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EXPERIMENTAL STUDIES OF EXPLOSION ENERGY OUTPUT

WITH DIFFERENT IGNITER MASS

Abstract: For study the energy output law of cylindrical ewith shell induced by different
input energies, four different black powder massese selected to ignite the main charge.
Fragmentation degree of the shell was qualitatieslglyzed by the area of holes on the witness
plate and the recovered fragment mass. Throughdtieal analysis, established the functional
relationship between the average mass of fragmamdsthe relative energy output of warhead,
obtained how the relative energy output of chatignged with different initial energy input. The
results showed that the change of input energydcéedd to obvious variation in fragment
characteristics, and could also control the oughutharge. When the igniter mass increases from
1.55 g to 5.00 g, the relative energy output of ¢harge increases by 26.28%. Excessive initial
input energy will destroy the shell confine in ade@, resulting in a decrease in the relative energy
output of charge

1. Introduction

An increasing number of asymmetric conflicts, ofteithin urban terrains, require the
warhead not only to destroy established targeectdiely but also to bring as little incidentalkris
as possible. But today’s warheads are generaligules to maximize their damage effectiveness,
while providing a full-output mode only. Thereformore and more researchers begin to pay
attention to thedjustability of damage effdte.

There are two main control methods to adjust therggnrelease. One is the compound
charge, which combines two kinds of high explosivéth different detonation performance,
separated by flameproof materialepending upon this principle, the British comp@iyetid3'

I proposed a multi-layer ring nested compound chatgecture composed of high explosive,
aluminum-containing explosive and flameproof maieri and successfully realized two-stage
power output of cased charge. Peter HaSkiasd Hong X W et df also studied similar
structures. However, the charge structure of théthod is quite complex, and the energy output
level is relatively fixed, generally just-3 grades. Another method to control the multi-stage
output of energy is controlling the reaction inignsf the single high explosive. Compared with
the multi-layer compound charge, the structure dotrol the reaction intensity of explosive is
simpler, meanwhile more output grades carirbglemented. Besides the physical and chemical
properties of the explosivE™® and filling densit}®, the initial input enerd}?’, external
constraint§? and ambient temperatlif® also affect the reaction intensity of explosivesr
warheads, input energy gets a better choice, bedaus more controllable than constraint and
ambient temperature. Bernecker.R.R.ethlbelieved that weaker igniters would delay the
reaction process of low-density particulate beds laad to lag of compression combustion (hot
spot). Later, RONG Guangfu et &Y. further verified that the probability of initiainpressed
high-density charging by high-energy igniter waghleir than by low-energy igniter. However,
they only compared two kinds of input energiesdidtnot do more studies. CHEN Wei et’al.
made a systematic study on the process of deflagréd detonation transition while loading
different igniter mass. It was found that when iipeiter mass was between 0.20 g~5.00 g, the
output energy would increase with the increasgoitér mass. But it was just a qualitative result



from fragments and indentation on steel platesofr*® also proposed a new type of warhead
at the International Ballistic Conference, clainthdt 0 % to 100 % of the charge energy output
can be achieved through the cooperation of diftedetonation modes. Subsequently, Graswald
M. et al.*”! carried out further experimental studies on thgishaf Arnold, and confirmed that the
warhead could achieve multi-range output of eng¢hggugh the holes on the witness plate and
partially recovered fragments. However, most of #imve studies only analyzed the output
energybased on fragment size, witness plate, indentaficaitatively, while few could describe
the output energy of warhead quantitatively.

In this paper, we were studied on the output enefdDX-based pressed explosive ignited
by different igniter mass. The number and areaabéhon the witness plates and the recovered
fragments with different input energy were analyZestablished the calculation formula between
the average mass of fragments and the relativeggrmrtput of warhead, and then the relative
energy output of warhead with different input eyargs calculated

2. Experiments design

Black powders with four different mass were useddébonate the main charge. The test
sample is a hollow cylindrical steel tube with @ardeter of 61.5 mm and a wall thickness of
15mm. Both ends were bound with an end cap. Thad tength of the tube is 290mm. The
RDX-based pressed explosive with a density of §/68F and a detonation velocity of 8 425 m/s
is filled in the steel tube. There was a fixed roamove main charge and filled with 1.55 g, 3.07 g,
5.00 g, and 10.07 g black powders respectivelyefotionditions being equal), which are used to
generate four different amounts of input enefihye size of black powder used in this test is about
0.71~1.25 mm, the loading density is 1.1 gicand the heat of detonation is 2 450 kJ. The
Gurney constant of explosiw2E = 2 801 m/s

Fig. 1 shows the layout of the test and the detdithe sample. Spectrophotometry was used
to ignite the black powder at the top of chargéhim test. Aluminum plates with a thickness of 2
mm were used as a witness plates, which were plaicachorizontal distance of 1.5 m from the
charge, the size of the witness board is 1.5 mwrL.0he center of the charge is 75 mm high to
ensure that the geometric center of the witnesse pig at the same vertical height. The
Experiments was completed in a sealed explosiotiecas that we could recover fragments as
completely as possible after tests. And we usedvered fragments and holes on the witness
plates to reflect the relative energy output ofriren charge.
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Fig. 1 Sketch of warhead initiation yack powder and components’ photo (a) and tegpseith
2mm Aluminum witness plate (b)

