Peak Overpressure Versus Scaled Distance at Various
Altitudes is covered by nomograph in Ref. 24.

The overpressure scaling information was predicted previously by
Sachs' scaling laws in NAVORD Report 2482 (Ref. 25). S. Brinkley in
OSRD-5481 (Ref. 26) has derived the theory coverina the sea-level
pressure-distance curve. E. Fisher (Ref. 27) and Weibull (Ref. 28)
(BRL-X-127) substantiated the curve by experimental work.

7.9 Impulse Versus Scaled Distance.

The impulse, or the area under the pressure-time curve is an impor- .
tant performance parameter for certain applications. Refarence 24 %gé
tabulates positive impulse of shock wave versus distance and weight of
explosive for bare spherical charges of TNT in air. Positive impulse
for explosives other than TNT are found by determining the TNT equivalent
and then using the nomograph of Ref. 24. (Other references are 29 and 30.)

. A
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7.10 Underwater Evaluation of Explosive Compositions.

In the initial evaluation of a new explosive, small (~1-1b) charges
are fired and values of shock wave and bubble energies determined rela-
tive to a standard, usually Pentolite or HBX-1. Shock wave energies are.
measured by use of diaphragm gages, which have deflections directly re-
lated to this parameter. The equivalent weight, or Wpg» s determined
by comparison of the deflection caused by the experimental charge with
those produced by several weights of the standard explosive. Appropriate
booster corrections are made for all charges. Details of the gage and
its use are given in Ref. 31, 32, and 33.

Relative bubble enerqy, or RBE, is defined as

where

K = bubble period coefficient for the experimental (x) or standard
(s) charge. ’

The period coefficient, K, is defined in Ref. 34. Cnrrections for
the booster charge and for the proximity of the surface and bottom are
given in Ref. 33 for small charges.

For those compositions showing promise, larger charges {~10 to
100 1b) are fired and vie;oelectric gages used to measure the various
shnck wave parameters {peak pressure, time constani, impulse, and eneray).
Various methods of expressing these parameters relative to a standard
are employed, depending o the desired use. These include equal weight
and equa) volume ratios as well as equivalent weights. These methods
are described in detail in Ref. 35, The data are also used to develop
similitude equations for use in predicting values of these parameters as
functions of compositiion, charge weight, and range (Ref. 36).
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The free water paramaters by themselves ire not sufficient to
establish the underwater damaging capability of an explosive. Shock
wave energy is often used for this purpose; however, in actuality this
damaging capability depends on the particular damage mechanism employed.
Refereiice 37 contains un axuellent discussion of this., This aspect

should be investigated beforz an explosive is finally designated for
. use in an underwater weapon.
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1. QUALIFICATION TESTS

Main charae explosives are aqiven final qualification tests and final
qualification only as used in their applications. The tests to be used
for warhead explosives are those outlined in NR-SO]. Tests to be per-
formed on non-warhead explosives, such as sheet explosives, will be
worked out in conjunction with the appropriate Cormand on a per case
basis. For the warhead explosives, the latest official revision of WR-50
will be used. It will be necessary for personnel responsible for explo-
sives develnpment to monitor the WR-50 tests to the extent that the explo-
sives are examined after the tests to insure that they are still safe.

2. OTHER PROCEDURES

It is necessarv that an explosive, to qualify under these procedures,
contain in its procurement specifications sufficient of the tests de-
scribed in Chapter V to assure continued control of al! parameters for
which mandatory tests and sunaested pass-fail criteria have bdeen estab-
lished. in addition, the followina are tests which, dependinn on the
weapon confiquration or service application of the explosive, may be
required by the Naval Ordnance Systems Cormand,

2.1 Sywpathetic Detonation.

For final qualification of an explosive ir a weaponr or other appli-
cation, appropriate sympathetic detonation tests shall be run to insure
that accidental detonation of one item will not inadvertently cause other
items to detonate or explode violently. A test of this nature will be
arrived at as a result of an analysis of the hazard which would normally
be present when items are detonated in the proximity normal to the
application.

e

Naval Ordnance Systems Corwand. Naval Weapons Requirements War-

head Satety Tests, Minimum for Air, Surface and Under.ater Launched
Weapons, 13 February 1964,

6-2
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2.2 Aerodynamic Heating.

This test will be conducted in accordance with paragraph 4.3 of
WR-50.

2.3 Safe Jrttison (Aircraft).

This test will be conducted in accordance with Test 201 of MIL-STD-
2
331°.

2.4 Drop on Studs.

This test will be conducted in accordance with paragraph 4.3 of
WR-50,

2.5 Drop on Angle Iron.

This test will be conducted in accordance with paragraph 4.3 of
WR-50.

2.6 Accidental Release (Aircraft).

This test will be conducted in accordance with paragraph 4.3 of
WR-50 (Separation from Aircraft) and Test 206 of MIL-SVD-331.

2.7 Vibration at Low Temperature.

This test will be conducted in accordance with paraqraph 6.3 of

Chapter V except the explosive will be loaded in the weapon configuration

instead of a test container.

2.8 Forty Foot Drop at High Temperature.

This test will be conducted in accordance with paragraph 5.1.4 of
WR-50 except the weapon will be temperature conr”tioned to 165°F prior
to test.

2%uze and Fuze Components, Environmental and Performance Tests for.
10 January 1966, Notice 3, 11 June 1969.

6-3
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2.9 Aerial Release (Hard Target).

This test will be conducted in accordance with Test 204 of MIL-STD-
331.

2.10 Proof Pressure Firing.

The expiosive shall be loaded into projectiles by the same process
as used for service loading. The projectiles will-be fuzed with inert
components and fired at the proof pressure for the type gun under con-
sideration. Proof pressure will be established by firing inert projec-
tiles and adjusting the propelling charge until that pressure is attained;
then the sample projectiles will be fired. Chamber pressure will be
monitored by copper crusher type gages and adjusted as necessary to main-
tain the "proof" pressure.

The firings may be conducted in a barrel with any percent wear, but
generally the desired pressure cannot be attained in a barrel worn
beyond 50 percent.

At least 100 rounds of the sample shall be fired for guns larger
than 5 inches. For projectiles of 5 inches or less, 100 rounds will be
the minimum requirement; however, consideration should be given to firing
larger quantities because such ammunition is used in much larger quan-
tities.

None of the test projectiles shall undergo reaction in-bore or during
flight. It is recognized that some of these projectiles may react at
impact upon termination of the flight.

