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TKANolTlON FROM OOOW bURl^INo TO DETONATION! 
PREJOURE AND VEDOCITi MEAoUREMENTD

AKDREJ MA^EE 
ROYCE W. GIPoON 
PAUL P. DONOVAN

Approved by: EVAN C. NOONAN, Chief 
Physical Cheralstiy Division

ABLVRACT: Cast confined cnarges of dietnylnitramine dinitrate
(DINA) were electrically initiated by Nlchrome igniters. As 
slow burning accelerated toward detonation, pressure in the 
region around the igniter and propagation velocities over three 
adjacent Intervals along the charge were measured, Prellmin^ 
pressure measui^eraents on TNT and pentollte were also made. The 
pattern of velocity Increase in DINA is similar to that previ­

ously determined for pentollte. The pressure in the region of 
initiation is approximately exponential in time. The results 
are given in tabular and graphic form. Their relevance to the 
understanding of shock formation is briefly discussed. ^
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Many exploalvea are known to Ignite and bum before 
detonating. The transition from deflagration to detonation 
haa not been studied extensively and the purpose of this 
research was to elucidate the tsechanlsms Involved. It 
represents part of a program on explosive sensitivity follow­

ing the recommendations of NavOrd J906 "Key Problems In 
Research and Development, Part I". This work was authorized 
under the New Explosives task, NO 8''0-667/76004/01.

W. W. WILBOURNE 
Capt. USN 
Commander
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SENSITIVITY OP EXPLOSIVES VI 

TRANSITION FF M SLOW BURNINO TO DETONATION t 
PRESSURE AND VELOCITY MEASUREMENTS 

INTRODUCTION 

The experimental study of the transition from slow 
burning to detonation In high explosives has been continued 
and expanded since the last report of this project (l)# which 
dealt with velocity determination In pentollte charges* 
Dlethylnltramlne dlnltrate (DINA) was chosen as the explosive 
to use In continuing this work, because It Is a pure compound 
and It Is also easily castable (M,p* 51-54*C)# The physical 
set-up of the explosive test specimen remained much the same 
as reported earlier (l); the few Important changes will bn 
described further on In this report. 

In addition to extending the velocity determinations to 
DINA, the pressure-time history of the region of initiation 
was studied* The purpose 6f this pressure-time study was to 
determine whether or not requirements for shook formation are 
met in a confined burning medium (2) of specified dimensions 
(Pig. 1)* In addition to pressure measurements In DINA, 
similar preliminary measurements on pentollte and TNT have 
been made* As little change in the velocity measuring tech¬ 
nique has been made since the previous report, the bulk of 
the present report will deal with the measurement of pressure* 

EXPERIMENTAL 

A. Egglpagn* 

The explosive test specimen was basically the same 
as that reported previously (l)* As before, ionisation probes, 
positioned at Intervals along the charge, measured the sub- 
detonation and detonation velocities; the signals from these 
probes were recorded on a Tektronix 3^5 oscilloscope and, in 
some shots, also on a Potter electronic ehronofraph* A typical 
oscilloscope velocity record Is reproduced in Pig* 2* The 
Ionization probe circuit can be found In Ref* 1* The target 
plate, with detonator Inserted to dispose of malfunctioning 
charges# was again used to determine, qualitatively# the 
velocity attained by the reaction as it arrived at the top 
of the tube* Most of the shots were made in tubes of the 

1 
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FIG. I CROSS SECTION OF THE CHARGE

2
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HOPI7CMTAL scale r.M:20^SEC
The first probe STARTEC tml 1 ^mER S SNAlS recorded at E7, t9
AND Su^SEC. S'TEACt STATE OE t a T i ^ N rea:«‘’- Pf'AiEEN ThE SECOND AND
The third probe

FIG. 2 OSCILLOSCOPE VELOCITY RECORD OF SHOT DI2
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previously used 0,^^ ln« wall thlclcness; however, to facili¬ 
tate pressure measurements by Increasing the strain of the 
tube wall, several shots In which a wall thlclcness of 0,250 In, 
was used were fired. This permitted a comparison of the 
transition patterns obtained under different degrees of 
confinement, 

