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Foe INTROLMCTION

This 12 2 Guorierly Repox- of testing accomplished during the period 10
Septembts+ 1957 through 9 Decembex 1957 for Pisatinny Arsenal under supple-
mented Contract DAI-18-020-801.-0ORD--P"-58 and is designated NNC-G-3.

The: flrst four Quarterly Reporis under this contract, NN-~Q-1 through
MN-Q-4. »re concerned with free-xir blast testing, and the results are sum-
marlred in National's Suramary Rewnort NN-P-34, The fifth and sixth Quarterly
Repoxis describe the work on varicus ROX systems. ‘The seventh and eighth
Quarterly Reportg desacribe prelirsinary determinations for National's current
Investigatioi of detopation and frazzuen: veloelty of various explosive systems
at severa! gimmulated altitudes The ninth Quarterly Report includes the initial
results of Natlonal's work on velos ity of detonation at various simulated aititudes,
'The resuits of National’s work to dwie are summacized in the present repori.

Mational Worihern Corpuraison gratel{ully scknowledges the guidance and
assistance of Picaiinny 4. 2eril pex-sonnel in this investigation,

2.0 OBJECY OF TESTS

The task assigned under irés8 sontrac:, as supplemented, is a survey of
various explosive sysieine for ihe purposs of deterroining any change in detonation and
and iragment. veloelly with changes in simulated aititude, charge diameter, and
degree of confinermen: of the explicmive,

The atudy of deionation ve .ociiy is described in Paragraphs 3.0 4.0 5 #
and 6.0 of this Repori., The investigaticn of fragraent velocity is detailedin Para-
graph 7.0, 8.0, 9.0 aad 10,0,

STUDY OF LEZTONATION VELOCITY

7.0 CHARGE DATA

3.1 In order to survey possible changes in behavior of various
C onfidentfa”
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coafuieniinl 2.
explnsive pysiems with chianges in simulated altitude. charge dfameter, and
degrea of confinerment of the explogive, 8 number of specific conditions have
been tal #n as sterting points, In each combination of conditions, five measure~
ments of the detonation velocity of the exmplosive sy3tem are mada,

3.2 The explosive systerms included in these tests are TNT. H-6.
0. 20-KNK/TNT, 70/30-EMX/INT, and MOX-2B,

3.3 These systeims are studied at pressures of 700, 226, 60, and
13 mikiimeters of mezrcury, corresoonding to simulated altitudes of ground, 30,000,
60. 000. and 50. 000 feet,

3.4 "‘hese asystems arc iesied in cylindrical columns, one and two
inches in dlameter by eighieen and seven inches long, respectively. These repre-
sent estimstes of the mazxirur: sxpivsive load tha! can be tolerated in National's
altitode chamber.

3.8 These erplosives. with the exception of MOX-2B, are measured
fox detonation veiccity in two conditions of confinement. In one case, bare charges
are used; and, in the other, the explosive is loaded in one-quarter-inch-thick steel
tubing of sppropriate inside giameter. MDX-2B will not sustain detonation in un-
conflined columns of the seleciea diame:ers. and an increase in 'ameter would re-
quire reduction in the leagth of couan 9 maintkin the maximum charge weight
allowed In Mational's chamber Colninng shorter than those now used wculd cause
the experimental error to be 0o large.

3.6 Subsequeri to wdilaiicn of the firing program some difficulty
was experienced in detonating ''N1' coluians. unconfined. in these diameters This
difticulty has aince been =nriibed to the method of casting. in whkich the moiten
TNT waa poured into heavy paner aiceves, The TNT was finally cast in steel
sleevas and remcved from the sleevex for testing. These columns were found to

Confidential
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deionate commnierely.

4.0 TEST EQUIPHMENT

4.1 The datonabtion velonily is veeasured by timing the passage
¢l the detonation zone over a Imown corn fistance This aistance s measured
between two elecirical probee, sachconsisiing ofcpen~end wire palrs. The pass-
age of the detonation zone closes the opeu-end psirs and; with asaociated circuits,
generateg 4 sharp pulse, The pu'ees generated are applied to tae start-stop civ-
cuita of an electronic cocunier-chronoegiaph. The counter is the Potter Model 471
operating at 8 inegacycies.

