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1. SCOPE

1. General. This standard establishes the testing nethods for
the qualification of primary, booster and main charge explosives.
These tests, include nandatory testing for qualification and
tests desined to provide background information on explosives
intended for Air Force use.

1.2 Applicability. This standard is applicable to new or nodified
expl osives intended for Ar Force utilization. It is necessary
that explosives qualifying under this docunment for specific
applicaitons contain in their procurenent specifications, suffic-
ient tests, referenced to or described herein. This action wll
enhance the quality control standards governing the physical and
chem cal properties of the explosives shich this docunent, is de-
signed to neasure. Wien such trests are not included, the re-
quirenents of this docunent, at the discretion of the procuring
activity, may be invoked, to denonstrate that the explosive as
procured qualifies.
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2. REFERENCED DOCUMENTS

2.1 lssues of docunents. The followi ng docunments of the issue
in effect on date of initiation for bids or request for proposal,
form a part of this standard to the extent specified herein.

SPECI FI CATI ONS

FEDERAL
CF-206 - Felt Sheert: Coth, Felt, wool, Pressed.

M LI TARY
ML-T-339 - Tetryl (Trinitrophenyl methylnitram ne)
ML-P-387 - Pentaerythrite Tetranitrate (PETN)
ML-L-757 - Lead Styphnate, Nor mnal
M L-L-3055 - Lead Azide

STANDARDS
M LI TARY

M L- STD- 650 - Expl osive: Sanpling, Inspection and testing
M L-STD-810 -Environnental Test Methods

DRAW NGS
BUREAU OF BUREAU OF NAVAL VIEAPONS
2426912 - Expl osive Properties Assenbly
2426913 -Donor Assenbly
2426914 -Acceptor Assenbly
2426915 - Body

BUREAY OF ORDNANCE (Department of the Navy)

457454 -Plug Subassenbly

6552246 - Spacer

959221 -Primer Cup

1386180 - Pl ug

1417758 - I nsul at or

1417759 - Charge Hol der
PUBLI CATI ONS

US NAVAL ORDNANCE LABORATORY
(The ';’echni cal Cooperation Program Manual of Sensitiveness
Tests



US/ Expl osi ve
( AD824359)
US/ Expl osi ve
( AD824359)

US/ Fr agnent
( AD824359)
US/ Fr agnent
( AD824359)
US/ Fr agnent

(AD824359)

Downloaded from http://www.everyspec.com

Shock/ 02
Shock/ 04
| mpact/ 02
| mpact/ 03
| npact/ 04

US/ Friction/01

( AD824359)

US/ Friction/ 02

( AD8243509)

US/ Friction/03

( AD824359)

US/Friction +

(AD824359)
US/ | npact /01
(AD824359)
US/ | npact/ 02
(AD824359)
US/ | npact/ 03
ADB24359)
US/ | npact /04
(AD824359)
US/ | npact/ 05
ADB24359)
US/ | npact / 06

éAD82435?)
US/ | npact /07
(AD824359)
US/ | npact /08
(AD824359)
US/ | npact /09
(AD824359)
US/ | npact/ 10
ADB24359)
US/ | npact /11
ADB24359)
US/ | npact /12
(AD824359)
US/ | npact/ 13
(AD824359)
US/ | npact/ 14
(AD8243599)

NAVORD CD 5823

| mpact/ 01

M L- STD-1751 ( USAF)

- Expl osi ve Shock Sensitiveness

Test

(Large Scal e Gap)

- Expl osi ve Shock Sensitiveness

Test

-.30 Caliber Bullet

-Sensitiveness

-Sensitiveness to Fragnent
-Friction Sensitiveness
-Friction Sensitiveness

-Friction Sensitiveness

--I npact Test

-1 npact Test

-1 npact Test

-1 npact Test

-1 npact Test

-1 npact Test
Scal e)
- | npact
Scal e)
- | npact

Test
Test

-l npact * Test

-l mpact Test (Large

-l mpact Test (Large

-l mpact Test (Large

-l mpact Test (Large

-l mpact Test (Large

-l mpact Test (Large

-Sensitivity Test

to Fragnent

(Laboratory
(Laborat ory
(Laborat ory
(Laboratory
(Laborat ory
(Laboratory
(Laborat ory

(Laboratory

of
Det onat ors using Test
MDD O (Priner) and Test

(Standard Scal e Gap)

Sensitivity

| npact
| npact
Test

Test

Test

(Large Scal e- Ski d)

Scal e)
Scal e)
Scal e)
Scal e)
Srmal |

Lar ge
Scal e)

Scal e)

Scal e)
Scal e)
Scal e)

Scal e)

Scal e- Spi got)
Scal e- SUSAN)

Prinmers and
Set MK 135
Set MK

136 MOD O (Detonator)
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DEFENSE DOCUMENTATI ON  CENTER

NAVORD 6632 -The Electrostatic Spark Sens-
(AD312827) itivity of Bulk Explosives and
Met al / Oxi dant M xt ures
NOLTR 65-124 -The Electrostatic Spark Sens-
(AD371262) itivity of Various Oganic Ex-
pl osives and Metal/ Oxi dant M x-
tures
NC TP 4258 -Thermal Anal yses Studies on
(AD872306) Candidate Solid JPL Propellants

for Heat Sterilizable Mtors

(Copies O specifications, standards, draw ngs, and publications
required by contractors in connection with specific procurenent
functions should be obtained from the procuring activity or as
directed by the contracting officer.)

2.2 Oher publicaitons. The followi ng docunents form a part of
this standard to the extent specified herein. Unless otherw se
indicated, the issue in effect on date of invitation for bids or
request for proposal shall apply.

AVERI CAN SCOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C177 -Steady-State Thermal Transm s-
sion Properties by Means of the
GQuarded Hot Plate; Method of

Test for

ASTM D621 -Deformation of Plastics under
Load, Methods of Test For

ASTM D638 -Tensile Properties of Plastics,
Met hod of Test for

ASTM D695 - Conpressive Properties of Rgid
Pl astics, Method of Test for

ASTM D696 -Coefficient of Linear Thernal
Expansion of Plastics, Method of
Test for

ASTM D747 -Stiffness of Plastics by Mans

of a Cantilever Beam Method
of Test for

ASTM D759 - Conducting Physical Property
Tests of Plastics at Subnornal
and Supernornal Tenperatures

ASTM D785 - Rockwel | Hardness of Plastics
and Electrical Insulating
Materials, Method of Test for



ASTM Dr90

ASTM D864

ASTM D1525

ASTM D1895

ASTM D1897

ASTM D2117

ASTM D2566

(Application for

Downloaded from http://www.everyspec.com
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-Fl exural Properties of Unrein-
forced and Reinforced Plastics
and Electrical Insulating
Materials, Standard Test Methods
for

-Coefficient of Cubical Thernal
Expansi on of Plastics, Method
of Test for

-Vicat Softening Tenperature of
Plastics, Standard Test Method
for

- Apparent Density, Bulk Factor,
and Pourability of Plastic
Materials, Standard Test Methods
for

-Injection Mlding Test Speci-
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3. DEFI NI TI ONS

3.1 Booster Explosive. As used herein, a "Booster Explosive"
is defined as an explosive acceptable for fuze conponents whose
detonation would normally be conmunicated to the main charge
expl osive of a fuzed weapon when the fuze is in both the arned
and unarned conditions. This shall include explosives used in
| eads, relays, detonating cord, boosters, and other conponents
used on the warhead side of the interrupter.

3.2 Candidate Explosive. As used herein, the term “candidate
expl osive" is any explosive material being evaluated in accord-
ance with this docunent.

3.3 Explosive (Mterial). As used herein, the term "Expl osive"_
or "Explosive Material" inplies not only a specific conposition,
but a specific particle size distribution, purity, and process

of manufacture w ht ranges specified. Wenever changes in part-
icle size, purity, process of nmanufacture, grade, class, or any
other nodificaiton is nmade, including the addition of naterial
(such as a binder or lubricant), the explosive shall be considered
a new conposition. Under these circunstances a decision shall be
rendered by the applicable ordnance systens group as to whether

a conplete interim qualification test program shall be rerun.

3.4 Main Charge Explosive. Min charge explosives are conpounds
or formulations such as Trinitrotoluene (TNT) or Conposition B “
that are used as the final charge in any explosive application.
These expl osives, because of their insensitivity, ordinarily
require initiation by a booster explosive. For this docunent
expl osives do not include pyrotechnics or propellants unless
they are used as the principle energy source for destructive
effects.

3.5 Primary Explosives. Primary explosives are sensitive form
ul ati ons or conpounds such as Lead Azide or Lead Styphnate that
are used to initiate detonation in high explosives. They are
sensitive to heat, inpacts or friction and undergo rapid reaction
upon initiation. These sensitive explosives are separated from
the booster explosive by the interrupter of the fuze, exploders
or safety and arm ng device. For the purposes of this section a
primary explosive is a single explosive conmpound or a mxture
that does not neet the requirenents of one or nore of the tests
specified in 5.4.1, 5,/4.2, 5/4.3, 5.4,5 5.4,7, or 5.4.8.
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3.6 Representative Sanple. Sanpling procedures may be varied to
accomodat e circunstances. However, shere feasible, part of each
representative sanple shall be drawn from each container and from
various |locations within each container. The sanple shall bot be
bl ended before use in tests.

3.7 Sub-sanple. Each sanple, wthdrawn from various |ocations
within an individual container, is defined as a su-sanple.

3.8 Test. As used herein, the term "test” is the conplete series
of trials or replicates specified.

3.9 Trial. The term "trial" neans the application of a stimulus
to a single specinmen of explosive,
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4. GENERAL REQUI REMENTS

4.1 Reclained WNaterial. The use of reclained naterial shall be
encouraged to the maxi num extent possible wthout jeopardizing the
i ntended end use of the item

4.2 Basic, Primary Explosives. Al primary explosives used in
weapons nust neet all of the Detailed Requirenments giver. in Sec-
tion 5. Each explosive material, as defined in 3.3, nust neet
these requirewrents. In addition, gives tests to provide desirable
background i nfornation.

4.2.1 New conpositions. In addition to passing the tests de-
scribed in the Detailed Requirenments each conmpound or mxture
proposed for use as a primary explosive shall be studied for the
possibility of reactions with containers or contamnants, or
phase transitions under anticipated conditions of use. Experi-
nments shall be perforned to determine the probability of such
changes and their effect upon stability and sensitivity as deter-
m ned by tests described in Section 5.

4.2.2 Explosives description and analysis. A description of what
constitutes the explosive (including its conposition analysis)
shall be presented when applying for an interim qualification.

The expl osive shall be adequately defined and shall have net the
requi rements of this section.

4.2.3 Sub-samples. To the extent that it is practical and feas-
i bl e, sub-sanples shall be kept separate, and equal nunbers of
speci nens for each test described under Detailed Requirenents
(Section 5) shall be drawn from each sub-sanple of a candi date
expl osi ve.

4.3 Basic, booster explosives. Al explosives used in fuzes in
direct communication with main explosive charges shall have met
all of the Detailed Requirenents given in Section 5. Each ex-

pl osive material, as defined in 3.3, shall meet those requirements

4,3.1 Conpatibility. In addition to passing the tests prescribed
in the Detailed Requirenents, each conpound or m xture proposed
for use as a booster explosive shall be investigated for com
patibility with potential containers or with other materials of
expected contact. The presence of noisture as it affects these
conpatibilities shall be determned. A statement concerning
conpatibility shall be forwarded with the request for interim
gualification, see b5.6.6.
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4.3.2 Explosive description and analysis. A description of
what constitutes the explosive (including its conposition

anal ysis) shall be presented when applying for an interim qual-
ification. The explosive shall be adequately defined and shall
have net the requirenents of this sections

4.3.3 Sub-sanples. To the extent that it is practical and
feasi bl e, sub-sanples shall be kept separate, and equal nunbers
of specinens for each test described under Detailed Requirenents
shall be drawn from each sub-sanple of a candidate explosive.

4.3.4 Ganular explosive. For each test described under Detail-
ed Requirenments a procedure is described for the preparation

of specinmens from granular explosives. These procedures are
applicable to pure crystalline explosives and granular explosive
m xtures, including plastic bonded explosives; which are normally
formed by pressing at tenperatures below the nelting point of the
bi nder and at which the binder does not undergo a chem cal change
(such as curing) as part of the fabrication process.

4.3.4.1 Cast, nolded, extruded, and injected explosives and PBX
conpositions not suitable for granular explosives. For each test
described or referenced in the Detailed Requirenents, the dinen-
sions of the specinen required for each trial are given either
in the test or a referenced drawing where necesary. Wiere the
di nensions of a specinmen to be used in a specific test are com
patible with fabrication procedures for which the icandidate ex-
plosive is intended, such procedures shall be used in specinen
preparation. Were intended fabrication procedures are only
feasible for charges very nuch l|larger than the specinens speci-
fied herein, these procedures shall be used to form billets of the
candi date explosive from which test specinens can then be nmach-
ined. Specinents for each test described or referenced shall be
made from material taken at each of several locations with re-
spect to the principal dinensions of the billets form shich they
are machined, and should be 95% of theoretical nmaxi mum density
(TVMD) or above unless a known application requires a |ower value.

4.3.4.2 QOher sanpling requirenents. Wen billets are nachined,
the uncontam nated chips, shavings, or dust resulting can be
saved and used as specinens in tests such as the vacuum stability
test and the electrostatic sensitivity test in which the tests
are perormed on |oose powders and hot wire ignition test 5.4.5
in which a finely divided powder is used. In general, except

as noted in the Detailed Requirenents, materials to be used in
these tests shall be used in the "as received" state except for
drying. However, explosives which have thernosetting or other
bi nders which undergo chem cal changes in the process of "curing"
should be cured before testing. In tests where |oose powders
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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.

4.3.4.3 Density of specinment changes. If the |oading pressures
specified in the tests described in 5.4.1 through 5.4.8 produce
densities that are substantially different from the densities

at which the material will be used, additional testing under
these "used" density conditions nmay be required.

4.4 Baxic, main charge explosives. Al explosives used in nmain
expl osive charges shall have net all of the Detailed Require-
ments given in Section 5, each explosive material as defined in
3.3, shall neet those requirenents.

4.4.1 New conpositions. In addition to passing the tests
prescribed in the Detailed Requirenents, each conpound or m xture
proposed for use as a main charge explosive shall-be studied for
the possibility of reactions with containers or contam nants

or phase transitions under anticipated conditions of use. Ex-
periments shall be perforned to determne the probability of such
changes and their effect upon sensitivity as determned by tests
described in Section 5.

4.4.2 Exposive description and analysis. A description of what
constitutes the explosive (including 1ts conposition analysis)
shall be presented when applying for an interim qualification.
The explosive shall be adequately defined and shall have net

the requirenents of this standard preparation, mxing and pro-
cessing of the high explosives, and if applicable, synthesis

t hereof, shall be described in detail.

4.4.3 Sub-sanples. To the extent that it is practical and feas-
i bl e, sub-sanples shall be kept separate, and equal nunbers of
speci nens for each test described under Detailed Requirements
shall be drawn from each sub-sanple of a candidate explosive.

4.4.4 Ganular explosives. For each test described under Detail-
ed Requirements, a procedure is described for the preparation

of specinmens from granular explosives. These procedures are
applicable to pure crystalline explosives and granul ar explosive
m xtures, including plastic bonded explosives, which are normally
formed by pressing at tenperatures below the nelting point

of the binder and at which the binder does not undergo a chem cal
change (such as curing) as part of the fabrication process.

10
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4.4.5 Cast, nolded and exrtuded explosives. For each of the tests

described in the Detailed Requirenments, the dinensions of the
specimen required for each trial are given either in the test or a
referenced drawi ng where necessary. Were the dinensions of a
specinmen to be used in a specific test are conpatible with fab-
rication procedures for which the candidate explosive is intended,
such procedures shall be used in specinen preparation. Were
intended fabrication procedures are only feasible for charges very
much larger than the specinens specified herein, these procedures
shall be used to form billets of the candidate explosive from
which test specinens can then be machined. Specinens for each
test described shall be made from material taken at each of
several locations with respect to the principal dinensions of the
billets from which they are machined. Al explosives should be
dried before testing.

11
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5. DETAI LED REQUI REMENTS

5.1 CGeneral specinen requirenents. Test specinens, of each
candi date explosive shall be of the sane state, physically and
chemcally, as the candidate explosive is when it is used for
it's intended purpose. This criteria shall prevail as far

as practical and conpatible with the test procedures. Were,
within the latitude of the requirenents as given, it is necessary
to exercise judgenent regarding specinen preparation, this

obj ective shall form the basis of such judgenent.

5.2 Qualification requirenents of prinmary expl osives.

5.2.1 Vacuum Thermal Stability and Chenical Deconposition Test.
Refer to Test Method 1.

5.2.2 lnpact Sensitivity Test. A dry representative sanple of
a candidate primary explosive shall be subjected to an inpact
sensitivity test as described in Test Method 2. A suitable
alternate nmethod is US/Inpact/05 of The Technical Cooperation
Program The results shall be conpared with the results for
normal |ead styphnate, ML-L-757 and dextrinated |ead azide

M L-L- 3055, obtained at approximately the sanme tinme and using
the same apparatus and procedures.

5.2.2.1 Sanple preparation. Ganular primary explosives shall
be tested in the loose, as prepared condition, after drying to
constant weight at 65° Celsius (C [149° Fahrenheit (F)].
Primary conpositions with binders and solvents or with curing
bi nders shall be dried, then ground in a ball mll using a

di spersing fluid in which none of the ingredients including the
bi nder are soluble, and finally heated to constant weight at
65°C (149°F).

5.2.2.2 Test procedure. Place a 35 = 1 mlligrans (ng)[O 00123
+ 0.00004 ounces (0z)] sanple 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 Figure 1. Place the hard-

ened steel striker, Figure 2 over the sanple of explosive rest-
ing on the sandpaper and anvil. Drop a 2.5 kilogram (kg) [5.13
pound(lb)] steel weight from a height of 50 centineters (cm
[19.685 inch(in)] in a frictionless guided drop so that it inpacts
the striker centrally. Note whether the response of the explos-
ive is positive (explosion, burning, or other evidence of react-
ion) or negative. If the response is positive, reduce the height
of the next drop by 50% if negative, increase the height by 100%
and proceed until a region is found where a 50 trial Bruceton

test can be run.

12
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5.2.2.3 Qualification criterion. There is no fixed passing
gqualification criterion for this test. The test results shall be
reported along with those for normal |ead styphnate and dextri-
nated lead azide. (A nornmal range for these conmpounds shall have
been obtained at the tine of testing the explosive to be qual-
ified.)

5.2.3 Electrostatic Sensitivity Test. A dry repres3entative
sanpl e of a candidate prinmary explosive shall be subjected to an
el ectrostatic sensitivity test using the apparatus described

in NAVORD Report 6632 (AD 312827) and NOLTR 65-124 (AD 371262)
and using the procedure described in NOLTR 65-124. The test shall
be run for both electrodes of netal and for the base el ectrode

of conductive rubber. The results shall be conpared with those
for normal |ead styphnate, ML-L-757 and dextrinated |ead azide,
M L- L- 3055.

5.2.3.1 Sanple preparation. Ganular primary explosive shall be
tested in the |oose, as prepared condition after drying to con-
stant weight at 65°C (149°F). Primary conpositions wth binders
and solvents or with curing binders shall be dried, then ground
in a ball mll using a dispersing fluid in which none of the
ingredients including the binder are soluble, and finally heated
to constant weight at 65°C (149°F).

5.2.3.2 Test procedure. Place approximately 15 ng (0.00053 02)
of the explosive in the phenolic holder and position on the base
el ectrode. Rotate the charge/discharge knob-to charge the cap-
acitor to the full 7,500 volt apparatus limt and hold in position
until the voltneter shows that the potential is reached. Rotate
the charge/di scharge knob to discharge the capacitor through the
sanple. Using only the voltage steps given below, repeat the
procedure until, for each capacitor size, the highest voltage at the hi ghest voltage at
whi ch twenty out of twenty sanples do not fire is determ ne

The test shall be run for each capacitor size and for each el ec-
trode condition, i.e., base electrode netal and base el ectrode
conductive rubber.

Vol t age St eps Capaci tor Si zes
250

500 0. 1

1, 000 0.01

1, 500 0. 001
3, 000
4,500
6, 000
7,500

13
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5.2.3.3 Definition of fire. For the purpose of 5.2.3.2 a fire
shall be defined as any audible report or noise that can be

di stingui shed from the noise of the spark and/or any visible
snoke or flame emtted from the sanple.

5.2.3.4 Qualification criterion. There is no qualification
criterion for htis test. The test results shall be reported along
with those for normal |ead styphnate and dextrinated |ead azide

obtai ned using the sanme apparatus and procedure and run at the
same tine.

5.2.3.5 Special requirenents.

5.2.3.4.1 Relative humdity. The test nust be run wth anbient
relative humdity not exceeding 40% Humdity shall be determnd

by wet and dry bulb hydronetry or by instrunments of equal or bet-
ter accuracy and precision.

5.2.3.5.2 Electrode replacenent. 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 mew
expl osive are started, or when any other condition dictates,
whi chever circunstance occurs first.

5.2.4 Conpatibility with materials of construction.

5.2.4.1 Discussion. Primary explosives may be categorized on
the basis of their reaction products into gassy materials and

"gasl ess" materials. Each of the two categories may be further
subdi vi ded:

Gassy Materials Exanpl es
a. Single Conmpounds Lead Styphnate, |ead
azi de
b. Mxtures NOL 130, NOL 60,FA 878
"Gasl ess" Materials Exanpl es
a. Single Conpounds Silver acetylide
b. M xt ur es Zi rconi um pot assi um

perchlorate, A-1A

In general. the gassy materials are used in detonating systens;
the gasless materials in delay trains, explosive swtches,
igniters, and sone 1 anp/1l watt no fire devices.

Testing for the gassy materials usually is not difficult. The
vacuum thermal stabiltiy test can be run on the conpound or m X-

14
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ture. It should be noted, however, that running the test on

i ndividual ingredients of a mxture can be msleading if results
are inproperly interpreted. For exanple, NOL 130 and NOL 60
conpositions are thermally stable, but tetracene, a constituent
of both mxes, is itself not thermally stable.

The "gasless" nmaterials pose quite a problem It is likely that

a performance test will be necessary for them A single per-
formance test may not suffice because different conpositions
may be conpounded for quite different uses, i.e., stb action or

hot wire action. Testing for some other property may not be
appl i cabl e.

5.2.4.2 (Gassy materials. Mx proposed explosive and naterial
and subject to the 100°C(212°F) Vacuum Thermal Stability Test
given in Test Mthod 1.

5.2.4.3 (Gasless materials. Mx proposed explosive and material,
subject to 100°C (212°F) for 48 hours and conduct appropriate
chem cal analysis and performance tests.

5.3 Desirable background information. In addition to mandatory
requi rements, background information should be reported on a

new primaty explosive priot to use. This type of information
includes the follow ng:

5.3.1 Detonation velocity. Assenble the test equipnent as shown
in Figures 3 and 4. Press the primary explosive so that it
reaches a wuniform density of 90-95% theoretical maxi mum density
(TMD). Conduct five identical tests and record the detonation
veloxity in meters/second and the neasured density.

5.3.2 Density. Use any standard nethod of determ ning density
on three sanples pressed at 137895.14 + 3447.38 kil opascal (k Pa)
[20,000 + 500 pound force per square inch (Ibf/in]. A density
versus loading curve in the 68947.57 to 344737.85k Pa (10,000 to
50,000 Ibf/in“) range would be useful.

5.3.3 Prinming ability.

5.3.3.1 Loose explosives. Load 200 ng (0,00705 oz) of cyclot-
rimethylenetrinitramne (RDX) in the base of the cup as shown in
Figure 5 and press to 68947.57 kPa (10,000 I|bf/in*) Place 100

ng (0.003527 oz) of the proposed primng conposition |oosely

on top., Position safety fuze as shown in Figure 5 on top of
primary conposition; wuse sufficient fuze 120 sec/0.9144m (120
sec/yd) to a safe position. Light the safety fuze wth
a match and remain in a safe position until after explosion.

15
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Measure the depth of the dent in the steel plate. For dents
greater than 0.076 cm (0.030 inch), reduce the primry charge

by 15mg (0.00053 oz) and repeat test. If it is less than 0.076
cm (0.030 inch), increase the primary charge by 25ng (0.00053 oz)
and repeat test. Repeat this procedure increasing or decreasing
each succeeding primary charge by 15ng (0.00053 oz) until a
legitimate 30 trial Bruceton run is obtained. Calculate the 50%
primng charge weight and standard deviation.

5.3.3.2 Pressed explosives. Repeat the procedure of 5.3.3.1

using the sanme primary conposition pressed to 68947.57 kPa
(10,000 Ibf/in® in all cases.

5.3.4 Dent output. Mke five test itens as described in para-
graph 5.3.3, replaceing all explosive charges (both RDX and
primary) with 300 ng (0.01058 oz) of the primary explosive only,
pressed at 68947.57 kPa (10,000 Ibf/in*. Initiate with safety
fuze and neasure dent depth in steel plate. Calculate and record
the average of 5 tests.

5.3.5 Dead pressing susceptibility. Repeat 5.3,4 increasing the
pressure loading as follows: 5 at 137895,14 kPa (20,000 |bf/in%,
5 at 206842.71 kPa (30,000 Ibf/tn%, 5 at 275790.28 kPa (40,000

| bf/in®, etc., until the dent value falls by at |east 50% or
689475.7 kPa (100,000 Ibf/in®) is reached, whichever occurs first.

5.3.6 Volubility in water. Use any Anmerican Society for Testing
and Materials (ASTM nethod to determine solubility in water.

5.3.7 Hot wire initiability. Bridge 60 P-12 plugs (Draw ng
1386180) with a 0.0005 N chrone wire. Attach a charge hol der
with a 0.254 cm (0.1 inch} dianmeter charge hole (Drawi ng 1417759)
and insulator (Drawing 1417758, and press in 20 ng (0,00071 oz)
of the primary explosive at 34473.79 kPa (5,000 Ibf/in®. Fire
30 plugs in a continuous constant current Bruceton test (current
applied for 10 seconds in arithnetic steps of 10 mA current
constant to + 2% and 30 in a capacitor discharge Bruceton test
using a 0.1 nfd capacitor and 0.03 log unit voltage steps: Re-
peat using 60 plugs with 0.0254 millimetem (m) (O OOL inch) dia-
meter N chrome wire. Record the nunber of detonations for each
test condition and calculate the neans and standard deviations.

5.3.8 Stab initiability. Load 50 M 102 Mdd 1 priner cups
(Drawi ng 959221) with the primary explosive pressed at 137895.14
kPa (20,000 Ibf/in®) Determne sensitivity using a 0.057 kilo-
gram (2-ounce) ball, the Bruceton nethod, and the M 136 test
set see OD 5823. Repeat with explosive |oaded at 551580.56 kPa
(80,000 psi).

16
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5.3.9 Differential thermal analysis (DTA). Run standard DTA
using heating rates of 10°C/mnute (18° F/ mn)and 25°C/ m nute

(45°F/ mn.). Report the curves obtained showng tenperatures s
all exotherms and endotherm together with sanple size and ident-
i fication.

5.3.10 Cook-off tenperature. Using a standard nelting, point bar,
determne the |owest tenperature at which approximtely 5 ny

(0.00018 o0z) samples of the primary explosive flash-off in 10
seconds.

5.4 Qualification requirenents of booster explosives.

5.4.1 Small Gap Test (SSGI). A representative sanple of

t he candi date booster explosive shall be subjected to the stand-
ardi zed SSGT as described herein.

5.4.1.1 Loading and calibration of donor assenblies. Twenty-fove
donor assenblies shall be prepared in accordance with Figure 6
(Drawi ng 2426913). Five of these donors shall be selected at ran-
dom assenbled in the test fixture shown in Figure 7, and fired
against the block by initiation of the detonation with a 50 volts
DC (mnimum 20 anperes (mninmum power supply. To be acceptable
for use in the sensitivity test, the average depth of dent prod-
uced in the block by the five representative donors mnust be
between 1.524 and 1.651 nm (60 and 65 mls) and the standard
deviation nust not exceed 0.3016 mm {4.0 mls). Each block shall
be used only once and the neasurenent of the indentation depth
shall be nmade in accordance with 5.4.2.6.

5.4.1.2 Preparation of acceptor specinens (granular explosives).
The explosive shall be loaded in eight equal wei ght i ncrenments

at 110316.11 * 6894.8 kPa (16,000 = 1,000 Ibf/in ). The first
trial loading shall be with increment weights in mlligranms of

90 tines the theoretical specific gravity of the explosive. The
acceptor body Figure 8 shall be weighed before and after | oading.
If all eight increnents fit in the acceptor body with room to
spare, neasure the remaining unloaded colum height and adjust
the weight of each increnent to neet the tolerance shown in
Figure 8 (Drawing 2426914). Load another test body to assure
that the drawing tolerance has been net. Wen the adjustnent

is satisfactory, load the acceptor bodies to form a total of 20
acceptors neeting the tolerance shown in Figure 8. The acceptors
shall be weighed before and after |oading and each i ndividual
charge density determned and accurately reported to three decinal
places. If in loading the first test body all eight increnents
do not fit into the acceptor body, adjust the individual increnent
wei ght based on the actual weight of explosive contained in the

17
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body and proceed to adjust and load until 20 acceptors neeting
the tolerance shown in Figure 8 are obtained. Acceptors shall

be wei ghed before and after |oading, and each individual charge
density determ ned and accurately reported to three decinal

pl aces.

5.4.1.3 Preparation of acceptor specinmens (cast, nolded, extrud-
ed, and injected explosives). The acceptor specinmens of cast,

nol ded, extruded, injected, and PBX-type explosives not suitably
prepared under 5.4.2.2 shall be prepared in accordance wth
4.3.4.1. Wiere nechanical properties of the explosive make it

_ +0. 0000 mm +0. 0000 ; h
possible, rods shall be made 5.1054-0.0127 QO. 201 0. 0005'"N¢ )

+0. 000 +0. 000 ;
in diameter by 38.608 -0 254 (1- 520 -0.010' nches> | ong.

Materials which are too fragile to be conveniently nade into
specinmens this long, may be nade into shorter pellets which can
be stacked end to end to result in a conposite specinen of these
di mensions. (For extrudable non-curing materials the explosive
may be extruded directly into the acceptor and trimed flush on
each end of the acceptor body.) Each specinment shall be inserted
in a body as shown in Figure 9 (Drawi ng 2426915) after which the
specimen shall be trimed to a length, such that it is flush wth
the body at both ends, by a nethod appropriate to the specific
material being tested. Before insertion into the body, each
acceptor specinmen shall be accurately weighed and its dianeter
and length accurately neasured. These neasurenents shall be used
to calculate accurately to three decinmal places the charge density
for each acceptor. These densities shall be reported as an ad-
junct of this test.

5.4.1.4 Small scale gap test assenblies. Twenty explosive pro-
perties assenblies shall be prepared in accordance with (Draw ng
24269312) (except a M 86 Mbd O Detonator nmay be used instead of a
M« 70 Md O Detonator) from a random selection of the acceptable
donors prepared in accordance with 5.4.1.1 and the acceptors
prepared in accordance with 5.4.1.2 or 5.4.1.3. The concentri-
city of the acceptor to the dent block shall be within 6.35 mm
(0.250 inch) and the concentricity of the external surfaces of
the donor, attenuator, and acceptor shall be within 0.127 mm
(0.005 inch).

5.4.1.5 Test procedure. Twenty assenblies shall be fired using
4.0 deci-bang attenuators see Test Mthod 3. The dents produced
in the witness blocks shall be neasured in accordance with para-
graph 3.5.1.6.
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5.4.1.6 Measurenent of indentation depth. Depth of indentation
made in the block by the explosion of the donor or acceptor as
applicable, shall be neasured with a dial indicator capable of
measuring 0.0254 mm (0.001 inch) units and accurate to 0.0127 mm
(0.0005 inch) or better. The point of the dial indicator probe
shall have an approximate 0.5235 radians (rad) (30 degree) in-
cluded angle and the end of the point shall have a radius of
0.635 + 0.0508 (0.025 + 0.002 inch). Before neasuring the depth
of indentation in the block, renove 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 3.175 mm (0.125 inch) away from the per-
i phery and 1.5705 rad (90 degrees) apart.

5.4.1.7 Qualification criterion. The candidate explosive shall
be reported to have passed the Small Scale Gap Test if there are
no explosions in 20 and only 20 trials. Any reaction causing

a dent of 0.0508 mm (0.002 inch) or nore shall be considered

an expl osi on.

5.4.2 |npact sensitivity (Small Scale Drop-Wight Test). A
representative sanple of a candidate explosive shall be subjected

to an inpact sensitivity test using ERL Type 12 tools as describ-
ed in Test Method 2.

5.4.2.1 Specinen preparation (granular nmaterials). Ganular
materials, as defined in 4.3.4 shall be used as received. The
speci men size shall be approximately 35 + 1 mlligrans.

5.4.2.2 Specinment preparation (casts nolded extruded, and in-
jected explosives. Sanples of casts nolded, extruded and in-
jected explosives shall be prepared in accordance with 4.3.4.1.
Each specinmen shall be a pellet not less than 6.35 mm (0.25 inch)
+0. 000 +0. 000

in dianmeter and 0.635 -0.254 mm (0.025 -0.010 inch) thick. Wen
testing non-curing explosives, this size pellet should be forned
directly on a piece of sandpaper as described in 5.4.2. 3.

5.4.2.3 Test procedure. Place a specinmen of the candidate ex-
pl osive prepared in accordance with 5.4.2.1 or 5.4.2.2 (taken
from the sanple prepared in 5.4.1.2) on the rough side of a

pi ece of No. 05 sandpaper which is supported on the steel anvil
shown in Figure 1. Place the hardened steel striker shown in
Figure 2 over the sanple of explosives resting on the sandpaper
anvil. Drop a 2.5 kilogram steel weight from a height of 12
centinmeters in a frictionless guided drop so that it inpacts
the striker centrally.
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5.4.2.4 Qualification criterion. The candidate explosive shall
be reported to have passed the inpact sensitivity test if there
are no explosions, burning, snoke-or other positive evidence of
reaction in 20 of only 20 trials.

5.4.3 Inpact vulnerability (Flving Plate Test).

5.4.3.1 Expeinental conditions. Inpact vulnerability tests

for this requirenment shall be perfornmed using the arrangenent
shown in Figure 10 and the follow ng experinental conditions.

5.4.3.1.1 Specinent dinensions. The specinmen used for each trial
in an inpact vulnerability test shall consist of one cylindrical
pel let 2.223 cm (0.875 inch) in dianeter and 2.54 cm (1.00 inch)

long, loaded directly into an alum num tube 2.540 cm OD X 210 cm
ID (1.00 inch OO X 0.870 inch ID).

5.4.3.1.2 Specinen preparation {granular explosives). The
pel lets shall be parepared by pressing at 110316.11 + 6894.76 kPa

(16,000 *= 1,000 pounds per square inch). PBX conpositions shall

be pressed at pressures sufficient to obtain 95% O greater O
TND.

5.4.3.1.3 Specinment preparation (cast nolded. extruded and
injected explosives). Specinens of cast, nolded, extruded, and
injected explosives shall be prepared in accordance with 4.3.4.1
(Extrudabl e non-curing explosives my be extruded directly into

the alum num tube.) Each specinmen shall be a pellet
+0. 0000 +0. 000

2.1971 -0.0127 cm (0.865 -0.0005 inch) in dianeter and
+0. 0000 +0. 000

2.5400 -0.0127 cm 1.000 -0.005 inch) long. The specinen shall
be inserted in the alum num tube as shown in Figure 10. The
density of the specinen charges shall be determned and reported
accurately to three decinmal places.

5.4.3.1.4 Driving plate. The driving plate used in the inpact
vul nerability tests for this requirenent shall be A'SI E6150
steel, heat treated to a hardness of 28-31 Rockwell C. The

driving plate shall have a dianeter of 5.08 cm (2.000 inches)
+0. 0000 +0. 000

and a thickness of 1.905 -0.0127 cm (0.750 -0.005 inch).

5.4.3.1.5 Propulsion change. The propulsion charge shall be
sufficient to propel the driving plate at a velocity of
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+7.62 +25
121.92 -0.00 neter per second (nmls) (400 -00 feet per second).
In the arrangement shown in Figure 10, with an explosive colum
5.08 cm (2 inches) in dianeter by 20.32 cm (8 inches) long, |ow
bul k density nitroguanidine |oaded at 0.685 gmcc (0.02475 |bs/
in3)(70.5 gm = 1,100 grains in each 5.08 cm (2-inch) increnent)
should give the desired result but the veloxity shall-be
neasured in a prelimnary experinments. The plate velocity shall
be determined by an electronic time interval measurenment system
which will provide an accuracy of at |east 2% over the nmneasured
interval. The propul sion charge shall be adjusted until five
consecutive shots give velocities within the specified range.
The propul sion charge density which gives this result shall be
used in the test of the 20 charges of each candidate expl osive.

5.4.3.2 lnpact vulnerability qualification criteria. A candi-
date explosive shall have passed the inpact vulnerability test if
there are no explosions in 20 of only 20 trials.

5.4.3.2.1 Citerion of an explosion. For purposes of this
specifications any reaction which causes detectable damage to the
wi tness plate shall be considered an expl osion.

5.4.4 Vacuum Thernmal Stability and Chenical Deconposition Test.
Refer to ‘Test Method 1.

5.4.5 Hot Wre Ignition. A representative sanple of a
candi date explosive shall be subjected to the hot wire ignition
test as detailed bel ow

5.4.5.1 Explosive material. The explosive material particle
size for this test nmust be snall conpared to the dianeter of the
ignition wre. Therefore, only explosive passing through a 325
nmeshg screen shall be used. (Except for extrudable non-curing
expl osi ves which shall be extruded directly into the charge

hol der and onto the bridgewire.) If a mninum of 90% of the
expl osive as submtted does not pass through a 325 nesh screen,
a representative sanple shall be taken and mlled. MIling

shoul d be conducted under a nonconbustible wetting agent that wll
nei ther appreciably dissolve nor react with the explosive. The
mlling shall be acconplished using stainless steel balls.

MIlling shall be continued until at |east 98% of the sanple passes
through the 325 nesh sieve. Only that portion passing the 325
nmesh sieve shall be used for the test. If it is not feasible

to pass the material through a 325 nesh sieve, then pass the
material through as fine a sieve as is possible. The explosive
shall be dried to constant weight at 55°C (131°F) before being
| oaded in accordance with 5.4.5. 2.
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5.4.5.2 Loading procedure. Bridge 40 plug assenblies (Draw ng
457454) with a 0.00508 cm (2-ml) dianeter tungsten wire flush
with the plug surface Figure 11. Firmy attach the spacer
(Drawi ng 652246) to the bridged plug assenbly. Twenty bridged
pl ug subassenblies each shall be loaded with the dry explosive
prepared as in 5.4.5.1 by pressing the explosive flush

(£ 0.010 inch) with the spacer at pressures of 27579.028 and
103421.36 kPa (4,000 and 15,000 Ibf/in® respectively

5.4.5.3 Firing procedure. Each |oaded unit shall be tested

with an ohnmmeter prior to firing to determine that the tungsten
bridge wire is intact. The test unit shall then be placed ex-

pl osive side down on a alum num witness plate Figure 12 and

fired in a safety chanber. Firing voltage shall be supplied by

a fully charged 12 volt |lead-acid autonotive storage battery of

at least 45 anpere hours capacity. The battery shall be connected
to the test unit-by a plunger type nercury relay (Macke electrical
devices or equivalent) through appropriate wiring and safety
interlocks. The total circuit resistance including the relay,
wiring, and interlocks, but not the battery or test unit, shall
not exceed 0.4 ohm Testing shall continue until all 40 sanples
(only 20 sanples are necessary for extrudable non-curing ex-
pl osives since they are extruded not pressed into the charge

hol der) are tested, unless an individual test sanple does not
neet the requirement of 5.4.5. 4.

