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\ INTRODUCTION 
\ 

Because of the importance of knowing w h a t  mechanical shocks a '' l i qu id  explosive w i l l  withstand, w h a t  the r e l a t ive  order of sens i t i v i ty  
2 i s  f o r  d i f f e ren t  l i qu id  explosives and monopropellants, and how effec- 
A t i v e  a re  those addi t ives  considered desensi t izers ,  much work has gone 
i, 

i n t o  the development of standard methods f o r  determination of impact 
, sens i t iv i ty .  S ta r t ing  with Bowden and Yoffe's adiabat ic  compression -, hypothesis ( l ) ,  a method and apparatus, the Olin-Mathieson ( 0 - M )  Drop 

Weight Tester, were developed by a committee (2) .  I n  the course of 
invest igat ing the e f f e c t  of desens i t izers  on ni t roglycer in  (3) ,  the 

i\ authors introduced ce r t a in  s ign i f icant  modifications i n  the  0 - M  Tester. 
\, The published r e s u l t s  of that  inves t iga t ion  describe the instrumented 
\ drop weight apparatus i n  possibly in su f f i c i en t  de t a i l .  The modification 
> does not a f f ec t  the measured values of impact s e n s i t i v i t y  of nitrogly- ' cer in  solut ions (comparing data obtained on the same apparatus p r io r  t o  
) incorporation of instrumentation), and a f u l l e r  descr ipt ion of the 
l apparatus may be useful  t o  other  workers. I n  addition, f u r t h e r  work 
(- has revealed ce r t a in  in t e re s t ing  phenomena r e l a t i v e  t o  the measurement ' of impact sens i t iv i ty ,  which w i l l  be discussed here. 
> 
% APPARATUS 

The or ig ina l  0-M apparatuh has been adequately described (2).  
modifications which permit determination of pressurizat ion rate, maxi- 
mum pressure, and impulse due t o  impact have been b r i e f l y  described ( 3 ) .  
The p i s ton  type pressure gauge ha8 now been ca l ibra ted  over the range of 
1 t o  6800 a t m .  A photograph of the gauge is shown i n  F i g .  1. 
machined from a s ingle  piece of metal and cons is t s  of a pis ton,  column, 
and a threaded base which serves t o  anchor the gauge f i rmly t o  the sample 
cup assembly. The sensing elements are Baldwin s t r a i n  gages (w PAB 
12-12) which are  bonded t o  the surface of the column with an adhesive; 
they ape protected w i t h  a c lo th  covering. The s t r a i n  of the column i s  
d i r ec t ly  proportional t o  the  applied pressure. Cal ibrat ion with a 
Tinius Olsen dead weight tester showed the response of the pressure 
gauge t o  be l i nea r  over the e n t i r e  range. Placing the two s t r a i n  gauges 
on opposite faces  of the pressure gauge compensates f o r  any bending of 
the column. 

A l i n e  f i l ter  removes any extraneous s ignals  generated from other 
e l e c t r i c a l  equipment i n  the area. The 3-conductor, shielded cable from 
the gauge t o  the Wheatstone bridge (Pig. 2 )  i s  about 6 feet long. 
Type D Tektronix plug-ins are used i n  t h e i r  d i f f e r e n t i a l  mode w i t h  the 
oscil loscopes.  The bridge i s  balanced by means of variable  res is tance 
R2. This i s  done very accurately by means of a Leeds and Northrup 
potentiometer or a ca l ibra ted  galvanometer. Alternatively,  i t  can be 
done ( l e s s  accurately) by changing the input setting from AC t o  DC a t  
the oscil loscope u n t i l  there i s  no def lec t ion  of the  beam when switching 
from AC t o  DC. 
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The sample cup i s  then precompressed by means of a spanner Wrench, 
The resis tance change of the  s t r a i n  elements unbalances the bridge 
current,  providing a def lec t ion  of the potentiometer, galvanometer, or  
oscil loscope beam. The same e l e c t r i c a l  equipment was used i n  cal lbrat-  
i n g  the gauge. I n  t h i s  manner, an accurate measure of i n i t i a l  precom- 
pression and pressure versus t i m e  during impact and explosion i s  
obtained. Temperature compensation i s  not a prime consideration i n  
these tests. Heat conduction during the t e s t  cannot a f f ec t  the gauge 
elements because of the short  duration of the  t e s t .  

with the more sens i t i ve  galvanometer o r  potentiometer; the higher 
pressures  due t o  impact and explosion a re  read aa a function of time on 
the oscillograph. The f a l l i n g  weight t r i gge r s  the oscil loscope sweep 
when it contacts t he  b a l l  and p is ton  of the sample cup assembly. 
i s  a block diagram of the  apparatus. 

