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ROYAL /WGMENT RLSE/ICH LND DEVELOPMENT EST.BLISHMENT

R.A.R.D.E. MEMORANDUM (%) 9/63

Leboratory assessment of Scrvice lead azide

and the alternative forms RD1343 and RD135h2

F.E. Ball (X2)

S.V. Peyton (x2)

Sunmary

This memorandum records the laboratory asscssments of mechaniceal
scnsitiveness and safety in handling, together with filling and functioning
characteristics in selected detonators, which have becen determined for
recprescntative samples of Service lead azide and the lead azides RD,13L43
and RD.1352, The work forms part of the comprehensive Jjoint trials
programme sponsorcd by D/RURDE, D/ERDE, DOF/F and the Ordnance Board, to
cvaluate alternative forms of lead azide for Service use.

The safety in handling assessment places the azides in the preferrecd
order of RD,1352, KD.1343 and Servicc lead azide, In other respects,
however, the dextrinated form RD.1352 is inferior to RD.1343 and Service
lead azide. Differentiation between RD.1343 and Service material appears
to be marginal, and requires further full scale production trials for
final resolution. The possibility of introducing RD,1352 to Service in
future depends on acceptability of re-design of stores to incorporate
slightly larger detonators.

Approved for issue:

S. V. Coppock, Principal Superintendent, 'X' Division
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1. INTRODUCTION

Service lead azide is a very sensitive material, needing careful
handling and liable to accidental ignition in filling operations. [ less
sensitive form of lead azide would have meny advantages, and D/E.R.D.E. has
proposed two types for investigation; (1) RD.1343, lead azide precipitated
with carboxy methyl cellulose, and (2) RD.1352, lead azide precipitated in
the presence of dextrin.

L programme of comprehensive trials was proposed in order to assess
the properties of these materials in comparison with Service azide, from the
stand-points of safety in handling, ease of filling, efficiency in present
Service detonators and suitability for future designs. The programme was
discussed with D/E.R.D.E. and D.0.F./F, and finally was presented by
D/L.R.D.E. at the Eighteenth Meeting of the Sensitive i.zides Working Party
of the Ordnance Board. (Proceeding Q.8629 (Special)). The meeting adopted
the programme, which required investigations appropriate to each of the
Departments concerned. Those undertaken by this Establishment are the
subject of this Report.

The programme was designed around the anticipated introduction of
the 'new family' of small detonators, and called for the use of aluminium
alloy shells where practicable. Incompatibility of mercury fulminate with
aluminium necessarily implied substitution of the Service '.' and 'B' ignitory
mixtures by 'L' mixture (RD.1651 composition), then recently developed. It
was intended also to exploit the value of the inverse loading technique vhere
this appeared to offer advantages to the fillers.

The types of detonator chosen for laboratory evaluation and
subsequent filling and firing trials represented those for which continuing
requirements were foreseen or anticipated, and which fitted into the
rationalised detonator scheme then under consideration. The types were as

follows: -
Proposed Replacing Method of Filling
[merican type 122 LZY U.S. fillings Inverse
6.7 grain (approx.) LZY Service 6.7 grain LZY Inverse
eS| E R g 1z i 2.8 grain /2 Direct
Rl S L7 (new family) Direct
2.3 " (" ) ILZ¥(new family) Inverse
1% 1 I AR PR S R Service 1.8 grain ZY Inverse or direct

as practicable,

2. SCOPE OF INVLSTIGATION

The programme was divided broadly into four phases:-

(1) Manufacture and supply of selected representative batches of

the lead azides, by R.0.F. Chorley, under supervision of
D/E.R.D.E.

(i1) Preliminary laboratory assessment trials by D/L.R.D.L.
at Fort Halstead.

(iii) Filling trials by D.0.F. at R.0.F. Chorley.
(iv) Functioning trials by D.I.irm. and D/A.R.D.E. in association.

