
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD500466

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Administrative/Operational Use; 31 MAR
1966. Other requests shall be referred to NASA
Manned Spacecraft Center, Houston, TX 77058.

31 Mar 1978, Group 4, DoDD 5200.10; USNSWC ltr
dtd 28 Jan 1976



THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200,20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE 

DISTRIBUTION UNLIMITED 



SECURITY 
MARKING 

The classified or limited status of this report applies 
to each page, unless otherwise marked. 
Separate page printouts MUST be marked accordingly. 

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF 
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18, 
U.S.C., SECTIONS 793 AND 794.  THE TRANSMISSION OR THE REVELATION OF 
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY 
LAW. 

NOTICE:  When government or other drawings, specifications or ether 
data are used for any purpose other than in connection with a defi- 
nitely related government procurement operation, the U.S. Government 
thereby incurs no responsibility, nor any obligation whatsoever; and 
the (act that the Government may have formulated, furnished, or in any 
way supplied the said drawings, specifications, or other data is not 
to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any patented invention that 
may in any way be related thereto. 

lüÜi-iMiiiiitii ff toiimiaiiir8^- ■— 



CO 
CO 

10 

3 

- V M M , v i i n n i i u i i ICJUO 

n:nA?vY COPY 
iv!r\r 2 o 1968 

uJS&M? iVlAMfJE° SPACECRAF f CENTER 
*^§0^ HOUSTON, TEXAS <JfbS* 

1 / 

ir?52S\tl' • I M S 

QUARTERLY REPORT ON INVESTIGATION OF HIGH AND LOW 
TEMPERATURE RESISTANT EXPLOSIVE DEVICES 

FOR NASA, MANNED SPACEFLIGHT CENTER 
NASA REQUEST T-32602 (G) 

j 

" I V -
cu fj 
o l;1 
CJ> - t 
1-U • 

j 1 
r ) 1' 1' 

AVAILABLE TO U.S. COYO®!? 
A8ESC1ES (BUY 

X66-23296 
(ACCESSION NUMBER) 

*3-(PAGfS) 

G. 

(NASA CR OR TMX OR AD NUMBER) 
i 2 3 

(CATEGORY) 
D D C 

— ~ ^ T — i r - > 

NOV 4 1968 
UNITED STATES NAVAL ORDNANCE LABORATOR^ l ^L i j t hU U ^ 

WHITE OAK, MARYLAND ^ 

Downgraded at 3 Year Intervals 
Declassified after 12 Years. D O D Dir 5200.70 

CONFIDENTIAL 
i . A.j <ie.-*S G?i§, 

S. if-.y... teatei 1 %s.i&3s Gajjy 

£ 



/3 /k^ 
Ifi-n-vLZ c 

r 

■'"(A- 

/ 

«oMMMMmiH 

•     ,^H ^ ^    -- -    - 



CONFIDENTIAL 

C ^' //ty 

"^INVESTIGATION OF ^IGH  AND |,0W TEMPERATUREi 
RESISTANT   EXPLOSIVE DEVICES 

For NASA,   Manned Spacecraft Center      \J_\J    "IZL.  
NASA  Request   T-32602(G) ^^ 

'JfJ 

fXjr\, 

I   Quo. K+IAI-J    pKaCfA^S     st-t-joi- ntd, 6 
; 

Period Covered:   3 Jan — 31  Man >66 

(oi* 

In a^cllticn to s&ourtty ~'s?ii-''re;-e^1 
dioaoeut and ntust  be    cl,  each tran 
of the U^S.  Govermaeni must have prior 

l/m^^jM- (1%$IJ 

NOTICE — THIS DOCUMENT CONTAINS INFORMATION 
AfFECTING THE NATIONAL DEFENSE Of THE UNITED 
STATES WITHIN THE MEANiNC Or THE ESPlO.-iAGE 
IAVVS, ORE 18, U.3.C.. SECTIONS 79^ AliD IV. ITS 
TRAf!S'.ii^iO:! OP WTc üEVEbUinn OF ITS CC::ir;!TS 
|N ANY IWAMNER TO AN UNAUTHORIZED PERSON IS 
PROHIBITED 3Y LAW. 