5.4.5.4 Qualificaiton criterion. The candidate explosive shall
be reported to have passed the hot wire ignition test. if none of
the 40 sanples show any evidence of reaction in the fork of
visible, audible, or neasurable external damage to the test ex-
pl osive, the test unit, or the witness plate. The tungsten wre
shal |, however, have been burned out as determ ned by an ohnmeter
test.

5.4.6 Thernmal detonability (Bon-Fire Test).

5.4.6.1 Test arrangenent. Each trial shall be arranged as shown
in Figure 13.

5.4.6.2 Specinens.

5.4.6.2.1 Specinment preparation (granular explosives). The snall
columm of explosive shall be pressed directly into the hole pro
vialed at 68947.57 kPa (10,000 I|bf/in®). The length of the | oaded
increment shall not exceed its dianmeter. The large dianeter
conponents of the specimen may be either a pellet 2.3622
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+0. 0000 +0. 000 +0. 0000

-0.0127 cm (0.930 -0.005 inch) in dianmeter by 2.5400 -0.0254 cm
+0. 000

(1.000 -0.020 inch) long pressed at 68947,57 kPa (10,000 |Dbf/in?

or it my be pressed directly into a 2.54 cm (1.00 inch) Iength of

steel tubing 2.38cm (0.937 inches) in dianmeter by 24 gage wall.

5.4.6.2.2 Dpecinent preparation (cast, nolded, extruded. and
injected explosives). Specinens of cast, nolded, extruded or
injected explosives shall be prepared in accordance with 4.3. 4.1
(Extrudabl e noncuring materials by be extruded directly into the
hole.) The specinens shall be of dinensions indicated in Figure
13.

5.4.6.3 Test procidure. Each trial shall be arranged as shown in
Figure 13 bonbproof shelter or firing chanber adequate for pro-
tection against the effects of detonation of a charge of the size
shown. After personnel have retreated to a protected position,

or the firing chanber has been closed, the thermte mxture shall
be ignited. Personnel shall not approach the charge nor shall
the firing chanber (if used) be opened until 1 hour after the
ignition of the thermte.

5.4.6.4 Qualification criterion. The candidate explosive shall
be reported to have passed the thernmal detonability test and to
be acceptable as a booster explosive as defined in 3.1 if there
are no explosions in 20 of only 20 trials.

5.4.6.5 Criterion for explosion. For the purpose of this doc-
unent, any reaction shich causes detedtable danage to the wtness
plate, of results in an enlargenent of the inside dianeter of
drilled threaded rod 0.0508 cm (0.020 inch) or greater, or both,
shall be considered an expl osion.

5.4.7 Electrostatic sensitivity test. A representative sanple
of the candidate explosive shall be subjected to the electrostatic
sensitivity test described in Test Mthod 4.

5.4.8 Friction sensitivity test. A repnesentative sanple of the
candi date explosive shall be subjected to the friction sensitivity
test as described in the follow ng manner.

5.4.8.1 Experinental conditions and procedures. Each trial shall
be performed using the arrangenment as shown in Figure 14 through
18 and the follow ng experinental conditions. An acceptable
alternate nethod would be US/ Friction/01 thru 03.
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5.4.8.1.1 Specinment preparation (cast, nolded, extruded, and
injected explosives). The nethod of preparation of test sanples
shal | depend upon the properties of the explosive and the intended
procedure to be used in fabrication for use as a booster ex-
plosive. Pellets of the test explosive shall be fabricated to
the configuration as shown in Figure 16 in accordance wth
4.3.4.1.

5.4.8.1.2 Specinent preparation (granular explosives). Four
tenths of a gram of the test explosive shall be pressed into the
speci nen hol der at 137895.14 kPa (20,000 Ibf/in) [a dead | oad

of 997.92 kg (2,200 pounds?] to the configuration shown in Figure
14. Note - since sonme explosives are subject to segregation
with respect to particle size or conponents of mxtures, care
shoul d be exercised to insure that, in the course of a test, the
material actually used constitutes a representative sanple,

with respect to both particle size distribution and conposition.

5.4.8.1.3 Abrasive strip preparation. The abrasive strip shall
consist of spring steel strip 0.254 mm (0.010 inch) thick by
50.8 mm (2.000 inches} wide by 457.2 mm (18.0 inches) | ong,
hardened and tenpered to a hardness of Rockwell C48/51 (Rockwell
30 N 66.5/69.5) and roughened as follows: On one side, over an
area including the entire wwdth and from one end to a point not
less than 6.5 inches from the end. The roughening is acconplished
by means of a belt sander using a cloth belt with resin bonded,
60 grit silicon carbide abrasive (Carborundum Locking, Type
865F, or equivalent). Wile sanding, the long axis of the stain-
| ess steel strip shall be perpendicular to the notion of the
sanding belt. The sanding shall continue until all tenper color
has been renoved from the area defined above and the apparent
texture of this area is uniform Fresh sanding belts, which
have not been used for other operations, shall be used and not
nore than five spring steel straps shall be roughened with the
sane belt. The roughness shall be such as to have an average
deviation of not less than 1.27 mcroneters (pun) nor nore than
2.286 pm (50 nor nore than 90 mcroinches), as neasured by neans
of a profiloneter, from the nmean surface.

5.4.8.1.4 Procedure for each trial. The procedure for each trial
shall be as follows (see Figure 15).

5.4.8.1.4.1 Wtness block. Locate witness block with the help
of spacer block, as shown in Figure 15, so that witness block is
approximately centered with center |ine of specinmen support
bushi ng.
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5.4.8.2.4.2 Coating of abrasive strip. Coat back (opposite

side to that roughened) of spring steel abrasive strip with a
two to one mxture of S.A E. 30W engine oil and flake graphite

(Dixon Crucible Co. No. 635 or equivalent). Roughened surface
shal | be kept clean.

5.4.8.1.4.3 |Installation of abrasive strip. Install spring steel
abrasive strip as shown in Figure 15 wth roughened surface
facing speci nen support bushing, and bend end of spring steel
strip (opposite end to that roughened) around heel of jerk |ever.
Clanp as shown in Figure 15.

5.4.8.1.4.4 |1nsertion of specinen. Insert specinmen in specinmen
hol der assenbly. (see Figures 14 andl5). Insert specinen holder
assenbly with specinmen in-place in support bushing and apply
normal force of 759.78 + 11.34 kg (1,675 £ 25 pounds) tO ram O
specimen holder. (Either hydraulic pressure or dead weight nmay
be used to apply and nmaintain the normal force. It may be advant-
ageous, particularly with dead weights, to use a |lever system

or other force nultiplying mechanism.

5.4.8.1.4.5 Boom Box. The "boom box" shall be closed, the
safety bar (shich restrains the edndulun) renoved, the handle of
t he pendul um adjusted so thea tits center of gravity is 45.72 +
1.27 cm (18 + 0.5 inches) above its low equilibrium point (at

shich it strikes the jerk leverl, and the pendulum rel eased.
If the apparatus is performng nornmally, the spring steel abrasive
strip will be jerked entirely free from the boom box (except for

pi eces which may be broken or torn from the strip as the result
of an explosion).

5.4.8.1.4.6 Renpval of specinen. The pendulum Shall be returned
to its top position, the safety bar replaced the boom box opened,
the normal force3 renoved, and the specinen holder renoved from

t he support  busing. (Wen an explosion has expanded the specinen
holder, it is usually necessary to renpve the wtness block and
renove-the specinen holder through the hole in the wtness block
support.)

5.4.8.2 Qualificaiton criterion. The candidate explosive shall
be reported to have passed the friction sensitivity test if there
are no explosions in 20 of only 20 trials.

5.4.8.2.1 Citerion of explosion. For purposes of qualification
any reaction which results in an expansion of 0.127 nmm (0.005
inch) or nore of hte specinen holder or produces a dent nore than
0.0508 mm (0.002 inch) deep in the witness block, or both, shall
be considered an explosion.
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5.4, 8.3 Qher requirenents. The test shall not be considered
to be valid nor shall the results be reported as part of the
gualification data for the explosive under test unless the follow
ing conditions have been net.

5.4.8.3.1 Relative humdity. The relative humdity shall not
exceed 80% as neasured by a wet and dry bulb thernoneter or in-
strument of simlar’ reliability.

5.4.8.3.2 Periodic apparatus check. The apparatus shall be
checked subsequent to or concurrent with each series of qualifying

tests, by subjecting a sanple of tetryl, ML-T-00339 and a sanple
of PETN, (pentaerythritol tetranitrate) per ML-P-387 to the
friction sensitivity test. Data obtained subsequent to a check
test shall not be officially reported or used in the qualification
of any candi date booster explosive until another apparatus check
test has been perforned. (Check test trials nmay be interspersed
anong qualification test trials in a random or systematic order
so that data can be devel oped concurrently.) The procedure and
condiditions shall be as outlined above. The apparatus shall be
considered to be performng satisfactorily if the PETN fails and
the tetryl passes in accordance with the criterion outlined in
5.4.8.2 and 5.4.8.3. If either the PETN passes or the tetryl
fails, a detailed exam nation and calibration of the apptaratus
shall be made to detect any change in test conditions and all
data obtained since the last satisfactory check test discarded.

5.4.9 Detonation Velocity Test. Dentonation Belocity Tests wll
be conducted in accordance with 5.7.2.

5.5 Qualificaiton requirenents of nmain_ charge explosives.

5.5.1 | npact sensitivity.

5.5.2.1 Acceptable procedures. A dry representative sanple of
a candidate main charge explosive shall be subjected to an inpact

sensitivity test as described in Test Mthod 2. Suitable alter-
nate procedures can be acconplished in accordance wth US/Inpact
01 thru 14 of the Technical Cooperation Program TNT (set pt
80.2°C (176.36°F) or Better] Conposition B (Gade I11), and RDX are
suggested calibration standards.

5.5.1.2 Qualification criteria. Al though the inpact sensitivity
test does not always correlate very well quantitatively and sone-
times qualitatively with larger scale tests, a 50% sensitivity
nunber less than that of RDX for a fornulated explosive should
usually rule it out for consideration. This test is to be used
only for a guideline; the passing criteria are not nmandatory.

26



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

A sensitivity nunmber equal to or greater than that of Conposition
B weuld indicate a likely candidate for larger scale sensitivity
tests. Standard explosive values should be reported together
with the test explosive value determned using the sane proce-
dures. The physical form state, and size (including whether
powder or pellet) should be reported.

5.5.2 Large Scale Gap Sensitivity Test. The large scale gap

test or shock sensitivity test indicates the sensitivity of a
material to shock and therefore yields useful information relating
to boostering requirenments safety from synpathetic detonation
while in storage, and vulnerability to air-blast weapons.

5.5.2.1 Acceptable procedures. Refer to Test Method 5. Accept-
able alternates are US/ Explosive Shock/02 and 04.

5.5.2.2 Qualification criteria. For use as a main charge explos-
ive, the gap shall be no greater at the 50% probability point than
the 50% value for tetryl [at 1.57 £ 0.03 g/cc 98.0151 + 1.8729

I b/ft°)]. Gaps smaller than those from Conposition B are pre-
ferred. The explosive nust be conpared using the sanme gap test
procedure. The preparation and the processing nmethod for the ex-
pl osive shall be disclosed. The snall scale gap test may give
useful information when the material is limted in quantity.
However, before the exsplosive is considered as a serious candi date
for a weapon, the supply nust be sufficient for large scale tests.

5.5.3 Friction Sensitivity Test. Friction sensitivity tests are
made to determine relative sanpling during processing.

5.5.3.1 Acceptable procedures. Refer to Test Mthod 6. Accept-
able alternates are US/Friction/01 through O03.

5.5.3.2 Qualification criteria. Using the procedure described
in Test Method 6, the following criteria shall be adhered toto.
20/20 no fires with 1112.1 newon (N) (250 pound force) using the
ABL, or equivalents sliding friction machine with 90 degrees
pendul um drop angle and 2,4384 nmis (8 ft/sec) initial slider
velocity shall be sufficient criteria for passing.

5.5.3.3 (Qher requirenents. 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
followng conditions are net.

5.5.3.3.1 Relative humdity. The relative humdity shall not
exceed 40% as neasured by a wet and dry bulb thernoneter or in-
strunent of simlar reliability.
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5.5.3.3.2 Periodic apparatus check. The apparatus shall be
checked subsequent to or concurrent with each series of qualify-
ing tests, by subjecting a sanple of PETN (Pentaerythritol tet-
ranitrate) per ML-P-387 and a sanple of tetryl, ML-T-00339, to
a 50% value determination on the friction sensitivity test. Data
obt ai ned subsequent to a check test shall not be officially re-
ported or used in the qualification of any candidate explosive
until another apparatus check test has-been perforned. (Check
test trials may be interspersed anong qualification test trials

in a random or systematic order so that th e data can be devel oped
concurrently.)

5.5.4 Electrostatic sensitivity Test. Electrostatic sensitivity

tests are nade to ensure relative safety from the discharge of
charged objects or bodies including hunans.

5.5.4.1 Acceptable procedure. Refer to Test Method 4.

5.5.4.2 Cliteria for electrostatic sensitivity. There shall be
at | east 20 consecutive tests of which no fires should occur at
the 0.25 joule level under the foregoing test.

5.5.5 Vacuum Thermal Stability and Chem cal Deconposition Test.
Refer to Test Method 1.

5.5.5.1 Acceptable procedures. Wwen an explosive is to be used

at a higher tenperature values at higher tenperatures are
necessary sothat proper extrapolation can be nade.

5.5.5.2 Qualification criteria. To be sufficiently stable for
mlitary storage and use, the VIS value nust not be larger than
2.0 m/g/48 hours (0.004 pints/0.03527 o0z/48 hours) when a 5 gram
(0.17635 ounce) sanple is used and the test conducted according
to 5.5.5.1.1 Wien the products of deconposition are not known,

as in the use of new explosive ingredients it must first be
determ ned whether gas evolution is sufficient criterion,

5.5.6 Gowth and. exudation characteristics. Wen explosives
contain liquids as inpurities they often undergo irreversible

di mensi onal changes when subjected to nany tenperature cycles
between -53.88 and 71.11°C (-65 and +160°F). In explosives
containing TNT, the dinitrotoluenes form lownelting l|iquid
eutectics that cause problens. Mnonltrotolunes added as anti-
cracking agents give large irreversible gromh in TNT expl osives.
Anot her cause for irreversible dinmensional change is the solid-
solid polynorphic transition such as occurs with anmonium nitrate.
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5.5.6.1 Gowh and exudation characteristics acceptable
procedures. Acceptable procedures for solids include any cy-
lindrical sanple at least 1.27 cm (0.5 inch.) dianmeter by 1.27 cm
(0.5 inch) high, tenperature cycled between -53.88 and 71.11°C
(-65 and 160°F) for 30 cycles or nore. If no exudation nor ex-
cessive growh is noted on triplicate sanples, and additional

test should be nade for exudation by placing two cyli8nders to-
gether inside a sealed can. These should be held together by
steel parallel face gl ates and clanped together to an initial
pressure of 413.68542 kPa (60 psi). Teh sealed unit is subjected
to 30 cycles from anbient to 71.11°C (160°F), naintaining each
tenperaure |long enough for the entire sanple to reach the tenp-
erature of the oven. It is then observed for exudation) any
exudate is renoved and wei ghed.

5.5.6.2 Qualification criteria. Irreversible "growh" and exu-
dation both cause problens in ordnance itens. Irreversible

di mensi onal change could ruin a carefully designed warhead by
distorting the geonetry of a lens system by damaging the

fuze wells or by causing |eakage into detonator areas. The
irreversible change after 30 cycles should not be nore than

1.0 volune percent as neasured by calipers and calcul ated, or

determned by density change. Exudation should be less than
0. 1% by wei ght.

5.5.7 Self Heating Tests. A series of l|aboratory tests wll be
run to determne the relative safety of material for self-heating
under varied conditions. This should include thermal decom
position studies and selected physical property analysis on the
candi date explosive Then, shen possible, Kkinetic or procedural
kinetic paraneters (frequency factors and activation energies),
thermal diffusivity, heat capacity and heat of reaction wll

be determned so that for slabs, spheres, or cylindrical config-
urations, the critical tenperature (heat balance) and tine to

expl osion can be predicted starting from any anbient or standard
condi ti on.

5.5.7.1 Acceptable tests. Refer to Test Mthod 7. An accept-
able alternate is N TP 4258 (AD 872306).

5.5.7.2 Criteria for acceptance. Self-heating should not cause
deflagration nor be detectable [<0.55°C(<1°F)] in any size or
shape of explosive used in bonbs or warheads from anbient tenp-
erature conditions up to 71.11°C (160°F}. The calcuated criti-
cal tenperature or the tinme to explosion for a given mass and
geonetry of explosive should not be less than 82.22°C (180°F)

or 500 days at this tenperature. The naximum size to be consider-
ed for normal use will be 907.2 kg (2,000 pounds). \Wenever an Wienever an
explosive is to be used in larger quantities in any one warhead
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or bonb, self-heating and calculations for critical tenperature
and tinme to explosion nmust be considered for that size for any
expl osi ve.

5.5.8 Detonation velocity. Refer to Test Method 8.

5.6 Bacqground information. The following tests are desirable
for backgroun information. Sonme of these tests may be required
for interim qualification.

5.6.1 Bullet inmpact sensitivity.

5.5.1.1 Acceptable procedures. Refer to Test Method 9. The

sanple containers with flat ends may give less variation of re-
sults. US/Fragnent |npact/02 through 04 are considered satis-
factory alternates.

5.6.1.2 Advisory statenent. Those explosives that do not de-
tonate, deflagrate or burn would be considered highly desirable;
those burning out not detonating would still be generally sat-

i sfactory, those detonating would be used only in applications
where detonation from projectile inpact is unlikely because

of protection, high altitude or other considerations.

5.6.2 SUSAN Sensitivity Test. This is a test developed to
eval uate inpact sensitivity of main charge explosives.

5.6.2.1 Acceptble procedures. Refer to Test Mthod 10.

5.6.2.2 Advisory statenent. To be acceptable the expl osive.
should indicate a sensitivity significantly |ower 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 sonme slurry
and ot her expl osives.

5.6.3 Vibration Test. Vibration tests wll be conducted to
provi de sone indication of the ability of the new expl osives
to withstand a dynamc environment w thout serious degradation
or deterioration of the explosive due to powdering, physical
property changes, structural failure of the explosive, etc.

5.6.3.1 Acceptabl e procedure.

5.6.3.1.1 Test sanples. Test sanples shall be made by using
predicted |liner material and explosive nanufacture processes to
make a sanple in the test container shown in Figure 19. Three Three
sanples of a given type and manufacture shall be submtted for
testing.
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5.6.3.1.2 Vibration test environnent. The sanples shall be
subjected to a vibration environment of:

0.508 cm (0.2 inches) double anmplitude (DA) from 5 to 14 Hz
(cycl e per second)

2 g vector from 14 to 26 Hz

0.1524 cm (0.06 inches) Double Anplitude (DA) from 26 to 57 Hz
10 g vector from 57 to 500 Hz

Sweep tinme from5 to 500 Hz shall be 7 mnutes 30 seconds for the
resonat search. Resonant dwells of 30 mnutes shall be con-
ducted at the four |owest resonant frequencies. |If four resonant
frequencies are not present, the total time of 2 hours shall be
completed by cycling from5 to 500 to 5 Hz in 15 mnute cyucles..
Tests shall be conducted in longitudinal and one transverse direc-
tion only. Total test tine shall be 4 hours and 15 m nutes.

5.6.3.1.3 Test instrunentation. Accelerometers for control and
response vibration neasurenment and thernocouples for tenperature
neasurement shall be installed as shown in Figure 19.

5.6.3.1.4 Test tenperature. Tests shall be conducted at

-40 723 °C (-40 * 4°F0 57.2 * 2.2°C (135 % 4°F) and 25 2. ¢
(77 + 5°F).

The three sanples (one at each tenperature) shall be subjected to
the testl Mninmum tenperature pre-conditioning time shall be

8 hours tenperature shall be nmaintained during the tests.

5.6.3.1.5 Failure criteia. A catastrophic failure (detonation
or burn) shallT Dbe iTnvestigated to determne node of failure.

the failure is due solely to the explosives it would be considered
unusable. Slight deterioration on powdering shall not be con-

sidered unusable. Slight deterioration or powdering shall not be
considered a failure. Oher failure criteria shall be determ ned

by the particular explosive chatacteristics relative to the
series of tests being conducted.

5.6.4 Skid Tests. A conbination of friction and inpact is a

frequent cause of accidents where |arge pieces can be dropped
a few feet.

5.6.4.1 Acceptable procedure. Refer to Test Mthod 11. A

suitable alternate nethod is US/Friction + Inpact/01 of the
Techni cal Cooperation Program

5.6.4.2 Advixory statenment. Although this is listed under
background information, if conducted, a value of less than 1.524
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neters (m (5 feet} in Test 02 giving high order detonations
should disqualify an explosive. Simlarly in Test 01 a 50% hei ght
of less than 2.743 m (9 feet) should be cause for rejection.

5.6.5 H gh tenperature exposure. The nature of this test wll
depend upon the expected use of the explosive. If it is expected
to be used at higher than nornmal storage tenperatures (e.g.,
flight at high Mach No.), the upper tenperature requirenment mnust
be determ ned.

5.6.5.1 Acceptable procedures.

5.6.5.1.1 Procedure. The procedure of Test 501 of M L-STD 810
shall be used except that the specinmen rather than being a war-
head will be a test vehicle. A 10.16 cm (4-inch) dianeter by
15.24 cm (6-inch) long pipe with caps on both ends wll be used.
Three of these will be filled with 10.16 cm (4 inches) of explo-
sive being careful to keep explosive out of threads. The

wei ght and height should be determ ned accurately. Post test
exam nation shall be made for irreversible growh, cracking,
exudation, and any mgration of explosive ingredients.

5.6.5.1.2 Supplenentary test. A supplenentary test shall be to
include three sets of two specinmens 2.54 cm (1 inch) diameter

and 2.54 cm (1-inch) high, clanped together at a pressure of
413.685 kPa (60 psi). These specinmens shall undergo the sanple
test cycle and exam nation for exudation. Instead of being ex-
posed to humdity, these specinens should be placed in seal ed
containers so that any exudate will not be lost. Sanples shall
be neasured and weighed accurately; and weight loss, irreversible
di mensi onal changes, and percent of exudate determ ned.

5.6.5.3.3 Alternate procedure. An alternate procedure for
determ ning exudation under tenperature cycling exposure is the
procedure used for determning exudation of a PBX during cycling
to 148.8°C (300°F).

5.6.5.1.3.1 Casting of explosive to be tested. The explosive
to be tested is cast into 5.08 cm (2 inch.) dianeter by 4.1275 cm

sanme inside dinensions, each with a cover with outside threads
whi ch can be screwed into the alumnum cup to nmake contact with
the top of the explosive.

5.6.5.1.3.2 Qup dinmensions. The cup dinensions are approximtely
as shown in Figure 20. Half of the covers have 0.3175 cm (0.125
inch) dianeter holes in the center.
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5.6.5.1.3.3 Tenperature cycles. The charges in the containers

and also the base charges are cycled to a tenperature of 148.8°C
(300°F), held at this tenperature for 1 hour ,and then cooled to
anbi ent .

5.6.5.1.3.4 Wight and dinensional changes. After 10 cycles,
wei ght and di nensi onal changes of all sanples are neasured to
check for possible |osses and exudate.

5.6.5.2 Advixory statenent. Geater than 1% weight |oss for

any reason (other than loss of water; or irreversible dinensional
change usually should be cause for rejection. Geater than 0.1%
exudation (other than water is also cause for rejection. Crunb- Cr unb-
ling under the tenperature-humdity cycling is also grounds for
rejection. If exudation and growh are not excessive and other
properties are not changed excessively (see prescribed ML-STD 810
Test 501), the explosives are considered to have passed this test
series.

5.6.5 Conpatibility wth standard mnaterials. Explosives are used
in proximty wth various materials; it is inportant that the ex-
pl osive not react with steel, brass, copper, alumnum zinc,
magnesi um |ead, stainless steel, and nalleable iron.

5.6.6.1 Acceptable procedure. Reactivity test given in ML-STD
6. 50 under 504.1.

5.6.6.2 Advisory criteria for compatibility from reactivity tests.
The m xture should show no enhancenent in gas evoultuion as de-
scribed in M L-STD 650.

5.6.7 Physical stability. The explosie should maintain its
intgergrity thoughout the normal usage tenperature range -53.8 to
71.1°C (-65 to 160°F). That is, it should neither be segregated
by standing (or from being vibrated) at anelevted tenperature
nor be changed in physical phase such that a |arge volune ex-
pansi on occurs.

5.6.7 Acceptable procidure. Exudation and irreversible kinen-
sional change were covered under 5.5.6 and 5.6.5. To

observe whether segregation occurs, analysis of sections of the
expl osive must be made when the material has been partially
[iquid at any tine.

5.6.7.2 Citeria for acceptance. A conposition spread of nore
than 4% of one ingredient from top to bottom of an explosive
charge (not specifically designed that way for an application)

should be considered excessive.
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5.6.8 Physi cal properties.

5.6.8.1 Melting point. This is a sinple determ nation and any
nmet hod where a suitable calibration standard is used in the range
of the nmelting point of the conpound or mixture involved is con-

si dered suitable.

5.6.8.1.1 Procedures. The acceptable procedure is "Mlting
Point of Sem-Crystalline Polynmers”, ASTM D2117 or acceptable

al ternat e.

5.6.8.1.2 Criteria for nelting point. For a conventional solid
expl osives there should be no. nelting of ingredients below 60°C

(140°F). The preferred solid explosives nelting point would be

above 72°C (161°F).

5.6.8.2 Softening point.

5.6.8.2.1 Acceptable procedure. ASTM D1525. The softening
point can be used where non-crystalline or non-nelting conponents

are present.

5.6.8.2.2 Citeria for softening point. No softening of a
material should occur below 60° (140°C).

5.6.9 Physical properties at various tenperatures. Wthin the
tenperature range of normal use [unless otherw se specified

-53.8 to 71.1°C {-65 to +160°F)], the material should not undergo
undesirabl e changes in properties. A phase change that caused
the material to undergo liquifaction would be unsuitable if a
design incorporating the use of an explosive did not allow for
use of liquids. If physical strength such as conpressive and
tensile are nmade use of in subsequent applications, a large
degradation of strength on heating could lead to a design failure.
A solid polynorphic transition could also lead to undesirable

properti es.

5.6.9.1 Acceptable procedures. ASTM procedures are acceptable
test nmethods. Conpressive and tensile strength and nodul us of
elasticity are often useful neasurenents (see 5.6.11 through

5. 6. 20).

5.6.9.2 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
conpression strength should be cause to question the use of the
expl osive. A 100% or nore reduction in nodulus mght indicate a
phase change with attendant possible exudation.
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5.6.10 Coefficient of thermal expansion.

5.6.10.1 Acceptnce procidures. Coefficient of Ilinear thernal

expansi on-of plastics ASTM D696 and Coefficient of Cubical
Thermal Expansion of Plastics ASTM D864.

5.6.11 Thernal conductivity.

5.6.11.1 Acceptable procedures. Test for thernmal conductivity
of materials by means of the guarded hot plate ASTM C177.

5.6.12 Fl exural strength.

5.6.12.1 Acceptable procedures. Flexural Properties of plastics
ASTM D790.

5.6.13 Modul us.

5.6.13.1 Acceptable procedure. |Included under conpressive prop-
erties in ASTM D 695.

5.6.14 Hardness.

5.6.14.1 Acceptable procedure. Rockwell Hardness of Plastics and
El ectrical Insulatory Materials ASTM D785.

5.6.15 Conpressive Strength.

5.6.15.1 Acceptable procedure. ASTM D695. This docunent

i ncludes conpressive stress, conpressive strength, conpressive
strength at failure, conpressive deformation, conpressive strain,
conpressive yield point, vyield strength, nodulus of elasticity and
crushing | oad.

5.6.16 Tensile strength.

5.6.16.1 Acceptable procedures ASTM D638. This includes
tensile strength, percent elongation, rate of stressing, and
el asti ¢ nodul us.

5.6.17 |npact resi stance.

5.6.17.1 Acceptable procedure. Inpact Resistance of Plastics at
Subnormal and Supernormal Tenperatures ASTM D 759.

5.6.18 Stiffness.
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5.6.18.1 Acceptable procedure. Stiffness of Plastics by neans
of a Cantilever Beam ASTM D 747.

5.6.19 Deformation under | oad.

5. 6.19.1 Acceptable Procedure. Deformati on of Plastics Under
Load, ASTM D621. This is a useful test to aid in determ ning
flow properties and conpressibility.

5.6.20 Bulk density. It is inportant to know the bulk density
of an explosive both for a solid warhead or bonb explosive and for
expl osive powders that are to be pressed.

5. 6. 20. 3. Acceptable procedure. Place approxinmately 50 granss
(wei ghed tonearest 0.1 gram) of the sanple material from the
conposite sanple into a 100 m cylinder (graduated in 1 m in-
crements). Conpact the material by allowing the cylinder to fall
freely from a height of 2,54 cm (1 inch) onto a 0.635 cm

(0.250 inch) thick felt pad nmeeting requirements of Federal
Specification G F-206, Type |, dass 16R3. After the sanple
material has been conpacted 50 tines, read the volune of nmaterial
in the cylinder to the nearest m.

Bulk density: gin/m
wher e

WE weight of sanple in grans

V= vol une conpacted nmaterial in ni.

5.6.20.2 Alternative procedure. Another acceptable procedure

is Apparent Density, Bulk Factor and Pourability of Plastic
Materials ASTM D 1895.

5.6.21 Shrinkage on cure.

5.6.21.1 Acceptable procedure. Lineare Shrinkage of Thermosetting
Casting Systems During Cure. ASTM D 2566.

5.6.22 Flow and injection noldability.

5.6.22.1 Acceptable procedure. Injection Mlding of Specinens
of Thernoplastic Ml ding and Extrusion Mterials, ASTM D1897,

5.6.23 Adiabatic Sensitivity Test.

5.6.23.1 Acceptable procedure. Refer to Test Method 12.
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5.6.24 Thermal Detonability Test. The explosive detonability
test neasures the type of fragnmentation produced under controlled
conditions. From this it oan be determ ned whether a detonation
or nmerely a deflagration has occurred. The test forns an inter-
correlation to the existing enveloping flame test where the time-
tenperature history of both tests are in the sanme region.

5.6.24.1 Acceptable test. Refer to Test Method 13.

5.6.24.2 Citeria for acceptance. Those explosives that do not

detonate in this test but burn slowy w thout transformation to
detonation would be considered highly desirable. Those that only

defl agrate rapidly but do not detonate under the test nmay be
accept abl e.

5.6.25 Conposition analysis. A conposition analysis procedure
shoul d be available before the explosive is considered for weapon
application. Each procedure will have to be determ ned according
to the ingredients and their properties and the methods necessary
for their separation and determ nation.

5.6.24.1 Acceptable procedure. Any procedure that gives ingred-
ient analysis sufficiently close for practical evaluation (usually
fromz+ 0.1 to = 0.2 of the true value) wll be satisfactory

This varies according to the type of conposition and actual
i ngredi ents.

5.6.26 Wdge Test-for shock initiation sensitivity. The wedge
test procides quantitative information about the build-up to

detonation of an HE when subjected to long duration planar shocks.
Specifically, it is used to neasure the delay till detonation,

in terns of both time and distance, as a function of input pres-
sure. It also provides information concerning the nature of the
buil d-up and about events occurring behind the shock front; both
of these are inportant in studying fuel-oxidizer systens. The
useful ness of the sensitivity data obtained includes: general
background information for conparing explosives; and feasibility
studies for specific proposed applications.

5.6.26.1 Acceptable procedure. Refer to Test Mthod 14.

5.6.25.2 Advisor statenment. It is suggested that the wedge
test be enploved as a standard source of background information
on sensitivity and performance because of its-ability to provide
nunerical initiation data, expressed in physically meaningful
terms; such data are directly relevant to weapon design. Firing
three or four shots at a suitable choice of pressures would pro-

37



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

vide a wide-range initiation profile for an explosive. A conpre-
hensi ve catalog of such profiles would facilitate technical

deci sions for varying boosters and main charges in a weapon.
Firing series at high and |ow tenperatures could substantially
reduce the nunber of full scale shots required in environmental
testing. The usefulness of the wedge test is not limted to the
design stage. It has been proven capable of detecting rather
smal | sensitivity shifts during thermal aging studies and should
also be of value in stockpile surveillance.

5.6.27 Gas _Chromatographic Reactivity Test.

5.6.27.1 Purpose. The gas chromatographic reactivity tests are
used to determine the chemical reactivity of high explosives
with other materials. This test is performed by heating for

a predeternmned tine sanples of the explosives, the material of
interset, and a 50/50 mxture of the explosive and the naterial.
The gas volunes liberated from each sanple are determ ned by
gas chromatograpy. A neasure of the reactivity is obtained
when the types and volunes of gas liberated from the mxture
are conpared with the types and volunes of gases |iberated from
t he individual conponents.

5.6.24.2 Equi pnent.

1. A grinder or cutting device capable of grinding or cutting
materials such as plastics elastoners, foans, rubber-materials foams . rubber-nmaterials
etc., between and 300 nmesh.

2. Anal ytical bal ance.

3. Drying oven.

4. Screens, 300, 100, and 40 nesh.

5. A vacuum system with pressure indicator capable of evacua-
tion down to approximately 0.133322 Pa (1 mllitorr).

6. Sanpl e hol ders which consist of an inlet and outlet valve, a
crucible (stainless steel or glass), and spacers to reduce the
internal volune of the sanple hol der.

108. Q| bath for heating the sanple holders capable of 1.20 *

8. A gas chromatographic system capable of separating N, CO
NO CO, NO. The system shall have an inlet system for the
sanple hol ers and a neans for calibrating the chromatography.

9. Pure and dry gas standards of N, CO NO @, and NO.

5.6.27.3 Procedure. The following procedure shall be used to
determne the chemcal reactivity of explosives with other
materi al s:
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5.5.27.3.1 Calibration. To analyze any gaseous nmixture, cal-
i bration curves of peak area versus volune nust be established

for N, CO NO @, NO.

5.6.2.7.3.2 Sanple hodlers. Al sanple holders, stainless steel
or glass crucibles, and spacers shall be thoroughly cleaned and
free of solvents prior to use.

5.6.27.3.3 Sanple preparation.

1. shal | be ground without "smearing out" on |o0ss
of the binder. A 0.250 %= 0.010 gram sanple shall he weighed into
the crucible for the control run.

2. A 0.250 £ 0.010 gram sanmple of the material of interest
shall be weighed into the crucible for the control run.

3. A mxture of 0.250 + 0.010 gram of the explosive and 0.250
+ 0.010 gram of the material of interest shall be weighed into
a crucible. The contents shall be stirred until the conponents
are thoroughly m xed.

4. Each crucible shall be placed into a sanple holder followed
by a spacer.

5. All the air shall be renoved from the sanple holder with a
vacuum system After the sanple holder has been evacuated it
shall be filled with helium

6. The sanpler holder shall then be held within £ 1°C at the
specified tenperature for 22 += 0.5 hours. Each sanple holder
shall then be analyzed on the chromatograph.

5.6.27.4 Cal cul ations.

5.5.27.4.1 Gas chromatograph calibaration. The gas chromatograph
is calibrated by injecting a given volume (V,) of standard gas at
tenperature (T,) and pressure (P). The volune of gas corrected

to Standard Tenperature and Pressure (STP) is given by

Fs Tq

VO = VS T . ’['_
s
and the calibration constant K is given by
K = VO/A

where A is the area of the gas chromatographi c peak.
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5.6.27.4.2 Gas volune formula. The volunme of gas evolved from
a sanple (at STP) shall be determ ned by

vV = K-A

where K is the calibration constant for and A is the area of the
gas chromatographic peak.

5.6.27.5 |Interpretation of the data. The reactivity coefficient
(R for each gas and the total gas evolved shall be determned by

m
E+ I

where V_, is the volunme of gas evolved by the mixture, Vg is the
volune of gas evolved by the explosives and V. is the volune of
gas evolved by the material of interest. Sanples having an R
value less than 1.5 are unreactive while those with an R greater
than 1.5 but less than 3 are borderline reactive. Those wth
an R value greater than 3 are reactive.

5.7 Performance. Explosive performance is considered separately
from essential tests and background information because sone
performance nethods wll be considered essential for sone appli-
cations and others for different applications. The performance
of an explosive in a given weapon is determned through a nunber
of warhead tests such as fragnmentation with recovery of fragnents,
damage to specific targets, and pressure neasurenents. |n order
to decide to which applications particular new explosives should
be applied, it is necessary to determne values relating to parti-
cular nodes of energy delivery (i.e., fragnents, air-blast, shaped
charge, etc.). Calculations and past experience serve as general
guides toward synthesizing and fornulating explosives with suff-
icient potential energy and release-rate-level to be undertaken
for developnent. Calculations, while providing information for
initial selection, nust be backed up by actual performance data
before selection is nmade to use the explosive in a given appli-
cation. If the initial objective for an explosive is to increase
energy of a fragnenting warhead, for exanple, tests which give
results correlating well wth fragnenting warheads are desired.
@irney values for explosives have been used to predict fragnent
accelerating capability in non-nuclear warheads. In nuclear war-
heads, hydrodynam c codes together wth determ ned explosives
paranmeters such as Chapman Jouget pressure, detonation tenperature
and others are used. Experinental nethods that scale wll are
preferred for performance evaluation. O all the neans for
predicting either fragnment acceleration or netal novenent for
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nucl ear of non-nuclear warheads, the cylinder expansion nmethod is
considered the best. best. A condensation (Table |I) has been nade

of the performance evaluation nethods that appear useful for ex-

pl osives considering the applications for which this information

i s needed.

5.7.1 Determination of critical dianeter. The critical dianeter
(d.) defines the threshold for propagation of steady-state condi-
tions. Because it is a failure threshold, it is far nore easily
affected by small variations in the phusical properties of the
change than is the value of the detonation velocity at |arger

di aneters. Consequently, charge nmust be of good quality if re-
produci ble results are to be obtained. Charge preparation re-
comrendations of 5.7.2 should be used. As an explosive approaches
its do, 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 netal probes are apt to perturb the threshold conditions.
Hence, optical neasurenents with the snear canmera are recommended.
For steady detonation, the streak is straight; for a failing

detonation the streak is curved, and may disappear altogether. 1In
fact, some of the unreacted explosive nay be recovered after the
shot. It is not necessary to determne the instantaneous velocity

of the detonation from the curved traces. The observation that
the trace is definitely curved in the direction of decreasing
velocity is sufficient to show that the test dianmeter is |ess

than d,. This avoids the necessity of differentiation of experi-
nental data. It is inportant to have a sufficiently long charge
because as d approaches d, from below, the shock induced reaction
may run for long distances at apparently constant velocity before
failure can be seen.
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Expl osi ves.