S' 

One of the changes In the basic charge was the design 
of an Igniter-pressure seal combination (see Fig. l). The 

. new type Igniter gave more efficient Ignitions and more 
reproducible delays, T , The data obtained from these 
velocity measurements In DINA are given In Tables I, 11, III 
and IV, 

In addition to the Instrumentation described thus far, 
» a number of DINA (and a few pentollte and 1W2 charges) were 

provided with strain gauges for the purpose of measuring 
pre-detonation pressure build-ups. It was Intended that 
these gauges should follow the pressure-time history, 
especially In the region of Initiation where It Is an 
Important factor In the theory of transition to detonation 
from slow burning (2). 

The pressure measuring Instrument was a Wheatstone bridge 
(Fig, 3), In which two opposite arms were Baldwin SR-4 strain 
gauges mounted radially on the charge case. The other (compen¬ 
sating) arms were either the same type of gauge, mounted on a 
dummy steel tube, or two precision resistors of the same 
resistance. The unbalance of the bridge, due to the strain 
in the tube under pressure, was recorded on a cathode ray 
oscilloscope. Several refinements of this basic circuit were 
used. 

SQ - Strain gauges 

R . Compensating gauges 
or precision 
resistors 

£ - Unbalance of the 
bridge 

Figure 3 - Basic Strain Gauge Circuit 

* 

i 
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w. aSPan^e®5nt of the pressure recording system 
was designed by Mr. J. C. Jerome. Baldwln-Lima-Hamllton 
type A-14 strain gauges (500 ohm) were mounted at three 
positions along the charge: near the Initiation area, at 
the half-way point up the charge, and near the upper end of 
ÎSîiïîî1*1,6® aÜ p* Ref* 5# for exact positions). In 
addition, an Aberdeen type gauge was designed so as to be 
mounted on the Initiation end of the charge case In the place 
of the ¡jayal bolt-lgnlter. The signals from these four bridges 
were four separate channels of a six-channel osclllo- 
scope (6T CRO) and recorded on film by a 35 mm. reel camera 

a wiping speed of 2.3 mm/msec. The maximum deflection 
of the oscilloscope and the writing speed of the camera were 
too low for an accurate analysis, but a record was obtained 
which showed that. In one shot (PD-3), the pressure In the 
region of Initiation rose several kllobars In less than 
100 M£ec. The signals from the other two gauges were dls- 
conpinued abruptly (about 100 ^sec. after the gauge near the 
region of Initiation showed deflection) Indicating a very 
rapid pressure Increase. The frequency response of the 
Aberdeen gauge was not sufficiently high to record these 
rapid phenomena. A more detailed account of this first 
attempt can be found In the original Laboratory Notebook (3), 

Another, series of pressure measurements was made on the 
basis of the Information that the pre-detonation pressure In 
the region of Initiation Increases to the bursting strength 
of the steel tube In about 100 M-sec. As before, a transducing 
element was designed using two Baldwin SR A-14 strain gauges 
(cemented on the outside of the tube at the level of the Igniter, 
as shown In Fig. 1), as two active arms In a bridge. The two 
passive arms were also strain gauges cemented on a dummy tube. 
The output of this bridge fed Into a 5^5 Tektronix oscilloscope, 
with this arrangement, several *hots were fired. No readable 
records were obtained, because both the triggering slgnsl and 
the noise were In the millivolt region. To obtain results, 
the signal to noise ratio nad to be Increased, This was done 
by Improving the system In several ways. 

Baldwin SR C-lA gauges were used In the Improved system. 
These gauges have the advantage of possessing a gauge factor 
of 3.3 as compared to 2 for the SR A-l4 gauges. Thus a larger 
signal voltage could be obtained. The SR C-14 gauges also 
have a resistance of 2000 ohms as compared to 500 ohms for 
the SR A-14. Since the output of the bridge Is proportional 
to the supply voltage, and this Is limited by the allowable 
current through the element, the Increased resistance helped 
Increase the signal by permitting a supply voltag© of 75 - 80 
volts, as compared to a maximum of 30 volts for the A-14 gauges. 
The maximum signal obtained from this bridge was In the 100- 
mllllvolt region. 