3. Experimental resultsand analysis
3.1 Result of witness plates

The left side of Fig. 2 shows the witness platésrdhe test. The profile and area of the holes
on the aluminum plates are positively correlatethwhe profile and area of the fragments’
windward surface, which can reflect fragmentatidnthe shelf, However, the holes on the
witness plates are irregular polygons, so it isdegible to get the effective information on the
witness plateglirectly, if the perforation images are not proegs®hotographs were taken under
strong illumination, which could make the contraétthe holes easily distinguished from other
areas. After binarization, holes information can dasily obtained by using computer vision
detection technology and multi-level gray subdiistechnology. Hole boundaries were stored as
closed polygons, from which data such as centcation, area, and size can be calculated.

Fig. 2 presents intuitive processed images onigji side. It is clearly seen that the position
of fragments bands is basically similar and belber inidline in four conditions. The number of
holes in case 1 and case 4 is obviously smaller tivat in other two cases, and the holes area in
case 4 is bigger than that in others.



Case 3 5.00g black powder

o B

Case 4 10.07g black powder

Fig. 2 Witness plates after test which left sidetap (left) and the processed image for evaluation
(right)

Fig. 3 presents the counted results of the hokest and cumulative number of holes in four
conditions, in which holes’ area is sorted by iasiag order. The number of holes in case 2 and
case 3 is close, 78 and 79, respectively, far greaan that in case 1 and case 4, which is 46 and
48 respectively. From large to small order, theraye area of holes id., > A, > Ag, > Ags.

The results of case 2 and case 3 are similar imtingber and average area of holes, but there are
obvious differences compared with case 1 and ca3éid proves that energy output varies with
the input energy, and the igniter could be usezbtdrol the energy output of warhead.
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Fig. 3 An ascending sort of the holes’ area fronmess plates for every case

3.2 Average mass of fragments

Only one witness plate was set up in the experinereduce the secondary breakup of
fragments.The witness plate covers a scattering angle obBd°does not fully reflect the overall
characteristics. In order to reflect fragmentatiaccurately, the fragments were completely
recovered in this test, rather than a simpler plamticovery.

Fig. 4 shows recovered fragments from the warhedited byl1.55 g, 3.07 g, 5.00 g, and
10.07 g black powders. Different from detonatotidtion, the size and mass of the fragments
recovered from ignited warhead vary over a largdes@he mass ranges from a few grams to
several hundred grams and the size from millimetetsundreds of millimeters. This is due to the
whole process involving complex physical and chamihanges, the time and space are needed
to support the transition from combustion to detmmawhen it was ignited. In the early stage, the
low-speed combustiolbecomes the accelerating compaction waMeere is an induction time
after the compaction wave passes over material anyi reactions and gas generation become
significant. Therefore, the strain rate of the shell is at atiely low level,which leads the shell
to tearing along the axis, so that fragments haleng strip and large siz&he wave grows in
strength as the pressure in the burning regiore@ses and until it is sufficiently strong to irniéia
the explosiveAt this stage, the shell is divided into smallergiments.
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Fig. 4 The recovered fragments of shigihited by 1.55 g, 3.07 g, 5.00 g, and 10.07 glblac
powder respectively

All fragments were weighed and counted, and thedrage mass was calculated. The results
are shown in Fig. SCompared with case dnd case 4, case 2 and case 3 have more fragments a
smaller fragmentation quality. When the mass oflblaowder increases from 1.55 g to 5.00 g, the
average mass of fragments decreases from 7.4B8.87ay,a decrease of 46.9%, and the number
of small fragments increases gradually. When thesneé black powder increased to 10.07 g, the
average mass of fragmenticreased again to 6.18¢gnited by four input energies, there is a
slight difference in the degree of shell fractuedflected by the average area of holes and the
average mass of fragments (the average area of ol > A.,, but the average mass of
fragments ism.; > m.,). We believe that the result of recovered fragmestsoirect, because

there were larger error comes from little witnelsags.
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Fig. 5 Number of fragments in different ranges {bfigam) and the average mass of fragments
(Line) ignited by 3.07 g, 5.00 g, 1.55 g, and 1@ddack powder

3.3 Relative energy output

The shell withstands high strain rates under itasting, and higher strain rate will result in
a larger circumferential splitting number, meansaken fragments. Therefore, it is more
convenient to use the mass of fragments to inféputuenergy when the energy is difficult to
measuresuch as incomplete detonation.

For uncontrolled fragment warhead, Mott and Linfdbtproposed that under explosion
conditions, when a crack is formed instantaneodsiyng shell rupture, the per unit area of per
thickness required enerdy can be approximately expressed as follows:

W= povi (1)
Where, p, is the density of shell (g/c 1, is the distance between cracks (cm), is the radius
of the instantaneous rupture of the shell (cm),is the expansion velocity of the instantaneous
rupture of the shell (m/sgnd the value ofV can be determined by collision test or theoretical
calculatiorf?.