Per f or mance Eval uatei on of

TABLE
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The nost direct nethod of determiningd. is to fire a series of
different dianeter charges and obtain the snear-canmera record of
each. For castable materials that can be easily prepared as
conical charges, the record of the reaction initiated at the
cone's base will show failure at sone dianmeter of the cone.

This measured d_, is always too small, because in a base initiated
coni cal charge the detonation is overboostered as it progresses
to smaller dianeters. The use of a stepped cylinder, instead

of a cone. avoids this problem but introduces others. The length
at each dianeter (each step) nust be about 4 d or greater to

all ow the overboostering to fade out and a sufficient |ength

of steady state propagation to neasure detonation velocity (D).
The camera cannot view an extrenely long charge and still give

a record that can yield an accurate value of D. Hence, the
stepped cylinders, [ike the cone, is best suited for obtaining

a prelimnary and approxi mte value of d. d,. It should be followed
by nore precise neasurenments on cylindrical charges. Another

nmet hod depends on an approximate neasurenent O total "output”
and does not establish the existence of a steady-state detonation.
It may, however, give a good estimate of d,, and it can be applied
to confined charges (as can also the probe nethod of neasuring
D). Up to this point only bare unconfined charges have been con-
si dered because the theory of confinenment is not quantitative
for practical problens it is, of course, possible to work wth

a scaled confinenent, i.e., constant ratio of wall thickness/
internal diameter. The range i n d. over all explosives is very
| arge. Conmon pressed HE have of approximately 1 cm or |ess

whereas voi dless conposite propefl ants may exhibit d.of Iplprox—
imately several neters. For the materials with a very sma o

,it is sometinmes easier to prepare a rectangul ar plate charge

(or even a wedge) than to prepare a cylinder. |In such cases,
a critical height (inst ead of d) is neasured and may be rel ated
to a corresponding d. For charges of very large d, strong

confinenment is sorretlrres used to reduce charge size.

5.7.2 Determination of infinite dianeter detonation velocity.
Detonation velocity (D) is the nost easily neasured of the deto-
nation paranmeters. Its value is highly dependent on the | oading
density (po) of the charge and sonewhat dependent on charge dia-
nmeter and, for granular charges, on the initial particle size of
the explosive. The hydrodynam c theory of detonation includes
the density effect but not the dianeter effect. Hence, it is the
detonation velocity which would be observed in an infinite dia-
meter cylindrical charge (D3g) that is necessary in any conpari-
son of experinental results with the theory. The usual nethod of
obtaining D3y is to fire a series of charges of different dianeters
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(d), and neasure the corresponding D. A plot of D versus d
generally shows D increasing with d and apparently approaching
the value D asynptotically as d approaches limt of infinity.
However, it is difficult to select D from such a curve, and it
is nmore customary to plot D versus d'or D°versus d'in a
range of values of d large enough to give a linear curve. Dis
then taken from the intercept at d'equal to O or d”equal to
0. The plot D versus d'is nost commonly used and seens nost
successful in exhibiting linearity at large values of d. Because
a nunber of charges nust be used in determining the value of D
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 recormended in preference to
ram pressing. This nmethod requires machining the pressings to
make cylinders of the required dinensions. If the material is
cast from a nelt, conditions nust be carefully controlled to
insure that all charges have the sane physical properties (e.g.,
the same density and the sanme crystal structure). Hence, charges
of different diameters and length nust be prepared under carefully
controlled conditions in order to determne the true value of D.
Di aneters of the charges should be chosen so that the resulting
data are nost wuseful in the extrapolation to D. That is, if
d'is chosen as the independent variable for plotting the re-
sults, the data points should be nore or l|less equally spaced

with respect to the d'axis. The booster explosive should have
a shock inpedance about 20-30% greater than that of the test

expl osive so that detonation is initiated reliably. Because

of the msmatch of the explosives, the test charges nust be |ong
enough so that the effects of over bolstering will die out by the
time the detonation reaches the portion of the charge where the
detonation velocity is to be neasured. That is, the measured D
should be that for steady state detonation. The length of charge
required for this is conveniently expressed in terns of the ratio
of the length of the charge to its diameter, £/d and is probably
adequate when &/dis greater than or equal to Z. If the explosive

has a front of constant curvature_this distance will also be
sufficient for its establishnent. If, on the other hand, the
expl osive has a front showi ng spherical expansion, an &/4 is

greater than or equal to 9 should be attained for 1% accuracy. In
such a case, use of a plane wave booster can reduce the required
length of run before neasurenent. Detention velocity can be
determined in any of several ways; the choice of a nethod probably
depends nore on the availability of equipnment and well tested
procedures than on any inherent advantage of a given nethod.
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5.7.2.1 Electronic nethod. The electronic nethod is wdely

used; it depends on the closing of "switches" either by the con-
duction of hot gases between two electrodes, or the forcing
together of two electrodes by the pressure induced by the deto-
nation. Precision of the neasurenents depends on the nunber of
switches or pins that are used on the charge, and on the precision
of the equipnent. Precautions which should be observed are dis-
cussed in Test Method 8.

5.7.2.2 Optical nethod. A comonly used optical nethod makes
use of the streak or smear canera to record the instantaneous
position of the detonation front. This nmethod is also discussed
by Taylor, who gives a picture of the "streak” for a typical

expl osive. Because the record gives the instantaneous |ocation
of the detonation fronts the slope of the streak is proportional
to the velocity. Sinple 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 tine being the velocity of the detonation.
Again, this nethod can be nmade to give precise results if suffi-
cient care is taken in preparing the charges and in arranging the
experinment. A description of smear canmera techniques is given
in Test Method 15.

5.7.3 Fragnentation vel oci ty.

5.7.3.1 Cylinder expansi on. Refer to Test Method 16.

5.7.4 @irney Constant. The Q@irney constant a or 2E us obtained
fromthe cylinder expansion evaluation of Explosives. For more For nore
detail ed procedure, test method 16 covers an acceptable nethod
for Qurney constant. It can also be obtained by solving from
known values of fragnent velocities using various warheads or
nodel s from the equation

v=-\[ﬁ‘( C/M
1

+ 0.5 C/M

where V is the highest velocity to which the particul ar explosive
change accelerates netals CM is the explosive charge weight to
total case + explosive weight and 2E, related to explosive
energy, has dinensions of velocity.

5.7.5 Detonation pressure (Aquarium Technique). Detonation
pressure data are derived from neasurenents of shock waves trans-
mtted into water by the detonation of cylindrical explosive
charges. Refer to Test Method 17.
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3.175 CM
+0.0253
et ({ 250 [N) =t
(£0,010)
3.175 CM
+ 0,000
-0.013
(1.250 IN)
(+0.000)
(- 0,005)
NOTE: ANVIL

POLISH ALL SURFACES

MATERIAL — KETOS OIL HARDENING TOOL STEEL
HEAT TREAT
TO ROCKWEL.L. C—-60 HARDNESS

FIGURE 1 ANVIL FOR IMACT SENSITIVITY TEST
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200 MG RDX PRESSED AT-68948.KPA (10,000 PSI)
PRIMARY EXPLOSIVE BEING EVALUATED, LOOSE
PLASTIC (OR WOOD) HOLDER FOR SAFETY FUZE

SAFETY FUZE 120 SEC/A.9144 M (120 SECAYD)
PMMA HOLDER 2,54 CM OD X 0,724 €M 1D (1.0 IN, OD X 0,285 IN. ID)
1020 STEEL PLATE 2.58 CM DIA, X 1.27 €M (1,0 IN, DIAMETER X 0,5 IN.)

g 1i S [ Y Ve P Y Vi
THICK ROCKWELL B 70-8§

ALUMINUM CUP 0,698 CM OD X .660 CM L.D, X 3,81 CM
(0,275 IN, O.D. X 0,26 IN, 1,.D, X 1.5 IN,) LONG

FIGURE 5 TYPICAL ARRANGEMENT FOR PRIMING ABILITY TEST
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2.5 C™M

st— (1,000 INCH)
DIA REF
. 0.5105 CM

——(0,2010 INCH) DIA REF

T REMOVE EXCESS INCREMENT
FLUSH TO ,013 CM (,005 INCH)

REL AW FASTE AF BANRY 201 1
e’ ST § FvGthe WL W’ T \I kol

B o,

\ LRy
FOARE

N CHARGE TO BE FLUSH
WITH FACE OF BODY

EACH INCREMENT TO BE LLOADED AT A PRESSURE OF 110,316.11
+6898, kPa (16,000 t1.000 PSI), MOISTURE CONTENT AT TIME

OF LOADING MUST NOT EXCEED 0,3%. A MINIMUM OF 4 HOURS
DRYING TIME
MERCURY VACUUM JUST PRIOR TO LOADING

AT 50° C (122° F) UNDER 724 MM (28,5 INCH)

FIGURE 6 DONOR ASSEMBLIES. BUWEPS DRAWING 2426913
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DETONATOR ELECTRIC
EXPLOSIVE MARK 70 MOD 0
(BUORD LD 486247) OR
MK 86—0 (BUORD 1D 533566)
\ ©\ HOLDER BUWEPS
DRAWING (2426918)

P77777% VA

N

DONOR ASSEMBLY
/ BUWEPS DRAWING
 (2426913)

BLOCK DENT
BUWEPS DRAWING

y {2426916)

6.35 MM (0,250 IN)
CONCENTRICITY OF

[37e e - uto B -1l le o ¢
LIRSS | &S SR PN

FIGURE 7 SMALL SCALE GAP TEST ARRANGEMENT FOR
TESTING DONORS BUWEPS DWG 2426912
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2.54 CM.
pet— (1,000 INCH) —
DIA REF
0.5105 CM
(0,2010 IN,) DIA
— — REF

REMOVE EXCESS INCREMENT
| FLUSH TO .013 €M (.005 INCH)

i w BELOW FACE OF BODY ( FILL
: END IDENTIFIED BY BLACK DOT)

3.81 CM
(1.500 INCH)
REF

CHARGE TO BE FLUSH
WITH FACE OF BODY

EACH INCREMENT TO BE LOADED AT A PRESSURE OF 110,316.11

6895, kPa (16,000 11,000 PSI), MOISTURE CONTENT AT TIME OF
LOADING MUST NOT EXCEED 0.3% A MINIMUM OF 4 HOURS
DRYING TIME AT 50° C (122° F) UNDER 724 MM (28,5 INCH)
MERCURY VACUUM JUST PRIOR TO LOADING

FIGURE 8 ACCEPTOR ASSEMBLY. BUWEPS DWG 2426914
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SA Y
ADA LD N
DETO ND N LAS
BOOSTER VERTICAL N BOOSTER (TETRYL)
AND ON CENTER 5/1 27 CM DIA X1,27 CM
N (/2 IN. DIA _1/2 IN.; LONG
A "N  PRESSED AT 110.316.11 wPa
5.08 CM N (16,000 PSD)
@ IN) N
! -N~— CARDBOARD TUBE
N\ (5.({80 CM a.‘!J:J. X 0.635 CM
2INID, X 0.
5.08 CM X 0.250 IN)THICK
(2 IN) PROPULSION CHARGE
20,32 CM ADJUST TO GIVE DRIVING
(8 IN) A PLATE VELOCITY OF
5,08 CM (400 + 25 -0,0 FTS)
2 IN) 121,92 + 7,62 = 0,0 M/S
MASKING TAPE
5.08 CM DRIVING PLATE STEEL
(2 IN) 5.08 CM DIA X1, 905 CM
+5.000 THICK FINISH BOTH SIDES TO
-0.0127 (0.075070:000 N,
127 -0.005 ALUMINUM TUBE ’\V-
CM —T—%571 oM 2,54 CM (1 IN) 0.D. X 16 GA
(1 IN,) AIR GAP 0.1651 CM (0,065 IN)
> 53 G . WALL X 2.54 CM (1 IN) LONG
. o -'
ey 110,316.11 xPa (16,000 PSI)
WITNESS BLOCK
gy N // // "'"' f-ngcL (1020)
M X7.62 CM X7.62 CM
4,445 CM (1 IN. X3 IN. X3 IN,) *
(1,75 IN) FINISH BOTH SIDES To 1{7’
\Ob OQQD e 0 .- oA X3 Oo ch
? OQOQO 0°o° icoNCRETE oS f_o ANVIL STEEL
oob leoeoao.,o.'
(& 7 ROUGHNESS HEIGHT
f IN MICROINCHES
FIGURE 10 IMPACT VULNERABILITY TEST ARRANGEMENT
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SHARP EDGE DESIRED
0,013 CM (.005 INCH)
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MAXIMUM PERMISSIBLE

Downloaded from http://www

.everyspec.com

M L- STD- 1751 ( USAF)

+.0013
0.5105 9012 c™

(0.2010 *,0005 INCH) DIA

A

3.810 ¥,0254 CM
(1.500 %.,010 INCH)

Y

)/

SHARP EDGE DESIRED //ﬁﬂ 1,025 CM

0.013 €M (005 INCH) | (1.000t010INCH)™ ]
RADIUS MAXIMUM DIA
PERMISSIBLE

FILL END
IDENTIFICATION

DOT

FIGURE 9 BODY. BUWEPS DWG 262915
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SAFETY FUSE

oLy

._-Q;'

?

ADAPTER TO HOLD BLASTING CAP
DETONATOR AND \'E
BOOSTER VERTICAL 72 _ BOOSTER (TETRYL)
AND ON CENTER /// ) 1.27 CM DIA X1.27 CM
TUAL (/2 IN. DIA 172 IN.) LONG
A PRESSED AT 110.316.11 «Pa
5.08 CM (16,000 PSI)
@ '*N) CARDBOARD TUBE
5.080 CM 1.D. X 0.635 CM
_ ,..,‘ . (2 IN 1D, X 0.250 IN)THICK
J,U0 Wi N
2 IN) PROPULSION CHARGE
2032¢cm _t ADJUST TO GIVE DRIVING
(8 IN) ! PLATE VELOCITY OF
5,08 CM (400 + 25 -0.0 FTS)
(2'|N) 121,92 + 7.62 = 0,0 M/S
T R _~ MASKING TAPE
5.08 CM DRIVING PLATE STEEL
2N 5.08 CM DIA X 1,905 CM
. THICK FINISH BOTH SIDES TO
+0.0007 "~ 40,000 1y IRV ; K
=0.0127 1973V "o T ig/m; ALUMINUM TUBE V
CM T Zm:acm 2,54CM (1 IN) O.D, X 16 GA
(1 |iq.) AIR GAP 0.1651 CM (0.065 IN)
Yy e —— WALL X 2,54 CM (1 IN) LONG
(1 IN) gf*‘"* e SPECIMEN CHARGE PRESSED AT
] / 110,316.11 xPa (16,000 PS1)
2.54 CM ////// // _,_______ WITNESS BLOCK
\1LIN) STEEL (1020)
2.54 CM X7.62 CM X7.62 CM
4,445 CM (1 IN. X3 IN, X3 IN,) *
(1.75 IN) FINISH BOTH SIDES TO 1\5/’"

'ANVIL STEEL

ROUGHNESS HEIGHT
IN MICROINCHES

FIGURE 10 IMPACT VULNERABILITY TEST ARRANGEMENT
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FIGURE 11 HOT WIRE IGNITION ARRANGEMENT
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X
®
’52

ol
N,

3.81 CM 1,27 CM
e (1,50 IN,) ————>~ (0.50 IN)

FIGURE 12 ALUMINUM DENT BLOCK

58



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

FUZE, BLASTING TIME
FSN 1375-028—5151—M160

ER MIX 2.5 GRAMS
TS BARIUM

IDE(B 205) /2
GRANULATION, 8
'SIUM

1 (2 INCH) BLACK
IPE NIPPLE

ALUMINUM FOIL 0,0254MM
(0,001 IN YDOUBLE WRAPPED

THERMITE (36 GRAMS)
SPEC. B143—13—2

0,1588 CM

(0,0625 INCH)
e 2.54 CM

L~ (1 INCH)~14 NF
21 THREADED ROD

1,905 CM (3/4 INCH)
BLACK IRON PIPE
>{° COUPLINGS

N
L CANDIDATE EXPLOSIVE

1.27 €M
{0.300 IN)

L B

2.54 CM (1 INCH)
THREADED ROD
14 NF

™ STEEL TUBING 22225 CM

(7/8 INCH ©,D.) X 0,08128 CM

(0.032 INCH) WALL THICKNESS.
USED WITH EXPLOSIVES WHICH
CANNOT BE HANDLED AS PELLETS.,

"~ STEEL. PLATE
2,54 X 10,16 X 10,16 CM
(1 X4 X4 INCH)

R\ CENTRALLY DRILLED
PN SN AND TAPPED 2.54 CM

(1 INCH) — 14 NF

FIGURE 13 BON-FIRE TEST ARRANGEMENT.
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COLD FINISHED "

SE’AMLESS

MECHANICAL
sTEEL TUBING

P=R E=t=1_J

1,5875 CM (5/8 IN,) O.D, X 11
GAUGE 0.3048CM (0,120 IN,)
WALL

1
RAM, COLD FINISH =

SCREW STOCK (STEEL) h)

FACES SHALL
BE PERPENDICULAR TO
CENTERLINE WITHIN

0,0127 CM (20,005 INCH)
FINISH FACES TQ*{?/_

* ROUGHNESS HEIGHT IN
MICROINCHES

FIGURE 14

7
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04 GM TEST EXPLOSIVE
PRESSED AT 1.379 X 105 kPa
(20,000 PSI)

L

iz

\

W//M///////////////MV//////W//W/ '

”~~ o
L)

"]

>

?*&

%/ _

/%

04 GM GRANULATED

SUGAR (SUCROSE)
PRESSED AT

it e e e B

1379 X 105 kPa

(20,000 PSI) ALTERNATE
CONFIGURATION FOR SOFT

E'YD! hetuz-s

@%

%/’

NE A
25 Cv

75 IN)

0,9525 CM

(3/8 IN,)
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#* "
ROUGHENED SURFACE 50; 80 7

SPRING STEEL ABRASIVE STRIP ﬁﬁ&

*®*
ROUGHNESS HEIGHT IN MICROINCHES

EXPLOSIVE SPECIMEN IN HOLDER
(FIGURE 18) T——

Lol lnlbnddlolnded

APPLIED
FORCE F

N
~

BOOM BOX

X S
< 7M. vewociTy
‘\‘: .

EFFECTIVE

WEIGHT |

(75 LBS,)

34,02 KG
M 22,86 CM

.._.______224\'98?;.5 g (9 IN) A!

FIGURE 15 FRICTION SENSITIVITY APPATATUS
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ALTERNATE CONFIGURATION

0,8636 *0.0254 CM
= (0.340 10,010 IN) ™™

.7854 RAD *5% !
(45%5%)

0.1143%0.0127 CM
(0.04510,005 IN)

0.0381 CM R
T MAX
0.015 IN.R

0,3683 +0,0254 CM
(0.145%0,01 IN)

0.9525 *0,01016 CM
(0,375 *0.004 IN) DIA

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

NOTE: FOR MOST OF THE MORE COMMON BOOSTER
EXPLOSIVES, APPROXIMATELY 0,4 GRAM OF
EXPLOSIVE WILL BE SUFFICIENT. PRESSED

GRANULAR EXPLOSIVES SHALL BE PRESSED
AT 1,379 X 105 kPa (20,000 PSI)

FIGURE 16 TEST SPECIMEN CONFIGURATION.
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N
N N coLo FmsHED SEAMESRe
N N 15973 o @8 I 00X oo 157
LN N 0027 2 127 oo (0,38520.005 1N
5,_32\5 CM § §
375 ,“,“’ § §
N N\
N N
N N\
1N N\

RD
Pl O R Er NG SM:év%ESE?%Nugwﬁpacvgmgurs
NOTE TOLERANCES ’ o
COMMERS’L"\'%EMENT AND PRACTICES, MQ?IERE‘SEPRA,NQgse
g‘RglgGEEE:‘I'UBING WILL FALL WITHIN TRESE 1¥==

FIGURE 17. SPECIMEN HOLDER TUBE
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EXPLOSIVE SPECIMEN
AS PER FIGURE 1§

L 0-254
= 0.0127 cM
(0.100%0,005 IN,) | ,-_-/ 0.4 GRAM GRANULA
’ * ‘ SUGAR 'SUCROSE) TED

L_ N
wne T N B e
J N
\\‘
§ PER FIGURE 17
N
N\
§
(6,35 cM §
2,500 IN,)
\ Sesemee
\ FACES SHALL BE
\ PERPENDICULAR T0
\ WITHIN 0,0127 CM
\ (0.005 IN.) *
§ FINISH FACES To ‘1&7-
* RouG
N RumESs e
;.__,,___ 0.9525 cM
(0.375 IN.)

FIGURE 18 SPECIMEN HOLDER ASSEMBLY
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20,32 CM
(8 INCHES) ]
RESPONSE . CONTROL.
ACCELEROMETER ACCELEROMETER
THERMOCOUPLE
= b "2
/7 AAANANANANANNNNNNY Z
7 L,
2 | Z
/ 5,08 CM 2
(2 INCH) DIA (1.D,) 2
STEEL PIPE Z
7 | 2
1 .

FIGURE 19 VIBRATION RTEST SETUP
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0,3175 CM
j=—(1/8 INCH) D!AMETER HOLE

Y R e
27N N\\pA

/8 INCH)

/ ‘.

4,1275 CM
(1—5/8 INCH)

zzrzzzzzzzzzi __._L_l

l_ A, 9213 CM
(1—15/16 INCH)

FIGURE 20 ALLUMINUM CUP.
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L. PURPCSE
1.1 The Vacuum Thermal Stability and Chem cal Deconposition

Test is used to determne the physical attributes of a candidate
expl osive when subjected to a specified elevation of tenperature.

2. CALI BRATI ON

2.1 The test
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METHOD 1

VACUUM THERMAL STABILITY AND
CHEM CAL DECOWPOSI TI ON TEST

shall be run in triplicate on a conposite sanple

of the candidate explosive. The test specinens shall be held
at the 100°C tenperature for a period of forty eight hours.
Determine the volune in m of the 15.5 cm heating tube Figure 1
by adding nmercury from a buret until the tube is filled to the
which the ground glass joint of the capillary tube

| evel

at
w Il nake contact
buret reading,

primary explosive

shal |

be
nmer cury

to

with the nercury. Subtract from the indicated

the volume of explosive used in the test (0.1 ni
- 5.0 mM booster explosive). The difference

represented by the synbol A Transfer 7.0 m of

the cup at the lower end of the capillary.

Clanp the tube in an upright vertical position, and neasure the

hei ght

in mnm of

the mercury colum in the capillary tube

(approximately 25 mn. Measure the length of mm of each of the

t hree
t ot al

arts of
engt h.

the nercury colum
Repr esent
| ength subtract

the capillary tube and add these values to obtain
From the total |ength subtract the height of

in the capillary tube as previously obtained.

this diffrence by the synbol B, From the tota

the height of the colum of nmercury in the

capillary tube measured at the end of the test described in

3. Represent
capacity of

this difference by the synbol B. Determne the
the capillary tube per unit of length as follows:

Transfer an accurately weighed sanple of approximately 10 grans
of mercury to the cup at the lower end of the capillary tube.
Mani pul ate the tube so that it is horizontal, nercureyis
contained in the continuous section of the |ongest part of the

t ube,

and neasure the length of the nercury columm. Repeat this

procedure twice with the nercury in two other parts of the |ong

section of
| engt hs of
per - nm of

wher e

=0

the tube. Calculate the average of the three neasured
the mercury colum. Represent the unit capacity in n

the capillary tubing by the synbol C This can be
obtained from the formula

-

unit capacity of capillary tubing in m per mm

grans of

mer cury

1 METHOD 1
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density of nercury at tenperature of determnation
average neasured lengths of nmercury colum in mm

— O

3. TEST PROCEDURES

3.1 Transfer a (0.2 + 0.001 gm Primary Explosive - 5 = 0.05 gm
booster explosive) sanple, dried at 65°C for 2 hours, to the
heating tube of the apparatus shown in Figure 1. Connect the
capillary tube to the heating tube and seal the connection with
1 m of mercury. Canp the apparatus so that the |ong section
of the capillary tube is in a nearly vertical position and the
lower end rests on a solid support. Transfer 7.0 m of nercury
to the cup at the lower end of the capillary tube and evacuate
the system until th pressure is reduced to approximately 5 mm
of nercury. D sconnect the punp and neasure the total vertical
hei ght of the colum of mercury in the capillary tube. Measure
and subtract the vertical height of the nmercury in the cup. The
difference shall be represented by the synbol H. Note the

room tenperature (t,) and the barometric pressure. Subtract

the value H from the baronetric pressure in mm Represent this
difference by the synbol P, Insert the heating tube in a
constant tenperature bath maintained at 100 + 0.5°C. Miintain
the heating tube at tenperature for 48 hours. Renove the heating
tube fromthe bath and allow it to cool to room tenperature.
Measure the total vertical height of the colum of nercury in the
capillary tube and subtract the vertical height of the nercury
in the cup. This difference shall be represented by the synbol H
Note the room tenperature (t) and the baronetric pressure.
Subtract the value H from the barometric pressure in mm
Represent this difference by the synbol P. It may be desirable
to take neasurenents at several time intervals to establish a
time versus deconposition curve. Renove the heatingh tube and
the sanple from the capillary tube and retain it for the tests
cited in 5 conducted on candidate primary explosives.

4. CALCULATION OF GAS EVOLVED

4.1 Calculate the volume of gas (V) in m, at standard condi-
tions, liberated in the test described in 3 using the

val ue represented by the synbols described in the preceding
sections in the follow ng fornula:

V:[A+C(B' F')ﬂméﬁ%]-[AJ’qu' H) 760273+T1]

METHCOD 1 2
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5.1 A chemcal and/or physical analysis shall be made of the
material remaining in the heating tube to determne quantitatively
the degree of chem cal deconposition that has occurred in the
test. Since no single analytical procedure can be given for all
primary explosive, it will be the responsibility of the organiza-
tion proposing the candidate prinmary explosive to provide a
procedure neeting the approval of the applicable ordnance systens
group. The proposed procedure shall be capable of detecting not
less than a 0.075 percent degradation in the primary explosive
or any of its major constituents if the primary explosive is a

m xture. The tests may be waived if, to the satisfaction of

the applicable ordnance systens group, it is shown that the
deconposition of each 0.1 gram of candidate prinmary explosive
will be acconpanied by the |iberation of at least 2 m of
permanent gas at standard tenperature and pressure. In those
cases where the tests apply, the candidate explosive shall be
consi dered acceptable if not nore than 0.1 percent degradation
has occurred in 48 hours of 100°C in the explosive or any of its
maj or consitituents, and if no sensitive conmpounds are forned.

6. QUALIFICATION CRI TER ON

6.1 The volune of gas evolved as calculated under 4, shall be
divided by the weight of the sanple. This figure yields the n
of gas evolved per gram per 48 hours. To be acceptable as a
candi date explosive none of the triplicate sanples shall yield
a value of nore than 2.0 m gas/grani48 hours.

3 METHOD 1
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FIGURE 1. VACUUM THERMAL STABILITY TEST
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VETHCOD 2

| MPACT TEST
( LABORATORY SCALE)

1. APPARATUS

1.1 The machine used is based on the design devel oped during
Wrld War 11 by the Explosives Research Laboratory of the
Nat i onal Defense Research Conmttee |ocated at Bruceton, pa.

It is often referred to as an "ERL machine" or a "Bruceton
machi ne". An assenbly drawing, Figure 1, depicts the principal
features of the test apparatus.

1.2 Essentially, the apparatus consists of a free-falling

wei ghts tooling to hold the explosive sanple and a supporting
frane. The falling weight is nade of hardened steel. Several
wei ghts are available (2, 2.5, and 5 kg); the weight usually
used is 2.5 kg. By neans of a hand w ndlass the drop weight can
be positioned at any desired height above the test sanple, to a
maxi mum of 320 cm An electronmagnet retains the drop weight
until released by the operator.

1.3 The drop weight inpacts against a "striker" pin which
transmts the shock to the test sanple. The striker is 3.175 cm

(1.250 in.) in diameter by 8.89 cm (3.500 in.) long, made of
tool steel hardened to 60-63 Rockwell "C' scale. The flat
surface next to the explosive is ground to a finish of 16u in

1.4 The explosive sanple rests without restraint on a 1-in.-
square piece of 5/0 grade, flint sandpaper The sandpaper, in
turn, rests without restraint on an anvil 3.175 cm (1.250 in.)
in dianmeter by 3.175 cm (1.250 in.) long, made according to the
following specificaitons: tool steel hardened to 60 Rockwell
"C', all surfaces ground and poli shed.

1.5 The anvil is nounted in a tool holder assenbly which is
rigidly bolted to the nmachine base. The striker slides freely
within a guide. A nunber of variations in tooling design have
been tried. The one descrided here, in standard use for about
20 years, is designated as "Type 12" tools.

2. I NSTRUMENTATI ON.

2.1 A ceram c-type mcrophone, Astatic Mdel JT-30C, or equal,
is nounted in the horizontal plane of the anvil face at a distance
of 96.36 cm (34 in.) fromthe center of the anvil.

2.2 The signal from the mcrophone is fed to a variable-gain
anplifier which triggers (or fails to trigger) a thyratron tubes
Model 2050. Triggering the thyratron lights a neon |anp nounted
on the operator’s instrunment panel.

1 METHCD 2
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2.3 A Burlington Mdel 431 mllivolt neter, or equal, is placed
in the circuitry for adjustnment of the gain setting and the
thyratron cathode voltage.

2.4 The conplete instrunentation is commonly designated as a
"noi seneter".

3. PRETEST PROCEDURE.

3.1 The test explosives are solid, granular materials which are
either pure conpounds or mxtures. Materials which are normally
cast-loaded into a weapon are prepared for the test by casting
as a thin sheet (weight from 3 to 10 g depending on naterial
availability and nunber of determinations to be nade). The The

cast sheet is gently ground by hand in a wooden nortar and the
material screened through a set of No. 16, 30, and 50 U.S.
standard sieves. Equal weights of material retained on the No.
30 and No. 50 sieves are carefully blended on a Fisher-Kendall
m xer, or equal, (sinultaneous tunbling and stirring action) to
furnish the test sanples.

3.2 Oher solid, granular materials are tested "as received"
wi thout further pretest processing.

3.3 Each test sanple consists of 35 £ 2 ng of explosive placed
in a loose pile in the center of the sandpaper. The first few
sanples are weighed on a |aboratory balance; the renainder are
volunetrically |oaded by use of a small scoop which, when used
by an experienced operator, neasures the quantity of explosive
wthin the desired tolerance.

3.4 In setting up the noiseneter for operating the follow ng
adjustnents are nade at the start of each day of testing:

a. The mllivolt neter is calibrated across a 100-ohm
resistor by adjusting the setting to 50 mllivolts.

b. The anplifier gain is initially adjusted to read 25
mllivolts. Final adjustnent is determined by neans of two test
switches which make the thyratron tube alternately conductive
and nonconductive. Wen proper gain setting has been achieved,
the neon lanp will glow every tine the thyratron is energized
as denonstrated by 10 or nore consecutive tests.

3.5 At least once each week the apparatus is calibrated for

proper elimnation of background noise. Instrunentation is
adjusted as described in 3.4. The drop weight is released from
maxi mum height to inpact on the test anvil. Under these condi-

tions the neon lanp must not gl ow.

METHOD 2 2
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4. TEST PROCEDURE.

4.1 A test sanple (explosive on sandpaper) is placed in the
centerof the anvil. The striker is lowered gently so that it
rests on the top of the explosive pile.

4.2 The drop weight is elevated to a preselected height.

Sel ection of the height used for the first drop is a matter of
judgnent. |If the sensitiveness of the test material has been
previously neasured, the first drop height wll be chosen in

the range where "fires" have occurred. If the material is of

conpl etely unknown sensitivity an arbitrary starting height is
used based on the sensitivity of simlar conpositions or the

sensitivity which would be predicted from nol ecular structure.

4.3 The weight is dropped and the result is indicated by the
noi seneter. If the neon lanp glows, it is a "fire"; if not,
the test is a "no-fire". The weight is caught by a sliding
stop nmoved into position by the operator after initial rebound
from contact with the striker. This prevents nultiple inpacts
bet ween wei ght and striker.

4.4 After the first fire is obtained (which may take 3 or 4
prelimnary drops with an unknown material) successive drop

hei ghts are governed by the results of the previous drop
according to the following procedure. The weight is dropped
from a height lower than the previous one by 0.093 log unit
(where the log of a 10cm drop is taken as 1.0). If the result
is a fire, the next drop is 0.093 log unit lower; if no-fire the
next drop is 0.093 log unit higher. Testing continues by this
"up and down" procedure for a total of 25 drops (usually called
a "run").

4.5 After each drop, the test sanple is discarded and a fresh
sanple used for the next drop. The striker and anvil faces
which are in contact wth the test sanple are cleaned wth

sol vent (such as acetone) after each test.

4.6 Striker and anvil are replaced when working surfaces

becone roughened as determ ned by making carbon paper inpressions
of eh surfaces. AOd tools are refinished and reused. The The
striker is replaced when its height has dimnished by 0.635 cm
(0.250 in.).

5. RESULTS REPCORTED AND CRITERIA FOR EVALUATI ON
5.1 The data recorded for each test are the log of the height

from which the weight was dropped and the decision as to whether
the drop resulted in a fire or a no-fire.

3 METHCOD 2
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5.2 The data are treated by a procedure devel oped by the Applied
Mat henmati cs Panel of the National Defense Research Committee (AWMP
Report No. 101.1R SRG P No. 40). First, the data are exam ned to
determ ne whether nore fires or no-fires occurred. Whichever is
the lower nunber is selected for analysis and the bal ance of the
data are discarded, (If the nunbers are equal, either nay be
used). The data are summarized, statistically, by use of the
followng table (nunbers are inserted in the colums for
illustration only):

Log i n, in i
i i By
1.7 0 2 C 0

10 10 10

-
x
[

1.9 2 10 20 40

The log of a given drop height is entered in the first col unmm.
These are arranged in ascending order, starting wht the | owest

for which a test is recorded as indicated in the exanple above.

In the next colum, "i" is a consecutive nunber corresponding to
t he nunber of equal increnments above the base, or "zero". Iine.
The next colums "n", tabulates the nunber of fires (or no-fires)
which occurred at i, i, i, etc. The other columms are
conputations of i times n,and i‘times n,.

5.3 A nean is conputed from the fornmula:

A 1
= _i-.-

Where N = Zni
A = ZTin,.
1
= nornalized height of the lowest line (i),
and d = nornmalized interval between drops (0.093).

In the fornula, the sign inside the parentheses is (+) if
no-fires are used and (-) if fires are used

5.4 The mean conmputed in accordance with 5.2 and 5.3 is
reported as the "50% point". It represents a 50% probability
of fire. The nunber nmay be reported in log units as determ ned
directly from the conputation. Mre often, the antilog is
found and this is reported as a height in centineters.

METHOD 2 4
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5.5 Oten, the standard deviation is also estimted by the

followi ng technique: A nunber, "M, is conputed from the
fornul a:
2
M,= Li ng B Zlnl
N N

using a table or graph appearing in the Applied Mthenmatics
Panel report nmentioned in 5.2, “value is obtained. The
Standard deviation ( s ) is then

It is always expressed in log units

5.6 The table below sets out typical test results for 8 common
expl osi ves.

50% Poi nt

Expl osive cm S

Lead azide 4 0.12
PETN 12t 0.13
RDX 24t 0.11
HMX 26t 0.10
Tetryl 38t 0.07
Comp B 60t 0.13
TNT 157 0.10
Expl osive D 254 0.05

5 METHOD 2
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METHCOD 3

EXPLOSI VE SHOCK SENSI TI VENESS TEST
(SVALL SCALE GAP)

1. PURPOSE

1.1 The snmall scale gap test was devised in 1950 in order to
provide a test which could be used to investihgate the sensitive-
ness of explosives to an applied explosive shock but which, at
the same tine, would require a mniml quantity of the test

expl osive. The test was extensively restudied in 1960, primarily
to achieve standardization and closer agreenent with the |arger
scale gap test (US/ Explosive Shock/02). At that tinme the test
apparatus and procedure acquired their present form

2.  APPARATUS

2.1 The apparatus consits, essentially, of an explosive doner,
an attenuating spacer, an explosive acceptor and -a steel dent

bl oxk. The apparatus is shown schematically in Figure 1. The
conponents of the test are described in the U S Naval Odnance
ll_abor%tory List of Drawings LD No. 549486 and all draw ngs called
or therein.

2.2 A MK 70 Mdd.O0 electrical detonator is set within a plastic
detonator holder. No doubt other nodes of initiation can be

used --- blasting caps, electric blasting caps, or other
detonators, or mld detonating fuse termnated in an end booster
or end coupler. It is felt that a change to sonme other detonator

would be justified only after enough testing denonstrated that
there was no nodification of the donor output.

2.3 The donor and acceptor bodies are identical brass cylinders,
2.54 cm (1.0 in) in outside dianeter by 3.81 cm (1.5 in.} |ong,
containing a centrally-located hole, 0.508 cm (0.2 in.) in dia.

I nput face of donor and output face of acceptor are held flat
within a maxi mum of 0.0508 mm (2 mls) 0.0254 M (1 ml) is
perferable). Although the bodies |ook deceptively sinple to
make, quantity production is usually done in screw nachines and
the manufacturer nust exercise considerable care. The axial
hole has been a problem Tolerances on hole size, concentricity
and straightness required that the next-to-last step be ream ng.
Wthdrawal of the reaner is often acconpanied by chips which form
unacceptable longitudinal, radial and spiral scratches Hence,
a ball-broaching operation is used as the final step to achieve
a snmooth internal finish.

2.4 The attenuator is made of Lucite, 2.54 cm (1.0 in.) in dia.
with snmooth, flat, parallel faces. Stocks of discs of differentt
t hi cknesses, chosen on a logarithnmc scale, are used to obtain
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the variable attenuator spacing (variable gap). Lucite cut from Lucite cut from
rod stock and from flat sheet stock has been used. Attenuators Attenuators
have been made by injection nolding. Attenuators been Attenuators have been

made up into desired thickness by stacking two or three thinner
pi eces. pi exes. None of these variants make a detectable difference

in the test results.

2.5 2.5 The dent block is a steel cylinder, hardened to Rockwell

B 70-95. B 70-95. Dimensions are 7.62 cm (3.0 in.) in dia. and 3.81 cm
(1.5 in.) high. (1.5 in.) high. The upper face (next to the acceptor) is
machined to a finish of 1.6 pum (63 mcroinches). The user has had
considerable trouble trying to obtain steel which wll finish

to the desired hardness of Rockwell B 80 to 87 on the machined
face. face. User has tried, with nmoderate success, to inprove uniform
ity by purchasing a nunber of bars of steel froma single mll
run whose hardness on the outer cylindrical surface runs Rock-
wel | B 80-87. wel | B 80%87. The hardness of every block is neasured. The  The

dent reading is corrected by applying the follow ng enpirical
formul a:

o
"
w)N

Dy + (H-83)

Wer e Dis corrected dent in roils
D,is observed dent in mls
H is observed hardness (Rockwell B)

2.6 The detonator holder is merely a device for Kkeeping the
dentonator upright. Pieces of broom stick, polystyrene tubing,
and out-of-tol erance attenuator disks have been used. Al that Al that
is necessary is that the piece be frangible and that it fit

| oosely around the detonator.