0 
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A bridge control circuit. Including a 50,000 ohm hellpot, 
was then designed and used to balance the bridge at the zero 
strain level. It contained the voltage supply for the bridge 
and a variable resistor which could be used to simulate a 
signal and thus to ascertain that the circuit was functioning 
properly. The control also contained two precision 2000 ohm 
resistors which were used as the passive ame of the bridge. 
Noise In this circuit was less than one millivolt. 

The final circuit (Fig. 4) then consisted of two SR C-14 
strain gauges mounted radially on the charge case. These were 
connected through a shielded cable to the bridge control box, 
which housed the other bridge components. The output connected 
to an oscilloscope, upon which a Dumont oscillograph Polaroid 
camera was mounted. Approximately 50 ft. of coaxial cable was 
used, having a capacitance of 27.65 P4¿fd/ft. Hence the rise 
time of thr circuit was approximately 2 p.sec. Either a 
Tektronix 545 or a Tektronix 555 oscilloscope was used with 
a 55/54D plug-in unit. The oscilloscope was used on DC coupling 
with a positive DC internal trigger, so that the triggering was 
independent of frequency, and adjusted to trigger on 2 - 4 mm 
vertical deflection. This triggering level corresponded to 
5-10 percent of the oscilloscope's maximum deflection for 
the 545 Tektronix oscilloscope, and to 5 - 6 percent for the 
555 Instrument. The remainder of the signal was recorded in 
one rapid sweep of the oscilloscope (200 usee.). A typical 
oscilloscope pressure record is reproduced in Fig. 5. 

The pressure-time curves obtained In these measurements 
are given in Fig. 6. (1^16 numbering of the DINA shots In 
which the pressure was measured Is preceded by the letterg 
"PD. ) 

O 

D. Pressure Calibration of the Steel Tubes 

In order to translate the output of the bridge into 
pressure, the bridge circuit was calibrated by introducing 
known pressures into empty steel tubes, instrumented with 
two gauges, as in dynamic firing. The dummy tubes were 

. securely capped at the upper end and had a pressure adaptor 
replacing the bolt-igniter on the lower end. Through this 
adaptor, the tubes were pressurized with oil up to 50,000 
psi; the corresponding bridge output was read directly off 
the oscilloscope at various pressure levels indicated on a 
Bourdon type pressure gauge. The output was a linear function 
of pressure up to approximately 40,000 psi for the 0.250 In. 
tube and ca. 45,000 psi for the 0.575 in. wall tube. Beyond 
these respective pressures, the voltage output Increased more 
steeply. Readings taken with decreasing pressure always 

6 
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i* R| ® Rj-STRAIN GAGESi 2000 OHM, C-14 

R2a R4 -PRECISION RESISTORS; 2000 OHM, Í |% 

WT” TEST POT; USED TO CHECK POL API TV OF SIGNAL AND TO HELP 
SET TRIGGERING LEVEL OF THE CRO 

CRO-TEKTRONIX 545 CATHODE RAY OSCILLOSCOPE 

60K HELIPOT - BRIDGE - BALANCING DEVICE 

FIG. 4 CIRCUITRY USED TO OBTAIN DATA IN FIG. 6 
AND TABLE 5 

r 
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FIG. 5 PRESSURE-TIME RECORD OF SHOT PD 14
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remained above those taken for corresponding pressures on 
the increase, so that, at zero reading of the Bourdon gauge, 
the voltage output remained finite; after several minutes, 
however, this value did diminish to zero. Hence the elastic 
limit was apparently not exceeded; the lack of linearity is 
possibly due to thermal effects. In translating the voltage 
output of the gauges into pressure (Pig. 6 and Table V) the 
slope of the linear portion of the curve was used as a constant 
conversion factor throughout the pressure range. Pig. 7 is a 
graph of the calibration data. 