¢

. 2.11 Plate Penetration.

3 This test will be conducted in accordance with Section II1 of the
3 JMEMS on high explosive bombs and bomblets.

b 7

Joint Munitions Effectiveness Manual. Air-to-Surface Joint Service
Test Procedures for High Explosive Bombs and Bomblets, 4 December 1968.
(NAVAIR 00-130-ASR-2-1.)
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2.12 Booster Performance.

This test will be conducted in accordance with Section III of the
JMEM on high explosive bombs and bomblets.

2,13 (Cratering.

This test will be conducted in accordance with Section V of the
JMEM on high explosive bombs and bomblets.

2.14 Arena.

This test will be conducted in accordnace with Section II of the
JMEM on high explosive bombs and bomblets.

2.15 Sled Track Impact.

This test will be conducted in accordance with Section III of the
JMEM on high explosive bombs and bomblets.

2.16 Fragmentation.

This test will be conducted in accordance with Section II of the
JMEM on high explosive bombs and bomblets.

2.17 Qualification of Explosives for Projectiles 3 inches and Over.

Additional qualification tests for explosives used in projectiles
of 3-inch diameter and over will be required. Figure 6-1 shows a typical
test sequence for projectile fill certification tests. Test plans and
procedures will be developed for individual requirements and approved
by the Naval Ordnance Systems Command.

3. PROCESSABILITY CERTIFICATION N

Prior to service acceptance of any new explosive compounds or compo-
sitions, processability studies shall be conducted and a certification
made to the effect that the compound can be processed in a safe manner
and with a high assurance that the quality levels required for the

intendec weapon design can be met with reasonable economical consider-
ations.

6-5
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Full scale candidate explosive compound preparation and loadina of
weapons shall be used for justification of the certification. Sufficient
different batches of the raw inaredients shall be processed to insure
the compound's producibility from mass produced raw materials.

Safety and environmental tests shall be conducted on full scale
weapons loaded with the candidate exnlosive and processed in the same
manner and to the same specification as that proposed for production.
The explosive batch size, number of batches, and number of weapons
required to be loaded for certification will be determined for each
weapon based upon the complexity of compoundina, weapon desian factors,
and proposed production notes.

4. SPECIFICATION REVIEW

The quality control provisions of the procurement specification must
also be reviewed to determine whether they adequately define the material
evaluated for qualification and will assure that the sensitivity charac-
teristics of the explosive will continue to meet the criteria nf this
; document.

Rt A S A BT S

The final qualification document should be submitted to the appro-
priate Command with a request for release for service use. It should
also contain a compilation of the interim qualification data or sufficient
comparable test data on production material so that the Command can take
positive action.
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1. EQUIPMENT

1.1 ABL-Modified Bureau of Mines electrostatic discharge machine.
1.2 5 KV power source.

1.3 Test plates.

1.4 Acetone or other solvent.

1.5 Non-sparking conductive spoon.

2. EXPLOSIVE LIMITS

2.1 The explosive limits will be as follows: Propellant and/or propel-
lant ingredient (Class A or Class B) ..... tevereens veseersesaes 1 pound,

2.2 For extremely sensitive materials, such as raw nitroglycerin, a
tote barriéade must be used to store the material while it is in the
laboratory. If materials are to be kept in a desiccatoy, a desiguard
(metal cage) must be around the desiccator.

2.3 A1 propellants and propellant inoredients which have been tested
must be removed from the laboratory at the end of the day and stored in

a magazine. If a sample has not been tested or the test is not complete,
the sample can remain in the laboratory overnight but must be kept in a
tote barricade or in a desiccator with the desiquard around the desic-
cator. There will be no more than one sample in each tote barricade or
desiccator and the quantity «i sample will not exceed 20 grams. The
laboratory door rust be locked and a sian posted on the outside of the
door stating whom to contact in case of an emergency. A placard will be
placed on the outside of the door statina.

EXPLOSIVES
LABORATORY SAMPLES

2.4 The maximum amount of explosives per shot will be as follows:

Solid Propellants ...... 50 mg.
Powders or Granules .... 50 mq.
Casting Powders ........ 150 mg.
Liquids ........... vees 25 mq.
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3.  PERSONNEL LIMITS

3.1 P maximum of five people can be in the laporatory when tests are
conducted. For example one operator on impact test, one on ESD test and
one on friction test plus two transients. A laboratory test can he per-
formed by one man only if another man is on the same floor level in the
immediate area.

4. PREPARATION BEFORE TESTING IN LABORATORY
4.1 Clean the ten metal plates with acetone and allow to dry.

4.2 If a solid material is tested, the operator nust wear asbestos gloves
and a face shield to cut the sample. The operator will use a scalpel and
cut a sample about 0.03 inches thick and 3/16 inch sauare. The sample
weight will not exceed 50 ma.

4.3 If powders are tested, the operator will spread the powder in a
monolayer on the metal plates. The sample weight will not exceed 50 mg.
For casting powders, the sample weight will not exceed 150 ma.

4.4 1f liquids are tested, the operator will use a madicine dvopper and
place a couple of drops in the cup on the metal plate. The sample weight
will not cxceed 25 ny.

\

4.5 If solid flakes or powders are accidentally spilled, the operator

will immediately clean up the material with a brush and dust pan and

place the scrap in a conductive polyethylene bag. If liquids are acci-
dentally spilled, the operator will immediately clean up the spill with
acetone and kimwipes and place the scrap in a conductive polyethylene bag
with sawdust. The polyethylene bag must contain sufficient sawdust to
absorb the liquid waste. If nitroglycerin solvent is accidentally spilled,
NG killer must be used after the contaminated area has been cleaned with
acetone.
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5.  RELIABILITY OF TESTS

5.1 The first day of each week, a dried sample of nitrocellulose will be
tested to establish the failure and shot ievel. The energy for the five
consecutive failures will be performed at the zero initiation level and
the energy for the five consecutive shots will be at the 6.25 joules
level.

5.2 The capaciters should be checked on a monthly basis if the machine
is used reqularly.

6. TEST PROCEDURE

6.1 Operator "A" will record all pertinent information from the sample
card into the laboratory book. If there is no sample card, the operator
will notify the engineer in charge immediately and wait for instructions.

6.2 Operator "A" will open the door of the electrostatic machine and
raise the discharge needle to its maximum height.

6.3 Operator "A" will plug in the power source, turn on the switch, and
let the power source warm up for 2 minutes.

6.4 Operator "A" will adjust the voltage control to 5 kilovolts.

6.5 Operator "A" will place the metal plate with the mounted sample on
the holder in the machine. The remaining working samples will be stored
in an approved storaqge locker (metal cabinet).