3. PRE-TEST PROCEDURE

3.1 The donor explosive - RDX, Type B. Cass B, JAN Spec. R-398
is vacuum dried at 50°C and 28 nm Hg for 4 hours. It is then
pressed at 68948. kPa (10,000 psi) in 7 equal increnents (165 ny,
each) into the donor body, leaving a 0.254 cm (0.1-in) deep
recess at the top for the detonator.

3.2 Either 525 or 1050 donors are normally |oaded at a tineg,

rejecting and replacing any donors that fall outside of the
followwng limts:

M n. Max. Units
Density 1. 537 1. 597 gramns/ cc
Charge wei ght 1.132 1.178 grams

Charge length 3.523 (1.387) 3.665(1.443} cn(in)
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3.3 Al the donors are nunbered according to a set of random
nunbers generated by an electronic data processing program
This program is available to any who wish it. However, com
parabl e ones are nornally available in nost |aboratories.

3.4 Five percent of the donors are fired against steel blocks.
The output should fall in the followng limts, neasured in
mls, were "x" is the mean dent and "s" is the standard

devi at i on:

Min. Max
X 2.5 65.0
S none 2

3.5 The donors are then ready to be used sequentially on the
basis of their random zed nunberi ng.

3.6 The sest explosive is dried under the same conditions as
the RDX. Loading is volunetric, designed to conpleteoly fill
the acceptor body cavity with explosive flush at both ends.
Loading the acceptor body while it rests on the dent bl ock
assures intimate contact of explosive with the block. Twenty-
two bodies, each, are usually loaded in 8 equal increnents at
five different |oading pressures:

27579.0 kPa (4.0 KPSI) 55158.0 kPa (8.0 KPSI) 110316.1 kPa (16.0)
KPSI') 220632.2kPa (32.0 KPSI) and 441264.5kPa (64.0 KPSI)

3.7 Each acceptor body is loaded up to and including the next
to the last increment. Knowing the increnment weight (each
increnment is neasured on a torsion balance) and neasuring the
colum height, the weight necessary to fill the colum flush
is conmputed. This process usually elimnates the necessity
for shaving or breaking off any protruding explosive. As the
original report brought out’, up to a 0.381 mm (15 nm) recess
on the output end of the acceptor can be tolerated. The input
end should be flush to within 0.0508 nm (2 mls).

3.8 The conputed densities for the twenty-two acceptor bodies
| oaded at a particular pressure are inspected. Any acceptors

grossly out of density tolerance are rejected and replaced.
User then selects the two, out of the final group of twenty-two,

whose densities are furthest away from the average density.
These two acceptors are each fired with a donor wthout any
attenuator piece between. The average of th dent outputs is
recorded as the zero-gap output. The average density of the
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remai ning twenty units in the group is the reported density in
the test. Standard deviation of the |oaded density is controlled
within 0.25% of the theoretical maxi num density.

3.9 If the physical properties of the test explosive so require,
the acceptor can be |oaded by other nmeans. Each special case
requires establishnent of standards for charge density.

3.10 Before loading donors or acceptors, the hole diameter is
neasured at four different heights and with a 0.78540 rad (45°)
angul ar rotation about the measurenment fixture between each,
determ nation. User has a neasurenent accuracy of about £ 12.7 pm
(- 0.0005 in) on the dianeter.

3.11 Columm heights are measured to the nearest 0.0005 in with a
dial indicator having a flat-tipped probe. From the difference
between the weights of the |oaded and enpty body, from the
average hole dianmeter and from the colum length the density of
every charge is conputed. For a group of charges (average
density wusually running from 1.3 to 1.7 g/cc) the standard
deviation will be from 0.003 to 0.005 g/cc and rarely exceeds
0.009. Thus density is controlled to an accuracy of about 0.6%
User has found that processing the data and conputing density is
greatly facilitated, and errors mnimzed, by using electronic
data processing.

3.12 The donors and acceptors are weighed before and after

| oadi ng. Each weighing is repeated, preferably by independent
workers, and nust check to wthin 0.3 mlligrans. Since the

bodi es (loaded or enpty) weight in the order of 160 grams the
necessary precision is about two parts in a mllion.

4. TEST PROCEDURE

4.1 Conponents of the test apparatus are assenbled as shown in
Figure 1. A peripheral wap of cellulose tape holds the donor,
plastic attenuator and acceptor together and in alignnent. A
pi ece of nmasking tape bridges the entire assenbly to prevent
notion of the detonator and to keep conponents aligned on the
dent bl ock.

4.2 The selection of the thickness of attenuator (i.e. length
of gap) is arbitrarily chosen with the intent that it should be
close to the value for 50% probability of a "fire". Because
only twenty bodies are allocated to a particular data point it
pays to be as careful as possible about selecting the proper
point ot begin testing. If a bad guess wastes a nunber of shots
before a first reversal or a first zone of mxed response is
observed, it is legitimate (but quite inconvenient) to |oad and
test pieces to replace the lost information. It is not correct,
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however, to increase the sanple size beyond the first reversal
or mxed respone zone because "we don't |ike what we saw’ or
"because we want a better answer". This is apt to introduce a
bias in the final answer.

4.3 Successive tests are made by choosing a thicker attenuator
if the previous result was a “fire” or a thinner attenuator if
p-receded by a “no-fire”. This is the "up-and-down procedure
described in the Naval Odnance Laboratory’ s |aboratory-scale
i mpact tests, Test Method 2 (US/Inpact/02). Testing continmues by
this "up-and-down" procedure for a total of 20 tinmes, nornally.

5. RESULSTS REPORTED AND CRITERIA FOR EVALUATI ON

5.1 Results recorded for each test are the thickness of the
Lucite attenuator and the decision as to whether the test
resulted in a fire or no-fire. For the latter, refer to 3.8
whi ch describes determnation of the average dent, D,

at zero gap. The criterion for assessing each shot is set at
0.5 D. Dent readings less than this level are recorded as a
no-fire, and greater than this level as a fire.

5.2 The data are analyzed statistically and the value of the
point representing 50% probability of a fire is conputed
according to the sanme mathematical procedures described, and
referenced, in US/Inpact/02. (Sonmetines called the “Bruceton
Procedure".)

5.3 5.3 This test uses a unit of initiation intensity called the
Gap Deci bang, Gap Decibang, DBg, which is analogous to the decibel used in
acousti cs. acoustics. The expression of intensity is described by the
follow ng equation

x = 10 | og Reference gap (in mls)

Gr

where X

initiation intensity in DBg

Gr

observed gap (thickness of Lucite) in mls

Since the ‘reference gap is chosen as 1000 mls, the expression
for initiation intensity then takes the followng form

x = 30 10 log GT

As previously stated in 2.4 the Lucite Attenuators were

chosen with thicknesses which vary logarithmcally; the

di fference between each is one which corresponds to 0.125 DBg
difference. This, then, is the normalized interval between the
successive firing tests and is used in conputing the 50% point,
standard deviation, etc.
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5.4 Results are reported as the 50% point in DBg and the
standard deviation in log units. Wen conparing the relative
sensitiveness of two explosives, the confidence limts are
sonetines conputed for each according to the expression X + 1.4
s where X is the nean (the 50% point in DBg) and s,is the
standard deviation of the nean. If the limts do not touch or
overlap then it is predicted at 95% confidence that a difference
in sensitiveness has been denonstrated.

5.5 Use of the DBg to express susceptibility to initiation
results in reverse ordering when these results are conpared wth
expl osi ve shock tests which express the 50% point as a conputed
barrier gap (in linear units as cm or in.) between donor and
acceptor. H gh DBg values correspond to small gaps, and hence
nmean the explosive is relatively insensitive.

5.6 The Bruceton Procedure is used to collect the data because
this is the nost efficient way of allocating a limted nunber of
test pieces in order to obtain an optinmm estimate of the 50%
response point. In the Bruceton Procedure, it is necessary to
have a nunber of observations of go and no-go at each of several
livels of stimulus. Stimulus in this test is measured as 10
times the logarithm of a ratio between reference gap thickness
and the Lucite attenuator thickness. Qoviously it would be
uneconom cal to fabricate every piece exactly to the thickness
corresponding to a particular stinulus. Yet the data analysis
procedures are based on the assunption that there is no error
in the stated value of the stimulus. During 1964-1965 has
devel oped new procedures for analyzing the data in which the
true thickness of each attenuator is used rather than its

nom nal value. Under these conditions, the tolerances controlling
t hi ckness need not be as stringent. One needs know only what
the thickness of each attenuator actually is.

5.7 The procedures devel oped by Hanpton and Blum 6.2 can be
applied to data where each and every test is at a unique stinulus
level different from all others in the test. This then elimnates
the contribution to the standard deviation of the sensitivity

by the error in true stimulus. The electronic data processing
program that is being adopted:

(a) takes into account the zero-gap dent after correcting
for bl ock hardness.

(b) Corrects each observed dent for the twenty shots
according to the individual block hardness,

(c) decides whether the observed response for each shot
was a "go" or a "no-go”,

(d) computes the shock intensity value in DBg for the
measured thickness of attenuator,
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(e) performs a maximum |ikelihood analysis of the data and

' (f) estimates various levels of response and confidence
intervals around these levels assunming a logistic distribution
function.

5.8 User feels that the logistic distribution function is a
better choice than the normal distribution function for describing
the probabilistic aspects of explosive sensitiveness in response
to shock. This is based in part on direct evidence and in part
sinply on the fact that the logistic distribution is the nore
conservati ve.

5.9 One nore set of variables is studied: output as a function
of charge density. This may be reported in three groups:

(a) The average of the two zero-gap shots

(b) The average of the "go
(c) The average of the "no-go”

For some explosives, (b) will be in the range of 70% to 80% O
(a? and (c) will be a neasurable value in the order of 5 to 10
mls, or above. Qher explosives give essentially the sane
value for (a) and (b) and negligible-values for (c). User
suspects that this is a nmeasure of rate of build-up to detona-
tion.

5.10 Some typical test results are set forth below for 4 commobn
expl osives, all measured at ca. 92% of theoretical maxi num
density:

Expl osi ve 50% Pt. - DBg
HWVX 3.9
RDX 4. 35
Tetryl 4.4
TNT (Pressed) 6.0

6. Bl BLI OGRAPHY

6.1 J. N Ayres, "Standandization of the Small Scale Gap

Test Used to Measure the Sensitivity of Explosives (U",
NAWEPS Report 7342, 16 Jan 1962. (Available from th Ofice
of Technical Services, Departnent of Commerce, Wshington, D.C.
20025.)

6.2 L.D. Hanpton, G B. Blum "Maci mum Li kel i hood Logi stic Anal ysis
of Scattered Go/No-Go (Quantal) Data” NOLTR 64-238, 25 Aug 1965.
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MVETHOD 4

RESPONSE OF PRI MARY EXPLOSI VES TO

GASEQUS DI SCHARGES I N AN | MPROVED
APPROACHI NG- ELECTRODE

ELECTROSTATIC SENSI TIVITY APPARATUS

1. PURPGCSE

1.1 The electrostatic sensitivity test is used to assess the
el ectrostatic hazards associated with the processing and
handl i ng of expl osives..

2.1 The approaching-electrode apparatus consisted of a charging

circuit, an approaching-electrode assenbly, and a recording
system

2.2 Charging Crcuti: Hgh voltage was provided by a variable
0O to 25 kilovolt power supply. The voltage was neasured with an
el ectrostatic voltneters ranges: 0 to 2000V, 1500 to 5000 V,
and 2000 to 10,000 V. Low inductance, high voltage, ceramc-
cased, exteded-foil capacitors (PK series) were used as the
ener gy-storage-di scharge capacitors. The circuit was

designed so that the appropriate capcitance, from 54 to 50,000 pF
could be manually connected in the circuit,as either a single
capacitor or a group of capacitors in parallel, by double-pronged
bridge plugs wth nonconductive plastic handles. The capacitance
of the storage capacitors and the stray capacitance of the
electrical leads in parallel with the storage capacitor were
nmeasured in situ in the circuit using an |npedance Bridge. The
stray inductance responsible for the oscillatory discharge was
calculated from the decay of the current trace as a function of
time by neans of the follow ng formla:

(t2 - t1)?

r- B 2
c yw? o+ | ln

L)
where L is the inductance in henries, C is the capacitance in
farads, and t,and t,are the tinmes in seconds for the values
of two consecutive peak cunrents, |I|,and |,. The stray inductance
of the experinental apparatus was approximtely 1.3 rricrohenri_ﬁ]s.
The resistance of the gap is dependent upon the gap |ength. The e
resi stance of the discharge circuit with a 0.28 mm gap was

calculated from the decay of the current trace as a function of
time by means of the follow ng fornula:

L =
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2
(t2 - t1)

2 X
¢ | wm 4+ [1n ! \?
IZ
where R is the resistance in ohns. The calculated resistance of the
experimental apparatus with a 0.18 nm gap was approximtely 7.5 ohns.
The capacitor output is connected to the approaching-el ectrode assenbly.
A current-limting resistor may be placed between the charged capacitor
and the electrode assenbly. H gh voltage carbon film resistors were

used as the current-limting resistors. A schematic of the charging
circuit is showmn in Figure 1.

R =

2.3 Approaching-El ectrode Assenbly: Teh approaching-el ectrode
assenbly Figure 2 was a spring-operated device in which the upper
electrode was rapidly lowered to a preset distance above the base
el ectrode and imediately raised again to its initial position.
Adjustments in the gap length were nmade by raising or |owering
the flat, |ower (base) electrode by neans of a mcrometer, which
was connected to the lower electrode and was |ocated outside the
firing chanber. The approaching-electrode assenbly could be
used in the conventional point-to-point configuration Figure 3 or
a plane-plane geonetry Figure 4. This was acconplished by
attaching to the vertical, actuating rod of the approaching
assenbly either a phonograph needle holder with a renovable

steel phonograph needle Figure 3 or a pin holder with a renovable
steel pin.

2.3.1 A schematic diagram showing’ the principle of operation of
t he approaching-el ectrode assenbly is given in Figure 2. Either
a needle electrode or a plane-pin electrode "A" was nounted on
a vertical actuating rod "B", shich was free to slide through the
guide housing "C'. Handle "D' was connected to the toggle |evel
assenbly "E' and the spring “F'. The spring was attached to a
wal | hook "G' Wen the handle was pulled to the left position
(cocked position), the toggle |evel assenbly raised the vertical
actuating rod and engaged the release rod "H'. The spring was
under maxi mum tension at this point, Wen the release rod was
pulled, the spring contracted, thereby rapidly |lowering the
vertical actuating rod to its lowest position and inmediately
raising it again to its initial position. Handle "D' nust be
pulled to the left again to cock the device for another trial.

2.3.2 The high-voltage power supply was disconnected from the

di scharge circuit during the gap-closing operation Figure 1. 1In
the raised position, the storage capacitor was connected to the
hi gh-vol tage source. As soon as the approaching electrode
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started to nove downward, the high voltage contact was broken,

t hus disconnecting the high side of the capacitor from the
charging source during discharge. For safety, a high-voltage,
doubl e- pol e, double-throw pressurized relay (switch) was included
to prevent the capacitor from being recharged in the raised
position until the reset button was pushed. The relay also

di scharged to ground any residual voltage renmaining in the

di scharge circuit after the discharge operation was conpleted.

2.3.3 The upper portion of the base, or |ower electrode, served
as the explosive sanple holder. It was a detachable, solid
cylinder of hardened steel, 19 mm diameter by 9.5 mm |long. Wen
t he approaching electrode was a steel pin (plane-plane geonetry)
a layer of 0.19 mm thick electrical tape with a 4.8 nm dianeter
hole for the explosive was taped to the top surface of the steel
cylinder. The renovable steel pin had a 4.8 mm dianeter, 14.9 mm
length and rounded edges on the flat ends. The explosive powder
was sem confined between the plane pin and the sanple hol der.
The desired gap between the upper electrode and the sanple

hol der was set and nmaintained by a microneter; the latter was
connected to the base electrode and was |ocated outside the
firing chamber. This gap length was acconplished in the dynamc
node since the gap length setting varies depending on whether
the upper electrode is depressed dynamically or remains station-
ary. The gap was set by first adjusting the mcroneter until
the electrodes just touched in the dynamic nopde. A peak-reading.
voltrmeter and a 6 V battery were connected between the two
electrodes to aid in this determination. The base electrode
was then Lowered the desired length, usually 0.18 mm

2.3.4 The firing chanmber (29.2 cm cube) was made of 1.27-cm
thick, clear polynmethyl nethacrylate (PMVA) and sized to fit
into an available humdity control box for future controlled
humi dity experinments. To reduce charge build-up on the PMVA
the plastic was coated with a layer of an anti-static agent.
The chanber should be nade of a plastic with a conductive coating
and the chanber grounded.

2.4 Recording System The current and voltage characteristics
of the gaseous discharge were recorded photographically on a
storage oscilloscope. The voltage across The spark gap was
determned by direct neasurenent with a 1000x attenuator, voltage
probe. The current through the gap was determined with a

current transforner or by neasuring the voltage drop across

a 3.3 ohmresistor in series with the gap. The instantaneous
current was taken as VJ/R where V,was the instantaneous
potential drop across the 3.3 ohm resistor, R The total charge
flowing through the gap was determined by using a electronmeter to
neasure the final voltage across a one mcrofarad capacitor in
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3. SAFETY FEATURES

3.1 The apparatus incorporated several safety features to
protect the operator. The high-voltage power supply was
connected to the storage capacitor by neans of the hi gh—volta?e
doubl e-pol e, double-throw relay switch. The relay switch could
not be energized until a series of switches were closed. In
the deenergi zed (open) positions the relay switch shorted to
ground the storage capacitor and the approaching-electrode
assenbly. It also shorted to ground any residual voltage which
may have remained in the discharge circuit after the discharge
operation was conpleted. A nonentary and a reset switch were in
series in the coil circuit of the relay swtch. The nonentary
switch was connected to the approaching-electrode assenbly
and was closed nechanically by it only when the assenbly was
cocked in the raised position. The reset switch prevented the
storage capacitor from being charged acceidentally when the
electrode was in the raised position. The reset switch had to
be closed manually and could only function after all the other
switches in series were closed. It opened automatically
whenever any switch was opened and had to be reclosed nmanually.

3.2 In the proposed design, the door of the firing chanber

should be provided with an interlock switch, which will be
ccnnected in the coil circuit of the relay switch. Wen be
door is opened, the relay will be deenergized, which wll

automatically disconnect the high-voltage power supply from
the storage capacitor and short to ground the charged capacitor
and the approaching-electrode assenbly. The proposed electrical
circuit is shown in Figure 5.

4. ELECTROSTATI C SENSI TIVITY TEST PROCEDURE.

4.1 The electrostatic-sensitivity test is divided into tw parts,
Part 1, a screening test to distinguish between primary, booster,
or mai n-charge explosives and Part 11, an optional test using

a nore intensive procedure to rank or conpare primary explosives.
The approachi ng-needl e apparatus is used for all the tests. The
unit is designed to provide an electrostatic discharge at any
voltage up to 5 kV from any capacitance from 250 pF to 0.01 nfd.
The discharge occurs across an adjustable gap. Explosives are
tested confined in either the powder or granular state. The
sensitivity level reported is the highest energy level at which
no reaction occurred in 25 trials. A reactionis indicated by
a severed confining tape, whereas no reaction is evidenced by

a punctured but otherw se intact tape.

4.2 In Part 1, the test materials are to be assessed by using
an oxcillatory discharge. The energey for this test was fixed
at 0.020 J, which is the charge energy that an ungrounded person
can accunulate (Ref 5.4, 5.5). However, this value is about
five tines the maxi mum energy that an ungrounded person could

di scharge (ref 56). There is no electrostatic distinction
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between booster and nmain-charge explosives.Those nmaterials
which are ignited at the 0.02 J level are in the primry

expl osive category and are relatively sensitive. A further
study is recommended according to the procedure in Part 11 to
determ ne what other precautions are likely to be required.
Part 11 is optional. In this test, primy explosives are

to be assessed using oscillatory spark, and contact discharges.

4.2.1 Test Procedure - Part 1

4.2.1.1 The test materials shall be subjected to an oscillatory
di scharge. To operate:

4.2.1.1.1 Set selector switch to "secondary”. [This connedts
the 0.002 nfd capacitance (high-capacitance bank) to the discharge
circuit and shorts the |ow capacitance bank to ground.]

4.2.1.1.2 Set resistance switch to "oseillatory" discharge. (No
series resistance is connected for an oscillatory discharge,
whereas 100 k W resistance is connected in series for a spark

di scharge.)

4.2.1.1.3 Set electrode spacing (gap) to 0.18 nmm (0.007 inch).
This is acconplished in the dynam c node because the gap |ength
setting is different depending on whether the upper electrode is
depressed dynamically or remains static. The gap is set by
adjusting the mcroneter (attached to the base electrode) until
the electrodes just touch when the upper electrode is depressed
dynam cally. A peak-reading voltnmeter and a 6 V battery or

equi val ent may be connected between the two electrodes to aid in
this deternination. The base electrode is then lowered 0.18 mm
by means of the mcroneter. It shall be necessary to readjust
the electrode spacing before starting a test or when the upper
el ectrode (needle) is replaced.

4.2.1.1.4 Place sanple holder containing the test naterial,
prepared according to 4.2.1.3 on the base electrode with the
powder directly under the needle. Raise the upper electrode to
cocked position by neans of handle "D'. O ose the door (door
must be cl Gsed to engage interlock).

4.2.1.1.5 Turn on power supply and adjust voltage control to
4.5 kV.

4.2.1.1.5 Activate reset switch to charge the capacitor. Adjust
power supply until the electrostatic voltnmeter reads 4.5kV.

4.2.1.1.7 Pull release rod "H' to release the approaching

el ectrode The charged electrode wll rapidly nove downwards to
the preset gap distance. The needle will puncture the tape,
penetrate the sanple material, discharge through the interstices
of the material, and rise again to its initial position. (The

threshold voltage for qay breakdown will determ ne the distance
at which the needle will "be above the base el ectrode when the
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4.2.1.1.8 Record reaction or no reaction. A reaction is indi-
cated by a severed tape, whereas no reaction is evidenced by a
punctured but otherwi se intact tape.

4.2.1.1.9 Repeat the procedure until no reaction is obtained in
25 consecutive trials. If a reaction is obtained, discontinue

the test and record that explosive falls in the primary category.

4.2.1.2 Qualification Criterion: An explosive shall be reported
to have passed the electrostatic sensitivity test and to be
acceptable as a booster or nmin-charge explosive if there are no
reactions in the 25 consecutive trials at the 0.02 J |evel

(0.002 nfd capacitor charged to 4.5 kV).

4.2.1.3 Sanple Preparation: Materials are normally tested dry,
in either the powdered or the granular state. The materials

shall be stored in desiccators for at least 24 hours prior to
test. For cast, nolded, and cured extruded explosives, it shall
be necessary to pulverize the cured or fornmed sanples in a

bell mll. Explosives containing binders or solvents or wth
curing binders shall be dried, then ground in a ball mll

using a dispersing fluid in which none of the ingredients,
including the binder, are soluable and finally heated to constant
wei ght at 65°C. Since sone explosives are subjected to
segregation with respect to particle size or conponents of mxture
came shall be exercised to insure that the nmaterial actually used
constitutes a representative sanple, with respect to both particle
size distribution and conposition

4.2.1.3.1 The explosive power shall be placed in the sanple

hol der. The sanple holder shall consist of a 0.9 - 1.6 nm

thick nylon washer (4.8 mmi.d.), or equivalent, fastened

édouble adhesive tape may be used) to the top of a 19 mm

0.750 in.) dianeter, flat steel disc leaving a space 4.8 mm
dianeter by 0.9 to 1.6 mm high to contain the expl osive.

El ectrical insulating tape, 0.19 nmm thick, shall be placed over
the explosive opening to confine the explosive sanple. The
sanpl e hol der shall then be placed on the base electrode with the
powder directly under the needle.

4.2.1.4 Electrode Replacenent: The needle (upper electrode)
shall be wiped with a "kimipe", or equival ent absorbent paper
after every trial. The needle shall be placed and the steel
sanpl e holder shall be cleaned and polished after any tria

in which there is evidence of a reaction, whenever a test of a
new material is started, or when any other condition dictates.

In any event, the nunber of trials prior to cleaning should not
exceed ten. Ceaning is done using first, No. 400, then No. 600
enery cloth, and finally, polishing with crocus cloth.
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4.2.1.5 Relative Humdity: The relative humdity shall not
exceed 40% Humdity shall be determned by wet and dry bulb
hygronetry or by any other instrunment of equal or better
accuracy. The firing chanber of the tester may be naintained at
the required humdity by continuously passing dry air through

t he chanber.

4,2.2 Test Procedure - Part 11 (Optional)

4.2.2.1 The test material shall be subjected to contact

di scharge as well as to an oscillatory and to spark discharge.
The oscillatory and the spark discharge tests shall be as
follows:

4.2.2.1.1 Set selector switch to "primary”. (This connects
the bank of |ow capacitances to the discharge circuit and
shorts the high capacitance bank to ground.)

4.2.2.1.2 Set resistance switch to "oscillatory” or "spark"

di schar ge. (No series resistance is connected for an oscillatory
di scharge, while a 100 k Wresistance is connected in series for

a spark discharge.)

4.2.2.1.3 Set primary capacitance switch to the selected

capaci tance: 2,000, 1,000, 500, on 250 pF, for oscillatory

di scharge, and 10, 000, 5,000, 2,000, 1,000,500, or 250pF, for
spark discharge. The starting capacitance is wusually the |argest
value unless a nore efficient value based on experience is

known.

4.2.2.1.4 Set electrode spacing {gap} to 0.18 mm (0.007 in.).
This is acconplished in the dynamc node since the gap l|length
is different depending on whether the upper electrode is
depressed dynamically or renmmins static. The gap is set by
adjusting the mcroneter (attached to the base electrode) until
the electrodes just touch when the upper electrode is depressed
dynam cally. A peak-reading voltneter and a 6 V battery, or
equi val ent may be connected between the two electrodes to

aid in this determnation. The base electrode is then |owered
0.18 mm by neans of the microneter. It shall be necessary to
readjust the electrode spacing before starting a test or

when the upper electrode (needle) is replaced.

4.2.2.1.5 Place sanple holder containing the test material
(prepared according to 4.2.1.3) on the base electrode

with the powder directly under the needle. Raise upper Rai se upper

el ectrode to cocked position by neans of handle "D'. Cose the
door. (Door nust be closed to engage interlock).

4.2.2.1.6 Turn on power supply and adjust voltage control for
desired voltage.
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4.2.2.1.7 Activate reset switch to charge the capacitor.

Adj ust power supply until the electrostatic voltneter reads the
sel ected voltage. The starting voltage is 4 kV except for
either 2,000 pF capacitance (oscillatory discharge) or for

10, 000 pF capacitance (spark discharge), when the voltage is

to be set at 4.5 or 5 kV, respectively.

4.2.2.1.8 Pull release rod "H' to release the approaching elec-
trode. The charged electrode will rapidly nove dowwards to the
preset gap distance. The needle w Il puncture the tape, penetrate
the sanple material, discharge through the interstices of the
material, and rise again to its initial position. (The threshold.

voltage for gap breakdown w Il determ ne the distance at which
the needle will be above the base el ectrode when the discharge
occurs.)

4.2.2.1.9 Record reaction or no reaction. A reaction is indi-
cated by a severed tape, whereas no reaction is evidenced by a
punctured, but otherwi se intact, tape.

4.2.2.1.10 Repeat the procedure until no reaction is obtained

in 25 trails. If a reaction is obtained, the energy is reduced

by decreasing the potential on the capacitor in 500 V increnents
and the above procedure repeated. The voltage is reduced until

the charging voltage is 2500 V and then the next |ower capacitance
is selected by nmeans of the prinmary capacitance switch. (Note:
Turn off the power supply before changing capacitance.) The

test shall be conducted for both oscillatory and for spark

di schar ges.

4.2.2.1.11 The results are reported as "No reaction at J for

oscillatory discharge” and "No reaction at J for spark
di scharge"” according to the following table

METHCD 4 8
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Cscillatory Discharge

Approx. delivered

Capaci t ance (pF) Vol tage (V) energy (10 " J)

2,000 4,500 200, 000
4,000 160, 000

3, 500 120, 000

3, 000 90, 000

2,500 62, 000

1, 000 4,000 80, 000
3, 500 60, 000

3, 000 45, 000

2,500 31, 000

500 4,000 40, 000
3,500 30, 000

3, 000 22, 000

2,000 15, 000

250 4,000 20, 000
3, 500 15, 000

3, 000 11, 000

2,000 7, 500

Spark Di scharge

Approx. delivered

Capaci tance (pF) Vol tage (V) enerqgy (10 J)
10, 000 5, 000 200, 000
4,500 350, 000
4,000 125, 000
3, 500 100, 000
3, 000 75, 000

3, 500 50, 000
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Spark Discharge (continued)
Approx. deliviered

Capaci t ance (pF) Vol tage (V) energy (10" J)
5, 000 4,000 65, 000
3, 500 50, 000
3, 000 37,000
2,500 25, 000
2,000 4, 000 26, 000
3, 500 20,000
3, 000 15, 000
2,500 10, 000
1, 000 4, 000 13,000
3, 500 10, 000
3, 000 7,500
2,500 5, 000
500 4, 000 6, 500
3, 500 5, 000
3, 000 3, 800
2,500 2,500
250 4, 000 3,200
3, 500 2,500
3, 000 2,000
2,500 1, 250

4.2.2.1.12 Conduct another series of tests for contact discharge.
4.2.2.1.13 Set resistance switch to "oscillatory"

4.2.2.1.14 Set primary capacitance switch to the selected
capaci tance, 1,000, 500, or 250 pF.

4.2.2.1.15 Wth the upper electrode conpletely depressed
dynam cal ly, adjust base electrode for zero gap (el ectrodes
touching) by neans of the mcrometer. It shall be necessary
to readjust for zero gap before starting a test O when the upper
el ectrode (needle) is replaced.
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4.2.2.1.16 Repeat steps 4.2.1.5 through 4.2.2.1.9 except

that the starting voltage is 1,000 V and discharge is obtained
only upon contact.

4.2.2.1.17 Repeat procedure until no reaction is obtained in
25 trials. If a reaction is obtained, the delivered energy is
reduced gy decreasing the potential on the capacitor from
1,000 V to 500 V to 250 V and/or changing the capacitance to

the next |ower value. (Note: Turn off the power supply before
changi ng capacitances.)

4.2.2.1.18 The result is reported as "No reaction at J for
contact" according to tie follow ng table.

Contact Discharge

Approx. delivered

Capaci tance (pF) Vol tage (V) energy (10 "' J)
1000 1, 000 5, 000
500 1, 250
250 310
500 1,000 2,500
500 625
250 150
250 1, 000 1, 250
500 310
250 75
4.2.2.2 Qalification Criterion: There is no qualification for

this test. The test results shall be reported along with those
for normal |ead styphnate. and dextrinated |ead azide obtained

using the sane apparatus and procedure and conducted at the
sane tine.

4.2.2.3 Sanple Preparation, Electrode Replacenent and
Rel ative Hum dity

See Electrostatic Sensitivity - Part 1.

11 METHOD 4
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METHOD 5
CARD GAP SENSI TIM TY

1. PURPGCSE

1.1 The test is designed to evaluate the sensitivity of
condensed- phase explosives onto initiation of a high-order
detonation by a shock derived from an explosive donor and atten-
uated by passage through a barrier.

2.  APPARATUS

2.1 The system consists essentially of a standard expl osive
charge (donor), a barrier O variable thickness (gap), a contain-
er with the test charge (acceptors and a steel wtness plate
(target). A clean hole punched through this plate indicates that
a high-velocity detonation was initiated. The Bureau uses two
versions of the card-gap nethod - one is the standard card-gap
test and the other is a nodified procedure instrunented so as to
permt measurenent of wave velocities in the sanple.

2.2 The donor is a 50-gram cylindrical tetryl pellet 2.54 cm

(1 inch) high by 4.3.28 cm (1.625 inch) dianeter with a density of
1.57 £ 0.03 grans/et,

2.3 The gap is built up with discs punched from 0.254 mm (0.010

inch) thick cellulose acetate stock and rreasurin% 3.937 cm (1.55
inches) in dianmeter. The sheet nmaterial should be of uniform

t hi ckness, with snmooth surfaces free from ripples and dinples;

it should be dinensionally stable. Because of its thernoplastic
nature, acetate sheet is not suitable as a gap material when the
test is to be carried out at tenperatures nuch above 100°C. In
this case, another gap nmaterial that remains dinensionally stable
at higher tenperatures nust be substituted. Wen repetitive
tests are made at | arge gap val ues, accurately-nmachi ned cylinders

of polynethyl nethacrylate may be substituted for thick stacks of
plastic cards. Internmediate gap thicknesses are attained by
adding plastic cards to the cylinders.

2.4 The witness plate is a cold-rolled mld steel 10.16 by 10.16
cm (4 by 4 inch) plates 0.635 cm (0.25 inch) thick.

2.5 The container or cup used in the standard test is a 7.62 cm
(3 inch) long section of 2.54 cm (1 inch), Schedule 40, black
steel pipe with snoothed finished ends. The bottom of the pipe
is closed with a thin diaphragm of polyethylene or Teflon

(or equal).

2.5.1 The container used in the instrunented version is simlar
except that it is 40.64 cm (16 inches) long. lonization or
pressure switches are used in conjunction with a 10 negahertz
counter chronograph.
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3. PROCEDURE, STANDARD VERSI ON.

3.1 The sanple cup, the gap, and the donor charge are aligned on
a comon axis as shown in Figure 1. A paper nailing tube is used
for this purpose, with additional spacers to align the acceptorr
and donor charges.

3.2 The test is normally conducted at anbient tenperature, but
hi gher tenperatures can be obtained by wapping electrical heat-
ing tape around the sanple container. The elenment may be fabri-
cated from 0.475cm by 0.008cm (0.187 inch by 0.003 inch) N chrone
ri bbon, insulated with 0.535cm (0.250 inch) Fiberglass sleeving,

3.3 A No. 8 commercial electric blasting cap is used to initiate.
t he donor.

3.4 The wtness plate is placed directly above the sanmple cup
and supported at a stand-off distance of 0.158 to 0.318cm
(0.062 to 0.125 inch) from the tube end by a tightly-fitting
cardboard collar on the cup or by a cork washer.

3.5 The gap thickness at which there is a 50-percent probability
of a high-velocity detonation is determned from a m ninum
nunber of shots (usually 20), wusing the Bruceton up-and-down
technique 6.1. For each successive shot, the nunber of cards is

i ncreased or decreased by a constant anount, depending upon

whet her the previous result was positive or negative.

4. PROCEDURE, | NSTRUMENTED VERSI ON.

4.1 Except for the 0.4064m (16 inch) long sanple container, the
assenbly and alignnment of the test conponents are the sanme as for
the standard version. In addition, pressure switches such as T-2
targets are inserted in the charge as shown in Figure 2; they are
connected to the counter chronograph by single-pul se-generating

circuitry.

5. RESULTS REPORTED AND CRI TERIA FOR EVALUATI ON.

5.1 Following a shot, the witness plate is exam ned. A cl ean

hole in the plate indicates a high-velocity (normal) detonation,
al though a very hard plate nay be broken by such a reaction. A
bulge or rip in the plate indicates a |lowvelocity (inconplete)

detonation; this is considered to be a negative result, as is an
undamaged pl ate.

5.2 Wave velocities are neasured by the instrunented nethod
which provides a neans of distinguishing |owvelocity detonations
from unstable (accelerating or decelerating) detonations which
have an effect on the witness plate. Steady |owvelocity deto-
nations destroy the entire pipe and produce a done or bulge in
the witness plate; a decelerating (decaying) detonation destroys
only the portion of the pipe next to the gap.
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5.3 The result is expressed as the nunber of 0.254mm (0.01 inch)

thick cards, or the equivalent thickness in inches, for which
there is a 50-percent probability of a high-velocity detonation.

6. Bl BLI OGRAPHY

6.1 DIXON, W J., AND MASSEY, F. J., JR Introduction to
Statistical Analysis. MGawH Il Book Co., Inc., New York,
New York, 2d cd., 1957.
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METHOD 6
FRI CTION SENSI TI VI TY

1. PURPCSE

1.1 The Allegany Ballistics Laboratory (ABL) Sliding Friction
Machine or equivlients is a neans of obtaining initiation-of-
conbustion data using a snmall anount of sanple between two netal
sufaces; also, the test results reflect the effects of force,
vel ocisty, particle size, sanple thickness and materials of
construction. The sliding friction nmachine provides force data
for conparison or application purposes and, the coefficient of
friction and sliding distance values necessary to calculate

the frictional zero initiation energy as ft.-lb. (Table 1).

Met hods and procedures to establish the force, coefficient of
friction and sliding distances can be obtained from (9. 2).

2. APPARATUS

2.1 To operate the ABL sliding friction machine, a given sanple
is placed on the novable sliding block and pressure is applied
to the sanple by a stationary wheel attached to a hydraulic

ram A weighted pendulum is dropped from a pre-determ ned
height to strike a block with sufficient energy to slide the

bl ock. Then, the block slides perpendicular to the vertical
vector of normal forces as applied by the stationary wheel.

The distance of slide can be regulated by an adjustable

positive stop.

3. VELOOTY

3.1 A velocity greater than 2 ft/sec is used to provide the
| onest coefficient of friction and therefore the |owest zero
initiation data.

4. SURFACE FIN SH

4.1 Test components with a 64-mcro-inch finish are used, since
it generally duplicates the finish on process nachinery and

handl i ng equi pnent. Wen materials other than steel are used,
the applicable finish is duplicated. Al though additional

work is planned to establish the effect of netal finishes
between the limts of 8 and 200 mcro-inch on sensitivity

values, it is anticipated that the effect will be insignificant.

5. HARDNESS OF ‘ TEST COVPONENTS

5.1 Test conponents with a hardness of Rockwell B-83 are used,
this duplicates the hardness of nost netals used in the process.
Wen materials other than steel are used, the appropriate
hardness is duplicated.
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TABLE 1
SLIDING FRI CTI ON MACHI NE DATA

Zero lnitiation Level

Test Sanple Coef fi ci ent Force Ener gy
of Friction (1 bs) (ft.-1bs)

I ngredi ents

Ni trocel | ul ose 0.14 36 0.42
Anmoni um  Per chl orat e 0.16 <2 <0. 03
Casting Powder

Si ngl e- Base 0.08 343 2.30
Doubl e- Base 0. 07 268 1.60
Conposi te-Mdified

Doubl e- Base 0.15 157 2.00
Cast Propell ant
Doubl e- Base 0.08 583 3.90
Conposi te-Mdified
Doubl e- Based 0.08 364 2.40

6. SAMPLE AND) OR PARTI CLE SIZE

6.1 The sanple size is regulated by using enough sanple to
provi de a nonolayer or the thickness of material duplicating
that phase of the process investigated. The use of a nonol ayer
of sanple generally duplicates the thickness resulting from
spilling materials. The particle sizes of the test sanples
duplicates the size of the materials for that phase of the
process investigated.