;?ISD 

■ .'::"7 to this 
f -: -■-    ü the ager 

•"■•'•■'-.-. or  

'IWfaU.^ ^/^~ CONFIDENTI AL 

; 
^^-2^^^- 

u, s. ^er nme^ 

•j   cr~/s     / /^VN Downgraded at 3 Year Intervals 
*-ö 0    CD^U Peetassified after 12 Years. DOD Dir 5200. 10 

^s^mwmwmwim'i^fimi Plf^liy.iiiiiujiyj^i^ij^BBf^s ^s^gi1 «wwipi'.i iwywwiw" swwajp pwmy«!";'" V 
IA 

. 
- ■ 

i6^äMMäMäi^m^m 



M 

COIIFIDSITOIAL 

'• -3 

- 

n 

TABLE OF CONTENTS 

BACKGROUND 
PROPAGATION OF HEAT RESISTANT EXPLOSIVES 

A. Small Scale Gap Test Sensitivity 
A-l, General 
A-2. NOL Preparations of HNS-II 
A-3. ABH-II 
A-4. Modified Small Scale Gap Test for High 

and Low Temperature Testing 
B. Micro Scale Detonation Velocity Measurement 

B-l, Detonation Velocity of ABH-II 
B-2. Detonation Velocity of MDF's After High 

Temperature Exposure 
C. End Coupler Functioning at Low Temperatutes- 
D. Compatibility of Explosives at Elevated 

Temperatures 
E. Vacuum Thermal Stability of RDX and HM at 

Elevated Temperatures 
F. ABH Synthesis 

TABLES 
Number Title 

1 END COUPLER FUNCTIONING TEST RESULTS  AT 
-3150F 

2 CCMPATIBILTrY" OF  EXPLOSIVES   AT  HIGH  TEMPERATUR! 

Kurriber 
FIGURES 
Title 

SMALL  SCALE   GAP  TEST   SENSITIVITY VS   DENSITY 
OF HNS-II 
SMALL  SCALE  GAP TEST  SENSITIVITY VS   DENSITY 
OF  SEVERAL  EXPLOSIVES 
EXPERIMENTAL  ARRANGEMENT  FOR THE  DETERMINATION OF 
THE  SENSITIVITY OF  EXPLOSIVES   AT  VARIOUS 
TEMPERATURES 
SMALL  SCALE   GAP TEST   SENSITIVITY OF  HNS-R AS   A 
FUNCTION OF TEMPERATURE  AND LOADING  PpSSSURE 
MICRO-SCALE   DETONATION VELOCITY OF   ABH-II  AS  A 
FUNCTION OF   DENSITY 
DETONATION VELOCITY OF  DIPAM-MDF  AFTER EXPOSURE 
TO HIGH TEMPERATURE 
DETONATION VELOCITY OF HNS-II  MDF  AFTER  EXPOSURE 
TO HIGH TEMPERATURE 
DETONATION VELOCITY OF NONA-MDF  AFTER EXPOSURE 
TO HIGH TEMPERATURE 
LOW TEMPERATURE END COUPLER TEST  ASSEMBLY 

Page 
1 
1 
1 
1 
1 
1 

2 
2 
2 

3 
3 

4 
5 

Page 

6 
7 

Page 

8 

9 

10 

11 

12 

13 

14 

15 
16 

CONFIDENTIAL 

^WWWil;! ^WWfpippi^jfMHBM ' WPIBBHP   ' J f 

..-..■     ■      . ■  . ■. .,--..-.- :w*mmm.:    ■ 

---' -•^niiMWiim-M —-iitiiirtriiitti nhi'ini-fa"---■■,    i,,'. -i.^..,.-.—■■ 



r 
tatüB i 

\ 

■».  :" 

' 

I 

CONFIDENTIAL 

\ 

BACKGROUND 

This   is the  fifth NOLI  Wh 
on the   "Investigation of Hugh 
Explosive  Devices" work bei^pg 
Spacecraft Center at Houstq 
3 January to 31 March  1966,, 
properties of heat resistant  e 
effort on  the extremely low te 
materials a. 

ite Oak quarterly progress  report 
and Low Temperature Resistant 
conducted  for the NASA Manned 
This report covers work from 
e work on the   investigation of tre 

xplosives   is  continuing with somel 
mperature performance of these 

J 
I  PROPAGATION OF  HEAT  RESISTANT   EXPLOSIVES 

A.    Small Scale Gap Test Sensitivity 

A-l.     General 

To insure that new batches of heat resistant explosives 
are of an  acceptable quality,   specification testing is performed 
on them.     New batches  of NOL prepared HNS-II  are  the most recent 
explosives  to be  subjected to specification tests.     These tests 
were run to determine  the  reproducibility of the HNS-II product 
by NOL preparation procedures. u 