6.6 Operator "A" will raise the capacitor switch or switches to “on"
position for the desired energy level. (See Table A-1 for the standard
test intervals.)

6.7 Operator "A" will close the door of the electrostatic machine and
notify other personnel in the room that he is about to test. All other
tests must stop until the electrostatic shot is complete.

6.8 Operator "A" will charge the capacitors by closing charge switch on
the power source and hold in that position for 5 seconds or until dial
on power source reads 5 KV again.
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TABLE A-1. Standard Test Jnterval for
Electrostatic Sensitivity.

ggggezo?:s Microfarads

6.25 . 0.5

1.25 0.1

0.625 0.05

0.25 0.02
0.012 0.001
0.006 0.0005
0.001 0.0001

6.9 Operator "A" will release the charge switch, then lower discharge
ne« dle slowly until there is one arc from the needle to the test sample.

6.10 Operator "A" will raise the discharge ncedle and open the door of
the electrostatic machine.

6.11 Operator "A" will record the results. A positive shot is any

—— o —

other than the sound of the machine.

6.12 Operator "A" will lower capacitor switches to "off" position and
remove the test metal plate.

6.13 Operator "A" will raise or lower the energy level depending on
whether the trial was a failure or a positive shot.

6.14 Operator "A" will wipe the needle after every shot with a kimwipe
and change the needle after every five trials.

6.15 Repeat steps 6.2 tirough 6.14 unti) 20 consecutive failures at the
highest possible energy level have been obtained.

A-5
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7. TEST SEQUENCE FOR ELECTROSTATIC DISCHARGE

7.1 VWhen starting a determination, begin at the maximum energy level
(6.25 joules) and lower the eherqy level in the increments specified
until 29 failures are obtained. Discontinue testing at a particular
level at any time a shct occurs. In those cases where no shots are ob-
tained at 6.25 joules initially, check sample at 0.625 and 0.012 joules
since the 6.25 joule level may "blow" the samnle away, preventing igri-
tion.

CASE 1 UNKNOWN SAMPLE

7.2 Start at 6.25 joules; if results are negative continue testing at
6.25 joules until 20 consecutive failures are recorded 20 Zil.

7.3 If test sample should give a positive result such as a flash, sparks,
burn or odor, then the rnext test interval is 1.25 joules. See Table A-2
for test sequence.

NOTE. The procedure to follow is
to halve intervals until there is
still an untried value on either
side of the proposed test. Oper-
ator will perform five tests per
trial or until positive results
occur.

TA3LE A-2. Test Sequence for Electrostatic Machine.

20 Zi) /‘..25——-——-20 2i1
6.25 wmmt- 0625 ro.z\s =0.01 20,006 ——-0 001
20 Zi 20 i1 20 Zi 20 Zi1
A-6
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CASE 2 KNOWN SAMPLE

7.4 Start at the next higher interval as determined in CASE 1 (for
example if kncwn result is 0.25 joules, start at 0.625 joules).

0.625  1.25 Work up (if negativc)
0.25 Work down (if positive)

8. SPECIAL SAFETY PRECAUTIONS
8.1 Operators nust wear safety glasses while in the laboratory.

8.2 Operators must wear asbestos gloves and face misk when siicing solid
propellants or explosives.

8.3 The test sample for an electrostatic Jischarge trial will not
exceed the explosive limits of paragraph 2.4.

8.4 If a sample is accidentally spilled, the cleanup procedurc of
paragraph 4.5 must be followed.

8.5 The operator must remove waste scrap from the laboratory at the
end of the day's testing.

8.6 The operator must notify everyone in the room prior to a shot, and
all other testing will stop until the electrostatic test is complcte.

A-7
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PREAMBLE

This Appendix outlines the Adiabatic Sensitivity testing of explo-
sive samples. The test is an outgrowth of work begun at the R&D Labor-
atory, NWS/Yktn during the early 1950's. Personnel using this document
are invited to submit suggestions for improvement in the methods docu-

mented, and to report any errors found to the Commanding Officer, Naval
Weapons Station, Yorktown, Va., 23491.

1.  ADIABATIC SENSITIVITY TEST
1.1 Test Equipment.

Tests are performed on an Adiabatic Sensitivity Testing Machine
described in Fig. B-1. MWeights of 2.5 and 5.0 kg are available for im-

pact on the air compressing piston. Samples are press-loaded in sample
holders as described in paragraph 2.1.

1.2 Test Procedure.

A 50% sensitivity height (centimeters) is calculated on the basis
of 25 shots at 0.05 log height intervals. The sample size is approxi-
mately 1 gram and is press-loaded into the sample holder. Positive stops
are fixed to the loadiny tools to insure a constant explosive height of
0.375 + 0.001 inches. Explosive weights are adjusted to give the re-
quired loading density. In general an explosive will be tested at the
munition loading density. A detailed operation procedure, drop height
sequence selection of gap sensitivity test heights, preparation of samples,

and an example of sensitivity calculations are included in the foilowing
sections.

2. N<DED PROCEDURE FOR ADIABATIC SENSITIVITY TESTING
2.1 Sample Preparation.

2.1.1 Press Loaded Compositions (PBXN-1 Through PBXN-99).

2.1.1.1 Clean sample holder with trichloroethylene followed by an acetone
rinse. Dry thoroughly.

8-2
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FI1G. B-1. Adiabatic Sensitivity Test Machine.
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2.1.1.2 MWeigh the required sample on an analytical balance.
2.1.1.3 Pour sample in holder and compress to stop on loading ram.

2.1.1.4 Tuwenty-five samples are required for test. Extra samples may
be required to establish a starting point.

2.1.2 Castable PBX Systems and Other Fluid or Semi-Fluid Systems.

2.1.2.1 Clean sample holder as specified in step 2.1.1.1.

2.1.2.2 Cast, extrude, press, or otherwise load a quantity of material
in the sample holder to the required density.

2.1.2.3 Machine excess to a depth of 1 + 0.001 inch using a reamer by

appropriate explosive machininy operation. Explosive sample height
should be 0.375 # 0.001 inch.

2.1.2.4 Twenty-five samples are required for test. Extra samples may
be required to estabiish a starting point.

2.2 Machine Operation.

2.2.1 Select the weight specified on the data sheet and install in the
machine.

2.2.2 Ensure safety stops are operable and in the loading position.
(In position to prevent weight from impacting on sample holder.)