7. CONTACT AREA FOR WHEEL AND SLI DI NG BLOCK

7.1 The instantaneous area of contact between the wheel and
block is held constant.

8. TEMPERATURE AND RELATIVE HUM D TY

8.1 Al testing is performed at a tenperature of 75+ 5°F
and at 50 + 10% relative humdity.

METHOD 6 2
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9. Bl BLI OGRAPHY

9.1 R H Rchardson and E. A Platt, "Friction Sensitivity",
ABL Research Progress Report (Confidential), August 12, 1959.

9.2 R H Rchardson and E. A Platts "ABL Sliding Friction
AMachi ne", BL Research Progress Report (UNCLASSIFIED),
Sept enber 1960.

9.3 F. P. Bowes and D. Tabor, “The Friction and Lubrication of
Solids"; Oxford University Press, 1954.



Downloaded from http://www.everyspec.com

M L- STD- 1751 (USAF)

METHOD 7

MEASUREMENT COF
THERVAL CONDUCTI VI TY

1. PURPGCSE

1.1 It is interesting to conpare heat |eakage in neasurenents of
thermal conductivity to current |eakage in neasurenments of elec-
trical conductivity at room tenperature. In the electrical
measurenments, there are solid insulating materials available

whi ch have electnical conductivities about 10*that of the best
el ectrical conductors. This nmeans that it is not difficult in
nost cases to reduce electrical |eakage to a very snmall anount.
However, the best solid thermal insulators at room tenperature
have thermal conductivities only about 10“that of the best
thermal conductors. Therefore, one cannot expect to mnimze
heat |eakage to the extent that one can mnimze electric current

| eakage. Furthernore, in measurenments of thermal conductivity,
even when all surrounding material is renoved, heat transfer by
radiation may still be quite |arge.

1.2 It is thus apparent that the problem of avoiding unwanted
heat transfer may be serious in thermal conductivity nmeasurenents;
For exanple, in a copper rod having a circular cross-sectional
area of 1 cni, the ™ required to produce a 1°C tenperture
difference in a 1 cmlength is about 4 watts near room tenpera-
ture. If the rod is surrounded by insulation 1 cm thick having
a thermal conductivity 10°that of copper, the radial heat flow
through the insulation for 1°C radial tenperature difference is
about 0.02 watts for 1-cm length of rod. Since this is only
about 0.5% of the Longitudinal heat flow, the problem of avoiding
error from radial heat loss is not too difficult. This is
acconplished by surrounding the length of specinmen with a "guard”
with a matching tenperature gradient so that the radial tenpera-
ture difference between the specinmen and the guard is small.

2. APPARATUS

2.1 A sinple apparatus for neasuring thermal conductivity of
bi ght conductivity solids (such as netals) is shown schematically
in Figure 1.

2.1.3 A known power, introduced at one end of the specinen,
flows along the specinen to the heat sink. The specinment is sur-
rounded by a "guard" in which tenperatures are matched as nearly
as possible to the corresponding tenperatures in the specinen.
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Measurenents of tenperatures (using thernocouples), the distance
bet ween thernocouples, the electric power in the heater, and the
cross sectional area of the specinmen are sufficient in principle
to permt calculation of thermal conductivity. Thermal insula-
tion is used between the guard and specinen in order to mnimze
any transfer of heat by radiation or convection. The use of this
insulation is not wthout disadvantages, however. As shown in
Figure 1 sone of the heat introduced at the end of the speci-
man will be used to set up the longitudinal tenperature gradients
in the insulation, so that all of the electric heat input does
not flow along the specinent. If the specinen has a high thernal
conductivity relative to that of the insulation, then this error
may not be serious. If the specinen has a |low thermal conduct-
ivity, the error may be serious. Wth nmetal alloys such as
stainless steel, an error of 1% due to this heat flow down the
insulation can exist in a typical apparatus.

2.1.1.1 In the apparatus shown in Figure 1, a relatively small

| ongi tudi nal tenperature difference is usually used, so that

in order to determine the thermal conductivity over a tenperature
range, a nunber of experinments nust be nade. If a relatively
|arge tenperature difference is set up along the specinen and a
nunber of thernocouples are spaced along the length, by deter-

m ning the average tenperature gradient over each span along the
bar, the thermal conductivity can be determined as a function of
tenperature in one experinent.

2.1.1.1.1 The above longitudinal heat flow experinents are

usual ly considered applicable to specinens having relatively high
thermal conductivities. In this case, the errors due to un-
certainties in radial heat flow may not be excessive. As a
general rule, the sinple longitudinal heat flow nethod described
can be considered applicable to solids having conductivities

greater than 0.1 watt cm™C' In experinents at tenperatures
of 1000° or higher, the radial heat transfer uncertainties be-
come nore serious because (1), it is usually nore difficult to

match the guard tenperatures to those of the specinmen and (2),
the insulating materials have higher thermal conductivities at
the higher tenperatures. Wen using the |longitudinal heat flow
nmet hod on specinmens having low thermal conductivities, the radial
heat flow can cause serious errors even at ordinary tenperatures.
For exanple, take the case where the specinmen has a thermal con-
ductivity of 0.03 watt cm'®°G1, which is in the range of con-
ductivities of the thernmpelectric materials of present interest.
In this case, the heat flow (power) for 1°C tenperature differ-
ence in 1 cmof rod (1 cnicross sectional area) is 0.03 watts.
Using the sane insulating material as before, (K=0.004 watt cm
*-°C’) the radial heat flow (per cm length) in the insulation
1 cmthick is still 0.02 watt for 1°C difference in tenperature.
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It is obvious that with this relatively large radial heat flow,
| ongi tudi nal heat flow experinments of the type described nust
be carried out with extreme care to obtain accurate results
with lowconductivity materials.

2.1.1.1.1.1 One nmethod of mnimzing the error due to radial heat
flow is to increase the power so that the heat flow through the
specimen is larger. In this case, it is possible to nake the

| ongi tudinal heat flow larger by conparison with the radial heat
flow O course, this increased power gives a larger tenperature
difference alonbg the rod-in fact so large that it is not conven-
ient to use a long specinen because of very large tenperature
differences. Instead, a specinmen whose length is conparable to
or even considerably less than its dianmeter is usually taken for
materials of low thenmal conductivity. This is the case in the
"CQuarded Hot Plate Method". Wth this nethod, the cross-sectional
area is nmade large relative to the length as shown in Figure 2.
The relatively thin specinen is placed between hot and cold

pl ates. The nmeasured power put into the hot plate to produce a
tenperature difference of one degree in the specinen is now nuch
| arger because the cross sectional area is large and the length
is less. Thus, the heat transfer out form the circunference of
the specinen has nuch less relative effect. As an additional
refinenment, the hot plate is surrounded by a "guard ring" held at
the same tenperature as the hot plate so that radial heat con-
duction is mnimzed in that part of the specinmen between the hot
and cold plates. This nmethod of nmeasuring thermal conductivity
of insulating materials is used generally with sone variations.
Wiile it is usually convenient to put in neasured power electric-
ally in the guarded hot plates one interesting variation neasures
the power through the specinmen by the anount of |iquid evaporated.
A schematic diagram of the apparatus is shown in Figure 3. An
unneasured quantity of heat is put on the bottom of the specinen
while the top of the specinen is in contact wwth a "boiler,"
usually containing water. Wth this nethod, the tenperature of
the top surface of the specinmen is automatically kept near the
boiling point O water, near 100°C. This neans that in the
nmeasurenents at high tenperatures, The tenperature difference in
the specinment is quite large. Since thermal conductivity is a
function of tenperature each experinment is a neasure of an
"average" thermal conductivity analogous to an experinent in
calorinetry using the drop nethod to neasure an "average" heat
capacity over a tenperature range. The true thermal conductivity
can be derived from experinents using different tenperatures of
the hot plate.

2.1.1.2 W have considered |ongitudinal beat flow experinents,
showi ng that the undesired radial heat flow may becone serious
when neasuring |owconductivity materials especially at high

t enper at ur es.
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W have seen also that one nmethod of mnimzing errors in |ongi-

tudinal heat flow experinments due to this radial heat flow is to

use the guarded hot plate nethod. Another aproach to the

probl em of measuring thermal conductivity is the use of a "radial
heat flow nmethod". An exanple is the cylindrical sanple nethod.

2.1.1.2.1 Power, P (per cm length of cylinder), is introduced
along the axis of a cylindrical specinmen and flows out radially
producing tenperatures of T,and T,at the radii r,and r
respectively, of the specinmen. The -equation:

21rkT(T1—T2)

P= (rz)
ln {=—
r,

assunes that all the heat flow is radial and that the thernal

conductivity Kk,is constant in the range between T ,and T,. The
big advantage of this nmethod is that the radial heat |eak which
causes concern in the longitudinal heat flow experinents now may

21

not cause andy error. In fact, it is necessary now to have this
leak in order to maintain the radial tenperature difference for
the experinent. However, it is necessary also to use a cylind-

rical specimen |long enough to justify the original assunption
that the heat flow in its central portion is radial. This con-
dition is not difficult to neet, since a length to dianeter ratio
of four has been shown to be adequate in many cases. In this
case, the ends of the cylinder act as guards to avoid |ongitu-
dinal "heat flow. Sonetinmes, the desirable |ength-dianmeter ratio
can be obtained by using stacked disks for the cylinder. Here,
the thermal contact resistance between disks reduces the |ong-
itudinal heat flow. This nethod is nost effective when the
material has a high thermal conductivity. The cylindrical

met hod of neasuring thermal conductivity has disadvantages which
limt its applicaiton. Possibly the nobst serious is that it
usually requires a larger specinen than does a |ongitudinal heat
flow nmethod. The dianeter nust by |arge enough to pernmt ac-
curate neasurenents of radial distance and tenperature difference.
A dianeter of 2.54 to 5.08 cm (1 to 2 inches) is usually con-
sidered the mnimum for accurate neasurenents. To avoid the
effects of conduction out the ends of the cylinder, its mninm
length would be 10.16 to 20.32 cm (4 to 8 inches). The fabrica-
tion of a uniform specinmen of this size may be quite difficult,
even though it can consist of a nunber of stacked disks. The
neasurenent of tenperatures at known radial distances is also
usually nore difficult than the corresponding neasurenents in

| ongi tudi nal heat flow.

2.1.1.2.2 Another radial heat flow nethod is called the
"Envel ope Method” in which the guard conpletely surrounds the
speci nen.
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In the cylindrical heat flow nethod, the cylinder nust be nade
relatively long to mnimze. effects of heat conductivity out the
ends. If a spherical specinen is used, this is no longer a prob-
lem in that the heat source is conpletely surrrounded (in princ-
iple) by the material whose thermal conductivity is being
nmeasured. The heat flow equation is:

[uwkT(Tl—Tz)rlrz]
P=

(rp-v,)

where P is the power introduced in the central part of the sphere,
and T,and T,are the tenmperatures at the radii r,and r, respec-
tively. Wiile this nethod is ideal in that. it is essentially free
from heat leak errors, its experimental attainnent is usually
difficult. The method requires a uniform heat flux through an

i nner spherical surface and a uniform heat flux through an outer
spherical surface, with constant tenperatures neasured over each
spherical surface. In this respect, the spherical nethod is
simlar to the cylindrical nmethod. However, the nmeasurenent of
tenperatures on a spherical surface isnore difficult than on a
cylindrical surface.

2.1.2 The general nmethods which have been described are applic-
able to solids which may or may not be electrical conductors. In
the case of electrical conductors, where a significant electric
current can be passed through the specinen, it is possible to
evaluate thermal conductivities in experinents which are sone-
what different than those described previously, the difference
being due to the production of electric heat throughout the

speci nen, rather than at an end (longitudinal flow), an axis
(cylindrical flow), or a center (spherical flow). Let us con-
sider the ideal longitudinal heat flow experinent with electric
heat developed in a specinmen having constant electrical resist-
ivity. If there is no radial heat flow the ends being held at
sone tenperature Tothen the tenperature at any point along the
specinen is a function of the electric heat input, the dinensions
of the specinen, the location of the point along the specinmen and
the thermal conductivity of the specinen. In this ideal -case,
all of the heat produced in the rod is conducted to the ends of
the specinen and the evaluation of the thermal conductivity from
the -neasured dinmensions, tenperatures and electric heat input is
relatively sinple. In the actual experinent where radial heat
flow exists, the electric heat produced in the rod is dissipated
not only by conduction along the specinmen but also by the radial
heat flow which nust be taken into account. Possibly the nost
useful application of this nmethod has been at very high tenpera-
tures where the wusual nethods encounter difficulties. Using an

i ncandescent filanment, it has been possible to neasure thernal
conductivities of metals up towards their nelting points.
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There are other variations of the electrical nethod, sone using
radial heat flow instead of |ongitudinal heat flow.

2.1.3 Absolute values of thermal conductivity are obtainable
from the methods discussed thus far. As a rule, absolute measure-
nments are nore difficult for a given accuracythan conparative
neasurenments. Wen conpring the thermal conductivity of one
specinmen to that of another, sone of hte errors are likely to be
the same so that the ratio of conductivities is nore accurately
known than the absolute values. However, one nust renenber that

a conparative nmeasurenent is not a magic "cure all", the extent

of the conpensation for certain errors depends upon the procedure
and design of the experinent.

2.1.3.1 To obtain absolute values of k,from conparative neas-
urements of thermal conductivity, we nust use as the reference
speci men one of known thermal conductivity. At the present tine,
the material nobst generally accepted as a standard in the tenper-
ature range from room tenperature to perhaps 700° C is Arnto,

or equal, iron. This material, comrercially available with a
purity of about 99.9% has been investigated by a nunber of ex-
perineters who agree on the thermal conductivity values usually
to within several per cent in this tenperature range. Wile
this material is not ideal. it is being used widely as a tenta-
tive standard until a better one is avail able.

2.1.3.1.1 Conparative neasurenents may be classified into two
types. In one type, the apparatus is used successively to neasure

the standard and the unknown naterial. In this type of experi-
ment, the measurenment on the standard can be considered as a cal-
ibration of the apparatus. In the second type of conparative

nmeasurenments. the standard and unknown materials are neasured

simul taneously, letting the same heat flow through both the
standard and unknown naterials. In conparative neasurenents of
this type, longitudinal heat flow is used in nost cases. A
typical case is the "Cut Bar Method”. Here, the unknown is placed
in good thermal contact with the specinmen of the standard materi al
having the same cross section. If there is no radial heat |oss,
the tenperature gradients in the standard and unknown naterials

will be in inverse proportion to the thermal conductivities of
the two materials. independent of the longitudinal heat flow
Now if there is radial heat flow, there will not be the same heat

flow in the two materials, so that the tenperature gradients wl|l
no longer be a direct nmeasure of the relative conductivities.

2.1.3.1.1.1 Were radial heat flow is significant, sonetinmes the
unknown specinmen is placed between two standard specinens, all
surrounded by a "guard" whose tenperatures are controlled so that
its longitudinal gradient corresponds closely to those in the
standard and unknown specinmens. In this way, the radial heat flow
is mnimzed. The purpose of wusing two standard specinens isto
correct the radial heat flow which may be the sane in both un-
known and standard specinens.
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2.1.3.2 Wen the cut-bar nmethod is applied to neasurenments of
nmetals, the thermal contact resistance between standard and un-
known nmaterials can be nmade relatively small by soldering or
welding. If the thermal conductivities of the standard and un-
known materials are considerably different, the control of the
mat ching tenperature gradients or the guard may be very difficult
because of the abrupt change in slope of the temperature-length
curve. Any significant thernmal contact resistance between speci-
mens may make this problem nore difficult. In applying the cut-
bar method to measurenments on materials having |ow thermal con-
ductivities, the relative errors due to any radial heat flow are
|arger. This neans that at the higher tenperatures where radial
beat transfer coefficients are larger, extrene care is necessary
to make accurate neasurenents on thernoelectric materials which
m ght have thermal conductivity values in the range 0,01 to 0.05
watts/cm°C.

2.1.4 To sunmarize the status of experinmental neasurenents of
thermal conductivity at noderate to high tenperatures, it appears
that the longitudinal heat flow nethod has been used nore than
any other method. Fo solids with relatively high thermal con-
ductivities, specinmens have been used which are long relative to
their diameters. Errors caused by radial heat transfer are mn-
imzed by surrounding the specinmen with a guard wth matching
tenperature gradients. Frequently, this nethod is used to com
pare the thermal conductivity of a specimen with that of a stand-
ard material such as Arnto, or equal. For solids having relative-
ly low thermal conductivities; specinents have been used which are
short relative to their diameters. Errors caused by radial

heat transfer are mnimzed by providing a guard ring. Radial
heat flow nethods al so have been used, especially at the higher
tenperatures where heat transfer coefficients are likely to be
greater.

2.2 UNSTEADY- STATE MEASUREMENTS (THERVAL DI FFUSIMITY): Al of
the preceding discussion has been concerning the direct exper-

i mental neasurenent of thermal conductivity, using steady-state
expeinents that is, experinments where the tenperature at any
poi nt does not change with tine. However, it Is possible to
obtain thermal conductivities indirectly by "unsteady-state
experiments” in which the quantity "thermal diffusivity” is

eval uated. Thermal diffusivity (a) is defined by the equation:

as T
&4

where k.is thermal conductivity, d is density and C is heat
capacity per unit nass. In other words,

thermal conductivity
a=

heat capacity per unit volune
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2.2.1 If the heat capacity per unit volume is known, thernal
conductivity values can be obtained directly from thermal diff-
usivity values. The nbst obvious disadvantage of this nmethod is
that heat capacities (per unit mass) and densities either nmnust
be known to the desired accuracy or nust be easily obtainable by
nmeasurenment. The neasurenent of density to the desired accuracy
is one of the sinplest experinental neasurenents. While neasure-
ments of heat capacity are not sinple, their nmeasurenent within a
given accuracy is usually easier than the correspondi ng neasure-
ment of thermal conductivity. Also, there are a |large nunber of
heat capacity values available in the literature which frequently
can be extrapolated to higher tenperatures with adequate accur-
acy, since heat capacities at high tenperatures usually do not
change rapidly with tenperature. Therefore, thermal conductivity
values usually can be obtained from thermal diffusivity val ues
with reasonable effort.

2.2.1.1 The primary advantage of diffusivity neasurenments is
obvi ous when one realizes that the dinensions of thermal diff-
usivity are (length)’/time. This neans that in principle, only
time intervals nust be nmeasured in addition to the usual neasure-
ments of length on the specinmen. O all the physical neasure-
ments, tinme intervals are probably the easiest to nmeasure wth
hi gh accuracy. The big experinental difference, therefore, be-
tween thermal conductivity experinments and thermal diffusivity
experinents is that in diffusivity experinents, tinme interval
nmeasurenments are substituted for power neasurenents. Since the
power measurenents (actual heat through the specinen) are fre-
guently the primary source of error in thermal conductivity
nmeasurenments, this substitution seens a real advantage, at |east
in principle. In a way, we can consider that the diffusivity
experinents dodge the power mneasurenments by naking them a separ-
ate experinent the heat capacity experinment when the power
can be neasured nore accurately. neasurenents of thermal diff-
usivity frequently have another advantage over thermal conduct-
ivity neasurenents in that less tine is required.

2.2.1.2 In spite of certain advantages that thermal diffusivity
experinents appear to offer, they have not been regarded as very
accurate, at least until recent years. Recently, there has been
a trend to thermal diffusivity neasurenents at the higher tenper-
atures which is a consequence of increased difficulties with
thermal conductivity neasurenents at the higher tenperatures.

As the experinental neasurenents are extended upward to higher
tenperatures, it seens likely that thermal diffusivity neasure-
ments will beconme nore popular. Particularly, in an investi-
gation of a series of thernoelectric materials where the thernal
conductivity may vary considerably while the heat capacity
changes very little, the thermal diffusivity nethod seens to

of fer quick neasurenents of the change in thermal conductivity.
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2.2.2 Experinental nmeasurenents of thermal diffusivity involve
problens simlar to those in thermal conductivity neasurenents.
Let us consider first a longitudinal heat flow nethod for diffus-
ivity neasurements. On one end of a sem-infinite rod there

is inpressed a sinusoidal tenperature variation T = A sin wt,
where T is tenmperature, t is tines Ais anplitude, wis 2 pf,

where f is the frequency of the sine wave. Taking first the

i deal experinent with no radial heat flow, a tenperature wave is
propagated along the rod with a velocity uand an anplitude
attenuation gq. In this ideal experinent, the velocity of pro-
pagation is a nmeasure of the thermal diffusivity (a) through
the relation:

v =/ 2w

A measurenent of thermal diffusivity requires only a neasure-

ment of the frequency of the sine wave and the tine required for
the wave to travel a known distance. Thus only two tinme interval
nmeasurenments and one length neasurenent are required in this
ideal diffusivity experinent. It is also possible to use a
nmeasurement of attenuation of this tenmperature wave to determ ne
the thermal diffusivity, independent of any velocity of pro-
pagati on neasruenents. Attenuation is defined as the ratio of anp-
litudes at two locations along the rod. In this case, the |og-
arithm of the attenuation (q) is given by the relation:

In q = L'\/-é%—»

where L is the length over which the attenuation is mneasured.
Thus in this experinment, one time interval neasurenent (fre-
guency of teh sine wave), one |ength neasurenent and one
neasurenment of the ratio of anplitudes (over the known | ength)
must be made to evaluate thermal diffusivity.

2.2.2.1 In longitudinal heat flow neasurements of thermal con-
ductivity, any radial heat flow introduces an uncertainty in the

power through the specinen. In the longitudinal heat flow
measurenment of thermal diffusivity, radial heat flow affects
both velocity of propagation and attenuation. However, it is

easier to reduce the resulting errors from radial heat flow in
the diffusivity experinment. One nethod is to use sinusoidal
tenperature waves wth higher frequencies so that the radial
heat flow has less tine to influence the propagation of the
wave. This is perhaps analogous to increasing the power in the
thermal conductivity experinment so that radial heat transfer has
less relative effect. Wth thermal diffusivity, however, there
is another method of accounting for radial heat |oss which gives
it a tremendous advantage over thermal conductivity mnmeasurenents
using longitudinal heat flow Consider now the sinusoidal
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| ongi tudinal heat flow together with radial heat flow Let us Let us
assunme that (1) the surroundings of the rod are at a constant
temperature, (2) the rod is sem-infinite in length and has a
dianeter snmall enough so that any radial tenperature gradient
in the rod is negligible, (3) the rod is radiating to its sur-
roundings with a heat transfer coefficient which is constant and
(4) the physical properties of the rod are constant within the
tenperature variations on the rod. A thermal diffusivity exper-
iment is performed, simultaneously observing the velocity of
pr opagati on u and the attenuation (q) over a distance L. The
mat hematical solution to this problem neking the above assunp-
tions is:

Ly
a I cmmseccencrm——
2 1n q

This nmeans that the value of thermal diffusivity obtained form
nmeasurements of L, u, and g, is independent of both the frequency
of the sine tenperature wave and the heat radiated to its sur-
roundings. Wthin the assunptions nmade, here is a method which
enabl es longitudinal heat flow neasurenents of thermal diffusivity
to be made without errors due to radial heat flow Unlike many
ot her assunptions which are nade to idealize an experinental
neasur enent, the assunptions nade above are not too difficult

to fulfill reasonably, for many materials, even at noderately

hi gh tenperatures.

2.2.2.1.1 It my be of interest to give sone idea of the range
O frequencies useful for a material having a given thermal diff-
usivity. For a material such as iron, frequencies in the range
0.01 to 0.1 cycles per sec are appropriate, giving velocities of
propagtion of perhaps 1 to 2 nm per sec with attenuation per cm
varying fromless than 2 to perhaps 4 or 5.

2.2.3 It is possible to use radial heat flow in thermal diffus-

ivity experinents to mnimze errors arising from unwanted heat
transfer in a manner simlar to thermal conductivity neasure-
ment s.

2.2.4 1If a sinusoidal tenperature wave is inposed on the outside
of a long cylindrical specinen, the radial attenuation and vel-
ocity of propagation are both functions only of the thermal diff-
usivity of the material. It is assuned that the physical prop-
erties of the material are constant in the variation of tenpera-
ture of the specinen. The effects of heat conduction out the
ends can be avoided by nmaking the cylinder relatively long. In
this cylindrical diffusivity experinent, observation of either the
radial attenuation or velocity of propagation is sufficient for
evaluating thermal diffusivity. If the velocity of propagation
is observed, the experinent consists of neasuring the dinensions
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of the specinen and the tine interval required for the tenpera-
ture wave to travel a given distance along a radius. The math-
ematical solution of this problem involves Bessel's functions

whi ch have been tabulated. Sone idea of the desired frequencies
and specinen radius can be obtained from Figure 4. In this
figure are plotted sone values of the radius and |ogarithm of
frequency corresponding to three different diffusivity values and
to a phase lag of about 180° between the outside of’ the cylinder
and its center. For exanple, for a material having a thermal dif-
fusivity of 0.01 cni/sec and a radius of about 0.7 cm a sin-
usofi dal tenperature wave having a frequency of 0.1 hertz, wll be
propagated from the outside of the cylinder to the center of the
cylinder with a time lag of 5 sec (180° phase |ag).

2.2.4.1 Both of the nethods neasuring thermal diffusivity use
sinusoi dal tenperature waves. Sonetines it is difficult to
devel op the tenperature waves having the desired anplitudes and
frequenci es because there nmust be both cooling and heating avail -
able. To produce a sine wave of frequency of 0.1 hertz and an
anplitude of 10 degrees, the maxi mum cooling (or heating) rate
must be about 6 degrees/see. Wth the better conducting materials
(high diffusivity) where relatively high frequencies are needed
to give neasurable quantities, the rate of cooling obtainable

on the outside of the cylinder may be a real limtation. At

very high tenperatures, cooling by radiation may be adequate. In
general, even with the lower-diffusivity nmaterials, tenperatures
hi gher than 1000°C are required to produce sufficient radiative
cooling for diffusivity experinments using sinusoidal tenperature
waves.

2.2.4.1.1 Sinusoidal tenperature waves of the form T=A sin wt
have been considered previously because they are the sinplest

of the periodic functions to solve mathematically. However, it is
not necessary to use periodic tenperature functions in diffusivity
experiments. In fact, in nany cases, it is incomvenient if not

i mpossible to design diffusivity apparatus with sufficient cool-
ing for periodic tenperature variations. Fortunately, there are
several nethods available which do not require periodic tenpera-
ture variations. Several of these will now be described.

2.2.5 One of these the "Forbes Mthod", was devised alnost a
century ago. In this nmethod, two types of experinents are nade.
One experinent uses a long bar heated at one end until the tenp-
eratures becone steady. The bar is long enough so that the end
farthest from the source of heat cones essentially to the tenp-
erature of its surroundings. The power flow at any distance

X is P = kyA8T/9X. The quantity, 3T/8X, is neasured along the
rod using thernocouples attached to the rod. Knowi ng the cross
section A the thermal conductivity could be evaluated if the
power flow were known. The second type of experinment is an
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unst eady-state experinment, used to evaluate this power. This
experiment consists of heating a short piece of rod of the same
material (having the sanme dianmeter and surface condition). This
rod is heated to a known tenperature and placed in the sane
environment as the long rod. The rate of heat |oss (power)

oT

fromthe element dx or, this short rod is AdxCd—"  Assuning That
R

the rate of heat loss fromthe short rod is the sane as from

a section of the long rod at the same tenperature, the power

flowng across x in the steady-state experinment is

© 3T
pek _A—ol =ACdf ax
T 9% | - 3t

k
or o = T - 1 T dx
dc a'I’/Bx ﬁ 3t

Thus the thermal diffusivity is determned by these two experi-
nments, and thermal conductivity can be calculated if d and C are
known. The value in the Forbes nethod seens to be nostly his-
toric, having little utility in measurenents at high tenperatures.

2.2.6 Thermal diffusivity can be neasured in a transient type
of experiment where the tenperature of one part of the specinen
is suddenly changed and the tine neasured for this change to
appear on another part of the specinen. If this transient type
of experiment is applied to longitudinal heat flows there are
difficulties in approaching the ideal experinment where all the
heat goes to heating the specinen. Wth radail heat flow in a
long cylinder, this ideal experinment can be approached nore
closely. However, the experinental problem of suddenly changing
the surface tenperature by a fixed value may be very difficult.

2.27 There is another method of neasuring thermal diffusivity
which does not require this sudden change in surface tenperature
and which may be easier to realize experinentally. This nmethod
consists of heating one part of a specinen at a constant rate of
change of tenperature with tine. Take the ideal case of |ong-

itudinal heat flow where all the heat goes to heat the specinen.
The solution of this case is sinply:

o = 1 <.d_T> L?
2AT dt

where AT is the steady tenperature difference between the two
ends of the specinmen (of length L), heated at one end at a con-
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stant tenperature rate dT/dt. O course, this solution is only
valid (1) after the starting transient has disappeared, and (2),
if sand dT/dt are constant within the tenperature range of the

experiment. Since dT/dt is assumed to be constant, it nmay be
convenient to use the above solution in the form
LZ
a:,-
20t

L . : : :
where Dtis the time lag. In the non-ideal case where there is

radial heat transfer from the specinen, the solution is conpli-
cated. Consequently, such an experinent nmay be designed to

mnimze this radial heat |oss, such as surrounding the specinmen
with a guard of the same material, heated in the sane nanner.

2.2.7.1 Here again, this error due to radial heat transfer can

be avoided by using a. radial nmethod. If the surface of a
cylinder with radius R is heated at a constant rate dT/dt, then

the steady tenperature difference AT between the surface and the
axis of the cylinder is:

R? 4T

4 g dt

AT =

2.2.7.1.1 Wth this nethod,it is possible, in principle, to
neasure the thermal diffusivity over a l|large tenperature range
in one experinment requiring perhaps a few hours. Probably the
bi ggest difficulty with this method is the neasurenent of tenp-
erature, both on the outer surface of the cylinder and at sone
point in the cylinder, perhaps near its axis. If a hollow
cylinder is used the value of the thermal diffusivity ais:

o = 1 aT -—J‘—(r'ze-r 2)er %1n :rl ]
24T dt L2 ¢ ! ! r,

where Dtis the difference in tenperatures at two radii. However,
it is not necessary to know either DT or dT/dt. If two therno-
couples are used to neasure the two tenperatures and these two

t hernocoupl es have the same linear calibration, (even though the
calibration values are not known) then it is possible to deter-
mne the tinme interval (tinme lag) required for the tenperature

at the inner radius to cone to the tenperature of the outer
radius at the beginning of the time interval. If this tine
interval is Dtthen the solution is:

R - {:—J‘(r' 2.p 2)-r 21n r2

2 1 1
2At 2 » 1
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2.2.8 For neasurenents on snall specinmens at very high tenpera-
tures there has been increased interest in heating the specinen
by radiation and in measuring tenperature changes by radiative
nmeans. In this way, the problem of attaching thernocouples to
the specinent is avoided. At tenperatures greater than 1000°C,
this method appears to offer considerable advantages in the
neasurement of thermal diffusivity. It is possible that a
periodic heat flow nethod will he found quite useful here.
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MVETHOD 8
MEASUREMENT OF DETONATI ON VELOCI TI ES
1. PURPGSE.

1.1 The various nethods used in the neasurenent of detonation
velocity can be divided into tw basic categories: optical or
phot ographi ¢ nethods and chronographic nethods. The optical
net hods commonly enploy either a rotating drum to which filmis
fixed or a rotating mrror which sweeps an inage across station-
ary film 1In the chronographic nethod as generally used, probes
are placed at fixed points on or in the explosive. The pressure
di scontinuity or ionization present in the detonation wave then
causes the external circuitry associated with the probes to pro-
duce a signal as the detonation wave reaches each probe in turn.
The signals are sent to a nechanical or electronic recording in-
strunent which also provides the necessary tinme base. An ex-
cellent historical account of these nethods has been provided
in a recent text by Taylor. The Mettegang, or equal, chron-
ograph and the nethod of Dautriche proved adequate for velocity
nmeasurenent in the period when the techniques available for the
fabrication of solid explosives were relatively inperfect and
when the detonation theory was in its prelimnary stages. How
ever, continuing refinement of explosive charge fabrication

net hods and further developnents in detonation theory have re-
quired inproved precision in detonation velocity data. The high-
er speed rotating drum canmeras of Dixon as inproved by Payman,
Shepherd, and Wodhead, and the rotating mrror caneras of Frazer,
Cairns, and Herzberg represented inportant advances. |nprove-
nments in the chronographic technique, particularly in the re-

pl acenment of nechanical by electronic conponents were devel oped
by N sewanger and Brown, Brimey, and G bson. Piezoelectric
crystals, in conjunction with a raster-type oscilloscope as a
recorder and time base, which were devel oped during Wrld War |1
at the Taylor Mdel Basin and at the Underwater Expl osives
Research Laboratory (Wods Hole GCceanographic Institute), were
|ater applied by Berets, Geene, and Kistiakowsky to precise
nmeasurenments of detonation velocities in gaseous m xtures.

3.2 In this docunents sone further refinenents of the chrono-
graphic nmethod, as applied to the neasurenment of detonation
velocities in liquid and solid explosives are presented. They They
conprise the "pin technique" which has been in use and under
devel opment at Los Al anbs from approxinmately the year 1944 to
date. A nodification of the technique for use in the measure-
nment of detonation velocities in gaseous detonations has been
reported by Knight and Duff. The inproved precision attained
with this technique has enabled us to detect and explore sone
interesting snall
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effects, e.g., certain diameter and particle-size effects in
solid explosives and dianeter and tenperature effects in liquid
expl osi ves which otherwise could not have been resol ved.

2. ELECTRONIC COMPONENTS AND CI RCU TRY.

2.1 OGscillograph. The principal electronic conponent is the
oscillograph, or "pin machine,"” which provides a tinme base of the
raster type upon which transit tine signals are presented. A

bl ock diagram is presented in Figure 1. The raster pattern con-
sists of a series of horizontal sweeps approximately 2.5 psec in
duration. The nunber of |ines per raster pattern can be varied
up to a maxi mum of about 60. It will be noted from the block

di agram that each machine contains two indicator units upon each
of which a raster pattern is presented. These may be operated in
parallel to funish duplicate records and thereby increase the pre-
cision of analysis, or they may be operated in tandem to increase
the total time coverage.

2.2 Referring again to Figure 1, the output from the crystal-
controlled oscillator is shaped by the market generator to provide
square-pulse timng narks at 0.5 psec intervals for the in-
dicators. The naster indicator receives these timng marks
directly. Wen the indicators are operated in parallels the slave
indicator receives the timng marks after they have passed through
a 0.15 psec delay line: it nmay also receive them directly when the
indicators are operated in tandem

2.3 The marker generator also supplies 0.5 psec pulses through

a 0.2 psec delay line to a 5:1 frequency divider which in turn
drives the horizontal trigger generator. The master horizontal
sweep generator thus receives trigger pulses at 2.5 pusec inter-
vals. The slave horizontal trigger generator receives the sane
pul ses after they have been delayed a tine corresponding to one
mar ker interval or 0.5 psec. The 0.5 usec delay serves to stagger
the occurrence of the backsweeps so that a common signal appearing
in the backsweep of one indicator will not be lost in the back-
sweep of the parallel indicator, The 0.35 psec delay staggers
the occurrence of the timng marks so that a common signal which
is distorted by appearing close to a timng mark in one indicator
wll not be so distorted in the parallel indicator.

2.4 The horizontal trigger pulses are divided by the four-stage
divider to provide internal vertical sweep trigger pulses at
approxi mately 200 per second. The V-sweep trigger pulses nust

be synchronized with the Hsweep trigger pulses in order to pre-
vent apparent vertical rolling or jitter in the steady pattern
used to adjust the nunber of lines, intensity |evel, and focus
before a single-sweep record is taken. In addition to the
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internal trigger generator, the V-sweep and intensity gate gener-
ators may be triggered from an external source of repetitive

pul ses, the single sweep clanp circuit, or the nmanual test trig-
ger.

2.5 The 5:1 and 4-stage frequency dividers used in these cir-
cuits are of the blocking oscillator type. The V-sweep generator

is a conventional bootstrap circuit.

2.6 The precision attainable from these chronographs derives
from the close control of the tinme-base referencefrequency and
the horizontal sweep linearity. The oxcillator is a 2 megahertz,
crystal controlled, free-running MIller, or equal, oscillators
The crystal is tenperature regulated and has a nmanufacturer’s
tolerance of + 40 hertz. The oscillator and marker generator are
diagraned in Figure 2.

2.7 The horizontal sweep generator is a continuously-running
MIller, or equal, integrator type. The circuit diagram of this
generator is given in Figure 3. Three variable capacvitors are
included in the circuit for adjusting the sweep wave form
capacitor C affects the fly-back wave form and consequently the
anmount of ringing at the initial end of the sweep. Capcitors
C,and C, together with R, determne the slope of the saw tooth
and thus the width of the sweep. Capacitor C,is a high-frequency
by- pass condenser which controls the witing speed at the be-
ginning of each line. In addition to these adjustnents of the
sweep generator, it has been necessary to select the 6AG/ output
tube; the 51UCP11 cathode-ray tube is also specially selected
by the manufacturer for linearity of deflection vs applied
voltage on the horizontal deflection plates. The departure from
linearity is guaranteed to be less than 1% over a square area
approximately 63.5mm (2.5 inches) on an edge, centered on the
tube face. The 51UCP11 tube contains two sets of vertical de-
flection plates. One pair of plates is used for the vertical
sweep control, one plate for timng mark input, and one plate for
the signal input. In this way the use of a mxing circuit for
mxing transit tinme signals with the vertical sweep is avoided.

2.7.1 The linearity of each horizontal line iscontrolled to

1% between adjacent clibration marks (0.5 psec), i.e., the

di stance neasured from one mark to the succeeding nmark does not
differ from the distance between marks of an adjacent interval

by nore than 1% The oscilloscope trace is recorded on a 35-mm
oscill oscope canera which enploys fast panchromatic film and an
f/2 lens. For purposes of analysis the record is enlarged twelve
dianmeters on a Recordak, or equal, film reader and the neasure-

nments of the positions of the signals are nade by using a spec-
ially selected transparent plastic scale held against the ground
glass. Distances are read to 0,1nmm The standard error of a

3 MVETHOD 8



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

single neasurenment resulting from errors in sweep calibration,
linearity, and judgenent of the data analyst is found to De
approxi mately 3x10°second for the tinme ‘intervals normally en-
count er ed.

2.8 The mxer circuit is a network of capacitors and resistors
which form and send to the chronograph the electrical pulses
indicating the arrival of the detonation wave at the various pin
positions along the explosive charge. Figure 4 shows a diagram
of the circuit used with nost solid explosives. The condensers
C are charged through isolation resistors R. Wen the deto-
nation wave closes a pin switch S (which may be either an ioni-
zation or nechanical type}. the capacitor discharges into the
RG 21-412 signal cable, producing a signal pulse. The term nal

i npedance R prevents reflection of the signals from the term nal
end of the RG63/U |If pulses are reflected toward the inital
end of the cable due to a faulty connection or other m smatch
they will be absorbed by either R-R or R.

2.9 Wien the pin switches nust be closely spaced in the charge,
the mxer circuit is nodified as shown in Figure 5. Wth close
spacing, the conductivities of the detonation wave and expl osive
products serve to connect the discharging capacitor with those
whi ch have already been discharged. The resulting signal has a
verv poor rise time and a snall anplitude. The diodes D serve to
isolate the individual pin circuits.