4.2 Tesis al cimvulated altitndes are accompiished in National's
largest aititude chamher, The charaber has approximate inside dimensions of
12x14x9 feet 2nd mar be evacumied to & simuiated altitude of 120 000 feet 3 mm,
e by a Kinsey KD-780 vacuvms pawp run by a forty horsepower electric metor,
Those teste rua at "ground” 760 mm, Hg are accomplished at National*s Hali-

fax Tewting Range.
©.0 TEST RESULTS

5.1 The tables following include all of the data obitined to date.
in ‘hese tables, chargze Jdensity is deierrained by Jeometry and nei charge weight,
The elghteen-inch 11y one-inch cylinier is calculated to have a volume of 232
cibic centimeters a.d the seven-inch by two-inch cylinder & volume of 360 cubic

centimeters,

Coufidential
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Altitude Average Measured Measurec Velociiy

“ffeet Chaxge segment Time of

am Hg,* Denaity “mefere’  (microseconds: Detonation
“fgm/cc’ ‘mater, deconds

H-6, vdconfined, ir one-iuch diameter column

X P ST XTI W

Ground 1.80 302 41.1 1350
(160-764 mm Hg. ! 1.78 .285 41.1 7180
1.8 .303 40 B 7410
1,81 .305 40.9 7460
1.78 308 41.1 7370
30, 000 1.81 .305 40,6 7510
1226 mm Hg. 1,19 302 41.2 7330
1.79 302 40.9 7380
1,81 . 305 40.9 7460
.80 .305 40.9 7460
60, 000 1.80 . 302 39,2 7700
{60 mm Hg.® 1,79 .305 40,96 7510
1,78 . 302 40.4 7480
1.80 . 308 41.1 7370
1.79 300 40.5 7410
80. 000 1,78 .30z 41.0 7360
13 mm Hg., 1,78 .302 41.0 7360
1,79 302 42.1 7170
1,78 - 303 40,6 7470
1.79 290 4i.4 7000
H-8, unconfined, in two-inch diameter columns
Ground 1,83 098 14.0 7070
160-764 mm Hg.° 1,77 .100 14.5 6800
1,84 102 14.8 6890
1.78 102 15.1 6750
1.81 .100 14.8 6760
30, 000 1.1 .099 14,0 7070
1226 mm Hg. i,18 099 14.2 8970
1,84 .102 15.0 6800
1.81 .102 14 7 6940
60,000 1.97 .102 14.4 7080
80 mm Hg.* 1.78 1099 14.1 7020

Confidential
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“Heal™
{am HE.

T R,

50, 000
‘60 mm Hg.'’

80, 000
13 mumm Hg.®

H-6, confined in 1/4-inch wall steel tubing,

Ground

{750-764 mm Hg," 1.72

Confldentizy
Average Measured Measured Velocity
Charge Segment Time of
Density (meters’  microseconds’ Detonation
{gmycc, 'meter/seconds’
H-6, unconfined, in two-inch diameier columas (Cont'd;
1,78 .10% 14.9 6840
1.80 . 102 14.5 7030
1.83 , 102 14.4 7080
1.78 .099 14.2 69170
1.84 .02 14.6 6990
1.78 .099 14.9 6640
1,84 .102 14.1 7230
1.81 .102 14.2 7180
one inch diameter columns
1.72 . 305 42.0 7260
.305 42.0 7260
1,72 303 42.0 7210
1,66 . 305 43.3 7050
i.711 .303 42.3 7180

H-6, cenfined in i/4-inch-wall steel {ubing, two-inch diameter columns

Ground

1.78

(760-764 mm Hg.” 1.78

30, 0C0
2268 mm Hg,*

60 000
60 mm Hg.