2.2.3 Engage vacuum plate and raise weight to starting position.

2.2.4 1Install loaded sample holder with desired ram/explosive gap in
machine - ensure pressure relief holes are in alignment and wood barri-
cades are in good condition.

2.2.5 By remote control, withdraw safety stops and permit weight to im-
pact on pressure ram.

2.2.6 Clear machine by raising weight and reinserting safety stops.
Remove sample holder. Sample may or may not have been completely ex-

pended. Soak holder and piston in acetone to loosen piston and dissolve
explosive residue,
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2.2.7 Carefully renmove piston from sample holder and clean.

2.2.8 Discard sample holder in eiplosive contaminated scrap.

2.2.9 Do not retest or reimpact any sample test holder.

2.2.10 Record results. A failure to fire is recorded N, a fire as E.
2.2.11 Repeat Steps 2.2.2 through 2.2.10 for each of the 25 samples.

2.2.12 Pistons shoild be changed vhen the surface is scored from the
shot and must be cleaned between shots.

2.3 Selection of Gap.

The initial gap selected is largely dependent on the sensitivity of
the material to be tested. With unknown materials, a minimum gap of
1/16 inch should be selected on first trial, up to the limit of the
machine. If within the Yimit of the machine the samples fail to detonate,
a larger gap may be selected. The gap should be selected in increments
of 1/16 inch. This process or selection of gap should proceed until a
drop height is establishcd with the smalles* gap that will permit the
sample to detonate. When recording data, it is important to also record
the gap used for any given trial.

3. RECORDING AND CALCULATION OF RESULTS
3.1 Data Sheet.

3.1.1 Record on data sheet (Fig. B-2 and B-3) information required at
heading for each set of samples to be tested.

3.1.2 Record drop weights results on data sheet (FE or N). Record multi-
ple detonations or other abnormal conditions on back of data sheet in-
dicating height level at which event occurred.

3.2 Calculation of Results.

3.2.1 Calculation of the 50% point (Fig. B-4) 'is dor. by either of the
following methods:

8-5

£
R




Downloaded from http://www.everyspec.com

00 44801

Date Run No. Date Run No.
Gap Density Gap Density
Material Material

Remarks Remarks

we | N | HefE/N e | ELN A PE O bt en] e e fue [E|N] A A§N°"
}.._.....
1
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50% Ht 50% Ht _
: ‘ FI1G. B-?. Sample Data Sheet.
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Date Room Temp Sample Temp
gExplosive Gap in.
Ht - E/N LO/HO* Ht | E| N| A] AN
50% Ht cn

*A "low order" (LO) expels the piston back out of the sample holder,

a "high order" (HO) ruptures the sample holder blowout disc and the piston
remains in place. '

FIG. B-3. 1st Revision to Data Sheet, Required for PBXW-106
Type Explosives.
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Date: 21 Jun 1966 Run No.: 1

3 Scoop No.: 3  particle Size: _Thru 20-mesh U.S. Standard sieve
, Material: (Type ot explosive)

Remarks : Since Lf < IN use:

50% ht. = (Lowest rormalized ht.)+(normalized interVals)[gAE - 0.05]

E Ht. Ht. AE or
level E/N level E N A N
2 | 20 | _E_| 18 0 2 0 0
& 19 N 19 2 4 1 2
; 20 | N_| 20 4 4 2 8
5 2 E 21 3 2 3 9
4 20 _ E_ | 22 2 1 4 8
: 19 N 23 i 0 5 5
‘ 20 N
E 21 N 12 13 | - 32
22 |t
2] E_|
3 20 E 32
| 19 | E log 50% ht. = 1.5551 + 0.05 (TZ - 0.05)

5 18 N

19 E

18 N_] = 1.5557 + 0.130

T N
‘ 20 E
b 19 N = 1,685

20 N

21 E From Table B-1:
: 20 N

21 N_| antilog 1.685 = 48.4 cm.
y 22 N .

[ 23 E « + 50% ht. is 48.4 cm.

Eo 22 £
-
- F1G. B-4. Example of Data Sheet.
£
c | 8-8
, h:‘f«'«“tv?\ K \\ ‘: ’: ':.
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If LE is the smallest, use

e

(1owest normalized ht) + (normalizing intervals)[;%%-~ log interval]

50% pt. =
If IN is smallest or if ZE and IN are equal, use
50% pt. = (lowest normalized ht) + (normalizing interva])[?%% + log interva]l

3.3.2 When reporting a 50% pt, the following information is also required,

a. Gap (space between ram surface and explosive surface)
b. Drop weight size
¢. Loading method

The above equation is described in detail in Applied Mathematics Panel Re-
port 101:1R, Statistical Analysis for a New Procedure in Sensitivity Ex-
periments 1945-1948 and in general in the analytical method used in the
Bruceton Impact sensitivity test. Normalized log heights are shown in
Table B-1 for a common log interval of 0.05.

4, DEFINITION OF TERMS
4.1 Schematic of test - see Fig. B-1,
4.2 50% pt. = Adiabatic sensitivity of the sample lot under test conditions.

4.3 Lowest normalized ht. = log value of the lowest height used in the run
of 25 shots.

4.4 Normalized interval = the difference between log hts.

4.5 A = level of the step height (the lowest step height in the series is
designated as level zero; the next step height upward is considered Level
1; the next Level 2, etc.)

4.6 E = number of explosions at a given A level.

4.7 N = number of non-explosions at a given A level.
4.8 AE = A times E.

4.9 AN = A times N.
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TABLE B-1. Impact Sensitivity Test Heignts.
Height, Log Height, Log

3 Leve] cm height Level cm height

0 4 0.6051 19 40.5 1.6051

0.5 4.5 0.6551 20 45 1.6551
1 5 0.7051 21 50.5 1.7051
2 6 0.7551 22 57 1.7551
3 6.5 0.8051 23 64 1.8051
4 7 0.8551 24 71.5 1.8551
5 8 0.9051 25 80.5 1.9051
6 9 0.9551 26 90 1.9551
7 10 1.0051 27 101 2.0051
8 1. 1.0551 28 3.5 2.0551
9 12.5 1.1051 29 127.5 2.1051
10 14.5 1.1551 30 143 2.1551
11 16 1.2051 3 160.5 2.2051
12 18 1,2551 32 180 2.2551
13 20 1.3051 33 202 2.3051
14 22.5 1.3551 34 226.5 2.3551
15 25.5 1.4051 35 254 2.4051
16 28.5 1.4551 36 285 2.4551
17 32 1.5051 37 320 2.5051
18 36 1.5551

4,10 IAE = summation of AE values.

| 4.11 IAN = summation of AN values.