2. 10. 2.10 Another nodification of the mxer circuit. enployed when

t he undetonated explosive is noderately conducting is shown in

Fi gure 6. Figure 6. Wen the specific resistivity isas |ow as 30,000 ohns
it is necessary to replace resistors Rwith diodes. This allows This all ows
the condensers to be charged to alnmost the full supply voltage in
spite of the |eakage current through the pin swtches.

2.11 To reduce the occurrence of spurious signals and signals
with poor rise tines, the mxer circuits should be constructed
with the shortest |eads possible. Stak-ons are used to connect

t he conponents together, and the finished mxer is nounted close
to the termnal end of the explosive charge. Both the signal
mxer circuit and a section of the RG 21-412 coaxial cable are
destroyed by the blast from the charge. Unless all pin switch

| eads are of the sane length (to within a few feet} the transit
times of the electrical pulses in the |eads nust be taken into
account for precise work.

2.12 Still another precaution which nust be taken in applying
the above mixer circuits is that of maintaining the detonation
wave at ground potential. Wen an explosive rate stick is deto-
nated, it is found that a potential difference, comonly of the
order of a Few hundred volts hut as high as 1000 volts under
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sonme circunstances, develops between the detonation wave and
ground. It is thought that at |east part of this potential
difference may be a result of the difference in nobilities of

el ectrons and of positively charged ions in the detonation front.
This difference in nobilities produces charge separation in

the rapidly noving front and may result in spurious signals

at the pin switches unless adequate precautions are taken. A
grounding foil placed near the pin switch so that the detonation
wave will strike it just before reaching the switch will. elimnate
these spurious electrical signals.

2.13 Another inportant electrical effect which nmay cause diff-
iculty is that nost plastic and insulating materials (rubber:
glass, varnish, etc.) wll develop potentials of several thou-
sand volts when hit by a strong shock wave. It is inportant,
therefore, to keep insulated wires out of the path of the
detonation wave until the measurenent is conpleted.

3. THE PREPARATI ON AND ASSEMBLY OF CHARGES.

3.1 The precision permtted by the pin technique cannot be at-
tained unless every precaution is taken in the preparation of the
charges for rate measurenents. It is quite possible to obtain
preci se data which, nevertheless, are not accurate because of
over|l ooked systematic errore. Sonme of the precautions necessary
are discussed below Assuming that uniform explosive either
liguid or solid, is at hand and that density and conposition are
known, the first problem in charge preparation is the positioning
of the pin switches. In the case of I|iquid explosives, charged
probes may be either inserted directly into the liquids as shown
in Figure 7 or located sonewhere in the confining material as
shown in Figure 8 In Figure 7 where the confining nediumis a
gl ass tube, the pins, consisting of 0.4064mm (0.016-in), o.d.
hypoderm c tubings are inserted through small holes in the wall
and fastened in place with cenent. The distance between success-
ive probes can be neasured with a cathetoneter with a reproduc-
ibility of less than 0.0254mm (0.001 in). By neans of the common
grounds the detonation wave is nmaintained at ground potential and
the discharge of the signal mxer capacitors takes place via

the spaced probes and the detonation wave to ground. In exper-
iments with certain liquid explosives, it has been found that

the insertion of pin swtches, such as those shown in Figure 7
directly into the liquid results in a detectable perturbation

of the detonation wave. Wth such liquids. if high accuracy

is desired, external pin switches such as those shown in Figures
8 and 9 are superior to those shown in Figure 7. In the arrange-
ment shown in Figure 8, the confining mediumis a netal tube.

Fl at- bottonmed holes, known distances apart, are nade in the tube
wall wusing a mlling machine. A disk of mca, 0.0127m(0.0005 in)
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thick, placed on the bottom of the hole serves as insulation
after the pin assenbly shown in Figure 8 is inserted in the hole
The pin is charged, and the tube wall is naintained at ground
potential so that a discharge occurs when the noving netal wall
contacts the bottom of the pin after rupturing the mca. A
somewhat sinpler nodification of this external pin technique

is showmn in Figure 9. Here, again, the confining medium is

a nmetal tube, but the pins are sinply bent” into a conveni ent shape
and held in place on the outside of the tube wall with cenent.
Thin mca is used as insulation between the pins and the tube
wal | . The distances between the pins is neasured with a cath-
etoneter. This nodification of the external pin technique
requires less machining time than the one previously described.
but also requires that care be taken that the pins not be noved
in the tine between cathetoneter reading and firing. In both
this arrangenment and that of Figure 7. Arnmstron's Adhesive A-1,
or equal. has been found to be dinensionally stable over noderate
tenperature ranges. This cenent also wthstands the solvent
action of nmany liquid explosives. The 0.127nm (0.005-in) flat

on the bottom of the pins as shown in Figure 11 facilitates the
cat hetonmeter readings and also gives consistently clean signals
when the pin is charged to 125 volts. The flats are out on the
bottom of the pins with a jeweler’'s lathe used in conjunction
with a Bausch and Lonb, or equal.40X shop m croscope which has
a reticule reading directly in thousandths of an inch. For
granul ar explosives at |low |oading densities, an

arrangenment which may be used is shown in Figure 10. Each pin
switch consists of a pair of fine copper wires stretched taut

by neans of a clanp on the outside of the confining tube. The
spaci ng between wires is nade at |east several multiples of the
maxi mum grain size. In order to avoid premature closure of the
pin switch as a result of photoionization, enaneled w pes are
used. The holes through which the wires fit (which control their
axial spacing) are carefully made in the mlling machine. In

hi gh density pressings and in castings, thin metal foils are used
to form pin switches. The nobst commonly used type of switch is
the one shown in Figure 11 which depends upon ionization for
closure. A nodification of this nethod often enployed is to
use a comon ground on_the outside of the charge, nuch the sane
as was described for liquid explosives, and to use a single,
charged foil extending in to the center of each segnent of the
rate stick. Metal foils are used which are as thin as possible,
but which still have sufficient mechanical strength to withstand
t he mani pul ati ons necessary in preparing the switch and charge.
The nost comonly used foils are made of silver, alumnum or
copper, in thicknesses ranging from 5.08 to 38.1um (0.0002 to
0.0015 in).These are wusually procured as spooled 3.175mm
(0.125 in) ribbon. Gold leaf, O0.254um (0.00001 in) thick, is
occasionally used, but |acks nechanical strength and tends to
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stick to objects brought near it because of electrostatic
attraction. The gap wdth on the pin switch shown in Figure 11
is usually about 1.016 to 3.048mm (0.040 to 0.120 in). The
detonation front has been found to be quite irregular in two-
conponent cast explosives and in sone pressed explosives, the
irregularities being conparable in size to the grains of the
expl osive. Therefor, in order to inprove the statistics of the
switch closure it is desirable to have the dinmensions of the

pin switch gap at |east several tines that of the l|argest grains
of explosive. A further requirement in using this type of swtch
is that the end of each charged foil be in the same position
relative to the center of the rate stick so that a curved deto-
nation front will close them in the sanme nmanner. Cccasionally
the ionization switch is found to be inadequate. One instance
is encountered in the study of non-steady-state detonation waves
e.g., initiation phenonena. Here the detonation wave nay proceed
wi thout sufficient ionization to operate properly the swtch
described above. In this event, a switch involving nmechanical
closure may be used. Such a switch is shown schematically in
Figure 12. The nmechanical closure is effected by the notion

of a thin netal foil which is accelerated by the high pressure
of the detonation wave. In order to keep the closing delay as
smal|l as possible, and for other reasons described below the
conbined insulating foil and netal foil assenbly should be kept
very thin, usually less than 0.0254mm (0.001 in). Typical in-
sulating materials include nylar,nylon, and mca. dosure
times of 10°second can easily be attained. In the case of
cast or pressed explosives after the particular type of pin
switch and the nmethod of insertion have been decided upon, sone
nmet hod of assenbling the segnments nust be devised. The sinplest
nethod is to tape them together using a pressure sensitive tape.
The use of such tape, however, has sone disadvantages, chief
anong which is the danger of "jetting" if the tape is applied

| oosely. When a gap as small as a few thousandths of an inch
exi sts between the lateral surface of the charge and the tapes
a gaseous "jet" nmay be forned. This jet may |lead the detonation
front, causing the pin switches to be discharged permaturely.

A preferred nmethod of charge assenbly is that of clanping. This
| eaves the sides of the charge unconfined and at the sanme tine
provides positive contact between charge segnments. The foils
t hensel ves are noistened slightly with water to hold them in
place during the clanping operation, thus avoiding a |ayer of
glue. It is well to point out here again that the thinnest
possible foils are used between segnents so as to keep the stand-
off as small as possible. This is necessary because an air gap
results in a nmonmentary slowing of the detonation wave, perhaps
by dissipating the von Neumann spike. Quantitatively, in sone
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explosives a small air gap increases the transit tine of a

pi ece of explosive by about 10°second per 0.0254mm (0.001 in)
t hi ckness of gap. Thus in a 5.08cm (two inch) segnment of such
expl osive having a detonation velocity of about 8000 nisee, a gap
of 0.0254mm (0.001 in) would result in a velocity error of approx-
imately 13 nisec. Wen using high-energy boosters on rate sticks
whi ch have | ow detonation velocities, it has been found necessary
to inpede the expansion of the booster gases by using a blast
shield or a coating of putty near the booster. In sone cases
the boaster gases mght otherwi se precede the detonation wave,
closing the pin switches prematurely. In making velocity
neasurenents on | ow energy explosives or on charges of |arge
diameter, it is frequentl advi sable to provide grounding in
addition to that furnished by the ground side of the detonation.
switch. In such cases, the ground side of the pin switch my
fail to ground the wave near the lead from the signal m xer,
because of the relatively high resistance of the detonation wave
and explosive products. Wthout the additional grounding the
signal mxer would begin to respond to the generation of charge
on the shock front discussed above, and would introduce noise
on the oscillograph record. This noise may be of such anplitude
and duration that the records are not readable. It is the prac-
tice in such instances to run an additional ground lead close to
the charged probes and extending beyond the limts attained by
the shock wave during the observation. A final precaution which
nmust be taken if high precision and accuracy are to be obtained
is the maintenance of tenperature control of the changes. The
detonation velocity of liquid nitronethane, for exanple, has been
found to vary with the initial tenperature at the rate of -3.7
msec/°C. In the case of the solid explosive, Conposition B,
Maut z has found the transit tinme to vary inversely with the
tenperature at the rate of 1% per 100°C. Taking the Ilinear
coefficient of thermal expansion of Conposition B to be 5X10°
per °C, the velocity dependence would be 0.5 msec/°C It is
evident that rate sticks should not be exposed to direct sun-
l[ight nor fired without suitable thermal insulation if precise
data are desired.

4. SANMPLE DATA
4.10 In Table | and Il are shown sanple data taken with the

net hods described above. |In taking such data, as nentioned above,
it is comobn practice to operate several sweeps in parallel to
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ure of a single circuit off@rate properly and, also to enabl e
several records to be. read to reduce the error analysis. It

is a comon experience to obtain standard errors of a single Tran-
sit tinme observation as small as 0.003 #sec for tinme intervals
of the order of 50Wusec. For Ionger times the error may in-
crease sonmewhat because of errors in the frequency of the

crystals controlling the marker generators. By reducing the tine
measurement error to such a small value small charge intervals
can be used. This is desirable since the snaller charges

generally permt better control of the density and conposition
ranges present.

TABLE I

Sample transit time data for pressed TNT. The charge consisted
of six section, each 5.08em (2 in) long and 1.27cm (0.5in) in
diameter, arranged in a column. Transit time data were taken
over the last four sections, using ionization foils. The
sections were the same length to within a thousandth of an inch.

Detonation
sec veloeity
Dénsity Sweep«3 Sveep=h Sgéeﬁi%'.Sseep¢7 Average  Tm/sec)
(g/cel '

Transit time

1.642 7.338 7.329 7.329 7.329 7.331 6928

1.642.. 7.330  7.831 - 7.331 s7.3ﬁ8_ 7.330 . . 6928

1.641 7.335 .33 7.348  '7.3h0 "7.3u0 = eeds

1.641  7.336° 7.328 7.327 7.331 7.330° 6930
TABLE II

Sample transit time data for nitromethane. The explosive was
contained in a standard wall Pvrex tube, 6.5278cm (2.570in) i.d.
and 0.762 m (30 in) long. Pin switches were arranged as shown in
Fieure 7.

Transit time

Switch Detonation
interval (usgc) velocitv
(mm) Sweep«2 Sweep=U Sweep=5 Average (m/sec)
126,27 19.903 19.893  19.896 19.897 B3u6
134,99 21.252 21.272 21.274% 21.266 65348
129.42 20.388 20.385 20.379 20,384 6349

9 METHOD 8



Downloaded from http://www.everyspec.com

( USAF)

M L-STD-1751

{

z .
vl‘
®
AVI3 A — 3
LINAAVIIG 3 i HOLVHINTD HOLVYHINID ANVIS
dIIMSA ! 3LVD ALISN eave
IAVIS ._ mmlm E N3LNI d3IAMS 1don 1§
um\?T —1 ANV d33IMSA IVAINOZIHOH
i
»“ d ]
1o 2 | 1 ==y w LNdNI
5 dAVI3A IS0 € TYNDIS
NI
HOLVHYIANID o
H3IDOML | prs .
1531 | liear] 111 HOLVYNHID YOLVHANID YILSVIN
- n-E—€—13LVD ALISNALNI d33MS HOLVIIONI
div1) n ONY d3IMS-A IVLINOZIHOH 1 doNIS
d3AMS -lw o
FIONIS m | _ f
—e
—— "Dy L I % c J
Ly va—e" m h]
———— d "LNI O _r
HOL1VYHINID HOLVYHINID .
yoLvIn
HIDOIHL I1VY 4399141 = ==3{ HOLWHINID ERRIo ._.M_MW
d3d dIIMS-A IV INOZIHOH Av13a LEMLAL IVLSAHD
ANV 43QIAID anv 935 20 .
I9VLSY HIAIAIG 1§
J

FIGURE 1 - BLOCK DIAGRAM OF RASTER-GENERATING CIRCUITRY.
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FIGURE 7 - CHARGE ARRANGEMENT WITH PROBES INSERTED INTO LIQUID EXPLOSIVE.
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METAL CONFINING TUBE

FIGURE 9 - PIN SWITCH MOUNTED ON THIN CONFINING WALL.
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FIGURE 12 - MECHANICAL - CLOSURE - TYPE PIN SWITCH.
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METHOD 9
50 Caliber Projectile Inpact Sensitivity
1. APPARATUS

1.1 A .50 caliber snmooth bore gun rebuilt from a 1918 Mauser
antitank gun action is used. It is nounted on a steel frame that
noves on cylindrical bearings to absorb recoil. The projectiles
usually employed are 12.7mm (0.5 inch) by 12.7mm (0.5 inch) right
cylinders of "free cutting" brass, but projectiles of other netals
may be enployed. Loaded rounds are prepared by reloading stand-
and service .50 caliber cartridges after reformng the neck of the
cartridge case to accept the projectile. The propellant charge is
adjusted to give the desired velocity. The void space above the
propellant in the cartridge is filled with a tissue paper wad..
The projectile is set into the case to a depth of 6.35mm (0.250
inch). The gun is fired by renote control, using a solenoid
actuated lever to pull the trigger, and is protected from frag-
nment damage by firing through a hole in a heavy steel plate.

1.2 Liquid and granul ateed solid explosives are tested in con-

tainers made of 7.62cm (3 inch) lengths of schedule 40, 3.175mm
(0.125 inch) wall, alum num pipe cylinders. The pipe ends are
sealed with Teflon, or equal, or polyethylene film The con-
tainer cylinder has a 6.35mm (0.250 inch) hole at its center that
is fitted with a plug. No containers are used for pressed or cast
expl osi ves.

2. PROCEDURE.

2.1 The gun is calibrated by determning the velocity given to
the projectile by various |oads of propellant. Velocities are
measured with a 10-negahertz counter chronograph; the start and
stop signals are provided by breaking conductive tapes spaced
0.5 neter apart between the gun and the sanple; the tapes are
stretched across wooden supports nounted on pedestals. The
measured velocity is a linear function of the square root of the
propel l ant wei ght.

2.2 Liquid or granulated solid explosive is poured into the con-
tainer through the center hole, leaving as little ullage as
possible; the hole is then closed with its plug. The filled
container is positioned on a pedestal of nodeling clay 3.048m
(10 feet) from the nuzzle of the gun, with its axis aligned wth

the projected path. The end of an 20.32cm (8 inch) |ength of
detonating cord, which rests on a steel wtness plate [(10.16cm
by 10.16cm by 0.635cm) 4 inches by 4 inches by 0.250 inch], is

1 METHOD 9
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placed in contact with the face of the sanple opposite the gun
and below the line of flight of the projectile. Wth cast ex-
pl osives, the sample is an uncased cylindrical pellet [(2.54cm
by 2.54cm) 1 inch by 1 inch].

3. RESULTS REPORTED AND CRITERIA FOR EVALUATI ON.

3.1 A positive result is reported when initiation of the
primacord occurs, as indicated by a dent in the witness plate.
The sensitivity of the sanple is expressed as the projectile
velocity, shich gives an initiation in 50 percent of the trials
(Vgp ). This 50-percent point is determined by the Bruceton

up- and-down technique, varying the square root of the propellant
wei ght in about 0.048 gram increnents, shich corresponds to
velocity increments of about 61 neters per second.

3.2 Shock pressures in the acceptor may be estimated by a

graphical solution of the inpedance msmatch (4.1), (4.2) using
Hugoni ot relations for brass and for an explosive having approx-
imately the sane density as the test sanple.

4. Bl BLI OGRAPHY

4.1 MAJOWNCZ, J. M AND JOCOBS, S.J. Initiation to Detonation

of H gh Explosives by Shocks. NAVORD Rept. 5710, March 1, 1958,
27 pp. (Confidential)

4.2 McQUEEN, R G AND MARSH, S. P. Equation of State for
Ni neteen Metallic Elenents from Shock-Wave Measurenents to Two
Megabrs. J. Appl. Phys., vol. 31, July 1960, pp. 1253-1269.
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METHOD 10
| MPACT TEST (LARCE SCALE- SUSAN)
1. PURPGCSE

1.1 The test was designed by Lawence Radiation Laboratory in
1961 to assess the relative behavior of explosives under field
conditions of inpactl Explosive billets, 5.08cm (2 in) in dia-
neter by 10.16cm (4 in) long and fabricated by normal fabrication
techni ques, are enployed. The test is conducted by |oading the
expl osives into standardized projectiles, and firing the pro-
jectiles against a target at velocities higher than those achi-
eved in gravity drop tests. The actual test apparatus used is
|ocated at the Naval Wapons Laboratory, Dahlgren, Virginia.

User conmonly refers to this as the "Susan Test".

2.  APPARATUS

2.1 The standard Susan test enploys the test vehicle shown in
Figure 1. The projectile weighs approximtely 5.4432kg (12 1Db)
assenbl ed, and contains slightly less than 0.4536kg (1 Ib) of
expl osive. Overall dinensions are 8.12Bcm (3.20 in) in dia-
nmeter by 22.4028cm (8.82 in) |ong.

2.1.1 The projectiles are fired from a snoothbore gun which is a
coverted 3.in/70 naval gun. The gun nuzzle is circa 0.3048m

(12 ft) from the 2.5 in thick, snooth-surface, arnmor steel target
plate. Inpact velocities are varied by adjusting the propellant
charges. For velocities below 91.44nma (300 fps) the charges
consist of granulated black cannon powder. For higher velocities
a five-to-one ratio mxture of 5in/38 snokel ess powder (Index
NPFB- 234) and bl ack cannon powder is used. The range of velocit-
ies enployed in nost Susan tests is 30.48-365.76m's (100-1200 fps)
al though velocities up to 1066.8ns (3500 fps) are possible.

2.1.2 A schematic of the firing range showing the target-gun

| ayout and the relative positions of sone of the diagnostics is
given in Figure 2. The flight path is about 1.2192m (4 ft) above
ground | evel.

3* 3. | NSTRUMENTATI ON.

3.1 Velocities are neasured with 5 sensing devices: Two w de
angl e photoelectric screens, tw infarared detectors (Ektrons, or
equal ) and a magnet containing 50 turns of magnet wire. These These
devices are placed at known points along the line of flight of the
projctile, the magnet being attached to the target surface.
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Signals generated when the projectile passes each sensing device
are fed into an oscillograph and recorded on a drum canera. Two
such recording systens are operated in parallel to increase
reliability. Velocities are calculated by neasuring the el apsed
time between any two signals.

3.2 The pressure neasurenents are made with four piezo-electric
bl ast pressure transducers (nmanufactured by Crystal Research,
Inc.). The transducers are located as shown in Figure 2, and
are positioned about 0.6096m (2 feet) above the horizontal plane
which intersects the flight path. neasurement of light intensity
is made with two silicon diodes (Texas Instrument Corp., type
IN217S N-P-N diffused silicon photo-duo-diode, or equal). The
outputs of the transducers and diodes are recorded on two four-
beam oscill oscopes (Electronic Tube Corporation, nocel HAIGEL,

or equal. Tw of the transducers and the two diodes are recorded
On One Gscilloscope, the other two transducers, together with the
-two diodes again, _are recorded on the other. A typical record is
shown in Figure 3. The records are in th formof time traces traces
obt ai ned by- phot ographing the oscilloscope with a high speed

35 nm reel canera having a film speed of 5.08m's (200 in./sec),

a one mllisecond timng marker is inposed on each of the gun
traces to facilitate timng calculations. The calibration section
of the record gives a displacenent of the pressure gauges (traces
2 and 4) for a given voltage.* The inpact section of the record
is a time history of the inpact and subsequent events. Wen

i mpact occurs, an inpact grid switch** fires two squibs. One
squib (placed sone distance from the inpact area) is observed

by one of the silicon diodes which is recorded on trace 1. The
di spl acenent of this trace from the film record marks the tine of
i mpact. The second squib is placed in the inpact area in the
field of view of the caneras; it is also viewd by the second
silicon diode which is recorded on trace 3. The snall initial

di spl acenent of trace 3 due to the squib light is a back-up
determnation of the time of inpact. Any chemical reaction which
releases light is recorded as a second displacenment of this
trace. The delay time to such light evolution can thus be de-
termned. Finally, the shock wave in air generated by the inpact
and/ or chemical action of the explosive is recorded by displace-
ments in.

*The calibration section permts calculation of overpressure at
the gauge via the expression MV C
& = =55

. Wwhere

AP is the overpressure

L and M are the trace displacements shown in Fig. 3

V is the calibration voltage which produced the displace-
ment, L

C is the circuit capacitance

G is a calibration constant characteristic of the gauge.
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**The switch consists of a series of very thin parallel copper
lines covering a 12.7 x 15.24cm (5 x 6 in) area (fabricated by
printed circuit techniques). A set of alternate lines are con-
nected together to form one side of the switch; the other I|ines
connected together formthe second side of the switch. Contact Cont act
of the alum num nose cone of the projectile with any two adjacent
lines closes the switch circuit.

traces 2 and 4. The tinme of arrival of this wave at each gauge
is directly observable, and is used to calculate the relative

"point source detonation” energy see 6.6.1.1.3. A bloxk diagram
of the recording system of one oscilloscope is given in Figure 6.

3.3 Several caneras are used to observe the inpact phenonena.
Two 16mm Fastax framing caneras are used to view the events
long range. One canera records in color; the other records in
bl ack and white. Typical framng speeds are 5000 franes/sec.
For close-up work a nodified 16mm Fastax, or equal, which takes
two tine-displaced "8nmif frames per nornmal 16mm franme is used.
Color filmis enmployed; the framing rate is ~ 10,000 frames per
sec. Eastnman Kodak Tri-X black and white and Super Anscochnone
Dayl i ght Balance color film or equal shall be used.

4.  PROCEDURE.

4.1 Normally, a mnimum of eight projectiles are fabricated for
the test of a new explosive fornulation. For explosives of
expected noderate or |low sensitivity six of these projectiles
are fired at pre-selected velocities in the 30.48 to 304.8nis
(100 to 1000 fps) range (e.g., velocities of 30.48, 60.96, 91.44,
152. 4, 228.6 and 304.8m's (100, 200, 300, 500, 750, and 1000 fps)
m ght be chosen). After examination of these data, the addi-
tional projectiles are used to provide duplicates, or to fill in
or extend the velocity range. For explosives of expected high
enesitivity, only four of the projectiles are used in the first
assessnent, and 30.48 to 152.4nfls (100 to 500 fps) is selected
for the initial range of velocities.

5. EXPRESSION OF TEST RESULTS.

5.1 One of the principal ways of expressing the results of a set
of Susan experinents is by a Susan "Sensitivity Curve”. This
curve is a plot of the relative "point-source-detonation" energy
against projectile velocity (see Figure 4). The "point-source-
detonation" energy is calculated from the air shock data see
6-6.1.1.3. These curves depict the anmount of chem cal energy
rel eased by the explosive as a result of the inpact; is is appar-
ent that the greater this energy release for a given velocity, the
nore sensitive the explosive. The relative energy scale is set
so that a truly violent deflagration or detonation consum ng all
of the explosive gives a value of about 100. A mlder deflagra-
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tion, shich also consunes all the explosive, gives only “about
30-40 on the scale. Conpared to the nore violent reaction, the
defl agration is thus equivalent to the dentonation of |ess than

half as nuch explosive. A calorinetric energy meaurenment would
presumably give energy values nearly the sane for the two cases.

5.2 The canera information supplenments the Sensitivity Curve.
There is quite naturally good correspondence between the violence
of the inpact process as ofserved visually, and the relative
energy release as calculated independently from air shock data.
The canera data, however, uniquely supply detailed information

on nodes of deformation and ignition, and on the deflagration
process, which is not derivable from the air shock data al one.

6. DATA REDUCTI ON.

6.1 The calculation of the explosive energy released as a result
of the inpact is acconplished via the air shock data. The pro-
cedure is outlined in the follow ng paragraphs.

6.1.1 H Brode. 7.1 has calculated the relation between the two

di nensionl ess variables, k as and ts, for a point source of energy
inair. lgand tgn air are difined as

R

Ags—=—P, 1/3, and (Eq. 1)
Q
teCyq i/3, (Eq. 2)
Q

wher e

lg As is the dimensionless shock radius.

Rsis the shock radius.

Qis the cube root of the total energy of the source.
P, is the anbient pressure.

tt is the transit time for air shock from the point
source to the point Rs.

is the velocity of sound in air at the pressure and
tenperature of the nmeasurenent, and

tgs the dinmensionless transit tine.

The ratio, Idt,gis derivable from the experinental quantities
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tt, C and Rg.This ratio fixes with reasonable precision
| ¢s and t §See Figure 5). From either lIsor ts Q can then be
cal cul ated.

6.1.1.1 A useful check on the relationships in 6.1.1 is pro-
vided by the calibration charge which is fired at the start of
a day of Susan testing. The calibration charge is a carefully
wei ghed 70.5 g pellet of a plastic bonded explosive nounted on
a Styrof oam pl ywood fixture 15.24cm (6 inches) in front of the
target area. A standard detonator is used to detonate the

char ge. Fog a given distance, Ry, a given energy of the point.
source, Q and a reasonably constant anbient pressure, PO it
is apparent from an inspection* of equations 1 and 2 that the
guantity tt Coshould be constant. In Table 1 is tabulated this
quantity for the three nom nal 3.048m (10 feet) gauges of Figure
2 (gauges 2, 3, and 4). The values are indeed quite constant.
(For reference purposes the neasured gauge overpressures are
also shown in Table 1. From the standard deviations of the
overpressure neasurenents, conpared to the standard deviations
of the transit tine measurenents, the gauges appear to be nore
precise as "timng" gauges than as "overpressure" gauges.)

6.1.1.2 The energies (Qg) calculated for the calibration charge
fromthe timng data of guages 2, 3, and 4 give the val ues of
350, 230 and 180 kcals, respectively. The energy of the
calibration charge, from detonation calorinetry, appears to be
100 kcal. Two things are evident from these data: First, the
cal cul ated energies are too high by a factor of 2 or 3, and
second, the calculated energy is dependent on the position at
which it is neasured. Both facts are related at least in part
to the lack of a point source geonetry. Shock reflections from
the large steel plate behind the charge both shorten the transit
time and disturb the sphericity of the shock wave. This is borne
out by the reduction in calculated energy as the point of
measurenment is noved fromin front of the steel plate (gauge 2)
to the side of the plate (gauge 4). The inportant fact about
these data would seem to be that for a given geonetry and gauge
position, the data are quits reproducible. This inplies that
this calculational approach is valid even though absolute val ues
are not obtainable. In calculating energies for Susan inpact
tests by this approach, the situation is fortunate in that

i npact geonetry is reasonably the sane at explosion tinme. Thus
the requirenent of a reproducible geonetry seens to be net. As
with the calibration charge, different energies are calculated
for the inpact depending on the l|ocation of the gauge. The
scaling rules are different, however, gauge 2 now cal cul ating

*For the conditions cited, ¢ 1s a constant. This fixes the
val ue of tg,which in turn fixes the value of t¢ Cop.
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the |owest energy. This is undoubtedly due to the fact that

energy in a Susan inpact is expended much nore to the side (as
evidenced from camera observations).

6.1.1.3 A relative "point source detonation” energy is deter-
m ned by calculating Q for gauges 2, 3, and 4, and applying
scaling rules (determined by the average of many experinments)
to reduce the gauge 2 and gauge 3 values to that of gauge 4.
The scaled values of Q are then averaged (the advantage of this
procedure rather than using just one gauge is that occasionally
a gauge does not record or gives a spurious reading). The aver-
age value of Q is then cubed, and multiplied by an arvitrary
factor of 2.2 to give the arbitrary energy scale of Figure 4.
By these neans, then, the chem cal energy released by inpact

is expressed in terns of the point source detonation energy

whi ch would give an equivalent signal at the pressure—nonitoring
gauges.

7. Bl BLI OGRAPHY

7.1 "Point Source Explosion in Air, "HL. Brode, Rand Corpora-
tion Research, Menorandum 1824-AEC, Dec. 1956 (ASTLA Docunent
Nunmber AD 133030).
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| npact Test (Large Scale - Skid)
1. PURPCSE.

1.1 In this test a horizontal target plate is inpacted by a nass
of explosive at a pre-selected angle. Because the velocity of
this explosive at inmpact has both horizontal and vertical com
ponents, the test is comonly called the "skid test"”.

2.  APPARATUS

2.1 A wooden pole and crossarm12.192m (40 ft) high, is used to
suspend the tent vehicle from cables arranged as a bifilar pen-
dulum A second wooden pole of equal height is equipped with a
cables pulley and w nch capable of elevating the test vehicle to
a vertical height of 8.534m (28 ft). The test vehicle swings wth
its equator always horizontal. Figure 1 is a sketch of the test
arrangenent .

2.2 The test vehicle is an 27.94cm (11-in) dianeter hem sphere
of explosive weighing approximately 11.34kg (.25 Ib.) (In the de-
vel opment of this test during 1961, hemi spheres of explosive weigh-
ing 22.68kg. (50 Ib.) were used. Changeover to the 11.34 kg (.25
I b.) hem sphere was nade ca. April 1962). The explosive hem s-
phere rests freely in a wooden support ring. In assenbled con-
dition, the plane surface of the hem sphere is up and the curved
suface inpacts the target. The pendulum cables and the cable
for elevating the test vehicle are attached to the support ring.

2.3 The target is a rectangular concrete block, 76.2cm by 76.2cm
by 20.32cm (30 in. by 30 in. by 8 in.)thick, which rests on the
ground. The concrete base is topped by a 50.8cm (20-in.) square
steel plate, 6.35mm (0.250 in.)thick, cemented at a central |oca-
tion on the concrete by an epoxy resin (Permagile, or equal) and
sand m xture. The upper (target) surface of the steel plate is
coated with 50-70 mesh crystal-white silica sand which has been
previously silver plated to a thickness of ca. 1.27mm (50 p in.).
The sand is cenented to the steel plate with an electrically
conductive epoxy gl ue.

3. | NSTRUMENTATI ON

3.1 Two Fastax, or equal, 16mm 121.92 m (400 ft.) capacity,
caneras are used, one with a small field of view {shout 0.6096
bY 0.9144m (2 by 3 ft.)}, 250-nm f/4.5 lens, the other |arger
{about 1.8288 by 2.4384m (6 by 8 ft)}, 100-nm f/3.5. Both are
run at ca. 4000 franes/see with color film (H gh Speed Ektachrone,
or equal, daylight). Lighting is daylight plus a 60.96cm (24 in)
carbon are at a distance and eight FF 33 bulbs in two alum num
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foil boxes close in.

3.2 Four Ballistic Research Laboratory "lollipop-type” gauges
are nounted in two paths about 1.04720 rad (60°) apart. Each path
contains two gauges, one set at 9.144m (30 ft.) and one at 12.192
m (40 ft.) from the target. Al gauges are nounted 1.2192m (4 ft)
above the horizontal plane of the target. Signals from each pair
of gauges are fed into a separate 4-beam oscill oscope equi pped
with a 30.48m (100-ft.) 35-mm Fastax, or equal, streak canera
normal |y operated at 3810cmisec (1500 in./sec) film speed. One
pair of gauges is set to read large events, up to 11.34 kg (25 IDb)
HE detonation w thout saturation; one pair is set at a higher
sensitivity to record small events. A 1kHz square-wave tine
calibration signal is put on one of the beans in each oscillo-
scope. Data recored are pressure-tine traces of shock arrival

for pressure calculation using equations of state of air.

3.3 The test vehicle has a series of six, 0.1016mm (4-ml) wres
spaced 10.16cm (4 in. ) apart across the polar region of inpact

of the hem sphere and charged with 165 volts. Contact with the
silver-plated sand on the target grounds the circuit, creating

a tinme-zero signal which triggers a fiducial |ight source and two
osci |l oscopes: one dual-beam single-sweep (200 p sec/cm
Tektronix 55, or equal, and one single-beam single-sweep (50 p
see/cn) Tektroni x 545, or equal.

3.4 3.4 The fiducial light source is a small wire-filled flash bulb
(exact type uninportant) fired by a capacitor discharge, ca.
1 pf at 2 kv. Until June 1963, a snall detonator was used to

provide the optical time zero in the fields of view of the
caneras. test show that a nore prompt (< 1 p sec flash is
produced by the capacitor discharge; the flash bulb actually
burns nuch later.

3.5 A barium titanate crystal (Arny Odnance "Lucky” type),
buried in the concrete target pad, yields a reaction signal which
is read on both the single and dual -beam oscilloscopes. A photo-
di ode responds to light generated by explosive action and its
signal is displayed on the dual -beam oscilloscope. The crystal
and the photo-diode signals yield times that are not in agreenent,
the crystal signal being ca. 200u sec earlier than the |ight.

3.6 Figure 2 is a schematic drawing of the instrunmentation.
4. TEST PROCEDURE

4.1 The target plate and base are positioned on the ground so
that the test vehicle wll inpact it at the chosen angle.
Several angles have been tried ranging between 0.12217 and
1.32645 rad (7° and 76°) (angle between tangent to arc of flight
and the hoizontal, at tine of inpact). Current procedure is to
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test at 0.24435 and 0.78540 rad (.14° and 45°), chosen to yield
ratios of horizontal to vertical velocity velocity vectors of 4/1
and 1/1. User considers a 0.24435 rad (.14°) inpact to be the
nore severe test.

4.2 An explosive hem sphere is placed in the support ring and
the test vehicie is elevated, renotely, to a chosen vertical
height. Standard test heights are spaced in ten equal |og
increments of 0.15 (where log of 10 ft is 1.0) from 0.381 to
8.5344m (1.25 to 28 ft.) The first drop height is chosen one
increment (0.15 log unit) below the height where a reaction is
expected. The test vehicle is released on actuation of the
rel ease gear by the test operator. Since the pendulum cables
provide no restraint to lateral notion (sway) due to wind, the
operator exercises his judgenent as to the proper release nonent.
By visual observation he decides when the test vehicle should
swing in the proper plane to inpact centrally on the target.

4.3 Successive drop heights are chosen shove or below the
previous drop depending on whether the previous test was a "no-
go" or a "go". A fresh explosive charge is used for each drop.
The high cost of the test has restricted the nunber of trials
such that no statistical treatnent has been attenpted. Generally
the heights are chosen so that results wll indicate points where
a change in response of the material can be expected.

4.4 Data recorded includes drop height, angle of inpact, air

bl ast pressure, time |lag between inpact and reaction, and a

film record of the event. Data analysis is concerned principally
with determning an ordering of the reaction.

4.5 Useful information is derived principally from the filns
and supported by the blast gages and light signals. User has
not yet been able to correlate the tine to reaction to any
variable (partly because user has not yet |ooked at the data
with aa "statistical" eye). The tinme of reaction has never been
much under 500 p see nor nore than 1500 p sec. The reactions
are classed fromO to 6, as follows:

0 - None

1 - Burn or scorch marks on H E. or target, no puff of

smoke in high-speed filns nor response from other instru-

ment s.

Puff of snoke but no flanme nor light visible in high-

speed filnms. May be accconpanied by burn or scorch

marks on H E or target and perhaps sone Lucky re-

sponse, but no positive photo-di ode response.

3 - MId loworder reaction, with flame or |ight; detectable
pressure; mnor portion of H E. is consuned, rest may
be wi dely scattered.

N
1
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4 - Medium loworders with bright flane or light, low to

noderate pressure, major part of H E. consuned, rest
should be wdely scattered; it may seem in chanber or
by observation, to be a strong event.

5 - Strong reaction, noderate to high blast pressure, bright

6 -

4.6 User

[ight but not brilliantly white to film saturation; all
or virtually all H E. consunmed. To an onl ooker wll
be indistinguishable from full detonation. In terns of
bl ast damage, sound and scatter of debris may seem to
or actually be stronger than 6 (detonation).

Detonation, nostly characterized by brilliant white

light, saturated film one or several frames (can’t be
di stinguished by direct viewwng of the event) and high
bl ast pressure.

has not determ ned conclusively whether 6 is a true

detonation or an extrenely fast, violent deflagration.

4.7 Some

METHOD 11

test results are shown in Table 1.
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MVETHOD 12
ADI ABATI C SENSI TIVITY TESTI NG

1. AD ABATIC SENSITIVITY TEST

1.1 Tests are performed on an Adiabatic Sensitivity Testing
Machi ne, or equal, described in Figure 1. Wights of 2.5 and 5.0
kg are available for inpact on the air conpressing piston.
Sanples are press-loaded in sanple holders as described in 2.1.

1.2 A 50% sensitivity height (centimeters) is calculated on the
basis of 25 shots at 0.05 log height intervals. The sanple size
is approximately 1 gram and is press-loaded into the sanple hol d-
er. Positive stops are fixed to the loading tools to insure a
constant explosive height of 9.525 + 0.0254nm (0.375 % 0.001
inches). Explosive weights are adjusted to give the required

| oading density. In general an explosive will be tested at the
munition loading density. A detailed operation procedure, drop
hei ght sequence selection of gap sensitivity test heights, pre-
paration of sanples, and an exanple of sensitivity calculations
are included in the follow ng sections.