The work done under (ii) 2nd (iv) was as follows:-

(1) Zvaluation of the comparative sensitivity to impact of the three
azides on the Rotter Machine, and to friction by the grit friction
test,

| i
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(2) Determination of the filling conditions, using weighed charges in
the selected detonators, for optimum functioning of each type of
azide,

(3) Measurement of initial peak pressures given by the detonators on the
pressure bar.

(4) Lissessment of detonative efficiency by a 'gap' test.,

(5) Determination of the comparative ignitability of the pressed azides

when ignited by 1.7 gr. 'L' mixture detonators,
(6) Climatic trials on the bare detonators.

3. EXPERIMENTLL

3.1 Materials
3.1 hzides

Several batches of RD,1343 and RD,1352 were made at R.O.F. Chorley
under the supervision of D/L.R.D.E. Samples from two batches of each were

supplied for the laboratory trials, together with samples from two current
lots of Service azide. The lot numbers were as follows:-

Service azide Lots 4394 and 4404
R.D.1343 Lots Cy 2/57 and 7/57
R.D.1352 Lots Cy 2/57 and 7/57

Preliminary filling and functioning tests in detonators showed that
with each type of azide the properties of the two lots were identical. The
main trials were therefore done with one or other of the two lots of each azide.

s B 'L! Mixture
This was as formulated in A.R.D.E. Report (S) 30/57.
3.4.3  Tetryl
The tetryl was CE Class 1, granulated, to Specification 110108,

3.1 .4 Detonator Cups

Examination of various alloys of aluminium with magnesium and
manganese to assess suitability for use as material for detonator shells had
reached an advanced stage prior to commencement of the lead azides investiga-
tion. Lluminium 43 appeared to be suitable for use with the larger shell,
but it was necessary to select an alloy with mechanical properties more closely
akin to those of detonator copper to achieve satisfactory filling and closure
with the smaller types. The alloys of the 'Birmabright! iluminium/magnesium
series BB2 and BB3 were chosen for final evaluation. With some adjustment of

shell wall thickness, good filling and closure was finally obtained with the
BB2 alloy.

The new detonator intended to replace the Service 1.8 grain ZY was
at first designed to be inverse loaded, and sample cups were manufactured.
It was found, however, that ignitabili%y through the paper base disc was poor,
and it was rcalised that considerable investigation would be necessary to
produce a satisfactory inverse loaded detonator. For the purposes of the
present trials it was decided to use direct loading, with a thin paper disc
on the azide and a one hole washer.

?he design numbers of the cups finally adopted are shown below,
together with the amended nomenclature used throughout this Report.

2.
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The filling weights cited eliminate anomalies and may be considered reasonably
representative of the charge weights found to be practicable: -

Detonator Loading Design No. laterial
M22 LZY Inverse 73/2/183 Alum?".nium Al%oy .r,g
6.7 gr. L2Y n D3/L/L8% / " 2¢
25 ery LY 3 L5/8792 : , BE
2 gr. L2 Direct L5/9108 : - "
I kg ; L5/9LF32 n ] n
2,0 gr. 12 s S5/7747/F .83

3.2 Impact tests on Rotter Machine

Samples of the selected batches were tested on the Rotter Machine,
using the 'up and down' technique with a 2 Kg. weight, as described in
4.R.D.E. Memorandum (MX)41/58. Lead 2:4 dinitroresorcinate. (RD.1337) was
used as the standard for comparison, with a Figure of Insensitiveness of 11.

The original tests were made in 1957: these were repeated (1962)
immediately before publication of this Memorandum.

4 summary of the results is as follows:-

Figure of Insensitiveness
Material

1957 tests 1962 tests
LDNR RD.1337 11 11
Service Lead /.zide L4404/ 18 20
" 0 " L3941 = 21
Dextrinated Lead fLzide RD.1352 CY2/57 21 16
f " WS BBHIE 5 GYT /ST 19 20
Lead izide RD.1343 CY2/57 21 20
m " RD,1343 CY7/57 21 16

The Figures of Insensitiveness vary for each sample, but all are
within the range 16 - 21. From this it is considered that the limited
reproducibility of results when tested under these conditions does not allow

firm conclusions on the differences, if any, in sensitiveness to impact of the
three lead azides,

3.3 Grit friction test

The pendulum friction apparatus, similar to that described in
R.D. Exptl., Report No, 236/42, was modified for the tests, a mild steel shim,
0.002 inch thick, replacing the emery paper normally used. The grit, consist-
ing of finely divided carborundum, to the amount of 50 per cen by volume, was
mixed with the azides before testing. The method used was to determine the
number of firings obteined out of 25 at three different striking velocities of
the pendulum. The results are summarised in the following table.