é; 1 4.12 rE = total number of explosions.

i : 4.13 IN = total number of non-explosions.

é 4.14 Air gap - the distance between firing punch face and explosive

surface. See Fig. B-1.
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4.15 Loading density - normally the explosive sawple will be loaded by
the same method and to the same density as expected in the service munition.

4.16 Non-impact punch - A punch so ground to length that machine siops
preclude the purch from impacting on the sample. In the NEDED machine
and sample holder design, the length is 1.000 inch .vom shouldar to [sce
of punch.

4.17 Impacting punch - A punch of sufficient length to impact on the ex-
plosive sample. In the NEDED machine and sample lelder design, the length
is 1.250 inches.

5.  ADIABATIC SENSITIVITY MACHINE, DROP HEIGHT SEQUENCE

Use the starting height and conditions designated on the data sheet,
or select one in the range wherc the. 503 pt is expccted. Go wp the height
scale sequence until a detonation occurs; record this on the data sheet
as the first shot. If a detonation occurs on the first shot, go o i
height scale sequence until a non-explosion occurs. Example: When an
explosion occurs, go down one step height, continue down in step incre-
rents until a non-explosicn occurs, then proceed ui in step increments
until an explosion occurs. Repeat up and down through explosions and
non-explosions until sample of 25 has heen completed. Calculate 50% pt:
as specified in Section 3.

6.  GENERAL COMMENTS

The number of variables in this test make it imperative that a
standard procedure be established and fo’iowed for loading sample holders
and conducting test runs. The test is designed to show worst conditions;
a sample tested in this machine may te, in fact,'less sensitive when
tried in the actual munition but not the reverse. Finally, it is ex-
pected to show an ordereds ranking of sensitivity to this stimulus. The

ranking of explosives by this test must also be judged by other sensi-
tivity tests.

PIRA
S 5 T

NN

LB

. B 53
c o
v oA




e e o 10 At i G W b %

Downloaded from http://www.everyspec.com

CONTENTS

1. Introduction . . . . . . .. ... ...
2. Background . . . . . . . .. . ¢ . ...
3. NWC Cylinder Exnansion (Cylex) Test . .

3.1 Experimental Considerations .

3.2 Data Reduction . . . . . . . .

-

3.3 Sources of Error in the Cylex Test .

3.4 Cylex Data Reduction Procedure . .

References . . v« ¢« v v o o « o o o o o o o s

0D 4481

.. C-7

. . C2.

. . C-13
. . C-21

S

MBI b T e

. SR S

T

e Rl
ST Byl

- ry
.
o e
- g
LT A r.%&yﬁ}n%ig"

afathe s BASaun.




MR R o

Downloaded from http://www.everyspec.com

0D 44811

1.  INTRODUCTION

Aa important problem faced by the designer of fragmentaticn warheads,
is that he must maximize the energy which is transferred from explosive
to metal during the detonation. The most frequently encountered configu-
ration is that of an explosive-filled metal cylinder, detonated by a )
wave moving axially. The best scaling law that has been devised for this
condition is that of Gurney, Ref. 1, who disregarded detonation conditions,
shock effects in the metal, and assumed implicitly that all the energy of
the explosive is conserved. His equation for cylinders is:

1/2

where v is the velocity to which the metal is accelerated by the explo-
sive, E is unit energy content of the explosive, C is the weight of the
explosive and M is the metal weight. This expression of velocity in
terms of C/M implies that weight-ratio scaling of explosive and metal is
of prime importance and that dimensional scaling need not be considered
at all. The tern\vef_g has the dimensions of a velocity as was pointed
out by Gurney in his original report.

Determination of the Gurney constant of a warhead explosive is
logically made in the cylinder expansion test where the explosive con-
tained in a metal cylinder is end-detonated and the maximum lateral
velocity of the metal is measured. The geometry resembles that of most
fragmentation warheads, particularly as to lateral confinement of the
explosive, The dimensions of the cylinder can be chosen so as to give
the full run-up to detonation velocity before reaching the location of
fragment velocity measurements, and the end-release effects can be kept
far enough downstream so as not to affect fragment velocities. Other
techniques for evaluating exnlosives, while of full value in their own
contexts, are all less applicable to the prediction of effects in the
fragmentation warhead, The plate-push test transfers only about one-
fourth as much of the energy of the explosive to the metal as does the

c-2
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cylinder expansion; also, the air-cushion between explosive and plate is
highly unrepresentative of the warhead configuration., Other rating tests
such as the plate-dent, and ballistic mortar and the Trauzl lead block
are even more umrepresentative. geometrically.

The cylinder expansion test has been in use for some time. Early
work at the Naval Ordnance Laboratory (NCL), White Oak successfully used
the streak camera to recoird metal velocities; techniques developed by
the Lawrence Radiation Laboratory (LRL) and the Los Aiamos Scientific
Laboratory (LASL) in this country and the Atomic Weapons Research Estab-
lishment {AWRE) in Britain have given results of good procision and in
agreement among the three organizations. This latter test geometry was
chosen for the work at NWC.

2. BACKGROUND

The cylinder expansion test is any test performed where a metal
cylinder (relatively thin walled), is loaded with an explosive and this
explosive charge detonated. As the detonation occurs, the expansion of
the cylinder wall is observed and recorded in such a way that the rate
at which the wall moves ocutward can be followed up to the point where
the expanding cylinder wall is obscured by the reaction products as they
break through the wall.

The metnod for observing the wall's expansion varies. It has been
recordad throuah the use of elentronic pin probes and raster oscillo-
scope recording systems as well as with flash X-ray techniques. It has
also been accomplished by the use of streak camera§ and framing cameras.
The Lawrence Radiaiion Laboratory (Ref. 2) method uses a streak camera
for the recording of the wall velocity and a pin probe method for deter-
mining the detonation velocity of the explosive while it is expanding
the walls of the test cylinder. The AWRE uses both electronic pin probe
and streak camera methods (Ref. 3) to record the wall expansion, and pin
probes for the detonation velocity. There is some reason to believe
that perhaps in the early stages of the evpansion the pin probe method
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may be more accurate, but the data reduétion is also a bit more difficult
in some respects than with the streak camera record.