The calibration curve, when applied to transcribing the 
voltage-time oscillograms into pressure-time data, gives only 
approximate results. Errors are introduced first because the 
steel caps covering the ends of the calibrated tubes change 
the strain characteristics of the system; second because no 
calibration under the experimental rapid loading conditions 
was attempted, and third because the response of the gauge 
circuit during the late stages of the pressure rise (large 
dp/dt) may not be fast enough to follow the rapid strain 
changes without distortion. Hence the transcribed pressure¬ 
time curves, given in Pig. 6, must be considered only an 
estimate of the pressures which developed in the region of 
initiation. 

RESULTS 

A. Velocity Measurement 

Six detonator-initiated cast DINA charges gave the 
average steady detonation velocity of 7.5mm/usec. The experi¬ 
mental arrangement for these tests v:as the same as in thermally 
initiated shots (Fig. l), but the charge was detonated from 
the upper (open) end toward the steel plug at the bottom. 
Another two detonator-initiated shots gave all the evidence 
of a lower order propagation: measured velocities of 1.2 and 
2.2mm/usec. respectively, large tube fragments, little damage 
to the steel plug. In still another case, a propagation 
velocity of 1.2mm/usec. was measured over a 76.2mm interval 
starting near the point of initiation, but, judging by tube 
fragments, the reaction died out after about 21cm of travel. 
Cast DINA in the confinement used, is thus not reliably 
detonated by a detonator. (Olin Industries HDX filled Seísmo 
detonators were used.) 

Thermal initiation (heat input 5 - 25 cal.) of cast DINA 
under 0.375 in. steel confinement usually (but not invariably; 

o 
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led to a transition from burning to detonation, as evidenced 
by the plate damage (for classification of plate damages see 
Ref. l) and velocity data presented In Tables I and III. 
Some discrepancies appear: In shots D IT and D 5I, the 12 In. 
charge did not develop steady state detonation. Also, some 
irregularities were noted: In shot D 9 the propagation ve¬ 
locity, after having reached a high value, decreased steadily; 
In shot D 11 the plate damage was inconsiatent with the ve¬ 
locity as measured In the last Interval, (in these cases, 
however, malfunctioning of Ionization probes might account 
for the apparent Irregularities.) 

Tables II and IV show the results obtained from velocity 
measurements of charges encased In the thinner (O.25O In. wall 
thickness) tubes. In three out of five shots large fragments 
and relatively little damage to the target plate were obtained 
This Indicates that steady-state detonation did not develop. 

B. Pressure Results from DINA Shots 

The data taken In measuring the bulld-up of pressure 
In the region of initiation are presented In Fig. 6 and 
Table V. As one could anticipate from the resulta of shot 
PD 3 (see Experimental, section A), the pressure generally 
Increases steeply with time»and attains several kilobars in 
less than 100 ixsec.; as shown elsewhere (2), the experimental 
curves can be approximated by the simple exponential 
p - Po exp(kt). The significance of an exception, shot PD 18, 
Is discussed below. It may be noted that In all the shots, 
except PD 18, the maximum pressure recorded was determined by 
the upper limit of deflection of the oscilloscope. 

I 
The pressure-time curves do not coincide closely, but 

this can be accounted for. First, of course, the Initial 
pressure, determined by the triggering level of the oscillos¬ 
cope, varied from shot to shot and second, the Ignition was 
not reproducible. The possible reasons for the lack of re¬ 
producibility are Inhomogeneity of the charge in the vicinity 
of the Igniter and irregularities of contact between the 
Igniter and the explosive. 

12 
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TABU Y 

PRESSURE (in kptl) YS TINE DATA 

11 

13 

U* 

15 

18 

19 

20 

8 

2 

27 *7 13.5 20 

7.5 15-2* 

*.5 13 23 *0 

7 16 35.5 61 

8.3 12.3 16 20 23 

8 11 16 21.3 28 

3 *.5 7.5 12 17 

2*. 5 2* 

36.5 *6 

23.5 31 

24.5 25 

102 

*3 HO 

* Dot« usod to ealeuloto tho tlao and the length of travel 
for shook formation (Ref. 2). 
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DISCUSSION 

The bulld-up oí* propagation velocl .. under 0.375 In. 
confinement In DINA, on the whole, la similar to that previ¬ 
ously established for pentollte (l).# The process*of transition 
from thermally Initiated slow burning Includes a relatively lon;* 
(50 M-sec. or more) Interval of rapid sub-detonation velocities. 
The length of travel between ignition and detonation ol'ten 
exceeds 10 cm. 