A~2.     NOL Preparations  of HNS-II 

x . The sensitivity values  obtained  from the   first NOL prepara- 
tion of HNS-II   (X-528)   were used as  the basis  for  setting the 
specification limits   (see WS5003C and Fig 1 of this  report).     The 
small  scale gap test was used to determine the sensitivity to shock. 
The results  of these tests   for  two new NOL HNS-II preparations 
(X-538,  X-550)  are shown in Fig 1.    Each point on  the sensitivity- 
density curve represents  the  statistically  determined 50% shock 
stimulus   as obtained from 20 shots.    As  given by the specification,   a 
sensitivity-density value    falling within a given rangeis  acceptable 
as shown in Fig 1.    Additional HNS-II samples   are being prepared 
and will be tested in the  same manner.     Efforts  are  now being made 
to procure HNS-II  from commercial sources   for testing. 

A-3.     ABH-II 

The new heat  resistant explosive  azobis   (2,2*,4,4',6,6'- 
hexanitrobiphenyl),  ABH,   m.p.>4850C,  has been tested at two loading 
densities,   as shown in Fig 2.     ASH with particle size of  about  20-100 
microns   (type II material)   appears to have  about the same sensitivity 
as NONA when both are  loaded to a density of ~ 1.30  g/cc.    Starting 
at a density of 1,3 g/cc the sensitivity of ABH decreases much more 
rapidly  than that of NONA with  increasing density.     Investigation 
of the sensitivity as  a  function of the density will continue  at 
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higher  densities.     The sub-micron particle size material,   ABH-I, 
will be  investigated in the same manner. 

A-4.    Modified Small  Scale Gap Test  for High and Low 
Temperature Testing 

There  is  an increasing  demand for the use of explosives 
in applications up to about  500°F  and  as  low as  -200°F.     The 
sensitivity of these explosives  to shock has not been  determined 
at these extreme conditions of temperature.     In the past most all 
small scale gap tests have been made  at room temperature.     Therefore 
a modified small  scale gap test was  designed as  a means   for determining 
the sensitivity of the heat resistant  explosives  at various  tempera- 
tures.    The experimental  set-up is  shown in Fig.   3.     Prior  to 
insertion in the  test set-up the  loaded acceptor  is  stored  in a 
chamber  at the  test temperature.     The  standard RDX donor  at room 
temperature is  fitted with a plastic  attenuator  and then placed 
into the slotted glass tube to  a predetermined position and maintained 
there by a holder   (not in plane  shown in the figure).    The  20-mil 
teflon disc  is  placed in the tube   and on the output block.     The 
purpose of this  disc is to insulate the acceptor from the  large mass 
of steel on the output block.     The  acceptor explosive  is  removed 
from its environment and placed  into this expendable  assembly for 
testing,    A  time-temperature profile  predetermined  from thermocouples 
mounted"in the  acceptor,   the output block,   and the  attenuator showed 
that the performance of  the explosive must be determined within  30 
seconds of removal  from its  environment.     In order to prove-in the 
experimental procedures,  HNS-R was  tested by this method  at  500°F 
and -650F.    The tests ran smoothly  and the results  are shown in 
Fig.  4,     Fig.  4  at extreme densities  shows the expected trend in 
sensitivity,   i.e., sensitivity  increases with increasing temperature. 
Work is being conducted to extend the  lower temperature to  -300°F. 
DIPAM,   HNS-I,   HiIS-II,  NONA,   and other  explosives will be  subjected 
to these extreme temperature tests   and their sensitivities   determined,. 

B.    Micro Scale  Detonation Velocity Measurement 

B-l.     Detonation Velocity of ABH-II 

Previous work has  shown that the detonation velocity of 
explosives  in small column diameters  can be determined by using 
small amounts  of  explosive in the hypodermic needle-micro  scale 
detonation velocity test.    ABH-II was   available only  in very small ' 
quantities,   in  the order of a  few grams,   and was  loaded  into hypo- 
dermic needle  tubing.    Two extreme  loading densities were  chosen, 
as is shown in Fig  5.    ABH-II  appears  to have  a detonation velocity, 
comparable to NONA,  of about 6.3 mm/usec at  a density of 1.35 g/cc 
and about 7.3  mm/usec at  a density  of  1,63 g/cc.     These  detonation 
velocity determinations will be  expanded to cover  larger  column 
diameters   (0','1,   0^2,   and 0'13  diameters)   and various  densities. 
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SrJU Detonation Velocity of KDF's  Aft^r Hrcrh Temperature 
Exposure 