A standard cylinder geometry is selected and manufactured precisely
from a standard metal. The cylinder thus produced, is loaded with a
carefully manufactured explosive charge of the material to be investi-
gated.

The test assembly is then instrumented in any of those methods men-
tioned above and fired, recording the detonation velocity of the charge,
and also the radial expansion of the cvlindrical case, as a function of
time. Reduction of these data permits an assessment of the explosive's
behavior during the event.

When various explosives are rated in the standard geometry, the
relative performance of these explosives becomes readily apparent. This
permits the warhead design enaineer to select an explosive compound for
a specific feature of its performance.

It has been demonstrated that cylinder expansion test results scale
up or down over a wide ran-e of sizes (Ref. 2).

3. NWC CYLINDER EXPANSION (CYLEX) TEST

3.1 Experimental Considerations.

The test device consists of a 2.54-cm 1D, precision manufactured
copper cylinder, 12 diameters long and with a wall thickness of 0.25 cm.

Copper was choseﬁ because in cylindrical geometry it is capable of
nearly twice the expanzion steel demonstrates before the wall ruptures,
thus containing the explosive gases until terminal wall velocity is
reached. Figure C-1 shows the Cylex test assembly positioned aZ viewed
by the streak camera, The black and white placard behind the cylinder
is a focusing aid to determine an accurate magnification factor for use
in data reduction. At present, detonation velocity of the explosive is
measured using electronic switches. In figq. C-2, the two end supports
of the cylinder can be seen to incorporate detonation velocity switches.
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FIG. C-1. Cylex Test Assembly, Positioned as
Viewad by Streak Camera.
P FIG. C-2. Cylex Test Assembly Showing
. Detonation Velocity Switches.
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Two circuits (each using a nanosecond counter) are employed on each
experiment. This permits a more confident determination of the detona-
tion wave's transit time through the measured interval--the time interval
is relatively long (25 u-sec) and the distance traversed is about 21.5 cm.
The counters record the sianals generated from printed circuit boards,
which are placed on the cylinder's wall, in an area which does not affect
the wall and its expansion behavior, but which does record the detonation
velocity of the explosive accurately.

The castable plastic bonded explosive used as the standard of com-
parison in the Cylex test is PBXN-101 rather than Composition B because
it is a more homogeneous composition, and is s*tructurally a considerably
better explosive. Further, in making this choice, the undesirable vari-
ability of the melt-cast TNT explosive systems is avoided.

The instrumentation for this test consists of a streak camera to
moni tor the expanding cylinder wall and electronic means to record the
detonation velocity of the explosive as it is expandinq the test cylinder
wall. The camera is a Cordin 70 mm streak camera, which records its image
on a large strip of film. Optical magnification is selected for each
explosive in order to pruvide maximum accuracy and precision in recording
the data from the firings. The writina speed of the camera (again selected
for each explosive compounid to maximize the sensitivity of the data record-
ing) is recorded with a period lockout count circuit, (Ref. 4) so as to
obtain as precisely as possible, the exact writing speed of the camera
during the revolution of the mirror on which the experiment was fired.

The printed circuit board pin probe arravs are capable of being
semi-mass produced to close tolerances. In addition, thev are compatible
with automated-record-reading machine calibration procedures.

The test cvlinder is placed at an appropriate distance in front of
a tracing paper screen which is illuminated by an araon-filled explosive
flash lamp. This system provides the proper contrast for good photo-
graphic rendition of the dynamic event (Fig. C-3).

C-6
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FIG. C-3. Streak Record of Dynamically |
Expanding Cylinder. 3

An optical alignment is accomplished through the use of a Laser.
The cylinder assembly is so positioned that the projected slit image
of the camera which records the radial velocities, one on the upper side
of the picture and one on the lower side of the picture, will cross the
cylinder at a point at least 6 charge diameters from the initiation end.
It has been found (Ref. 5) that in a series of experiments, where the
projected camera slit images were placed at different locations along
the cylinder, it was not unitil 6 diameters from the initiated end of the
cylinder that the wall velocity reached a steady state value. Recorded
wall velocities remained constant until 1.5 diameters from the free end :
of the cylinder. After this distance, the wall velocity values again
varfed downward from the constant, maximum values.

3.2 Data Reduction.

%

®
N

Data reduction for Cylex testing is an automated procedure (see
Section 3.4). It consists of a ifann Comparator using IBM card printout
to actually read the data from the film. A computer program written on
the IBM 1130 computer smeothes the radius and time data, fits the data,

siacke
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and then the IBM 1627 Plotter plots it in various ways. One of the
interesting plots is the smooth radius data versus time ((R-Ro) verus T)
(Fig. C-4). Figure C-5 displays the velocity obtalned from the data
plotted in Fig. C-4 as a function of time also. These two plots can be
handled either geometricallv or analytically to provide a velocity at a
radius. This is the first bit of information specifically wanted.

The final data of interest from the Cylex test is the Alpha or Curney
constant. This is a factor used to calculate initial fragment velocity
from an explosive (Pef. 1). Figure C-6 is a plot of the Gurney constant
as a function of time. However, this plot is somewhat fictitious since
there is only one Gurney constant for any given geometry, and the constant
does not evolve. however; it proves to be easier to allow the computer
to calculate something that is called Alpha and disregard the data until
the 19-millimeter expansion point is reached. Therefore, the Gurney
values that are given relate to information obtained from Fiq. C-4, (-5,
and C-6.

Figure C-7 shows a typical streak camera Cylex record for PBXN-5
explosive. There are several items in the record that are worth noting.
The initial phase of wall motion shows an irregularity thought to be an
initial jump-off of cylinder surface. This behavior was recorded by AWRE
(Ref. 3), and by H. Dean Mallory (Ref. 6). It occurs early enough in the
record and disappears soon enouch so that it is not detrimental. It is
interesting to note that while there is a clearly visible air shock moving
ahead of the cylinder wall in the later stapes of expansion, it does not
affect the recording of cylinder wall behavior.

Velocity of the cylinder wall measured at two radii of expansion are
of interest. These are 5 mm (wall expanded to 5 mm beyond original radius),
and 19 mm of expansion. The velocity at 5 mm is said to be comparable to
the Naval Ordnance Laboratory (NOL), White Oak, plate push velocity. This
is defined as equivalent to the velocity of the cylinder wall after a two-
fold volume expansion of the detonation products has occurred. The 19 mm
point equates to a sevenfold volume increase of detonation products, and
is quoted as the terminal velocity, or maximum velecity, that the subject
explosive will contribute to the cylinder wall.
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FIG. C-6. Gurney Constant Plctted as a Function of Time.
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3.3 Sources of Error in the Cylex Test.