/# ZEquivalent to S1.B in "0" condition.

ﬁ (0] " NS A oin non "

3e
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Percentage firing at
velocities in feet/sec. of
Azide Lot No,
2 5 i
Service 4,88/51 60 92
4394 A 52 88 100
LLOL A 80 92 100
RD.1343 2/51 20 6L,
7/57 2L L8 8L
RD,1352 2/57 0 8 28
/57 0 0 28

The table shows that by this method of test RD.,1343 is somewhat less
sensitive to friction than Service azide and RD,1352 is appreciably less )
sensitive. Service azide Lot 488/5L4 was an old sample included for comparison,

3ol Filling of detonators

3ol Pressing

The detonators were filled singly with weighed charges on a dead
load press, the column lengths of the fillings Peing measured, The pre§egt
Service pressing loads were used for S8ervice azide and RD,1343 in all British
detonators containing tetryl, and for all three azides in the 2.4 gr. LZ type.
British detonators filled with RD,1352 and tetryl were pressed at half the
Service loads. Some 6,7 gr. detonators with Service azide were also pressed
at half the Service load for comparison in pressure bar tests with RD.1352
detonators.

34,2 Behaviour of azides in filling operations

The three azides all had good flowing and pressing properties, and
there were no fires during pressing. Filling details are given in Tables I

to V from which it is seen that the pressed densities of Service azide, RD.1343
and RD,1352 decrease in that order.

B0 Determination of charge weights and pressure bar tests
305.1 6.7 EI‘. LZY

This detonator was investigated in some detail, preliminary trials
being done in inverse loaded A3 aluminium cups using the present Service weights
of £fillings for all three azides. Ten detonators of each type were fired on
the 0.7 inch pressure tar and the degree of detonation assessed by a chemical
method. In this test the detonator holders after firing were immersed in
acetone, the extract poured off and a few drops of sodium hydroxide solution
added. The appear~-nce of a pink or red colour showed that detonation was
incomplete, the intensity of colour increasing with incompleteness of detona~
tion., ILbsence of colour denoted complete detonation. The test is critical,
and it is probable that detonators which gave a faint pink colouration would
have initiated a following tetryl channel; however, the indication is that the

column length of azide in such a detonator is near the minimum for consistent
functioning. '

The results of the pressure bar firings given in Table VI show that
with Service charge weights, Service azide and RD.1343 gave complete detona-
tions, whereas with RD,1352 two detonators gave incomplete detonations and the
pressure was low, with high C.V. L4 repeat test gave ten incomplete detona-
tions. The weight of RD.1352 was then increased to (1) 3.25 and (2) 3.45
grains, keeping the weight of tetryl constent. Only the 3.45 grain filling

he
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gave ten complete detonations. Tieduction of 1D.1352 from 3 to 2 grains with
slight increase in weight of tetryl gave partial explosions of the tetryl,
some being unconsumed, and low pressures on the bar.

Vhen the weights of Service azide and RD.1343 were reduced from 3 to
1.2 grains, with increase in weight of tetryl, complete detonations were
obtained with both azides.

Trials with RD,1352 in other types of cup confirmed that the
ninimum weight for complete detonation of the tetryl is just about 3 greains.
Both inverse loaded BB2 and direct loaded tinned copper cups gave ten complete
detonations, whereas direct loaded BB2 and 43 cups gave some incomplete
detonations, with low pressures. In direct loaded tinned copper cups
reduction of RD,1352 from 3 to 2.46 grains gave five explosions of the tetryl.