90,000
13 mm Hg,

1.7
1.78
1.78

1.1
1.78
1.79
1.79
1.77

1.78
1.78
1.79
1.79
1.77

1.78
1.78
1,78
1.78
1,78

, 102
.102
-102
1102
, 102

.103
102
. 103
.102
.103

.103
.103
.103
- 103
. 103

108
. 10%
. 202
.1038

Confidential

13.9
13.9
14.4
13.6
13.7

13.8
14,0
13.9
14.0
14.0

12.4
13.8
14.1
14.1
14.1

14.0
13.8
13.8
131
13.9

7340
7340
7080
7500
7450

7500
7260
7430
7260
7370

8330
7500
7300
7300
7300

1370
7460
7390
7800
7430
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Aliitude Average ¥eagured Measured Velocity
deet] Charge Segment ___Time of
mm Hg,' Density ‘meters; imiCroseconds; ‘Detonation
gm/ce {tmeter/seconds:

HMX/TNT, - 70/30, unconfined in two-inch diameter columns

Ground 1.7% .088 13.6 7290
{760-784 mi Hg.* 1.76 . 100 14,6 6840
1.79 100 13.1 162¢C
1.74 ,103 12.9 7890
1,80 . 102 18.1 7740
30,000 1.80 .102 13.2 7930
229 mm Mg, 1.81 .102 13.5 7560
1,83 . 102 13.1 7790
1.78 L1108 13.2 7130
1.86 102 13.2 7130
60. 000 .82 099 13.1 7560
180 mm Hg. ' 1.78 102 13.6 7500
1.768 . 099 13.2 7500
1.78 102 13.1 7790
1.81 .10% 12.9 7910
80,000 1.74 ,102 14.9 7240
’13 mm Hg. 1.80 .102 12. 9 7910
1.79 102 13.0 7850
1.75 .102 12.8 7970
1.71 .099 13.6 7280
}l&i}_{c TNT-70,30, uncoafined in one-inch diameter columns
30 000 .63 30% ag 1 5990
226 mm g, 1.60 . 306 38.0 8020
1.61 .303 38.1 7950
60. 000 .nm 302 38.4 7860
{60 mm Hg. 1,73 k(1] ] 38.0 8020
1.85 .306 38.6 8540
.08 .308 36.4 7940
90,000 .00 .20% 38.4 1940
13 mm Hg.®

Confidentia!
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Aliitude Average Measured Measured Velocity
Teelt Charge Segment Time of
‘mm Hg} Densaty imeterst! = /microseconds: Detonation
g/ eC) .meter/seconds}
HMX/THT, ~ T0/30, confined in 1/4 inch-wall stcel tubing, two-inch diameter
Solumiig B
Ground 1.75 .102 12.8 T$70
J160-T84 mrp Hg.*  1.59 .102 13.1 7190
1.63 .102 18,2 7130
1,73 . 108 13.1 7860
1.7% 103 12.9 8010
30. 000 i.72 .102 13.1 7160
{226 mm Hg. 1.74 .102 12,6 8100
1.74 . 102 12.8 79470
1.74 , 102 13.0 7850
1.88 127 16,0 7940
30, 000 1.13 . 102 . 13,1 7790
160 mm Hg. 1.74 . 103 12,8 8170
1.78 .102 12.8 7970
1.65 102 13.1 7780
1.75 102 13.2 7730
1.72 L1271 16.0 7940
90 000 1.73 .103 12.6 3170
113 mm Bg, 1,73 102 13.2 7730
1.74 . 102 12.7 8030
1.75 . 102 13.0 7850
1,59 .102 13.3 7670
RDX/TNT - 70/30, unconnned in one-inch diameter columns
Ground 1.78 . 305 38 1 8000
M160-764: 1.1712 , 302 36.1 8360
1.58 . 305 37.6 8110
1.75 - 302 38.0 7950
1.76 .303 37.6 8060
30, 000 1.68 .306 37.9 8070
226 mm Hg. 1.68 . 305 3.0 8470
1.74 . 302 38.0 7650
60, 000 1.70 302 37.6 8050
{60 mm Hg.' 1.72 . 305 37.8 8070
1.61 . 302 37.2 8120
1 62 . 305 36.5 8360
1.44 308 3177 8090
90. 000 1.712 305 38.1 9000
13 mm Hg. 1.1 . 308 38.0 8030
1.62 302 37.9 1970

Confidential
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Altttude Average ¥easvrsad Measured Velocity
Teets Charge Segment Time of
{mrm Hg.® Density Tmeters ‘microseconds’ Detonation
\gm:cc, ‘meter/seconds’

RDX/INT, - 70/30, unconfined, in one-inch diameter columns (Cont'd!