3.3.) Error in Recorded Radial Wall Velocity Due to Camera S1it Tilt.

If the camera’s slit should be tilted away from normal or if the charge

¢ should be placed in an orientation other than paralliel to the camera's
time axis, erroneous velocities will be recorded. However, in monitoring’
the wall's expansion from both sides of the cylinder, a simple averaging
procedure will remove all errors introduced in this manner.

3.3.2 Ervor in Wall Velocities Introduced by Faulty Determination of
Optical Magnification Factor. By using a Laser to align the elements of
the experiment before the camera, nearly optimum photographic conditions
are obtained. This factor plus two others, (1) the standardization on
one test geometry, and (2) working at an optical magnification of or
near unity, results in high quality photographic records which make pre-
cision record reading possible.

3.3.3 Error in Measuring Detonation Velocity of the Explosive. ' The
velocity of the detonation which is responsible for expanding the cylin-
der wall is on the order of four to five times higher than the velocity
with which the expanding wall is moving. Because of this fact,.then,

in the time 1t takes for a point on the wall to move outward 1 milli-
meter after the detonation front has passed, the detonation wave will
have run down the cylinder, 4 millimeters o more. For this reason,
great care must be taken to insure that the pin contacts are all placed
at both the exact same distance from the cylinder wall and as close as
possible to the wall.

)

\ In the work at NWC, two factors have combined to prouuce precision
! results in d=tonation velocity measurement. The first of these is the

’ production of flat calibrated pin probe arrays through the use of sub-
stantial, dimensionally stable printed circuit board materials. Second
_ is the assurance that the plane of the contacts on this board is perpen-
g dicular to the cylinder axis.
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3.3.4 Record Reading Errors. While a detailed assessment of the errors
accompanying the record reading itself has not been made, during the
course of the analysis for the first series of experiments described in
Section V of this paper, it became possible tu reread and recompute wall
velocities for one record three times. These times were spread over a
6 months period, and involved two record reader operators (neither of
whom knew which record they were reading). All three analyses yielded
the same value with a total spread of 0.08%.

The data for the explosives studied using the Cylex procedure are

omitted from tnis unclassified document. As additional data are obtained,

a classified table will be updated and be available upon request.

Future ﬁlans call for the inclusion of C-J pressure ‘or these mate-
rials as well as the data already provided.

3.4 Cylex Data Reduction Procedure.

The following procedure is used for reduction of data from film
strip records:

3.4.1 The film strip is read on the Mann Comparator in conjunction with
a Telecordex unit and an IBM Summary Card Punch.

3.4.2 When the film has been placed on the Mann Comparator the follow-
ing steps are followed:

cd
A
B )
1
]
! o
| R
)
LINE A |
“\\\\ronrr'r
LINE B

&,
4,
60
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©.2.2.1 The film is first 2. 23 in the comparator such t:ha: oving
"z Tine A from one end c ¥ =tz Yine to the other will preudaze 3 devi-
17700 in Y counts (vertical mmezurement) of no more than 3§ maire
Turts.

e

2.2.2.2 When film has beer prime-ly aligned, an origin point "z then
srz2rnined.  This origin pci-t “s normally a point at the ertree left
#n: £° line B. Wnen the ori:"r pziat has been determined, the { and Y
Sirtizers are set to 0.

T.2.2.3 The next step is to f -¢ the diameter of the Cylex tu=2 in
maic2 counts. In order t.o mztain this distance, six reacd-inm: ave made
¢*¥ k2 vertical distance be twein Yines A and B. The measur=m2rzs would
o2 zunched on cards in the 517 >wing manner:

Reading ° X=) cwonss ¥=30000 counts

Reading 2 X=3000 csunts Y=30005 counts

Reading 3 X=70007 ounts Y=30000 counts

Reading 4 X=150:9 counts Y=30001 counts

Reading 5 X= 22010 csunts ¥=29998 counts

Reading 6 =257 counts Y=30003 counts
2xperience has shown U2t taking these measurements at in:rements
07 3 @ in the X (horizonta?l) r-rection of movement produce:s 2 cetter
tvi-322 of the vertical dis t2n:2 t2tween lines A and B than tai*ng the
mersurements at shorter or Ton2r intervals of X.

-
-
-
-
-

I.6.2.% The next step is to orzain readings for trace line C. A nfni-
man o 100 readings are nee:lac “or this line. In order to -determine how
2¥1zn this line should be rz:¢ t*2 following procedure is usec:

3.2.2.21 The film is advar o2t %2 point 'T* on the film and i: then

-i 122 vertically to the toz o° t~2 trace pattern and the dis:tuice in X
zares is recorded. The fi'w -5 then advanced to the end ¢ ¥ M1e trace
titarm and that distance i « zo.ats is recorded. The first rostance
re2in) is then subtracted “-an tha2 second distance readinc nnt this
"2 is distance Cd. Distrwz: (2 is then divided by 100 tn zi=ain the
-srr2- of machine counts neszaer in order to obtain 100 readint: of

t-i:2 iines C and D.

)

c-14
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3.4.2.4.2 To begin reading trace line C the film is advanced to point
'T* and the following procedure is used:

Assume that the X counts at point ‘T' equal 27000 machine counts.
It s desired to make one reading on line A before the trace line C is
read. Assume also that it has been determined that trace line C is ‘to
be read every 300 machine counts in the X direction of movement. From
point 'T' the film is advanced 300 counts in X to the left of point 'T’
on line A. When this point has been reached the Y digitizer is set to
0 machine counts. Therefore the first reading for trace line C is equal
to 26700 counts in X, and O counts in Y. From this point a reading is
made adding 300 machine counts in X for each reading on trace line C.
As each reading is made on trace line C the Y value will increase
positively in machine counts as it follows the trace line.

Example: Trace line C readings

Reading 1 X=26700 counts Y=00000 counts
Reading 2 X=27000 counts Y=00001 counts
Reading 3 X=27300 counts Y=00285 counts
Reading 4 X=27600 counts Y=00570 counts

Notice that on trace line C both the X and Y counts increase posi-
tively.

3.4.2.5 When trace line C has been completely read the film is returned
to point 'T' and then lowered vertically untii line B is reached. For
comparison purposes, the readings of the top and bottom trace should
begin at the same point in the X direction of wovement and readings of
trace line D should be made at the same interval of X as was used for
trace line C.