An instrumented drop weight apparatus has a l so  been described by 
G r i f f i n  (4) .  
Pressure from the  impacted sample cup i s  transmitted through a system of 
p i s tons  w i t h  O-rings and hydraulic f l u i d  t o  a transducer. Considerable 
f r i c t i o n a l  losses  and binding occur i n  t h i s  system. Substant ia l  energy 
lo s ses  were noted by Gr i f f in ,  who found t h a t  much g rea t e r  impact energies 
were required for i n i t i a t i o n  of explosives i n  N s  instrumented apparatus 
as compared t o  the uninstrumented apparatus. Such def ic ienc ies  do not 
e x i s t  i n  the apparatus described i n  t h i s  paper". 

The pressure developed i n  the ini t ia l  pre-compression i s  measured 

Fig. 4 

It contains  the standard sample holder components. 

RESULTS AND DISCUSSION 

The e a r l i e r  paper (3) reported r e s u l t s  obtained by use of the 
instrumented drop weight apparatus. Impact pressure, rate of pressuri-  
zation, i gn i t i on  delay time, and pressure-time re la t ionships  during 
explosion were determined as a function of concentration of desensi t izers  
i n  ni t roglycer in .  The data helped t o  explain the  d i f f i c u l t y  i n  ge t t ing  
reproducible t e s t  r e s u l t s  on l i qu id  explosives when the impacting weight 
i s  small; i t  was found that excessive pressure o s c i l l a t i o n  occurred 
during impact when a 1 kg weight was used. The osci l lographic  data a l so  
threw-llght on a number of phenomena associated with impact tes t ing,  e.&, 
the e f f ec t  of in@acting weight and of drop height on the e f f ic iency  of 
conversion of momentum t o  impulse delivered t o  the sample and a l so  on 
the pressur iza t ion  rate of the sample. It was concluded tha t ,  i n  order 
t o  eliminate differences i n  r a t e  of impact pressurization, weights 
should be dropped from a constant height, a s  f a r  as pract icable ,  so t h a t  ' 
var i a t ion  I n  the energy delivered is  obtained by varying the weight only. 
The paper reported the increases  i n  i n i t i a t i o n  delay time, i n  deflagra- , t i o n  rate, i n  impulse del ivered t o  the sample, and i n  impact weight 
required f o r  5C$ probabi l i ty  of i n i t i a t i o n  as a function of increasing 
desens i t izer  concentration. No difference was detected i n  effect iveness  4 

of the common desens i t izers ,  t r i ace t in ,  dibutylphthalate,  and dimethyl- 
phthalate.  A p l o t  of Impact weight a t  the 50$ point versus desensi t izer  
concentration showed a much lower slope f o r  th? region 0-1& desensi t izer  
(by weight) t h a n  f o r  l6-3@. A "memory e f f e c t  was found, i.e., repeat- 
ing the drop t e s t  w i t h  the same weight and height on a sample which had 
previously f a i l e d  t o  I g n i t e a t  or near the 5@ point resul ted i n  a posi- 
t i v e  test every time. 

I 

1 
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* Credi t  i s  due Mr. H. Cleaver of th i s  Laboratory for development of .L 

the instrumentation. 
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We have now found tha t  a p lo t  of peak impact pressure ( ra ther  than 
impacting weight ) versus desens i t izer  concentration g ives  a continuous , 
nearly l i n e a r  re la t ionship.  Fig. 4 i s  a p lo t  of peak impact pressure 
versus impacting weight from a height of 1 cm. Fig. 5 is  the p lo t  of 
peak impact pressure versus desens i t izer  concentration. These data were 
obtained, using samples pre-compressed by the  technique specif ied i n  the 
standard procedure (2), i.e., by t ightening the sample assembly cap with 
a torque wrench t o  a reading of 7 inch-pounds. This procedure w e  have 
found t o  g ive  an ini t ia l  pressure (before impact) of 18.5 :t: 2 atm. 