P
<3

-30% 38.4 7940

80, 000 2
R E ,302 37.9 7970

{1 mm Hg,. EO

3=
-

RDX:TNT, - 70/30, unconfined, in two-inch diameter columns

Ground 1,82 . 102 12.6 8050
(160-764 mm Hg.:
30, 000 1.81 . 108 18.0 7920
{326 mm Hg.) 1,81 .099 13.2 7800
1,76 ,099 12.2 8110
1.83 .102 13.0 7850
1.78 - 102 13.4 7610
80, OO 1.92 099 12,6 7860
{6C mmm Hg." 1.82 .103 12.9 7980
1.17 .102 12,8 7960
1.84 . 102 12.6 8010
1.78 .099 12,8 7920
80. 000 1.82 . 102 13.2 7730
‘1S mm Hg.’ 1.84 .009 12,8 7920
1.84 099 12,8 7860
1,78 .099 12,6 7860
1.80 .096 13.4 7160

RDX/TNT, - 70/30, confined in 1/4-inch-wall steel tubing, one-inch diameter columns

Ground 1.72 .305 38.3 7960
1760-764 mm ig. 1,74 . 206 38.5 1920
1,87 . 305 38,0 8030
.1 .308 38.8 7920
1,13 - 308 38.4 7940
1.61 308 8.1 8010
1,02 306 38.0 9030
30.000 1,64 302 379 17960
1226 mam Hg °
60, 000 2. 64 . 308 n.9 8080
00 mm Hg.: 1 83 305 3.0 020
$0. 000 168 307 31.9 8100
3 mm Hg. 1.0 300 ne 0710
* A4 308 311.9 2050
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Altitude Average Measuz ed bMeasured Velocity
“{eet: Charge Segment  Time of
{mm Hg.® Denslty “meterd = microseconds) Detonation
igm/ce \meter/ seconds;

RDX/THT, - 10/30, confined in 1/4-inch~wall sieel tubing, one-inch diameter colurans

s meniaz v

dCont'd:
90, 000
(13 mo: Hg.) 1.63 .305 38.0 8020
1,64 .305 37.0 8080
1.83 .305 37.9 8050

RDX; TNT, - 10/ 30, confined in 1,/4-inch-wall steel tubing, two-inck diameter coluinns

A S S, AAE RSSO 2 X R N L

Ground 1.70 .102 13.2 7130
{160-764 mm Hg. ' 1,72 .102 13.1 7790
1.72 ,101 13.0 7710
172 .102 13.9 7340
30, 000 1.72 .102 12.8 1970
226 mm Hg.\ 1.72 .102 12.8 8100
1.72 .102 13.5 7560
1.72 .102 12.8 1970
1,72 .102 15.1 6750
80, 300 1.70 .102 12.8 8090
‘66 mm Hg.) 1,74 .102 13,5 8160
1.78 .102 12.6 8080
1.72 ,102 12.9 1910
1.71 .103 13.1 7790
90, 000 1.7 .102 12,8 1970
13 om Hg. 1.0 ,102 12,6 8100
1,87 .102 12.6 8100
1.70 .102 13.0 7650
1.70 .102 12,7 8030

MOX-2B, confined in 1/4-inch-wa!l steel tubing, two-inch diameter columns

Ground 2.12 . 103 22.3 4630
(760-764 mm Hg. 2.13 .103 20.9 4940
2.12 .102 22.1 4300
2.12 -103 22.1 4660
2.12 .103 .4 4820

TNYT, unconfined, in two-inch diameter colune

Ground 1.74 .100 1.5 5130
{7160-764 mm Hg." 1,76 102 19.9 $110

Confidentiai
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Aliitude Avarage Measured hieasured Velocity

“leett Charge Segment Time of

‘mm Hg.! Denaity ~ meters’ microseconds’ Detonation
‘gmieet fmetir, aeconds)

‘TNT, unconfined, in iwo inch diameter colorons (Cont'd’

NAmT TED RN

Ground 1.78 102 18.5 5500
160-764 xum Hg.! 1.76 .100 18.3 8200
1,73 .103 19.0 5430