Information about the effect on propagation velocity of 
reducing the confinement from 0.375 In. to 0.¿5C In. of steel 
remains Inconclusive. While shots D 47, D 48, and D 55 
(Table II) definitely point to a difference in propagation 
acceleration, shots PD 13 and PD 14 (Table IV) followed the 
general pattern established for 0.375 in. confinement. 

Results of the pressure measurements are Important. The 
pressure-time history of the region oí’ thermal initiation Is 
characterized by a long initial delay T (see Tibies I IV). 
For the entire duration of this delay, except for the last 
40-80 usee, the pressure does not exceed 10,000 pal. During 
the last 40-80 ^sec, however, the pressure increases steeply 
to above 100,000 psl (and probably to the bursting pressure 
of the confining tube). 

One of the main objects of this study was to find out If 
there Is any correspondence between pressure-time conditions 
leading to shock formation within the charge and the pattern 
of transition to detonation. The correspondence in DINA la 
very good. Seven out of eight shots, for which p • p(t) Is 
given in Figure 6, developed into detonation; these are the 
shots In which pressure Increased very rapidly (approximately 
exponentially) during the later stages of the build-up. It 
can be shown that such rapid pressure surges must lead to shock 
formation within the charge; this Is the subject of a separate 
report (2). On the other hand, the one shot, which did not 
follow the general pattern oí* rapid pressure increase was PD 18, 
in which the pressure Increased approximately linearly from 
o,000 to about 25,000 psi in about 45 psec with no further 
increase during subsequent 100 usee. These conditions are not 
conducive to shock formation within a short distance, and they 
were also insufficient to effect a transition from slow burning 
to detonation In shot PD 16 (see Table III). 

# As mentioned previously, there were several cases, both of 
thermal Initiation and detonator Initiation of DINA, In which 
propagation velocities were decreasing. In the case of pento¬ 
llte this was not observed, but multiple probe velocity measure¬ 
ments on pentollte were too few to conclude that the growth of 
detonation is In fact more reliable than in DINA. 

16 
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ME/3UREMENTS IN PENTOLITE AND TNT 

Slvulteneous pressure snd velocity messurenents, analogous 
to those In DINA, were taken on several charges of pentollte 
and TNT. Preliminary results show that pentollte exhibits a 
pattern of pressure (and velocity) Increase similar to DINA. 
In TNT, the pressure bulld-up Is slower, so that no shocks can 
form within the charge; measured velocities were erratic, but 
always considerably below the stable detonation velocity. A 
more complete report of these experiments will be written later. 

SUMMARY 
e 

Multiple probe data reveal that In confined charges of 
cast DINA the growth toward detonation from thermally Initiated 
slow burning Is similar to that previously established for 
pentollte. The process of transition to steady state detonation 
Includes s relatively long (50 usee or more) interval of rapid 
sub-detonation velocities. The length of travel betweeh Ignition 
and detonation often exceeds 10 cm. 

The pressure-time history of the region of thermal Initia¬ 
tion Is characterized by a long (seconds! delay urlng which 
the pressure does not exceed 10,000 psl. During the subsequent 
40-00 usee, however, the pressure Increases steeply to above 
100,000 psl. This Information furnished a quantitative basis 
for a theoretical Inquiry of shock formation (Ref. 2). 

PLANS FOR FUTURE WORK 

Velocity and pressure-time measurements on cast charges of 
pentollte and TNT will be continued. A more accurate static 
pressure calibration of the steel tubes will be carried out over 
a wider pressure range (up to 100,000 psl). Plans are being 
made to test the effect df a shock on a deflagrating explosive 
or propellant as an extension of the present work on transition 
from slow burning to detonation. It is also planned to Improve 
the theoretical calculation of pressure Increase behind a 
burning front of a confined explosive by taking Into account 
the strength of tha confining walls. 

* f 
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