In  order t o  get better reproducibi l i ty  of i n i t i a l  pressure, we have 
changed the pre-compression technique, using a spanner wrench and con- 
t r o l l i n g  pressurizat ion by readlng the galvanometer o r  potentiometer. 
T h i s  i s  of some importance i n  obtalning reproducible data, f o r  i t  has 
been.shown (5) that the percent of impacts which r e s u l t  i n  explosion i s  
decreased when Initial pressure i s  increased. W e  have a l so  found tha t  
the r a t i o  of peak impact pressure t o  i n i t i a l  (pre-compressed) pressure 
i s  a most s ign i f icant  f ac to r  i n  determining probabi l i ty  of explosion of 
nit roglycer in .  This i s  consis tent  with quasi-adiabatic compression as 
a mechanism of in i t i a t ion .  Fig. 6 shows probabi l i ty  of  explosion as a 
funct ion of compression r a t i o  f o r  ni t roglycer in  impacted from a height 
of 1 cm with varying weights, using pre-compression t o  various i n i t i a l  
pressures. The measurements of probabi l i ty  of explosion i n  Fig. 6 are 
rather crudely performed (from a s t a t i s t i c i a n ' s  viewpoint); f o r  each 
point,  t en  n i t roglycer in  samples were prepared, the sample cups pre- 
compressed t o  iden t i ca l  i n i t i a l  pressures, the same weight dropped on 
each sa.mple, and the number of pos i t ive  t e s t s  recorded. Although the 
l i m i t  of precis ion of each impact pressure reading i s  estimated at f 3 
t o  * 5$, a cor re la t ion  between compression r a t i o  and probabi l i ty  of 
explosion i s  apparent . 

The "memory e f f ec t "  we had noted i n  the earlier paper has been 
found t o  be due t o  the f a c t  tha t  pressurizat ion within the sample cup i s  
decreased following an impact which does not produce explosion. Twenty 
samples i n i t i a l l y  pressurized t o  18.5 a t m  were found t o  average 12.0 a t m  
a f t e r  impact without explosion; the loss  i s  presumably leakage from the  
sample cup. On subsequent Impact of the  same sample cup with the same 
weight, the pressure r a t i o  i s  subs tan t ia l ly  higher and explosion resu l t s .  

A s ign i f icant  conclusion from the data on the importance of com- 
pression r a t i o  i n  i n i t i a t i n g  explosion of ni t roglycer in  i s  that the 
processing o r  handling of l i qu id  explosives and monopropellants under 
reduced pressure introduces a hazard by sens i t iz ing  t h e  l i q u i d  t o  weak 
impacts. 

REFERENCES 

(1) Bowden, F. P., and Yoffe, A. D., I n i t i a t i o n  angnGrowth of Explosion 
i n  Liquids and Solids,  Cambridge University Press, 1952. 
Liquid Propellant T e s t  Methods, T e s t  Number 4, Drop-Weight Tes t ,  

Applied Physics Lab., S i lve r  Spring, Md., 1964. 
Levine, D. , and Boyars, C. , The Sens i t i v i ty  of Nitroglycerin t o  
Impact, Combustion and Flame, i n  press. 

#y 

Griff in ,  D. N., The I n i t i a t i o n  of Liquid Propel lants  and Explosives 
b I act ,  Prope an s, om us on, an Liqu oc e s o erence, 
i!&F%ZRocket; S'ic.: Ap: 28-2;; lg61,d~alm szh, kF:a.yPger NO, 
1706- 61. 



152  

I 

pig. 1 - Pressure Gauge 

Rl =R, 
Ra =Et 
E= 6 

Fig. 2 - midge Circuit 
4 2 0  Ohm Resistor; R,=100 Ohm 10 Turn Resistor; 4 =lo  Ohm Resistor; C=Si@;nal Output to Oscilloscope 1 
Volt Power Supply; WEalance Control; T=To NOL 
Gauge: 

B= Zero Balance Checkpoint To 

, 

- 
A 

F i g .  3 - Instmentat ion on Drop Weight Apparatus 
A=Brldge; E=22 Volt Battery; H=Drop Weight Hammer; 
I=Assembly Containing Sample Cup and NOL Gauge; 
CtOscllloscopes 
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1 5 3  

F i g .  5 

0 *G 

0 NQ/Trlacetin 

@ NQ/Dlbutylphthalate 
~Nff/DImethylphthalate 

Weight $ Desensitizer 
- Impact preeaure neceasary to  cause explosion (50$ point) of 

NQ solutions when impacted from a height of 1 cm with varying 

2 4 6 
Weight (m) 

F i g .  4 - Peak pressure due to  impacting weight from a height of 1 cm 



k 
p1 14 16 18  20 22 24 26 28 30 

Compression Ratio 

Flg. 6 - Probability of ignit ion vs. compression 
r a t i o  fo r  NO impacted from a height of 
1 cm. with varying weights, using pre- 
compression t o  various i n i t i a l  pressures 

Weight I n i t i a l  Pressure 
A>--- C a t m ) - - - - -  _--__-- 

A 
B 
C 
D 
E 
F 
c 
H 
I 
J 
K 
L 
M 
N 

4.8 
2.3 
2.8 
4.8 

51.2 
37.6 

38. 
18.5 
25.6 

38. 
18.5 
18.5 
27.8 
32.0 
18.5 
18.5 

36.2 

18.2 