Leferring to Taeble I, it is concluded that the minimum column
lengths of Service azide and RD.1343 for consistent functioning are not
greater than 0,021 and 0.023 inch respectively, but RED,1352 requires a length
of about 0.08 inch. The present cup will not accommodate this length of
R’D,1352, and it was decided to suggest a filling of 3 grains, since in the
gap tests described below, this filling initiated tetryl pellets, though with
reduced efficiency compared with the other two azides. It was found by
D.0.F./F. that with a filling of 2 grains of 'L' mixture the closed detonators
were over-length, and it was agreed to reduce the weight of 'L' mixture to
1.54 grains and to press it at the Service load.

V7ith Service azide and RD.1343 the Service charge weights were
proposed, since an increase in weight of tetryl from 1.7 to 2.5 grains had
little effect on the pressure bar results.

5.5.2 2.4 gr, 12

The charge weights of the azides were governed by the necessity to
allow sufficient column length for a thickness of 'L' mixture which would
ensure consistent sensitivity to stab. The minimum length was fixed at
0.046 inch, and the charge weights found for the azides are given in Table II.
The detonators werec fired on the O.4 inch pressure bar, instead of the
specified 0.7 inch bar, giving higher pressures and a better standard of
comparison, The results are shown in Table VII,

3.5.3 1.6 gr. 2Y

With Service azide and RD,1343 the same column lengths were
proposed as in the 1.8 gr. ZY tinned copper detonator. Although the
column lengths of the azides are much above the minimum, it was thought that
any increase in weight of tetryl might introduce sealing difficulties in fuzes,

The column length of RD.1352 was made approximately 0,08 inch,
following on the experience with 6.7 gr. detonators, It was then necessary
to reduce the weight of tetryl in compensation. The filling details are
given in Table III and the pressure bar results in Table VIII, The RD,.1352
detonators gave lower pressures than the other two types, but detonation
was complete,

3.5 M22 LZY

This detonator was designed to have adequate column length when used
with U.S. dextrinated azide. The column lengths of the three fillings were
made approximately the same as those in the U.S. detonator, the weights of 'L’
mixture and tetryl being constant for the three azides, the weights of which
were adjusted to fill the remaining volume. Table IV shows the filling
details and Table IX the pressure bar results., It is seen that the pressures
given by the three types of detonator are not significantly different.

5.
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3.5.5 2.3 gr. LZY

The charge weights of azide and tetryl were arranged to be
approximately the same as those in the 1.6 gr. ZY, with the addition of an
increment of 'L! mixture., The filling details are shown in Table V and the
pressure bar results in Table X. As with the 1.6 gr. 2Y, the RD.1352
detonators gave lower pressures than detonators containing the other two
azides, but all types detonated completely.

3.5.6 2.0 gr. 12

To obtain the minimum column length necessary for the 'L' mixture
filling to give reliable stab sensitivity, 0.6 grain of the mixture was found
to be required, thus allowing a maximum of 1.4 grains for the charge weight
of the lead azide increment. Detonators containing Service lead azide
filled to this optimum design (Drawing L5/8467/F/83, not reproduced) were
tested on both the 0,4 inch and 0,7 inch pressure bar, with results summarised
in Table XI. 1In comparison with the 2.4 grain LZ (Section 3.5.2) the reduc-
tion in mean pressure was feared to be significant and a brief firing trial
was therefore arranged before proceeding with tests on detonators filled
RD,1343 and RD.1352,

The trial vehicle chosen was mortar bomb fuze No. 162, for which the
2.0 gr. LZ detonator was envisaged to have a potential application. Firings
at ambient temperatures resulted in 3/18 failures to initiate the stemmed
channel. Gap tests then in progress also qualitatively confirmed the reduced
efficiency of this 'new family' detonator in transmission through aluminium
septa, particularly in comparison with the alternative 2.4 grain LZ, The
effect appeared to be due to the reduction in charge weight, and it was
considered that restriction of diameter to 0.169 inch had prejudiced the
usefulness of the detonator,

Since no Service application could be foreseen, further trials with
this design were abandoned. The Working Party progressing the trials
confirmed a recommendation to withdraw this item from the trials programme.