TNT, coufined in 1/4-inch-wall gieel tubirg, one-inch diameter columns

Ground 1,58 . 308 44.7 6820
£760-764 mm Hg.'} 1.59 .305 45.5 6850
1.61 .303 4.7 6780
1.60 .304 44.1 680¢C
1.62 .308 44.5 6850
i.61 .306 4.4 6870
30.000 1,00 .305 48.9 8500
“226 mm Hdg. 1.01 . 305 46.9 6500
1.59 . 305 45.4 8720
1.53 . 305 45 4 6720
60. 000 1.68 . 306 44 8 8810
"800 mm Hg.’
90, 000 1,86 305 44.8 6810
13 mm Hy. 1.99 .306 4.7 6820
1.59 .308 4.7 6820
1.58 . 305 44.8 6810
155 . 308 44.8 6810
1.64 .305 44.3 6880
1.62 .305 4.5 7350
31.57 .395 42.3 7210

JTHT, confined in 1/4-inch-wall steel tubing. two-inch diameter columne

Ground 1.57 .102 16.4 6820
-760-704 mm Hg.} 1.57 . 103 16.2 6780
1.61 .102 15.2 6710

1.58 102 18.2 6710

60. 600 1 58 .102 18.8 6460
60 mm Hg. 1.59 102 18.9 6420
1.58 102 16.6 6540

1.8 .102 158.4 6620

1.60 102 18.5 6580

Confidential
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Altiinde Avexage Measureda mMeusured Velority
Cfeel T Charge Segment Time R of
am B, Dengity “ineters,  ‘Milérosecondsy  Detonation
{gm/cc} {meter/seconds
THT, confines In 1/4-inck-wail stee’ tabing t¥o-inck diameter columns (Cont'd
90, CO0 1.61 102 15.6 8540
{13 min Hg.\ 1,60 .102 15.6 8540
' 1,69 .102 15.6 8540
1.58 . 102 15.6 8540
1.59 .103 15.6 6580

6.0 DISCUSSION OF RESULTS
8.1 Maticral has estimated the experimental error to be £ 3%, max-
imum, due to three major sources of error:
a) Non-uniforra density 'n the charges
b} HNon-linezr velocities ovej the measured segment
.¢) Precision of measurement in both time and distance
8.2 Deneity variations within a single column are not readily detected.
The test charges have beer inspected by X-ray phitography to eliminate any with
major flaws.
6.3 Non-linear velocitiies of detonation occur where steady-stats detona -
{ion reaction i8 noi established. Thie is correcief by allowing ample "run-up" ox-
rlosive columi ahead of the segment to be measutpd, The weight Uimit and diameter
requirements of the test chargee determine the l¢igth of the charges and restrict
the '"run-up’" column,
6.4 The error in meaaurement has!»een estimated to be less than 1%,
maximum. Linear distance is accurate within oy millimeter and time within one-

tenth microsecond.
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STUDY OF FRAGMENI‘ VELOCATY AT BIMULATRD ALTITUDE
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1.9 OBJECTIVE

AT o P WD N AGUT

7.1 The object of thiz phase of the prograw is the investigation of

the effect of altitude on ihe velocity Iragments produced from steel cylinders oy
charges of the following explosives:

TNT .

H-6

MOX-2B

70/30 - RDX/TNT

70/30 - KMX/ I'NT

The four altitudes under investigation are ground, 30,000,

60. 000, and 80, 000 feef.

8.0 Test Itexus

8.1 Steel cylindars of two configurations are used. Both sizes are
fabricated from A181 1045 gtenl, Ore is 171, D, x 15" long with a 1/4" wall thick-
ness. The other is 2" I D, x 7" long with 2 1/4" wall thickness.

9.9 TESTS

2.1 The major porilon of the test program hus been completed and
velocities cbtained or. # B-foot radial dietance by counter-chronograph. Accuracy
difficulties were enccuntered =t the bigher aiti*ndes, Causes are being traced in
order to ohialii reilable data. Data cbiained by the eiectrical method have been check -
ed by bigh-speed photogranhy and the twc methods found ts be compatible at

FEAS

ground level.

10.0 COMPUTATIONS

a— e

310.1 Theoretical velceities aie being computed with known Guerney
consants for ground level velocities for H-6, TNT, and MOX-2B. New walues of
Guerney constants of the 70/30 mixtures will be obtained by computation from ob-

served velocities. Condidential
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2.0 _F#U}‘URE WORE

The maior pavt of this prograzm has been completed. 'The entire pro-
gram witi the results of the remaining tests and {ragment calealaticns will be re-

viewed and summarized in a final report,
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