2. PROCEDURE FOR ADI ABATIC SENSITIVITY TESTING
2.1 Sanmple Preparation.
2.1.1 Press Loaded Conpositions

2.1.1.1 dean sanple holder with 1,1,1-trichloroethane followed
by an acetone rinse. Dry thoroughly.

2.1.1.2 Wigh the required sanple on an analytical balance.
2.1.1.3 Pour sample in holder and conpress to stop on loading ram

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

2.1.2 Castable PBX Systens and OQther Fluid or Sem-Fluid Systens.
2.1.2.1 COean sanple holder as specified in step 2.1.1. 1.

2.1.2.2 Cast, extrudes press, or otherwse |load a quantity of
material in the sanple holder to the required density.

2.1.2.3 Machine excess to a depth of 25.4 + 0.0254mm (1
0.001 inch) wusing a reaner by appropriate explosive nachining
operation. Explosive sanple height should be 9.525 % 0.0254mm
(0.375 = 0.001 inch).

1 VETHOD 12
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2.1.2.4 Twenty-five sanples are required for test. Extra
sanples nay be required to establish a starting point.

2.2 Machine Qperation.

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

2.2.2 Ensure safety stops are operable and in the |oading posi-

tion. (In position to prevent weight from inpacting on sanple
hol der) .

2.2.3 Engage vacuum plate and raise weight to starting position.

2.2.4 Install loaded sanple holder with desired raniexplosive
gap in nmachine-ensure pressure relief holes are in alignnment
and wood barricades are in good condition.

2.2.5 By renote control, wthdraw safety stops and permt weight
to inmpact on pressure ram

2.2.6 Gear machine by raising weight and reinserting safety
stops. Renove sanple holder, Sanple may or nmay not have been
conpl etely expended. Soak holder and piston in acetone to |oosen
pi ston and dissolve explosive residue.

2.2.7 Carefully renove piston from sanple holder and clean.

2.2.8 Discard sanple holder in explosive contani nated scrap.

2.2.9 Do not retest or reinpact any sanple test holder.

2.2E10 Record results. A failure to fire is recorded N, a fire
as E.

2.2.11 Repeat Steps 2.2.2 throught 2.2.10 for each of the 25
sanpl es.

2.2.12 Pistons should be charged when the surface is scored
from the shot and nust be cleaned between shots.

2.3 The initial gap selected is largely dependent on the sensi-

tivity of the material to he tested. Wth unknown naterials,

a mnimm gap of 1.5748mm (0.062 inch) should be selected on

first trial, up to the limt of the machine. If within the limt
of the machine the sanples fail to detonate, a |larger gap nay

be selected. The gap should be selected in increnents of 1.5748

mm (0.062 inch). This process or selection of gap should proceed
until a drop height is established with the smallest gap that wll
permit the sanple to detonate. Wwen recording data, it is inport-
ant to also record the gap used for any given trial.

VETHOD 12 2
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3. RECORDI NG AND CALCULATION OF RESULTS
3.3 Data Sheet.

3.1.1 Record on data sheet (Figures 2 and 3) information required
at heading for each set of sanples to be tested.

3.1.2 Record drop weights results on data sheet (E or N. Record
mul ti pl e detonations or other abnormal conditions on back of data
sheet indicating height level at which event occurred.

3.2 Calculation of Results.

3.2.1 Calculation of the 50% point (Figure 4) is done by either
of the follow ng nethods:

If A&E is the smallest, use
50% pt. = (lowest nornalized ht) + (nornmalizing intervals) a4 AE

. a E
log interva

If Ais smallest or if AE and & N are equal, use

a AN
50% pt. = (lowest normalized ht) + (normalizing interval) g \tLog in-
terval

3.2.2 \Wen reporting a 50% pt, the following information is also
required.

a. Gap (space between raam surface and explosive surface)
b. Drop weight size

C. Loadi ng net hod

The above equation is described in detail in Applied Mthematics
Panel Report 101:1R, Statistical Analysis for a New Procedure in
Sensitivity Experinents 1945-1948 and in general in the analytical
method used in the Bruceton Inpact sensitivity test. Normalized

| og heights are shown in Table 1 for a common |og interval of
0. 05.

4. DEFINITION OF TERMS
4.1 Schematic of test - see Figure 1.

4.2 509% pt. = Adiabatic sensitivity of the sanple |ot under test
condi ti ons.

4.3 Lowest nornalized ht. = log value of the |owest height used
in the run of 25 shots.

3 METHOD 12
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4.4 Nornmalized interval = the difference between |og hts.

4.5 A = level of the step height (the |owest 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 = nunber of explosions at a given A |level.

4.7 N = nunber of non-explosions at a given A |level.

4.8 AE = Atimes E

4.9 AN = A times N
TABLE 1. Inpact Sensitivity Test Heights.

Level |Height, Log Level Height, Log
cm height cm height

0 4 0.6051 19 40.5 1.6051
0.5 4.5 0.6551 20 u5 1.6551
1 5 0.7051 21 50.5 1.70651
2 6 0.7551 22 57 1.75851
3 6.5 0.8051 23 64 1.80351
y 7 0.8551 24 71.5 1.8551
5 8 0.8051 25 80.5 1.9051
6 9 0.,9551 26 SQ 1.8551
7 10 1.0051 27 101 2.0051
8 11.5 1.0551 28 113.5 2.0551
9 12.5 1.1051 29 127.5 2.1051
10 14.5 1.1551 30 143 2.1551
11 186 "1 1.2081 31 160.5 2.2051
12 is 1.2551 32 1840 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 & AE = sunmmation of AE val ues.

4,11 a AN = summation of AN val ues.

4,12 aE = total nunber of explosions.

4,13 &N = total nunber of non-explosions.

4.14 Air gap - the distance between firing punch face and expl o-

sive surface. See Figure 1.

VETHOD 12 4
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4.15 Loading density - normally the explosive sample will be
| oaded by the same nethod and to the sane density as expected in
the service nunition.

4.16 Non-inpact punch - A punch so ground to length that nachine
stops preclude the punch from inpacting on the sanple. In the
NEDED machi ne and sanple holder design, the length is 2.54cm
(1.000 inch) from shoulder to face of punch.

4.17 lInpacting punch - A punch of sufficient length to inpact on
the explosive sanple. In the NEDED nachine and sanple hol der
design, the length is 3.175cm (1.250 inches).

5. ADIABATIC SENSITIVITY MACH NE, DROP HElI GHT SEQUENCE

5.1 Use the starting height and conditions designated on the data
sheet, or select one in the range where the 50% pt is expected.

Go up 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 down the height scale sequence
until a non--explosion occurs. Exanple: Wen an explosion
occurs, go down one step height, continue down in step increnents
until a non-explosion occurs, then proceed up in step increnments
until an explosion occurs. Repeat up and down through expl osions

and non-expl osions until sanple of 25 has been conpleted. Calcu- Cal cu-
|ate 50% pt as specified in Section 3.

6. GENERAL COMVENTS

6.1 The nunber of variables in this test nake it inperative that
a standard procedure be established and followed for | oading
sanpl e holders and conducting test runs. The test is designed to
show worst conditions; a sanple tested in this machine may be, in
fact, less sensitive when tried in the actual nunition but not
the reverse. Finally, it is expected to show an ordered ranking
of sensitiity to this stimulus. The ranking of explosives by
this test nust also be judged by other sensitivity tests.

5 MVETHOD 22
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FIGURE 1 - ADIABATIC SENSITIVITY TEST MACHINE.
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DATE RUN NO, DATE RUN NO
GAP DENSITY GAP DENSITY
MATERIAL MATERIAL
REMARKS REMARKS
. am . L M an A AE KPS - AE
HtfENJHLE/N HYE|NJAL Or HijENyHT JE/N H {EJN Or
AN AN
50% Ht 50% Ht
FIGURE

2 - SAMPLE DATA SHEET.
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DATE ROOM TEMP SAMPLE TEMP
EXPLOSIVE GAP IN.
Ht E/N LO/HO* Ht E N A AN
50% Ht cm

*A “LOW ORDER"” (L.O) 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.

FIGURE 3 - 1ST REVISION TO DATA SHEET, REQUIRED FOR PBXW-106
TYPE EXPLOSIVES.

METHCD 12
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DATE: 21 JUN 1966 RUN NO.: L
) 3 anmrims = c17e. THRU 20-MESH U.S. STANDARD SIEVE
sSCooP NO. e PAR T IL LR SI&E . D WS, ST INVD
MATERIAL: __(TYPE OF EXPLOSIVE)
E< TN USE:
REMARKS: ——INCE_LE<1
e it e rfﬂE
50% ht. = (LOWEST NORMALIZED ht.) + (NORMALIZED INTERVALD) ng,. 0.05
0 % 85
LEVEL| E/N ceverl E N A F
19 N 19 2
20 N 20 ; 4 g g
2 E 21 2
20 E 22 2 1 4 8
19 N 23 1 0 5 5
20 N
21 N 12 13 - 32
22 | _E
21 | E
izs;L E LOG.50% HT = 1.5551 + 0.05 (32/12-0.05)
1‘: : = 1.5551 + 0.130
TR - 1.685
E
C "f"g T N FROM TABLE B-1:
i? 2 ANTILOG 1.685 = 48.4 CM
g? : . 50%HTIS48.4CM
22 N
23 E
22 £

FIGURE 4 - EXAMPLE OF DATA SHEET.
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METHOD 13
THERVAL DETONABI LI TY TEST
1. PURPGCSE

1.1 The small-scale cook-off bonb (SCB) was used to study the
dynam c thermal characteristics of explosives when confined wth-
in a closed container subjected to a rapid increase in tenpera-
ture. This technigue was considered as a possible prelimnary
test that would be perforned before enmploying a full-scale
vessel in a fast cook-off test.

2. APPARATUS

2.1 A schematic diagram of the basic body of the SCB is shown
in Figure 1. The body of the bonb is a steel gas-generator
canister from an aircraft rocket.

2.1.1 The outside wall of the body is first covered with a single
layer of 0.127mm (0.005 inch) thick mca. This preents the
heating ribbon from being shorted out by the underlying netal.
Then, 3.47472m (11.4 feet) of TOPHET-A, or equal, nickel chrome
ri bbon {width 3.175mm (0.125 inch), thickness 0.14224mm (0. 0056
inch), 0.880 ohns\0.3048m (0.880 ohns/ft)} is carefully wound
around the mca-covered exterior wall, spacing the ribbon so
that there are no shorted junctions. The ribbon should indicate
a resistance of 10 ohns. A single layer of glass-type string is
applied over the ribbon to prevent the ribbon from noving and
possi bly shorting itself. Provision nust be nmade for attaching
the heating ribbon to a 110-volt line, with the necessary off-on
safety switch. The body is insulated by applying a 6.35 to 12.7mm
(0.250 to 0.500 inch) thick wapping of asbestos ribbon, which
is 3.81cm (1.5 inches) wide and 1.778mm (0.07 inch) thick. The
bottom and top of the bonb are not insulated. A ground wire is
attached to the bottom of the body. Wen ready for testing,

the closed container isplaced on a 19.05mm (0.750 inch) thick,
0.6096m (2 foot) square steel plate, and a 19.05nm (0.750 inch)
steel plate {~0.3048m (~1 foot) in dianeter} is placed On top O
t he bonb.

2.2 The basic bonmb nay be altered so that additional information
can be obtained. If internal bonb tenperatures are required, a
hole is drilled and tapped in the bottom center of the body.

A stainless-steel compression fitting is inserted that wll
accommodate the desired nunber of thernocouples. Additional

t her nocoupl e beads can be welded onto the outside top and bottom
areas that are not isxulated. The tenperature-sensing probes are

1 METHOD 13
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made of 24-gauge type-K (chronel -alunel) thernocuople wire.
Tenperature data can be recorded on any indicating device, strip
chart recorder, or data acquisition system

2.3 If internal pressure data are desired, a 0-6894757. Pa
(0-1,000 psi) pressure transducer is installed. A hole is drill-
ed and tapped in the cover (lid) of the bonb and the transducer
is installed, with provision nade for recording the data.

2.4 Before starting the test procedure, the thernocouple (TC
probes should be in position. The locations of TC 1, 2, and 3
are indicated in Figure 2. Additional internal |ocations could be
at the quarte radius of the explosive, top surface of explosive,
and the area above the top surface. A protective |ayer of tape
is used to cover the threads of the body. In required, and inner
liner is applied to the inside walls and bottom of the body,

and the sanmple is cast or nelted inside the container. The tape
is renoved and the threads are inspected for any explosive
contam nation, which should be renmpbved. The cover is screwed
onto the container with care. The thernocouple (and possible
pressure transducer) connections are nade to their respective
data-recording instruments. The closed container is placed

on a steel plate, and a smaller steel plate is positioned on
top of the bonb. The steel plates will cause the bonb fragnents
to travel in a fairly horizontal direction. After all personnel
take shelter within a protective structure, full power from a
110-volt line is applied to the heater. The size and nunber

of fragnments wll indicate the type of reactions i.e., deflagra-
tion, explosion, or detonation. The recorded data are reduced
and plotted as desired.

2.5 The snmall-scale pressure bonb (SPB) setup has been used in
deconposition and explosive aging studies. Al itens but one
were readily purchased and then assenbled for operational use.
The exception was the heating block, which was nachined from a
13.97cm (5.500 inch) dianeter piece of solid cylindrical

al um num stock. An alternate approach would be to utilize a
commercially available vertical furnaces band heaters, or a
heating ribbon.

2.5.1 A schematic diagram of the SPB setup used is shown in
Figure 3. The sanple container is a Parr No. 4712, or equal,
45-m T303 stainless-steel GP bonb wth an A7AC7 head. The over-
all length of the bonb is Il.684cm (4.6 inches). Two additional
itens are required for the basic bonb configuration; the

Mat heson No. 939-SS, or equal, diaphragm valve and the Matheson
No. 63-5307, or equal, precision pressure gauge. The three
itens are connected to each other so that |eakage wll be
elimnated. Two SPB setups can be placed in each alum num
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heating bl ock. However, due to the size of the gauges and

the linmted operational area on top of the heating block, it is
necessary to use additional metal piping on one bonb so that

one gauge will be located just above the other. If it is desired
to have both gauges at identical heights above the body of the
bonb, the gauges may be placed back-to-back, using a mrror
arrangenment to read the dial of the rear gauge.

2.5.2 Two cartridge-type heaters are used in each heating block.
The heaters are 19.05nm (0.750 inch) OD by 8.89mm (3.500 inches)
long and are rated at 250 watts at 120 volt-s. These specifica- These specifica-
tions are not critical, as the desired tenperature setting is
mai ntained by an off-on type of controller such as a Brown
Pyrovane, or equal, or a tine-proportioning controller such as a
Wel l co, or equals (Barber Colman) Capacitrol.

2.5.3 Al thernocouple wiring is made up of 24-gauge Type-K
(chronel al unel) thernmocouple wire. This includes the control

t hernocoupl e probe 7.62cm (3 inch) depth in the center of the
heati ng bl ock, and the bonb-tenperature. probe 5.842cm (2.3-inch)
depth adjacent to each well that houses the bonb.

2.5.4 The heating block is insulated by applying a 12.7nm
(0.500 inch) layer of asbestos ribbon around the side of the

bl ock and attaching a 3.8lcm (1.500 inch) thick asbestos pad

on the bottom Additional insulation is provided by placing

the conpleted assenbly within a box or cylindrical-type enclosure
of asbestos, or simlar type of insulating nmaterial. An insul a-
tion-type cover is placed on top of the enclosure, allow ng the
gauges and valves to be readily accessible above the enclosure.

2.6 Before starting the test procedure, the interior of the
bonb and the piping should be thoroughly cleaned and dried, and
each SPB setup should be tested for any |eakage. Also, the heat-
ing block assenbly should be checked out at the desired tenper-
ature setting; this will indicate if the controller and heaters
are working properly.

2.7 The body of the bonb should be only about one-half full wth
the sanple, which is to be weighed accurately. After the bonb is
| oaded and assenbled it is positioned within the well in the
heati ng bl ock. The block is placed inside the insulated en--

encl osur e.

2.7.1 The pressure and tenperature data should be recorded at
| east once per working day. If desired, the tenperature of the
bonb can be recorded continuously on a strip-chart recorder. A
gas sanple may be obtained by tenporarily attaching an evacuated
sanple cylinder to the pipe extending from the diaphragm val ve.
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This valve, and the valve on the sanple cylinder, opened

to obtain the gas sanple and then both are closed securel ybefore
detaching the sanple container. The gas sanple nay be analyzed
by the mass spectrophotoneter or the infrared spectrophotoneter.
Instead of wusing an evacuated sanple cylinder as a transfer
medium the gas sanple may be transferred directly from the

SPB to the mass spectrophotoneter. The initial gas sanple

shoul d be taken imediately after the setup is nmade or 1 day
after the start of the test, then at specified periodic inter-
vals. It is necessary to record the pressure within the SPB
before and after each gas sanple is withdrawn. At the conpletion

of the test the residual sanple may be analyzed by convenient
t echni ques.
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FIGURE 1 - SCHEMATIC DIAGRAM OF BASIC BODY OF SMALL-SCALE
COOK-OFF BOMB (SCB).
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MVETHOD 14
SHOCK NI TIATION SENSI TIM TY

1. | NTRODUCTI ON

1.1 Wen a high explosive (HE) is subjected to a one-dinmensional
shock of long duration at a pressure soneshat below it detona-
tion pressure, then the shock can travel an appreciable distance
into the HE before transforming to a full detonation wave. The

| ower the pressure of the initial shock, the l|onger the distance
and time of run till full detonation. At a given pressure, the
shock sensitivity of HE will be indicated by its run distance,
the nore sensitive HE having shorter runs (so long as the initial
pressure does not approach the detonation pressure). A series of
shots at varying pressures provides a pressure sensitivity pro-
file for the HE

2. EXPERI MENTAL

2.1 The test HE is formed by an appropriate nethod into a square-
based triangular wedge in the shape of an inclined plane. The
angle of inclination nust be kept small enough to mnimze rare-
factions as the shock wave exits the upper surface. The maximum
useful inclination angle is 0.52360 to 0.61087 radians (30 to 35
degrees) for HEs with short reaction zones. (For various reasons
of conveni ences 0.39270 Radians (22 degrees, 30 mnutes), has
been enployed at Pantes.) Because of the low length to dianeter
ratio (L/D) of this configuration, neither dianmeter nor confine-
ment need be considered. Extinction due to edge effects cannot
occur wth such a small L/D. Any HE which cannot achieve deto-
nation wthout strong confinement is not adaptable to the test
in this particular form

2.2 The donor system supplies a planar shock to the base of the
wedge. At the thin end (toe), the shock imediately begins to
energe from the wedge through the top surface. The l|locus of the
shock front on the top surfaces indicated by a distinct change
in reflectivity. A rotating mrror streak canera is used to view
the top of the wedge and obtain a distance-tinme record. Illum -
nation is provided by an Argon flash bonb of the type used at

Law ence Livernore Laboratory.

2.3 The planar shock is provided by a donor based upon an ex-

pl osi ve plane wave lens (PW). An 20.32 cm (8-inch) dianeter
system (P-081, or equal is the smallest that should be used for
any size wedge and is easily useful wth wedges as |large as 10.16
cm (4 inches ) on the base. Materials requiring 12.7 to 17.78cm
(5 to 7-inch) wedges require a P-120, or equal, lens. Because

of differences in pulse duration, all shots in a conparison test
series should be fired with lenses of the sanme size. For a part-
icular shot, the desired shock pressure is obtained by a conbi-
nati on of booster HE and the attenuator plates on top of the PW.
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The PW., booster, attenuators, and wedge are bonded together

by very thin layers of diluted polyurethane elastomer. The

final attenuator plate nust be of a nmaterial whose Hugoni ot Equa-
tion-of-State (HES) is known. The output pressure from this plate
nmust be nonitored, Probably the nobst accurate method involves
observing the free surface velocity by an optical neans (this
requires polishing the surface and, if necessary, adding a reflec-
tive coating). A thin wire suspended above this surface and ill-
um nated by collimated |ight can be used to cast a shadow on the
refelective surface. As the surface nobves, the shadow appears to
travel at twice the surface velocity. A 0.127mm (0. 005-inch)

wire suspended on 6.35 to 12.7mm (0.250 to 0.500 inch) thick

Pl exi glas blocks works quite well. A very good collimted Iight
source consist of an exploding bridgewire IEBW placed at the
focal point of a collimating lens. The EBW should be inmersed in
a fairly dense, transparent liquid such as E3 Freon, or equal.
Wth a good light source and a well polished surface, it is often
possible to observe the spray from the surface directly. On
shots where this occurs, data from the direct observation should
be given precedence over that from the reflected wre.

2.4 CQutput pressure can also he neasured by various pressure
gages but usually their accuracy is not so good as that of the
free surface neasurenent.

2.5 The experinent is easily arranged so that the free surface
observation appears on the sanme streak canera record wth the HE
wedge surface.

2.6 A schematic of the setup with typical paranmeters is shown in
Figure 1. A list of sone donor systens is given in Table 1.

2.7 A framng canera record (interframe time of about 0.5 psec)
is also obtained to provide qualitative information.

3. EQUATI ONS

3.1 As seen in Figure 2, the distance the shoc has traveled
into the wedge (Y) is related to the upper surface distance

(Y) by;

Y = Y,sin a

which is seen on the filmas R

R = M, cos, (g-a), M=magnification

so
sin a (1)

_ R
Y =W Tos (g-a)
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The shock velocity is then given by:

U - dy _ dR sin @

W sin o (2)
s dT ~ 4T M cos (8-0)

¥ cos (6-a)

L
dx

wher e
W=canmera witing rate and _
dR/'dx = slope of trace on film (see Figure 3).

By simlar argunent, the free surface velocity of the final
plate (U, is given by:

Y . 1 ¥ Tan C . ¥ Tan D (3)
fs © 2 M sin 6 M sin ©
wher e
Tan C is the slope of the wire shadow trace on the film and

Tan D is the slope of the surface spray lines.

Unless it is known to be otherwise for the nmaterial in uses the
approximation that U= 1/2 U_is used.

As stated earlier, the HES for the final attenuator nust be
known. For nost materials it is possible to wite this as a
linear relation between shock and particle velocities:

U.L . A+BU
1 Py .

From the streak record, the initial shock velocity in the wedge,
U U can be determned.

Then:; (4)

4 BU +_ A + 8] 2,2 + 2 +8p.p BU U +2p
U, = Py Py Py Py So = P4 PyUse LW pyTs, o
" .

e

Subscript 1 refers to the attenuator, w refers to the wedge.

Finally,the pressure transmtted to the wedge is

P =10p U U
w W s_ P
o w

Pin kilobars; U, Up in nmpusec (5)
4, ANALYSI S

4.1 The streak record is converted to digital data by reading it
on a precision x-y conparator The reading increnments at Pantex
are usually of the follow ng order:
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Shock Wave in Wedge: 50- 100pm of real travel
Attenuator Free Surface: 0.02-0.05 wpsec

4.2 4.2 The free surface data is linear over a very w de range,

making it easy to calculate the derivative and thus the free
surface velocity.

4.3 The wedge trace is nore conplicated. There is usually an
initial region of constant or slowy changing derivative. The
initial derivative nmust be estinmated reasonably well, for it
represents Ug , which is necessary to calculate the transmtted
0

pressure. The behavior of the rest of the trace is dependent
upon the nature of the HE being tested but two broad categories
serve well for discussion.

4.4 Standard HE Wth Odinary Binder; these HES usually display
little acceleration until a transition zone occurs. This is
usually a short zone of rapid acceleration ix-i which th transition
to detonation occurs. The HE quickly reaches its stable deto-
nation velocity and acceleration ceases. There is usually a

di stinct point where the shock front beconmes |um nous and this

is termed the point of detonation. A distance (DD) and time (TD)
to detonation can be clearly neasured.

4.5 HE-Xidi zer-Fuel Conbinations; these materials wusually do

not display a distinct detonation point or even a transition zone.
Instead, there is a long period of acceleration in which a stable
velocity is approached alnost asynptotically. Lumnosity may
increase quite slowy. It is still possible to study detonation
behavi or as a function of pressure, but description of the
transition to detonation involves ranges of tine and distance
rather than distinct values Wrk on an HWMX-amoDni um perchl orate-
al um num system showed that such an HE can display two such
gradual trasitions with velocity steps in between.

4.6 Calculations; Wth the nore ordinary nmaterials it is usually

sufficient to determne U, the tine and distance to detonations
0

and the final detonation velocity. The first and the latter are

usual ly easily determned by plotting the R T data, visually

locating linear segnents, and applying |inear regression.

4.7 The nore exotic systens are not so easily studied and may
exhibit interesting structure throughout the trace, making com
plete analysis desirable. Experience wth digital filtering
indicates that it is a very powerful tool for obtaining a con-
ti nuous velocity profile from this type of record.
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5. | NFORVATI ON  DERI VED

5.1 Wth standard type HEs, a series of shots at varying
pressures provides a relationship between transmtted pressure
and delay to detonation. It has been found enpirically that
str5ainght lines usually result fromlog-log plots of transmtted
pressure versus tine to detonation, distance to detonation, and
excess transit time (XSTT = TD - DD Uwhere U,is the final
detonation velocity).

5.2 Those materials wthout distinct detonation points usually
di splay an area of maxi mum shock acceleration which can be used
as a substitute for purposes of conparison of sensitivity. |If
consistent stable detonatiOn velocity (u,) is observed throughout
a test series, then a total XSTT can be cal culated on each shot.

by sinply measuring R and T at sone point after U has been reach-
ed. Tehn XSTT = T =R/'U,, A log-log plot of this XSTT against
transmtted pressure should behave nmuch like that for standard
HEs. For HEs which do not exhibit normal detonation, the con-

ti nuous shock front velocity history can provide insight con-
cerning the sequence of events leading to detonation or to fail-
ure. In additons both the streak and fram ng canmera records

can yield indirect evidence of reactions taking place well

behind the shock front. In fact, with the HWX- AP-Al-bi nder system
referred to above. (4.5) this was the key to the discovery of its
two-1 evel reaction sequence.

5.3 As seen in the Equations Section, U and a corresponding UP
0

are determned for the test HE on each shot. After several shots,
these points can be used to describe a so-called unreactive HES

in terms of U-Urelationship. This permts quite accurate

estimation of the pressure that any known donor would transmit to
t he HE.
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T 1 ( S ed ant e
Booster Attengator(s) pressu;:imMPa(kbars)
2.54cm (1 1inch) Thickness, Cutput Input to
thick Material em(in) PBX-9404
CB-3 Aluminum (2024)}11.27(0.500) {25000(250) }13000(190)
TNT Aluminum (2024)11.27(0.500) 118500(185)113500(135)
LX-04-1 Brass 2.54(1) 27000(270) }10500(105)
CB-3 Brass 2.54{(1) 24500{(245) 8500 (985)
Baratol Brass 1.27(0.500) |18000(180) 6500 (865)
Baratol Plexiglas 1.27(0.500)
Brass 1.27(0.5300) {15000(150) 5500 (55)
Baratol Aluminum(2024) |2.54(1)
‘ Plexiglas 1.27(0.500)
Brass 1.805(0.750)10000(100) 3500 (35)
Baratol Brass 1.27(0.500)
Plexiglas 1.27(0.500) |
Brass 1.27(0.500) }|6000(60) 1900 (13)
Baratol Brass 2.54(1)
Plexiglas 2.54(1)
| | Brass }1.27(0.500) |5500(55) [1700 (17)
NOTE: Al systens enploy a P-081, or equal, plane wave |ens.
Al'l boosters and attenuators are 20.32cm (8 inches) in dianeter.
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FIGURE 1 - WEDGE TESTSET-UP.
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METHOD 15
Snear- Canera Techni ques

1. | NTRODUCTI ON

1.1 Bassically, a snear canera is an instrunment which records
continuously (as contrasted with intermttent recording, as in
a framng canera) the changes of light intensity along a line,
as a functiuon of tinme. Using a detonating cylinder of explosive
as an exanple, the nodes of enploynent of the canmera can be
divided into three groups according to the orientations of the
camera slit and optical axis to the axis of the explosive charge:
(1) velocity mneasurenent slit parallel to cylinder axis, canera
optical axis normal to cylinder axis; (2) tine-of-arrival neas-
uernent slit perpendicular to cylinder axis, canmera optical
axis parallel to cylinder axis: and (3) profile shot slit and
camera optical axis perpendicular to cylinder axis. It is this
fundanmental property of resolving in time the changes of 1ight
intensity along the slit that nakes the canera so useful.

1.2 Cenerally, the nethod of enploynment of the canmera is

rather straightforward, as in the determ nation of the detonation
rate in a cylinder, or a slab of explosive. Even here a few
"tricks" can be applied to inprove significantly the quality

of the record. These inprovenents often produce acceptable
records yielding data that otherwise would not have been obtain-
ed. The problem in snear canera photography can be sinply
stated: how can one cause a phenonenon,such as a shock wave,
to produce light intensity changes (and thus signal its |ocation)
of sufficient magnitude to permt the canera to record the
change? bviously, if the slit is aligned in the desired manner
along the path to be followed by the phenonenon, a position vs.
time record is obtained, channels, judiciously placed, could
produce highly accurate space-tine data. This nethod has found
a great deal of use in obtaining experinentally determ ned
equation-of-state data for solids fop pressures ranging into

the hundreds of negapascals (kilobars) 6.1.

1.3 A variant of the shocked-argon system is to use plastic
m croball.eons glued to the surface under observation. This
nmet hod hasalso found utility in equation-of-state work on
solids 6.1.

2. LI GHT- REFLECTI ON SYSTEMS

2.1 For events that are not self-lumnous, sone external intense
light source is required such as an exploding wire, 6.5 or
shocked argon gas 6.4. The light, reflected off the surface to
be studied, acts as a nass-less probe, interposing no interfer-
ence wth phenonena being observed. Apparently first used

in 1953, 6.5-6.7. W have found this systemto be the basis of one
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of the nost useful techniques to be enployed with the snear
canmera. For exanple, Figure 1 shows the arrival of explosive-
generated shock waves at the free surfaces of alumnum and steel.

The sharp change in light intensity clearly and instantaneously
depicts the arrival of the shock wave at the surface. The de-
licacy of this system can be appreciated by noting the results
obtained with steel, where the pairs of parallel lines are

interpreted to indicate the arrival at the free surface of the

faster-noving elastic wave ahead of the slower-noving plastic
wave .

2.2 W have expanded the light-reflecting technique, for use
with nonreflecting or poorly reflecting materials, by enploying
a thin 15.24 pm (0.0006-in) alumnized plastic (M/lar, or equal
film By placing the 2.54 pum (0.0001-in) thick alumnum |ayer
against the surface to be studied and view ng through the trans-
parent plastic, such surfaces are rendered highly reflective.
Attachnment of the plastic filmto the surface is acconplished by
adding a drop of water between the surface and the film then
pressing the film gently to renpbve the excess water. (The add-
ition of a small anmount of a surface-tension-di mnishing deter-
gent to the water is beneficial in this connection.) This system
has found considerable use in this Laboratory in studying such
processes as the build-up to detonation of an explosive under
shock | oadi ng.

3. SHADONGRAPH SYSTEMS

3.1 Wen reflected light is neither practical nor desirable,
ordi nary shadowgraph techniques are used. For exanple, Figure 2
contains a shadowgram of the detonation of a thin slab of ex-
plosive imersed in water, from which highly accurate space-
time data can be obtained. If the detonation wave noves nornal
to the explosive-water interfaces by extrapolating the resulting
wat er -shock velocities back to that interface, proper data can
be obtained to permt a calculation of the Chapman-Jouguet
pressure of the explosive 6.10.

3.2 A variant on this schene is to place the light source and
the canera on the sane side of the phenonmenon under study.
Behind the experinmental subject is placed sonme highly reflecting
material which is viewed by the canera. As the experinent pro-
gresses, the reflected light is nodified (or even extinguished)
by either a shadow or a light-refracting nechanism (such as a
shock), and thus space-tine data are obtained. Various |[ight-
reflecting systens have been used Successfully such as mrrors
or wwres 6.11. (Scotchlite reflectors have been used in framng
camera shadowgraph photography. The authors have found no
references to such use with a snear canera, but can see no
reason why it should not be applicable.)
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3.3 Wien exceedingly small changes in light intensity are
encountered, schlieren light systens are useful.6.12 W have
used it to photograph the extrenely weak shocks transmtted

in Plexiglas, or equal by an exploding wire Figure 3. In a
simlar manner, by placing the entire optical system (light
source, canera, knife edge, etc.) on the sane side of the sub-
ject, a schlieren picture with reflected |light can be obtained.
W have recorded very lowanplitude, low velocity waves in solids
in this manner.

3.4 Streak interferonetry is another variant of shadowgraph
techni que which can be a powerful tool for studying transient
phenonena. 6. 13

4. MULLTIPLE-SLIT SYSTEMS

4.1 Normally, a snear canera records events occurring along

a single line: the line imediately behind an exterior slit
(1.e. a slit located at the phenonenon) or else the line along
the projected inmage of a slit that is located at the canera
itself. Increased information can often be obtained by the sim
ul taneous use of several slits. These slits can be parallel or
crossed, continuous or discontinuous, the exact configuration
depending on the desired results. Thus five parallel slits

were used in Reference 6.1 to obtain simultaneously data of shock-
wave arrival over an area (rather than along a single line).

4.2 D scontinuous, parallel slits are sonetines nore convenient,
as shown in Figure 4 where eleven discontinuous "slits," each
consisting of 25 points, were used to record the formation of

a Mach wave in Plexiglas or equal fornmed by the collision

of two regular shocks. 6.9

4.3 Miltiple slits need not necessarily be parallel; for selected
pur poses one can even have them intersect.

5. M SCELLANEQUS SYSTEMS

5.1 Upon occasion it is desired to observe the arrival of a
shock or detonation wave at a point not directly observable by
the canmera. Mrrors are usually used in this case; however,
occasions arise when even these cannot serve the purpose. W
have found that |ight pipes 6.14 of 1-mm dianeter glass rods
gave acceptable signals (Figure 5) thus permtting the canera
to record tine-of-arrival data at normally inaccessible points.

5.2 Wen the notion of a phenonenon is essentially uniform
the snmear canmera can be nodified to produce a "still" picture.
This is done in a relatively sinple manner by matching the
witing speed of the canera with the speed with which the inmage
Is displayed on the film 6.15
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This technique has the salutary effect of increasing the tine
of exposure of the phenonenon, and thus finds occasional use

in recording selected steady-state phenonena that emt only |ow
intensity light. A wvariant of this technique has been used
at this Laboratory to neasure fragnent velocities. 6.16 In
this nethod the anticipated velocity is approximately matched
and the flying fragnment is recorded as it passes between the
drum canmera and three lighted slits. This produces a photograph
with three exposures which by suitable analysis provides an
accurate neasure of the fragnent velocity.

5.3 The sinple snear canera can be readily converted into a
spectrograph by placing a transm ssion grating or a prism before
the canera lens, wusing canera slit as the spectrograph slit.
These tinme-dependent spectra could then be converted to tenp-
eratures (e.g. detonation tenperatures) by appropriate calcul a-
tions. For highly |umnous phenonena, such as an electrically
expl oded wire, these spectra are relatively easy to record.6.17
The light from shaped-charge jets can also be recorded and

anal yzed by this neans.6.18 For phenonent emtting |ight of
lower intensity, velocity synchronization permts |onger ex-
posures with resulting acceptable spectrograns. 6.15

5.4 The use of color film has added another dinension to the
snmear canera. At NCOL an unanbi guous change was recorded in the
wave |length of light reflected from a netal free-surface when a
shock wave reached the surface from within the netal.6.19

(A color slide of this phenonenon was shown at the 5th Inter-
nati onal Congress on H gh-Speed Photography; October 1960; Wash-
ington, D.C. Since the significant features of this photograph
would be lost in black-and-white reproductions no copy was
included for this publication.) Exploitation of the potent-
ialities of this new tool has only begun!
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EXPLOS|VE SLAB METAL PLATE (POLISHED)
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FIGURE 1 - REFLECTED LIGHT TECHNIQUE REVEALING THE ARRIVAL OF
TWO COLLIDING SHOCK WAVES AT THE SURFACE OF A
METAL PLATE.
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FIGURE 4 - USE OF A POINT-GRIND SYSTEM IN SMEAR PHOTOGRAPHY:
OBSERVATIONS OF MACH SHOCK FORMED IN PLEXIGLAS
BY COLLISION OF TWO REGULAR SHOCKS.

METHOD 15 10



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

CAMERA SLIT IMAGE
/—_fi‘\

SEVENTEEN LIGHT PIPES IN FORM OF A CROSS ON THE FACE
= =

AR TLIE S2IVTIHIDE Al I2NED TN A CTRDAILLWT HLINE AN I
VP IVIRE TIATUNRL, MLIGITLL W MWV WiV WY ST

FIXTURE FACING CAMERA

FIGURE 5 - FEASIBILITY STUDY OF LIGHT-PIPE APPLICATION IN SMEAR
PHOTOGRAPHY: ARRIVAL OF A DETONATION WAVE ON THE
FACE OF PLANE-WAVE GENERATOR.
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METHOD 16

CYLI NDER EXPANSI ON, THE GURNEY CONSTANT
AND
WARHEAD FRAGVENTATI ON

1. | NTRODUCTI ON

1.1 An inportant problem faced by the designer of fragmentation
war heads, is that he nust maximze the energy which is trans-
ferred from explosive to neatal during the detonation. The nost
frequently encountered configuration is that of an explosive-
filled netal cylinder detonated by a wave noving axially.

The best scaling law that has been-devised for this condition
is that of @urney, who disregarded detonation conditions,

shock effects in the nmetal, and assunmed inplicitly that all the
energy of the explosive is conserved. H's equation for cylinders
is:

1/2

= C/M
voEV2 b {1+o.5 T/

where v is the velocity to which.the netal is accelerated by the
explosives E is unit energy content of the explosive, C is the
wel ght of the explosive and Mis the nmetal weight. This ex-
pression of velocity in terms of CMinplies that weight-ratio
sealing of explosive and netal is of prine inmportance and that
di mensi onal scaling need not be considered at all. The term

Y2 E has the dinensions of a velocity as was pointed out by
@Qurney 1n his original repent.

2.2 Determnation of the Qurney, constant of a warhead expl osive
is logically made in the cylinder expansion test where the

expl osive contained in a netal cylinder is end-detonated and

the maximum lateral velocity of the netal is measured. The
geonetry resenbles that of nost fragnmentation warheads, part-
icularly as to lateral confinenment of the explosive. The

di nensions of the cylinder can be chosen so as to give the full
run-up to detonation velocity before reaching the |ocation of
fragnent velocity neasurements, and teh end-release dffects can be
kept far enough downstream so as not to affect fragment velocities.
O her techniques for evaluating explosives, while of full value in
their own contexts, are all less applicable to the prediction of
effects in the fragnentation warhead. The plate-push test trans-
fers only about one-fourth as nuch of the energy of the explosive
to the netal
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as does the cylinder expansion; also, the air-cushion between
explosive and plate is highly unrepresentative of the warhead
configuration. Oher rating tests such as the plate-dent, and
ballistic nmortar and the Trauzl |ead block are even nore
unrepresentative, geonetrically.

1.3 The cylinder expansion test has been in use for scne tine.
Early work at the Naval O-dnance Laboratory (NOL), Wite Qak

successfully used the streak canera to record netal velocities;
t echni ques devel oped by the Lawence Radiaiton Laboratory (LRL)
and the Losw Al anpbs, Scientific Laboratory (LASL) in this country
and the Atom c Wapons Research Establishment (AWRE) in Britain

have given results of good precision and in agreenent anoung the
t hree organi zations.