3.6 Gap tests

4 measure of the relative detonative efficiency of detonators is
obtained by firing them with aluminium septa of various thicknesses, which
constitute the gap, between detonator base and tetryl charge, Either a
stemmed tetryl channel, of density 1.2-1.3 gms. per cc. or a tetryl pellet of
density 1.50-1.55 was used. The stemmed channels were 0.125 inch diameter
and 9.25 inch long, contained in 0.75 inch diameter aluminium alloy. In order
to give reasonable pressures on the 0.7 inch bar, tetryl pellets were assembled
between the stemmed channels and the protective asbestos pellets. The tetryl
pellets were unconfined., The 2.4 gr., 1.6 gr. and 2.3 gr. detonators were
fired with stemmed channels followed by tetryl pellets, and the 1.6 8rey, 2.5 gr.,
M22 and 6.7 gr. with pellets alone. The method of test was to find the
maximum septum thickness which would allow five successive complete detona—
tions of the tetryl pellet.

3.6.1 Detonators with septa, stemmed channels and tetryl pellets

The complete pressure bar results are given in Tables XII, XIII
and XIV, from which the maximum septa thicknesses through which the
detonators initiated the stemmed channel and pellet are as follows:-

Azide
Detonator
Service LED.1343 RD,1352
2. gr. T2 0,04 inch 0.04 inch 3/5 failed at O inch
1.6 gr., Z2Y¥ ORe7, ! 0,07 " 0,03 inch
2.3 gr. LZY Y 0,07 " 0,07 " 0.05 inch
€
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The results show that Service azide and RD.1343 are equally
efficient in all three detonators, whercas RD.1352 is appreciably less
efficient in 1.6 gr. and 2.3 gr. detonators, and gives failures to detonate
in 2.4 gr. detonators even withcut a scptun,

3,6.2 Detonators with aluminium septa and tetryl pellets

411 detonators in this group contain tetryl. The complete pressure
bar results are shown in Tables XV to XVIII inclusive, and include those for
6.7 grain LZY directly loaded in tinned copper shells, for comparison. The
maximum septum thicknesses obtained are given in the following table:-

foide
Detonator
Service RD.1343 RD.,1352

1.6 gr. 2Y 0.04 0,04 1/5 failed at O inch
25 gl 1LY 0.07 0.06 0.06 inch
122 LZY 0.125 0.125 0.125 inch

6.7 gr. L2Y

Inverse, L3 cups 0.157 057 0.100 "
6.7 gr. LZY

Direct, tinned

copper cups 0.020 Not done 1 failed at O inch

The results show that Service azide and RD.,1343 are equally
efficient in all the detonators tested, whereas RD,1352 is as efficient as
the other two azides only in 2,3 gr. and 22 detonators.

.. . The superiority of the 2.3 gr. over the 1.6 gr. is thought to be
due to (1) the effect of inverse loading and (2) the method of initiation by
stab., The small air gap inherent in the closure of inverse loaded detona-
tors probably gives a fragment initiation effect, and it has previously been
shown that with stab-initiation a detonator develops a greater impulse than
with flash initiation.

In 6.7 gr. detonators the superiority of inverse loading is even
more marked. Besides the absence of air-gap, the direct loaded tinned
copper detonator has a thick base, which degrades the impulse more than the
thin aluminium alloy disc of the inverse loaded detonator.

This gap test, though giving a comparison of the efficiencies of
the three azides, is somewhat severe, the tetryl pellet being unconfined.
It is considered that the efficiency of the detonators would be greater in
Service stores, in which the tetryl is confined.