Mott pointed out in subsequent research reportstti@ratio of lengthl; to width [, of
fragments satisfies certain statistical ruléfsthe ratio is g, the length can be expressed as
I, = Bl,. For steel, the ratio is roughl;: I, = 3.5: 1. The fragments size shown in Fig. 4, did not



like full detonation, have an obvious transformati@and the ratio may not applypo that all
recovered fragments in four cases were measuredcaundted by image software, and the
statistical results were shown in Fig. e aspect ratio distribution exhibited a step-liature
shown in Fig. 6, which means that the aspect ratiy be quantized. The means of aspect ratio
are 1.98, 1.96, 1.99 and 1.97, and the median pdcagatio arel.83, 1.84, 1.87 and 1.Fér
bell-shaped distribution, median could excludedffect of extremes, and reflect the overall level
more accurately, therefor the median was useditoleted.
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Fig. 6 Statistical results of aspect ratio of reedifragments ignited by 3.07 g, 5.00 g, 1.55 @, an
10.07 g black powder
If the thickness of the fragment &, the average mass of the fragment can be exprassed
s = L 1,8py = B138p, (2)
Simultaneous Eg. (1) and Eq. @ailable:
1/3 _4/3.,,2/3
Bp, c:;/SW /3§ 3)

0

e = 8.32

Assume that the initial state quantities of thellshefore expansion are, and §,
respectively, ance satisfiesa; = €a,, so thaté can be obtained according to the volume of
shell is constant, that is

(ag+ &1 —al*t = (ay + 8)V*t —af*!
Ignore high-order small quantities &f and &, for cylindrical shel = §,/¢, ¢ is determined
by material properties. In this paper, we take 1.67%%,
According to Gurney's research, fragment velocitly be expressed as

v =VZE (441 @

C 2



Substituting the Eqg. (4) into the Eq. (3), so that can establishhe relationship between the
average mass of fragments and charge quality as

3/4
8.328p 2 aPw?/3s M 1\ V?
bey - | :\/2E<—+—>
mf C 2
simplify as
M 2/ PNT2 1
- ()}
C ( ) mf 2

Where ¥ = 8.328ps*af/*W2/35, V2E is Gumey constang is the charge mass aMiis the
shell mass.
For warheads with large wall thickness, the revismbment velocity formufé&® is

Vg =\/2E\/(C/M)/{(1 +%) (1 +%)}, the corresponding functional relationship can be

obtained

M (VZE)
c 3/2
(m) (1+z)
Where, D, is charge diameter aridis shell length. Therefore, when the structure rmatkerial of
warhead have been determined, we can use the &gonation to calculate the effective charge
mass through average mass of fragments.

Fragmentation of 40CrMnSiB was studied in referef2dd. The process of shell expansion
fracture, fragment mass distribution and fragmeractire characteristics were described
comprehensively in this paper. Therefore, we use Verify the above formula. In this reference,
the average mass of fragments is 0.345 g. Thesmwneling charge mass can be calculated to be
297.120 g by using the formula above, while the@atharge mass is 304.730Tde error is just
2.6%, which proved the formula can accurately descrilee riflationship between the average
mass of fragments and the effective charge quality.

The effective charge mass with different input giesr was calculated by using the average
mass of fragments obtained in the tdsthe energy from the complete detonation of chasy
defined as 1, the relative energy output of warhetld different input energies can be obtained,
as showed in Fig. 7.
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From Fig. 7, it can be clearly seen that the redaBnergy output increases first and then
decreases with the increase of the mass of blagkdgo When the mass of black powder
increases from 1.55 g to 5.00 g, the relative gnergput of the charge increases continuously,
from 16.43% to 42.71%. Because the increase ofirtii@l input energy is beneficial to the
accumulation of energy, thereby accelerates thetiosarate of the charge. When the black
powder is increased to 10.00 g, the relative enengfput does not increase as expected, but
decreases to only 21.87%. There will be a sudderease in pressure, when a large number of
igniters are ignited. High pressure will directlgstiroy the shell confinement, resulting in a rapid
drop of pressure in the tub&he propagation of sparse waves reduces the peegsuthe
explosive and delay the transition time of the costion to the detonation.

4. Conclusion

In this paper, the energy output of warhead wiffedint input energies was studied. 1.55 g,
3.07 g, 5.00 g, and 10.07 g black powders were tseignite cylindrical shell filled with
RDX-based pressed charge. Through the charaatsrisfi holes on the witness plates and the
quality of recovered fragments, it can be seen tifférent input energies have an obvious
influence on the fragmentation of shell. The fuowél relationship between the average mass of
fragments and the relative energy release of chaegeestablished, and then the law of relative
energy output of cylindrical charge and initial ihpenergy was obtained. When the igniter
guantity increases from 1.55 g to 5.00 g, the irgda¢nergy output of the charge increases by
26.28%. While excessive initial input energy willematurely destroy the shell confinement,
resulting in a decrease in the relative energyuuipthe charge.
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