The NOL  findings,   published   in  the  Third  Quarterly  Progress 
Report,   shows   a  definite  decrease  in the detonation velocity of 
explosives  loaded   in MDF's  after  long exposures  at  elevated  tempera- 
tures.     In order  to  determine   if  the   decrease  in  the velocity   is 
caused by degradation of the explosive or  some physical  change   in 
the  cord,   several  core   loads of various magnitudes  must be   investi- 
gated.     Since  the  preliminary  findings were made with  15 or/ft 
MDF's,  it was  decided to repeat this  type of experiment with  a 
2  gr/ft MDF.     By  reducing the quantity of  explosive/unit  length the 
smaller core  load  should fail to support  detonation sooner when 
exposed to the same temperature  environment,   if chemical  degradation 
is  responsible  for the  decreased velocity.     The results of these 
preliminary tests  are  shown  in Figs  6,   7,   and 8.     DIPAM,  HNS-II,   and 
NONA MDF's   (silver)   loaded at  2 gr/ft  show more rapid  degradation 
than the MDF's  at   15 gr/ft core loads  exposed under  the same  tempera- 
ture conditions.     These  experiments will be expanded to  include RDX and 
HMX  in MDF's  and FLSC's. 

C.     End Coupler Functioning at Low Temperatures 

An end coupler   is   an explosive  component designed  to pick-up 
and intensify the shock produced  from the  detonation of MDF  and to 
transfer  this  detonation to a  subsequent  explosive  component.     Past 
experience has   shown  that superfine  explosives  are  desirable   for 
end coupler explosive  loads.     Since this  type of unit must perform 
at  very  low teraparatures   as well  as   at  elevated temperatures, 
a preliminary   investigation was  set-up and will be  expanded.     The 
test set-up  is  shown  in  Fig 9.     The  end coupler was  placed  in  a 
low conrinement  plastic holder with the output end resting on  an 
aluminum output block,     A standard No,   6 detonator was used to 
initiate the 2 gr/ft MDF,    The entire  assembly was placed  in    a 
test tube  and  i-nmersed   in liquid nitrogen.     The assembly was   allowed 
to soak for several minutes after reaching  a temperature of  -315°F. 
The performance of the  unit was measured by the dent produced  in 
an aluminum output block.    The explosive efficiency has  not been 
related to the room temperature performance because the data has 
not been reduced  in terms of strengths  of materials  at these  low 
temperatures.    However,   irrenpective of  immersed strengths  of 
aluminum at low temperature,   the propagation of the explosive  is  of 
significance.     It can be noted in Table 1  that low density  loading 
can give rise to poor  reliability  in performance.    The  significant 
finding in these data  is that ABH-I   (sub-micron particle size)   appears 
to perform better than HN3-I   (superfine).     Also,   the  fact that  ABH-II, 
although large  in particle size may be sensitive enough to pick-up 
detonation from a small  impetus  shock.     This work will  continue  and 
should prove valuable  in  future end coupler  designs. 
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D. Compatibility of Explosives  at  Elevated Temperatures 

Conpatibili.ty studies  are  continuing on DIPAM,   HNS-II,   and 
NONA mixed with lead azide   (dextrinated)   and subjected to elevated 
temperatures.    The  latest  results  are shown  in-Table  2.    The 
sample consisted of a mixture  of heat  resistant explosive  and 
primary explosive  in  a weight  ratio of  1.0/0.25   g.     It would  appear 
that lead azide  is  compatible with these  explosives  at  3920P   (200oC), 
There  is no reaction between  the high explosives  and lead azide  at 
this temperature.    However,   the  lead styphnate  sample will  not 
withstand this extreme temperature. 

E. Vacuum Thermal Stability of RDX and HMX at Elevated Temperatures 

Samples  of RDX and HMX have been tested at   300*F for thermal 
stability with the  following results: 

HMX Grade  II 

RDX Type  B 
Class  C 
Holston Sr-31a-d-65 
(74-1680 microns) 

0.35 ml/g/43 hrs 
6.2     ral/g/16  days 

1.65 ml/g/48 hrs 
7.2    ml/g/16 days 

1.22 ml/g/48 hrs 
18.9    ml/g/16  days 

RDX X-494 
Type B 
Class  E 
Holston 
(44 microns - source,  Crane,   Ind.) 

From the above data,   particle  size effect  seems  to be evident  in 
the RDX  samples. 