Example. Trace line D readings

Reading ) X=26700 counts Y=00000 counts
Reading 2 X=27000 counts Y=-00001 counts
Readina 3 X=27300 counts Y=-00286 counts
Reading 4 X=27600 counts Y=-00573 counts

Notice that on trace line D the X counts increase positively in
value while the Y counts decrease in value as it follows the trace line.

C-15
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3.4.2.6 When trace line D has been completely read, the reading portion
of the job is completed.

3.4.3- The next step in the reduction of the test data is to 80 x 80 list
the deck of cards obtained from the film readings. The listing is then
checked to verify that all appropriate readings have been made and that
all cards are in their proper order.

3.4.4 The next step is io keypunch control cards containing the infor- -
mation given on the Cylex Calculation Input Sheet. A list of contro}
cards is shown in Table C-1.

3.4.5 When the control cards have been punched and inserted at the
beginning of the datu deck, the deck fs submitred to the IBM 1130 Cylex
computer program. Data are output in the form of a data listing and 10
plots for each Cylex record, 5 plots for the upper trace readings and 5
plots for the lower trace readings.

3.4.6 The next step is to check the listing and each of the plots to
determine if all the information vequired has been obtained.

3.4.7 When the Cylex data computer printout and plotout forms are
received, make a work sheet as follows:

The work sheet will be made from a large piece of data paper. This
has 22 columns from left to right, laid off by pink lines and 38 Yines
from top to bottom, laid off with blue lines. The work sheet is divided
so that the first colum is for experiment; second, half; third, leave
blank; fourth, time at 5 millimeters; fifth, average; sixth, veiocity at
5 millimeters; seventh, average; eighth, leave blank; ninth, time at
19 millimeters; tenth, average; eleventh, velocity at 19 millimeters:

: twelfth, average. The last columns are empty, however;, they are useful
‘ for additional notes and corrections, etc. At the top of the page, desig~
nate the explosive being tested.
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. TABLE C-1. NWC Code 4541 Cylex - Control
= Cards for Program MAT 1,
Card A
oo Shot #: Columns 1-5°
S Date Fired: Columns 11-26
Operator: Columns 31-5)
Card #2
80 Column ID Card.
Card #3 '
80 Column Comment Card.
Card #4
80 Column Comment Card.
Card #5
Type of Metal: Columns 1-12
sm: Columns 16-25 :
Type of Explosive: Columns 31-42 |
sC: Columns 46-55 |
Card #6 , ‘
Writing Rate: Columns 1-10 i
Inside Radius: Columns 11-20
Qutside Radius: Columns 21-30
Detonation Velocity: Columns 31-40
Data Card
Al Punch {constant): Column 7
Reading #: ' Columns 25-27
Machine #: Column 37
Shot #: Columns 47 & 48
: Readout #: : Column 50
‘ X counts: Columns 62-66
2t Y counts: Columns 67-72 ;
o :
£
c-17
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3.4.8 Data Reduction.

3.4.8.1 (Ry - Rg) Versus T3 Plot.

3.4.8.1.1 Take the (RJ - Ro) versus TJ plot and lay it out on the table
or a light box.

3.4.8.1.2 On the ordinate, mark off the 5 millimeter and 19 millimeter
points.

3.4.8.1.3 Using the triangle, draw 1ines over to the plotted curve.
These Tines will be parallel to the abscissa.

3.4.8.1 4 At the point where they intersect the curve, draw a line
perpencicuiar Lo the abscissa, thus marking the time at which the wall
reached the radii of 5 millimeters and 19 millimaters respectively.

3.4.8.1.5 Record these values in the appropriate columns on the work
sheet.

3.4.8.2 Vy Versus Tj Plot.

3.4.8.2.1 Take the VJ prime versus TJ plot and lay it over the RJ minus
Ro versus TJ plot, so that the time axes coincide, and fasten in plice.

3.4.8,2.2 Take the triangle again and draw perpendicular lines from the
time readings upward until they intersect the velocity plot at both
5 millimeter and 19 millimeter points.

3.4.8.2.3 At these two points, run lines thet are parallel to the
abscissa over to the ordinate, thus giving the velocity at these two
expansion points respectively.

3.4.8.2.4 Record these values on the appropriate column on the work
sheet. This reduction procedure is repsated for each ha.f of each ex-
periment (the corresponding entries being made on the line marked efther
21 bottom or 21 top for instance).

3.4.8.3 After calculating the radial wall velocity for each experiment
at each point, (the § millimeter point and the 19 millimeter point) the
Gurney value is determined.
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The procedure followed is to determine what appears to be the radial
wall velocity, averaging all the radial wall velocity determinations for
a set of experiments at 19 millimeters, then use this number to determine
the Gurney value.

The e?siest method is to use information from the particular pldt
of Alpha J , which corresponds to the averaae velocity or most nenrly
corresponds to the averzge wall velocity. At present, ine Alpha J plots
Alpha J‘ against radius, but it's not R - Ro.

3.4.8.4 Alpha J Versus R Plot.

3.4.8.4.1 Find the initial outside radius, add 19 millimeters to it,
and go along the abscissa until you find this radius.

3.4.8.4.2 Construct a perpendicular line from this point upward until
it intersects the curve.

3.4.8.4.3 Finally, construct a perpendicular line from this line to
the ordinate which will yield Alpha. Alpha is given in millimeters per
microsecond.

3.49 Helpful Hints.

3.4.9.1 A rubber ruler is very useful 1n.reducinq the data. Velocity,
(VJ). time (TJ). Gurney constant (Alpha J ), and radius (R) use the
same graduations requiring one setting of the variable scale,

3.4.9.2 The remainder of the data is on the printout heading for the
experiment.

3.4.9.2.1 Charae/mass ratio (C/M) appears on the fifth line of the
heading for each experiment.

3.4.9.2.2 Detonation velocity appears on the fifth line also. In some
cases, the detonation velocity will be an estimate or will be givan from
other work, (not measured in the individual Cylex experiment). 1If the
detonsticn velocity is not measured, there will generally be a flaq in
the title section of the computations that indicates this,
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3.4.9.2.3 Tha sixth line carries metal identification and density.
(Density is called out as RHOM.)

3.4.9.2.4 The explosive designation and explosive density are also on
1ine 6. (Explosive density is called out as RHOC.)

3.4.9.3 If you label the work sheet with the types of explosive being
tested, initial and date ii, and make a brief statement as to where the
data are reported; this makes reduction of the data easier the next time.
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