2. BACKGROUND
The cylinder expansion test is any test performed where a netal

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 noves outward
can be followed up to the point where the expanding cylinder

wall is obscured by the reaction products as they break through
the wall.

2.1 The method for observing the wall’s expansion varies. It
has been recorded through the use of electronic pin probes

and raster oscilloscope recording systens as well as with flash
x-ray techniques. It has also been acconplished by the use

of streak cameras and framing caneras. The Lawence Radiation
Laboratroy nethod uses a streak canmera for the recording of the
wall velocity and a pin probe nethod for determ ning 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 canera nmethods to record the wall expansion,
and pin probes for the detonation velocity. There is sone reason
to believe that perhaps in the early stages of the expansion

the pin probe nethod nay be nore accurate, but the data reduction
is also a bit nmore difficult in some respects than with the
streak canera record.

2.2 A standard cylinder geonetry is selected and manufactured
precisely from a standard netal. The cylinder thus produced,
is loaded with a carefully manufactured explosive charge of the
material to be investigated.

2.3 The test assenbly is then instrunented in any of those

nmet hods nentioned above and fired, recording the detonation
velocity of the charge, and also the radial expansion of the
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cylindrical case, as a function of tine. Reduction of these data
permts an assessment of the explosive s behavior during the event.

2.4 Wien various explosives are rated in the standard geonetry,
the relative performance of these explosives becones readily appa-
rent. This permts the warhead design engineer to select an ex-
pl osi ve conpoundfor a specific feature of its performance.

3. CYLINDER EXPANSI ON (CYLEX) TEST

3.1 Experinental Considerations. The test device consists of a
2.54-cm ID, precision manufactured copper cylinders 12 dianeters
long and with a wall thickness of 0.25 cm

3.1.1 Copper was chosen because in cylindrical geonetry it is
capable of nearly twice the expansion steel denonstrates before
the wall ruptures. thus containing the explosive gases until
termnal wall velocity is reached. At present, detonation velo-
city of the explosive is nmeasured using electronic swtches.

3.2 Two circuits (each using a nanosecond counter) are enployed
on each experinent. This permts a nore confident determ nation
of the detonation wave's transit tine through the neasured inter-
val--the tinme interval is relatively long (25 p-sec)and the dis-
tance traversed is about 21.5 cm The counters record the signals
generated from printed circuit boards, which are placed on the
cylinder walls in an area which does not affect the wall and its
expansi on behavior, but which does record the detonation velocity
of the explosive accurately,

3.3 The castable plastic bonded explosive used as the standard of
conparison in the Cylex test is PBXN-101 rather than Conposition B
because it is a nore honogeneous conposition, and is structurally

a considerably better explosive. Further, in naking this choice,
the undesirable variability of the neltcast TNT explosive system

i s avoi ded.

3.4 The instrunentation for this test consists of a streak canera
to nonitor the expanding cylinder wall and electronic nmeans to re-
cord the detonation velocity of the explosive as it is expanding
the test cylinder wall. The canmera is a Cordin, or equals 70 mm
streak canera, which records its inmage on a large strip of film
Optical magnification is selected for each explosive in order to
provi de maxi mum accuracy and precision in recording the data from
the firings. The witing speed of the canmera (again selected for
each explosive conpound to maximze the sensitivity of the data
recording) is recorded with a period |ockout count circuit, so as
to obtain as precisely as possible, the exact witing speed of the
canera during the revolution of the mrror on which the experinment
was fired.
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3.5 The printed circuit board pin probe arrays are capable of
being sem -mass produced to close tolerances. In addition, they
are conpatible wth automated-record-reading machine calibration
procedures.

3.6 The test cylinder is placed at an appropriate distance in
front of a tracing paper screen which is illumnated by an argon-
filled explosive flash lanp. This system provides aht proper con-
trast for good photographic rendition of the dynam c event (Figure
1).

3.7 An optical alignnent is acconplished through the use of a
Laser. The cylinder assenbly 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 |east 6 charge dia-
neters from the initiation end. It has been found that in a
series of experinments, where the projected canera slit imges were
pl aced at different |ocations along the cylinder, it was not until
6 dianeters fromthe initiated end of the cylinder that the wall
velocity reached a steady state value. Recorded wall velocities
remai ned constant until 1.5 dianmeters from the free end of the
cylinder. After this distance, the wall velocity values again
varied downward from the constant, maxi mum val ues.

3.8 Data reduction for Cylex testing is an automated procedure
see 4.4. It consists of a Munn, or equal, Conparator using |BM
or equal card printout to actually read the data from the film

A conputer program witten on the 1BM 1130, or equal, conputer
smoot hes the radius and tine data, fits the data, and then the

| BM 1627, or equal, plotter plots it in various ways. one of the
interesting plots is the snooth radius data versus tine ((RR)
versus T) (Figure 2). Figure 3 displays the velocity obtained
fromthe data plotted in Figure 2 as a function of tinme also.
These two plots can be handled either geonetrically or analytical-
ly to provide a velocity at a radius. This is the first bit of
information specifically wanted.

3.9 The final data of interest from the Cylex test is the Al pha
or Qurney constant. This is a factor used to calculate initial
fragnment velocity from an explosive. Figure 4 is a plot of the
@Qurney constant as a function of time. However, this plot is
somewhat fictitious since there is only one Gurney constant for
any given geonetry, and the constant does not evolve. However,
it proves to be easier to allow the computer to calculate

METHOD 16 4



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

something that is called Al pha and disregard the data until
the 19-mllinmeter expansion point is reached. Therefore, the
@Qurney values that are given relate to information obtained
from Figures 2, 3 and 4.

4. Sources of error in the Cylex Test.
4.1 If the canera’'s slit should be tilted away form nornal

or if the charge should be placed in an orientation other than
parallel to the canmera’s tinme axis, erroneous velocities wll

be recorded. However, in nonitoring the wall’s expansion
from both sides of the cylinder, a sinple averaging procedure
will renmove all errors introduced in this manner.

4.2 By using a Laser to align the elements of the experinment
before the canera, nearly optinmm photographic conditions

are obtained. This factor plus two others, (1) the standard-
ization on one test geonetry, and (2) working at an optical
magni fication of or near unity, results in high quality photo-
graphic records which nake precision record reading possible.

4.3 The velocity of the detonation which is responsible for
expanding the cylinder wall is on the order of four to five tines
hi gher than the velocity with which the expanding wall is noving.
Because of this fact, then, in the tinme it takes for a point on
the wall to nove outward 1 millineter after the detonation

front has passed, the detonation wave will have run down the
cylinder, 4 mllineters or nore. For this reason, great care
nmust be taken to insure that the pin contacts are all placed

at both the exact sane distance from the cylinder wall and as
close as possible to the wall.

4.3.1 Two factors have conbined to produce precision results
in detonation velocity neasurement. The first of these is the
production of flat claibrated pin probe arrays through the use
of substantial dinensionally stable printed circuit board
materials. Second is the assurance that the plane of the con-
tacts on this board is perpendicular to the cylinder axis.

4.4 Cylex Data Reduction Procedure; The follow ng procedure
is used for reduction of data from film strip records:

4.4.1 The film strip is read on the Mann, or equal, Conparator
in conjunction with a Telecordex, or equals unit and an IBM or
equal, Summary Card Punch.

4.4.2 Wen the film has been placed on the Conparator the
following steps are followed:
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Line A

Line B

4.4.2.1 The filmis first aligned in the conparator such that
nmoving along line A from one end of the line to the other wll
produce a deviation in Y counts (vertical neasurenent) of no

nore than +5 machi ne counts.

4.4.2.2 Wen film has been properly aligned, an origin point
is then determned. This orgin point is normally a point at
the extrene left end of line B. Wwen the origin point has been
determined, the X and Y digitizers are set to O.

4.4.2.3 The next step is to find the dianeter of the Cylex tube
in machine counts. In order to obtain this distance, six read-
ings are made of the vertical distance, six readings are nade

of the vertical distance between lines A and B. The neasure-
ments would be punched on cards in the Follow ng manner:

Reading 1 X=0 counts Y=30000 counts

Readi ng 2 X=5000 counts Y=30005 counts

Readi ng 3 X=10000 counts Y=30000 counts

Readi ng 4 X=15000 counts Y=30001 counts

Readi ng 5 X=20000 counts Y=29998 counts

Readi ng 5 X=25000 counts Y=30003 counts
s

Past experience has shown that taking these neasurenents at
increments of 5mm in the X (horizontal) direction of novenent
produces a better average of the vertical distance between
lines A and B than taking the neasurenents at shorter or

| onger intervals of X

4.4.2.4 The next step is to obtain readings for trace line C
A mninmum of 100 readings are needed for this line. In order
to determne how often this line should be read, the follow ng
procedure is used:
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4.4.2.4.1 The film is advanced to point 'T° on the film and is
then raised vertically to the top of the trace pattern and the
distance in X counts is recorded. The film is then advanced to
the end of the trace pattern and that distance in X counts is
recorded. The first distance reading is then subtracted from the

second distance reading and this value is distance Cd. D stance
Cd is then divided by 100 to obtain the nunber of machine counts
needed in order to obtain 100 readings of trace lines C and D.

4.4.2.4.2 To begin reading trace line C the film is advanced to
point 'T" and the follow ng procedure is used:

Assune that the X counts at point 'T equal 27000 nachi ne counts.
It is desired to snake one reading on line A before the trace line
C is read. Assune also that it has been determined that trace
line Cis to be read every 300 machine counts in the X direction
of nmovenent. From point 'T" the film is advanced 300 counts in

X to the left of point 'T" on line A Wen this point has been
reached the Y digitizer is set to O nachine 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 mach-
ine 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
machi ne counts as it follows the trace line

Exanpl e: Exanpl e: Trace line C readings

Reading 1  X=26700 counts Y=00000 counts
Reading 2  X=27000 counts Y=00000 counts
Reading 3 X=27300 counts Y=00258 counts
Reading 4 X=27600 counts Y=00570 counts

Notice that on trace line C both the X and Y counts increase
positively.

4.4.2.5 Wen trace line (2 has been conpletely read the filmis
returned to 'T" and then lowered vertically until line B is reach-
ed. For conparison purposes, the readings of the top and bottom
trace should begin at the sane point in the X direction of nove-
nment and readings of trace line D should be nmade at the sane in-
terval of X as was used for trace line C

Exanpl e: Trace |ine D readings

Reading 1 X=26700 counts Y=00000 counts
Reading 2 X=27000 counts Y=-00001 counts
Reading 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 |ine.
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4.4.2.6 \Wien trace line D has been conpletely read, the read-
ing protion of the job is conpleted.

4.4.3 The next step in the reduction of the test data is to 80
x 80 list the deck of cards obtained from the film readi ngs.

The listing is then checked to verify that all appropriate
readi ngs have been nade and that all cards are in their proper
order.

4.4.4 The next step is to keypunch control cards containting the control cards containing the
information given on the Cylex Calculation Input Sheet. A
list of control cards is shown in Table I.

4.4.5 \When the control cards have been punched and inserted

at the beginning of the data deck, the deck is submtted to

the IBM 1130, or equal, Cylex conputer program Data are out-
put in the formof a data listing and 10 plots for each Cylex
record, 5 plots for the upper trace reading s an r plots for the
| ower trace readings.

4.4.6 The next step is to check the listing and each of the

plots to determine if all the information required has been
obt ai ned.

4.4.7 Wen the Cylex data conputer printout and plotout forns
are received, nake a work sheet as foll ows:

The work sheet will be made from a |arge piece of data paper.
This has 22 colums from left to right, laid off by pink Iines
and 38 lines from top to bottom laidoff with blue lines. The
work sheet is divided so that the first colum is for experinent,;
second, half; third, leave blank; fourth, tinme at 5 mllineters

fifth, average;, sixth, velocity at 5 mllineters; seventh, average
eight, leave blank; ninth, tinme at 19 mllineters: tenth

average: eleventh, velocity at 19 mllineters; twelfths average.
The last colums are enpty, however, they are useful for add-
itional notes and corrections, etc. At the top of the page,
designate the explosive being tested.

4.4.8 Data Reduction.

4.4.8.1 (R - R) Versus T,PIot.

4.4.8.1.1 Take the (R - R) versus T,plot and lay it out ‘n
the table or a |ight box.

4.4.8.1.2 On the ordinate, mark off the 5 mllimeter and 19
mllinmeter points.
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4.4.8.1.4 At the point where they intersect the curve, draw a
l'ine perpendicular to the abscissa, thus marking the tine at
which the wall reached the radii of 5 mllineters and 19 mll-
imeters respectively.

4.4.8.1.5 Record these values in the appropriate colums on the
wor k sheet.

4.4.8.2 V, Versus T, Plot.

4.4.8.2.1 Take the V,prime versus T,plot and lay it over the

Rg mnus Rversus T,plots so that the tine axes coincide. |,
and fasten in place.

4.4.8.2.2 Take the triangle again and draw perpendi cular |ines
from the tinme readings upward until they intersect the velocity
plot a-t both 5 mllineter and 19 mllineter point.

4.4.8.2.3 At these two points, run lines that are parallel to
the abscissa over to the ordinates thus giving the velocity
at these two expansion points respectively.

4.4.8.2.4 Record these values on the appropriate colum on the
work sheet. This reduction procedure is repeated for each half
of each experinment (the corresponding entries being nade on the
line marked either 21 bottom or 21 top for instance).

4.4.8.3 After calculating the radial wall velocity for each ex-
perinent at each point, (the 5 mllimeter point and the 19
mllinmeter point) the GQurney value is determ ned. The procedure
followed is to determ ne what appears to be the radial wall
velocity, averaging all the radial wall velocity determnations
for a set of experinments at 19 mllineters, then use this nunber
to determne the gurney value. The easiest nethod is to use
information from the particular plot of Al pha J', which corres-
ponds to the average velocity or nost nearly corresponds to the
average wall velocity. At present, the A pha J plots A pha J
agai nst radius, against radius, but it is not RR.

4.4.8.4 A pha J' Versus R Plot.

Find the initial outside radius, add 19 millimeters
to it, and go along the abscissa until you find this radius.

4.4.8.4.2 Construct a perpendicular line form this point up-
ward until it intersects the curve.
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4.4.8.4.3 Finally, construct a perpendicular line from this line

to the ordinate which will yield Alpha. Alpha is given in
mllimeters per mcrosecond.

4.4.9 Hel pful Hnts.

4.4.9.1 A rubber ruler_is very useful in reducing_ the data.
Velocity, (V,), time (T,), Gurney constant (Al pha J), and

radius (R) use the same graduations requiring one setting of
the variable scale.

4.4.9.2 The remainder of the data is on the printout heading
for the experinent.

4.4.9.2.1 Charge/nmass ratio (CM appears on the fifth line of
t he heading for each experinment.

4.4.9.2.2 Detonation velocity appears on the fifth line also.
In some cases, the detonation velocity will be an estimte or
will be given fom other work, (not measured in the individual
Cylex experinment). If the detonation velocity is not nmeasured,

there will generally be a flag in the title section of the
conputations that indicates this.

4.4.9.2.3 The sixth line carries netal identification and
density. (Density is called out as RHOM)

4.4.9.2.4 The explosive designation and explosive density are
also on line 6. (Explosive density is called out as RHCC).

4.4.9.3 If you label the work sheet with the types of explosive
being tested, initial and date it,and nake a brief statenent as
to where the data are reported, this makes reduction of the
data easier the next tinme.

TABLE | Oylex - Control
Car ds

Card #1

Shot  #: Colums 1-5

Date Fired: Colums 11-26

Operat or: Col ums 31-51
Card #2

80 colum |D Card.
Card #3

80 Colum Comment Card
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Card #4
80 Columm Comment Card
Card #5
Type of Metal: Col ums 1-12
sm Col ums 16-25
Type of Expl osive: Col ums 31-42
Sc: Col unms 46-55
Card #6
Witing Rate: Col utms  1-10
| nsi de Radi us: Col ums 11-20
out si de Radi us: Col ums 21-30
Det onation velocity: Col utms  31- 40
Data Card
Al Punch (constant): Col ums 7
Readi ng #: Col ums 25-27
Machi ne #: Col utmms 37
Shot #: Colums 47 & 4%
Readout #: Col ut€ms 50
X counts: col ums 62-66
Y counts: Col utms 67-72

11 METHOD 16



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

*JopuTTho Burpuedxs

TIVM HIANITAD

ONIONYdX3 ATIVIAVY 34NSOdX3 ON
) v3uv
Q31HOIMIOVE
: X
Wi

HIANIAD ONIANVIX3
ATIVIINVYNAQ 40 QHOI3Y MVIHLS

A1Teotweudp Jo pacdad }eadls -+ T 2and1g

ANIWINIIX3 1531 NOISNVIX3
HIANIIAD 40 MIIA S,.VHINVD

ATHNISSY
380Hd ONIHNSY3WN ALIDOT3IA
NOILVNOLIA 2INOHLIT3

315008 I

|
|
|

11s
VHIWVI HMVIULS

39N41 ¥3dd0I
a3IUNLIVINNVYIN NOISIDOFHd

III
' 1
FIGURE 1

12

METHOD 16



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

40 [

w
[~
l

R-R g (mm)
N
(=]
|

fammereres
_—

|
0 10 20 30
T, (SEC)
FIGURE 2 - EXPANDING DATA, PLOTTED AS A FUNCTION OF
TIME.
2
o
w
W
2
g 1 b= EXPERIMENT NUMBER R-17
>-‘ DATE FIRED - 8 JANUARY 1968
0 I | ]
0 10 20 30
T, (WSEC)
FIGURE 3 - CYLINDER WALL VELOCITY, PLOTTED AS A FUNCTION

OF TIME.

13 METHOD 16



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

3 D

—

J

u yay

Ry

E
-2

< EXPERIMENT NUMBER R-17

§ DATE FIRED - 8 JANUARY 1968
<

0 | | 1
10 20

30 40

R; *(mm)

FIGURE 4 - FURNEY CONSTANT PLOTTED AS A FUNCTION OF TIME.

METHOD 16 14



Downloaded from http://www.everyspec.com

M L- STD- 1751 (USAF)

METHOD 17

AN ANALYSIS OF THH "AQUARI UM TECHNI QUE' AS A PREC Sl ON
DETONATI ON  PRESSURE MEASUREMENT  GAGE

1. | NTRODUCTI ON

1.1 The experinmental neasurenment of shock wave pressures char-
acteristic of nost detonating solid explosives is typically

expensive, difficult, and generallly Poblematical. Al thouth
there is currently a nunber of pressure neasurenent schenes
which are considered to be state-of-the-art °', these nmethods

are often elaborate, sophisticated, and costly to a point that
di scourages w despread regular usage.

1.2 There is a continuing need, especially in the evaluation

of new explosive fornmulations, for a relatively sinple, com
paratively inexpensive, yet dependable detonation pressure
neasur enent gage. Recognizing this need, we have attenpted

to re-evaluate one nethod which has already enjoyed |ong usage,
but one which we feel has not had its full capabilitie —and
therefore its wder applicability—*irmy established. This
nmethod is nobst commonly known as the aquarium technique6b. 2-6. 4.

1.2.1 The task of the user of the aquarium technique for deto-
nation pressure neasurements is the determnation of—+o the
maxi mum degree of precision permtted by canmera records—the
velocity of the shock transmitted into the water inmmediately
at the explosive/water interface. From this shock paraneters
the nmagnitude of the incident pressure or detonation pressure
may be derived.

1.2.1.1 Aquarium test pressure values are very sensitive to
errors in determning the transmtted shock velocity, and for
that reason calculation of detonation pressure in this mnmanner

has tended to be less favorable than sone other nethods. Argu-
nents against the technique appear to be the uncertainties in-
volved in arriving at the initial transmtted shock wave velocity.

1.2.2 Probably the nost precise nmethod for detonation pressure
measurenment currently in use is the nmeasurenent of free surface
velocity of netal plates®. Analysis techniques for deternining
the free surface velocity of explosively driven, inpedance match-
ed, nmetal plates over short distances prove to be nuch |ess

invol ved than the aquarium technique. The netal plate experinents
are nuch nore difficult to perform Also, as is pointed out in
Ref.6.5, WIlkis ®° Landbourn and Hartley®’, and Petrone®®
have indicated there are sone uncertainties associated with the
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free surface velocity technique or its interpretation, as have
Veretenni kov, Drenmin, et al®®’ and Craig”".

1. 2.3 Detonation pressures determned via the aquarium tech-
ni que have characteristically been below the accepted published
nom nal values from other nethods, especially in the early
devel opnent of the technique. To a large degree, this seens
to relate primarily to the lack of adequate treatnent of the
space-tine (Rt) data, from the streak canera records, i.e.,

a sufficiently "good” analytical fit to the experinental data
for differentiation and solution for interface velocity condi-
tions. For this reason, one of our principal concerns has been
the nethods of numerical analysis by which the initial or *“junp-
off* velocity could best be deduced from aquarium test data,
and from which reliable detonation pressure values could be
generated from single (or small sanple) shot experinents. W
have, based on the exhaustive work of other investigators
implicitly assunmed the validity and applicability of the

i npedance match method for calculation of detonation pressure.

2. EXPERI MENTAL

2.1 2.1 The existence of a large quantity of accepted pressure
data for nost comon expl osives has given us the opportunity to
better evaluate the several analytical approaches as well as
the total experinment. PBX 9404, (94/3/3 HW/ nitrocellul ose/
tris-B-chloroethyl phosphate) whose detonation pressure has
been heavily researched (although there is still sone disparity
as to what its steady state pressure actually is) was chosen
for "calibration®™ of the aquarium experiment. The detonation
pressure, P,,, of PBX 9404 is nomnally considered to be

about 37,200.0 * 500.0 MPa (372 + 5 kbars).

2.2 The experinents consisted of aquarium testing ten explosives
in right circular cylinder geonetry. Al specinens were 7.2 cm
in dianeter. The lengths tested were 1.27, 2.54, 5.08, and 11.4
cm for the PBX 9404 and 11.4 cm only for the renaining explosives
t est ed.

2.2.1 Test sanples were carefully prepared and assenbled for
firing as shown in Figure 1. Al shots were initiated with

P-40 (~10 cm dianeter) plane wave generators [output pressure
~14000.0 MPa (140 kbars)]p. This was done to maxim ze the one

di nensionality of the output waves and to avoid any overdriving
of the detonation in the test sanples.

2.2.1.1 The charges were imersed in distilled water in
commercially available glass walled aquariunms. Shadowgraphic
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backl ighting was provided by exploding bridgewires in an at-
nmosphere of liquid Freon °". The Freon has the effect of
improving the quantity of light as well as the useful life of

the source. The EBWs were positioned at the focal |ength

of a 12.7 cm dianmeter, 19 cm focal length |ens which was centered
with the optical axis and the output surface of the test sanple,
and attached to the outside surface of the glass wall. This
system resulted in significantly inproved streak canera records
as opposed to argon bonb |ight sources.

2.2.2 Considerable care was exercised in the alignnment of the
shots within the optical system Tilted shots, i.e. shots whose
cylindrical axis was not perpendicular to the optical system
axis, produced a double trace effect which seriously changed.
the pressure results.

2.2.2.1 Aignment was acconplished by replacing the EBW Iight

source with a mercury vapor point |ight source. The point source
was |located at the focal |ength of the condenser lens on the
aquarium to produce a beam of parallel light. The entire

aquarium was then adjusted such that the parallel beam was

centered about the axis of the optical system Final adjust-
ment of the test sanplenent by three leveling screws_was then
made until a straight shadowgraphic image of the output sur-
face of the charge was observed on the streak canera slit

plate. The position of the point source was noted; the EBW
backl i ght source was then located at that point for the test.

2.2.3 The streak canera records obtained were generally of high
gquality. Al shots were fired at magnification of about 1:1
and at canera witing rate of 5.0 nm usec.

3. ANALYSIS AND RESULTS

3.1 The nmeasurenent of transmtted shock velocity into water
permts one to ascertain, by use of the water Hugoniot equation-
of -state, the associated particle velocity for the shock. There
has been considerable work done to develop the shock properties
for water 6.3, 6.12, 6.14. W have used the Rice-Wal sh equation
because it is probably the nost conprehensive effort and be-
cause Papetti and Fujisaki®”, in a separate theroretical study,
t horoughly evaluated and further verified the Rice-Walsh p-v-e
data for purposes of extrapolating it to higher pressures. The
Rice-Wal sh equation was reported °““in the form

U - 1.483 = 25.3066 log, (1 +U/5.190)

Wiere U and U, are shock and particle velocity respectively in
kmsec. By doing a second order polynomal regression fit to
their U - Udata a much nore easily wused functional relation-
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ship was obtained. The quadratic representation is:
U, = -.607 + .372 Ug + .0238 U]

Val ues computed via this formdiffer by less than 0.5% from
the above R ce-Walsh equation over the range of interest.

Havi ng determ ned values for shock and particle velocity, one
may easily conmpute the transmtted pressure with the famliar

conservation relation:

P - Py, =p,UgU

o1 P .
The inpedance match equation was then used to calculate the
incident or detonation pressure. The inpedence equation is:

poUg + DHED

i t 2, U
po s
where: Pg incident or detonation pressure
P,= transmtted pressure
po= Initial density
D = detonation pressure
Ug = transm tted-shock velocity
pg= initial density of the explosive

4. ANALYTICAL CURVE FITS

4.1 Initially we attenpted five separate nethods to obtain
the desired transmtted shock velocity. They were:

1. Gaphical fits to the first few mm of trace notion by
drawi ng straight lines on 40X photographic enlargenents.

2. Polynomal regression fits from one through tenth
degree to about 35-40 nm of trace notion.

3. Polynomal regression fits—degree one—+to the first
2 nmof trace notion.

4. The conbination of an exponential and linear function.

5. The conbination of an arc tangent and I|inear function.
Each streak canera record was analyzed on a Gant conparator.
The time, (t), values were read and an |BM card punshed for

successive .025 mm increnents in the space direction (R for
a total of 2mm The process was then repeated for a total dis-

tance of about 35-40 mmin .250 nmm i ncrements.
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4.2 Photographic enlargenents (.40X) on paper were nmade of the
junp-of f region and graphicall anal yzed to determne the slope

of teh trace. Although the calculated results from this nethod
were generally good, and therefore recommended for *“quick”
evaluations, the results were sonewhat sensitive to the experience
of the analyst. For this reason,we have not included these data
in this paper.

4.3 Teh sefcond nethod attenpted and probably the nost commonly
used—was one through tenth degrees polynomal regression fits.
Pol ynom al best fits, R= f(t), at first appeared to be ideal,
e.g. easily differentiated and solved for t=o to obtain the
initial transmtted shock velocity. But in general, high

order polynomals failed to yield good results. Table 1 serves
to illustrate the point. Referring to Table 1, it can be seen
that for the two shots presented, the "goodness of fit” to the
R-t values inproves with increasing degree of polynomal, as
one would expect. This however, does not insure better velocity
results upon differentiation and solution at t=o; in fact, the
opposite 1s wusually the case. There was no obvious or reliable
criterion for selecting the degree of polynomal which woul d
yield the best results. An investigator wusing this approach
would find it very difficult to decide which is the nost nearly
correct velocity value from tests of an unknown expl osive

TABLE 1
Vel ocity Pressure Data.

Determ ned by Polynom al Regression Method
for 1st through 10th Degree Polynom als
for TNT and LX-10

U St andar d P
Degr ee (cm usec) Correction Error det
Fi t Codffici ent of Est. (kbar)
TNT
(Pdet ~199 kbar)
1 . 515 . 99936655 . 54065 168
2 . 581 . 99995576 . 14320 213
3 . 540 . 99999778 . 03216 184
4 . 544 . 99999790 . 03136 187
5 . 566 . 99999925 . 01881 202
6 . 571 . 99999928 . 01851 206
7 . 583 . 99999938 .01724 214
8 . 580 . 99999938 . 02728 214
9 . 600 . 99999943 . 01651 227
10 . 600 . 99999943 . 01660 227
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LX-10
(Pdet 370 kbar)
1 . 635 . 99986350 . 16939
2 . 692 . 99998572 . 05492
3 . 664 . 99999695 . 02546
4 . 649 . 99999793 . 02106
5 . 649 . 99999793 . 02113
6 . 660 . 99999803 . 02079
7 . 868 . 99999826 . 01952
8 . 724 . 99999883 . 01769
9 . 763 . 99999877 . 01653
10 . 769 . 99999877 . 01656

The tendency of ploynomals, as the degree increases, to try
to pass through all the read values, causes the derivatives to
behave less and less like the actual physical decay of the
shock wiht tine. Quadratic fits to slowy decaying shocks
such as occur with larger explosive charges produce reasonable
results, but not without a potential for error l|arger than one
is usually satisfied wth.

4.4 The third approach taken was the |east squares fitting of
a straight line to the first 2 nmm of shock travel. This nethod
is of course based on the assunption that the shock velocity

is constant over the 2 mm or the deceleration for that distance
is zero. This assunption proved to be quite good, especially
with the |onger charges which produce nore slowy decaying
shock waves in the water. The use of the first 2 mm of shock
travel for linear fits is easily the nost expedient of all the
nmet hods attenpted The success of this nethod, however, is
contingent upon very high quality streak canera results at the
junp-off portion of the trace, and the early portion of streak
canmera records for this type test is often the nost trouble-
some. This fact pronpted us to exam ne other approaches which
woul d all ow use of an order of magnitude nore of the streak
trace by taking advantage of the inproved shadowgraphic effect
produced after the shock wave began to have sone slight curva-
ture. The one-dinensionality assunptions are increasingly
affected as the system becones nore divergent; however, here we
are only interested in matching an equation to the actual shock
decay characteristics for purposes of solution for interface
condi ti ons.

4.5 On the assunption that the acceleration of the shock wave
in the water decayed in some exponential manner with tine,

we preceded to develop a curve fitting nmodel with that character-
istic behavior™ ™. grn(t) = ae-k?t, R'(0) = N and R(0) = 0,
then by successive integration, R = AK “(e-k2?t-1) + (N%+aK-2)t
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Rewiting this equation and conbining the constants one gets
the general form of what we have called curve fitting Mdel 1, or:

R = Ap + Ayt + Ajeh,t

The constraint inposed by the above boundary conditions that the
curve passes through the origin at t=o0 has been renoved in Model
I by addition of the constant,Ain order to further increase
the versatility of the nodel.

4.5.2 The Mdel | equation was fitted to each of the Rt data
sets. The A's are constants determned by conputer after force
fitting the curves to three data points (first, mddle, and |ast)
foll owed by subsequent refinenment through successive iterations
until convergence to within the desired limts is attained.

Shock velocity values are then computed by differentiation of the
resulting equation for any desired t value within the range of the
dat a.

4.6 The last of the above nentioned techniques was devel oped
from observation of conmputer plots of Rt data sets. Exam na-
tion of plots of increnmental slopes as a function of tine, DR Dt
vs t, had behavior simlar to a specialized form of a "Wtch of
Agnesi" curve. The characteristics of the larger shots, nanely
a very slow intial decay, followed by a region of faster decay,
whi ch subsequently leveled off to practically constant velocity,
indicated that integration of a form

R'z= ¢ + ~—=-¢—-——BAZB
Tt +4A
would yield a general equation having properties simlar to
the Rt data. The constants A and B, are the major and mnor
axis of an ellipse, and C represents the alnobst constant value
of velocity attained after the shock has propagated sone dis-
t ance.

4.7 Integration of this equation produced the Mdel I11 curve fit
of the general form

R=Agt + HAjAp tan” ' (t/24 ).

4.7.1 Mdel 11l was fitted to each of the Rt data sets; the
constants being determned in the same nmanner as with Model 1.

4.8 Velocity-pressure values from the last three nethods describ-
ed above were the npbst successful. These data are presented in
Tables 2 and 3. Table 2 sunmarizes the PBX 9404 data. Re-
ferring to Table 2, the straight line fit appears to offer the
best precision followed by the Mdel |, then the Mdel I1I.
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The straight line fit seens to show an effect of charge |length on
detonation pressure. Considering only the straight line fit
averages, the 1.27 and 2.54 cm shots are 5.8% bel ow the nom nal;
the 5.08 cm shots are 3% below, while the 11.4 cm val ues agree
with the nomnal within <1%
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4.8.1 The mean pressures given in Table 2 are shown in Figure 2
in a plot of the ratio of the measured pressure, to the nom nal
pressure as a function of charge length. A "best fit by eye"
curve has been drawn through the data to roughly indicate the
capabilities of the technique as determ ned by these experinents.

4.8.2 Table 3 includes the velocity-pressure data for the nine
ot her explosives tested. Since the 11.4 cm PBX 9404 changes
produced the best results—best agreenent with nomnal detonation
pressure—that |ength was chosen as "the standard for the remain-
ing explosives. Were the data was available, the detonation
pressure as determned by LRL's "Standard Tests for Detonation
Pressure Measurenent"®’are also presented for conparison.

For the nost part, there is very good agreenent; when nornalized
for density by AP/ap ~ 0.5 kbar/ng/cc formP ~ ,p?/4, the straight
line fit values are within 1% or less for all exptosives for

whi ch there are conparative data, except for TNT and 50/50
Pentolite, where the differences are 4% and 2% respectively.

It should be noted here that an error of fixed size in the neas-
urement of initial transmtted shock velocity will result in a
proportionately greater error in P, at |lower pressures than at
hi gher ones sinply because it is a larger proportion of the
absolute transnitted shock velocity.

5. CONCLUSI ONS

5.1 dearly, the aquarium technique is capable of yielding good
detonation pressure data. The experinents perforned and the re-
sults obtained show that it is feasible to use the aquarium
technique on a non-statistical experinmental basis.

5.2 The cost of a test was generally nuch lower than our cost
for a nmetal plate free surface velocity experinent and the tech-
ni que has the added potential of collecting useful shock data
at distances from the HE/water interface.

5.3 Good agreenent between nom nal and neasured pressure val ues
was obtained for the 7.2 cm diameter, 11.4 cm | ong charges.

The discrepancy in the results for the L = 1.27, 2.54, and to sone
extent the 5.08 cm shots appears to be real but is not explained.
The analytical precision seenms to be somewhat enhanced when the
Irecords are produced by charges on the order of at least 10 cm
ong.

5.4 Aquarium test space-tinme streak camera shadowgraphs from

expl osive charges of this magnatude are well suited to the analy-
sis schenmes we have tested. For the nunerical analysis techniques
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attenpted, the follow ng conclusions are nade:

a. G aphical fits to paper photographic enlargenents of the
streak canera records are recommended only for a first order
anal ysi s.

b. One through tenth degree polynomal regression fits.
al though generally a routine exercise in curve fitting._can
produce erroneous results if one selects the degree to be used
by the normal "goodness of fit” criteria, i.e., correlation
coefficient and standard error of estimate, etc.

C Straight line fits to about the first 2 mm of the shock
travel produces good results with |arge charges providing
the record quality in that region is very good and sufficiently
|arge magnification is used in performance of the experinent.

d. The alternate nethods exam ned, while considerably nore
i nvol ved, take advantage of nuch nore of the trace recorded
in a typical aquarium type experinment. Velocity-pressure values
derived by these nethods were generally good; perhaps these or
simlar functions can eventually be nmade to nore closely ap-
proxi mate the actual physical decay of the shock in water.

6. Bl BLI OGRAPHY

6.1 AAGardini & E C Lloyd, H gh Pressure Measurenent,
D.G Doran, Measurenent of Shock Pressures in Solids, pp. 59-84,
Butterworths, Washington, 1963.

6.2 WC Holton, The Detonation Pressure |In Explosives As

Measured By Transmtted Shocks Into Water, NAVORD Report 3968,
Dec. 1, 1954.

6.3 MA Cook, RT. Keyes, & WO U senbach, Measurenent of
Detonation Pressure, J. Appl. Phys. 33, p. 3413, 1962.

6.4 N L. Coleburn, Chapman-Jouguet Pressures of Several Pure
and M xed Explosives, NOLTR Report 64-58, June 25, 1964.

6.5 J.C. Cast, HC Horning, & J. W Kury, Standard Test For De-
tonation Pressure Measurenent, UCRL Report 50645, June 12,
1969.

6.6 ML. WIlkins, The Use of One- and Two-D nensional Hydrody-
nam ¢ Machine Calculations in H gh Explosive Research, proceed-
ings of Fourth Synposium on Detonation, ACR-126, U S. Government Governnent
Printing Ofice, p. 519, 1965.

METHOD 17 12



Downloaded from http://www.everyspec.com

M L- STD-1751 ( USAF)

6.7 B.D. Lanbourn & J.E. Hartley, The Calculation of the
Hydrodynam ¢ Behavi our of Plane One-Dinensional Explosive/ Metal
Systens, Proceedings of Fourth Synposium on Detonation, ACR-126,
U S CGovernnent Printing Ofice, p. 539, 1965.

6.8 F.J. Petrone, Validity of dassical Detonation Wave Structure
for Condensed Explosives, Phys. Fluids 11, p, 1473, 1968,

6.9 V.A. Veretennikov, AN Dremin, OK Rozanov, & K K Shvedov,
Applicability of Hydrodynam c Theory to the Detonation of Condens-
ed Expl osives, Conbustion, Explosion, and Shock Waves, Vol, 3 No.
1, pp. 1-5, 1967.

6.10 B.G Craig, Measurenents of the Detonation-Front Structure

i n Condensed- Phase Explosives, Tenth Synposium (lInternational) on
Conmbustion, p. 863, 1965.

6.11 C E Canada, Modifications of the Exploding Light Source,
Paper to be presented at SMPTE Synposiuns 1970.

6.12 MH Rce & J. M Wilsh, Equation State of Witer to 250
kilobars, J. Chem Phys. 26, p. 824, 1957.

6.13 M van Thiel, Conmpendium of Shock Wave Data, UCRL Report
50108, Vol. 1, 1966.

6.14 H G Snay & J.H Rosenbaum NAVOR Report 2383, April 1952.

6.15 R A Papetti & M Fugisaki, The Rice-Walsh Equalion of State
for Water: Discussion, Limtations, and Extensions, J. Appl. Phys
39, p. 5412, 1968.

6.16 R W Ashcraft, Fitting Curves to HE Diagnostic Data, Intern-
al R& D Report, Pantex AEC Plant, 1969.

13 METHOD 17



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

caanssaad uorieuolep BurTanseau J03F dnyas 3se3 untaenbe Te

FIdNVYS
WNIYYNDY G3TTYM SSY19D 1534 3AISOdX3

AYIMIOAIHE H3SNIANOI

AGNV dNJ NO3d4d
SM3UIS DNITIATT

130G GNV T 0¥d

o1dfLy - 1 @24n3rg

14

17

METHOD



Downloaded from http://www.everyspec.com

M L- STD- 1751 ( USAF)

Q ST LINE FIT
o0 O MODEL I FIT N
T A MODELINEIT | /%
P det A/
Poom | O 0.~
~ /
0.95 f—
Nt
A" ¢
A
A
o.sole 1 | | | | ]
0 2 4 6 8 10 12

Explosive Charge Length (cm)

FIGURE 2 - RATIO OF EXPERIMENTALLY MEASURED PRESSURE TO

NOMINAL DETONATION PRESSURE AS A FUNCTION OF
CHARGE LENGTH.
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