Samples of RDX and HMX were  tested at  350° F  for thermal 
stability with the  following results: 

HMX Grade II 

RDX Type B 
Class C 

RDX Type  B 
Class  B 
44 microns 

3.6 ml/g/48 hrs 
24.8 ml/g/4 days 
EC*  in  5  days 

7.6 rol/g/48 hrs 
11.3 ml/g/3 days 
EC  in 4  days 

10.5 ml/g/24 hrs 
EC in 2  days 

*  BC - exceeds capacity of measuring equipment. 
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F.    ABH Synthesis 

A program aimed at  improving the  synthesis  method   for  azobis 
(2,2,,4,4,,6,6,-hexanitrobiphenyl) ,   ABH,   m.p.>4a50C,   has   re/sulted 
in a number of refinements   such  that  overall yields   in  the^ix step 
process  starting with picryl chloride  and m-bromoanisole  are now 
about  50%.     It  is  now possible to prepare 10O g batches  using 
laboratory-scale  apparatus  and estimates of manufacturing cost 
have been reduced  from $5,000-10,000/lb to $500-1,000/lb.     More 
than two pounds  of material have been prepared in the  course of 
this program. 

A method of converting the  sub-micron particle  size material 
(ABE-I)   to a  20-100 micron particle size product   (ABH-II)  without 
adversely  affecting 260°   thermal  stability has  finally been devised. 
Both ABH-I  and ABH-II evolve  1.0-1.5 cc gas/gAr  in the  260oC 
vacuum thermal  stability test,   corresponding to less  than  1% 
decomposition per hour at  this  temperature. 
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TABLE 1 

END COUPLER FUNCTIONING TEST RESULTS 
AT -315 F 

I  

Loading 
Pressure 

(KPSI) 

ABH-II 
(Large 
Crystal) 

ABH-I    ! HNS-I 
(Superfine •, (Superfine j 
Crystal) | 

1 Crystal) 

> 

13 32  | 13 32 

F 36 
l 

P 31 

11 33 F 35 j 

16 34 P 36 j 

10 35  ; 16 i   38 i 
17 38 24 i  33 | 

18 
21 
,20  

*F - Explosive in  ferrule  failed to initiate from 
the  shock stimulus  produced from the detonation 
Of  the MDF. 
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COMPATIBILITY OP   EXPLOSIVE AT 
  _ HIGH  TEMPERATURE 
V  PbTNa), 

Dextrinated 
Lot 2 cc/gm @ 200°C 

\ 
\ 

Explosive 

j DIPAM 
1 NOL prep. 

i HNS-II 
i  X-538 

j NONA 
1  96-7524P.21-1 

•; Control 
jPbCNa)» 

.1 Dextrinated Lot 2 

2 days 

3.7 

3.7 

4.5 

4.7 

 j _  

7 days \     35 days 

7.8 

7.9 

9.1 

17.5 

16.9 

16.0 

29 
for 31 days 

PbSty(n) 
milled 

Explos ive 

DIPAM 
NOL prep 

HNS-II 
X-538 

i   NONA 
j      96-7524P.21-1 

j   Control 
I   PbSty(N)milled 

cc/gm @ 200° C 

2  days 

24.5 

25.5 

26.1 

6 days 

27.1 

27.5 

26.3 

EC  after 26 hours 

'EC  = exceeds   capacity of measuring equipment 
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Acceptance Zone 

NOL 

Symbol 

HNS-II 

Ident 

o X-528 

A X-538 

X X-550 

1.5 1.6 1.7 

Density   (g/cc) 

1.8 

FIG  1       SMALL  SCALE GAP TEST  SENSITIVITY VS   DENSITY 
OF HNS-II 
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FIG   2 SMALL  SCALE  GAP TEST  SENSITIVITY VS   DENSITY 
OF   SEVERAL  EXPLOSIVES 
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EXPERIMENTAL ARRANGEMENT  FOR THE  DETERMINATION 
OF THE SENSITIVITY OP   EXPLOSIVES   AT VARIOUS 

TEMPERATURES 

10 CONFIDENTIAL 

IIIPPPPj^PPJ Pi MPip|p^ppjpp^||ppiqpi^pP|P IBM jpgP1 '-''W.1 p,
9"fS|' 

,,,1 —     ...„.lal» Jill    . 

**«*i*«**Mi««««»«tM«BS« 

"■V    '       ;';   ■■■   ^-^     V..:'.^ ■■.^-   - 



1 

• 

CONFIDENTIAL 

7.d- 

6,0- 

(A 
3 

.^1 

c 
0 

m 5.Ch 

c 

o 
4.0H- 

3.0U 

FIG 4 

i^ 

± 1 J. 
8       16       32 

Loading Pressure (KPSI) 

J  
64 
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FIG  9       LOW TEMPERATURE END COUPLER TEST  ASSEMBLY 
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