Sl Tenitability of pressed azides

The azides were pressed into 1.6 gr. inverse loaded cups without
base discs, the exposed filling being varnished with cellulose ester varnish.
The detonators were tested in the 4.R.D.E. ignitability apparatus, in which a
1.7 gr. 'L' mixture detonator flashes down straight tubes of various lengths
on to the 1.6 gr, detonator. The method of test was to find the maximum
distance between the detonators which gave ten successive firings of the
1.6 gr. detonator. The results are given in Table XIX, and show that the
ignitability of the three azides is of the same order, Service azide being
slightly more ignitable than the other two azides.

L. ALPPLICATION TO FACTORY FILLING TRL.LS

The charge weights suggested for the various detonators were
communicated to D.0.F./F., who arranged preliminary factory filling trials,
4s a result of these, slight modifications to some of the weights were found
to be necessary due to differences between hand filled laboratory samples
and those from the factory production line. The laboratory trials were

7.
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repeated with the slightly modified weights of charge. The results given in
the Tables are those obtained with the charge weights agreed with D.O.F./F,

Lbout 25,000 of each type of detonator were then filled under
production conditions with each type of azide, and 5,000 of each type were
selected for trials from those which had passed inspection. Details of the
observations made at R.0.F., Chorley during this programme and the Conclusions
drawn are given in CROF Filling Group Report No. 76 dated December 1961.

5. GAP TESTS ©.ITH PRODUCTION FILLED DETON..TORS

The detonator/aluminium septum/tetryl pellet tests were repeated
with samples taken from the 5,000 selected detonators. In these trials the
meximum septum thickness was determined through which twenty successive complete
detonations of the tetryl pellets were obtained., The detailed pressure bar
results are shown in Tables XX to XXIV inclusive, and the maximum septum
thicknesses are given in the table below.

Azide
Detonator
# Service RD.1343 RD,1352
ST A 0.03 0.03 0,01 inch
2.3 8T+ LAY 0.03 0 Ol 0.03
122 LZY 0,125 0.125 0.125
6. gts LEY 0,10 @125 0.125
2.4 gr. 12 0.02 0.04 Failed at O inch

The maximum thicknesses of the septa penctrated by corresponding
detonators of each type show some variation in comparison with the laboratory-
filled items. In general, the thickness of septum penetrated is less, but
the order of relative efficiency of the azides is maintained. An exception
appears to be the 6.7 grain LZY types, with which the Service azide filling
of the production detonators was slightly less effective than RD.1343 or
RD,1352; the reason for this is not clear,

6., CLIMLTIC TRIALS

The programme of climatic trials arranged in collaboration with
the Ordnance Board is published as Appendix IT to the Board Proceeding
Q.8814 (Special).

Samples from the 5,000 detonators selected from the production
lots were submitted to ISLT/B storage in this Establishment, withdrawals
being made at intervals up to 2 years. Twenty detonators were fired by
D.I.Arm. at each withdrawal, using O.4 inch or 0.7 inch pressure bar as
appropriate. The full results of the firings have been reported by D.I.Lrm.
to the Ordnance Board, to D.0.F./F. and to this Establishment.

The mean pressures and coefficients of variation calculated from
the individual results are given in Tables XXV to XXIZ,

The poorest performance is that recorded for detonator M22 LZY,
which gave a total of 23 misfires, and low pressure rounds at various
intervals in the trial. 1411 azide fillings were affected, RD.1352 being
marginally the worst. It is noted with interest that M22 is one of the two
detonators in the trial not sealed with varnish RD.,1177.

The other detonator not sealed with RD.1177 is the 1.6 grain ZY

type. This also shows considerable variation in the range of pressures
developed, and with RD,.1352 filling the coefficient of variation reaches 15.5%.

8.
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A11 other types withstood the two year trial without significan?
deterioration, but the RD,1352 filling appears to show a marginally inferior
performance. /1l would be acceptable for Service usage.

7. CONCLUSIONS

74 Safety in handling
Tod 6l No significant difference in sensitivencss to impact of the three

types of lead azide is detected when tested in the Ro?ter Lppara?us. Th%s
may be due to the limitations of the method when applied to testing of primary
explosives.

olin? On Grit friction pendulum tests RD.1352 is signif?cant}y less
sensitive than Service lead azide or RD,1343. The latter is slightly less
sensitive than Service lead azide.

T3 Safety in handling assessment therefore places the azides in the
preferred order of RD.1352, RD.1343, Service lead azide.

Tl Efficiency in Service detonator desiens
7.2 The detonators tested were filled to the following basic designs:-
M22, LZY L5/9378 Inverse loading
6.7 grain LZY L5/ 9456 " "
2.3 grain LZY L5/8791 . n ::
2.4 grain LZ 15/9565 Direct !
1.6 grain zY L5/ 93l i

In all these the performance of Service agide and RD.1343 is
satisfactory and the azides are equivalent to each other,

7.2.2 Performance of RD,1352 in the 2.4 grain LZ detonator is not satis-—
factory, as indicated by the Gap test. Under the semme test, RD.1352 also

fails in the 1.6 grain ZY and 6.7 grain LZY (direct loaded, tinned copper
cup) detonators,

P55 There appears to be no significant difference in susceptibility to
ignition by flash from 'L' mixture.

o2 The results of climatic storage trials indicate that the performance
by RD.1352 is merginally inferior under ISiT/B conditions. Vith the exception
of detonators M22, LZY and 1.6 grain 2ZY (neither of which was varnished with

RD.1177) however, the performance of all three types would be acceptable for
Service use.

2D It is concluded that in present Service detonator designs Service
lead azide and RD.1343 are interchangeable without change in efficiency.

However, RD,1352 would not be acceptable for use with small detonators of
either LZ or ZY type.

i55) Suitability for future designs

7.3 On the results of this investigation it appears that Service lead
azide and RD.13L43 will show equal efficiency, but RD,.1343 may offer some
small improvement on safety aspects, particularly during filling operations.
It is considered that relevant evidence will be obtained only by larger scale
filling trials arranged to cover lengthencd periods, batch-to-batch variation,
requirements of automatic loading, and other details.

7.3.2 Potential use of RD.1352 is attractive in reclation to safety in
handling, but acceptability for futurc designs will depend on re-design of

stores to allow introduction of slightly larger detonators. i minimum
requirement would be a column length of RD,1352 not less than 0.1 inch.

9.
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TABIE T

Pilling details - 6.7 gr. LZY detonators

A —
Type Methch of | Dead Charge.welght Fllll?g %ength
of £illing | Load = s
azide and shell 1b. L 7 Y L 7 Y

Service Inverse 1,000( 2.0 3.0 1.7 § 0,055 | 0,054 | 0.070
A3 " 1.8 1.2 2.5 0.050 0.021 0.107
5 500{ 2.0 3.0 1.7 | 0.060 | 0.058 | 0.075
Direct 5001 2.0 3.0 157 0.059 0.062 0.083

Tinned

Copper
RD.1343 | Inverse 1,000}{ 2.0 3.0 1.7 { 0.055 | 0.057 0.070
A3 R 1.8 Nier2 255 0.050 0.023% 0.107
RD.1352 | Inverse 500] 1.54 | 3.0 1.7 | 0.046 | 0.072 | 04,075
A3 i 1.23 | 2.0 2.0 | 0.036 | 0.048 | 0.088
. f 110 | 3.25 1 1.7 | 0,032 | 0.076 [ OsUV5
L b 1.10 | 3.45 | 1.7 | 0.032 | 0.085 0.075
Inverse 500§ 1.54 | 3.0 1.7 | 0.047 | 0,073 | 0.077

BR2
Direct 500( 1.54 3.0 Ateil. 0.044 0.071 0.078
A3
Direct 500| 1.54 | 3.0 1.7 | 0,044 | 0.071 0,080
BB2 s

Direct 500 1.54 | 3.0 1.7 || G045 | 0074 il OL0BL
Tinned & 1,90 | 2.46 | 1.7 | 0.056 | 0.063 | 0.084

Copper

IABLE IT

Filling details ~ 2.4 gr. LZ detonators

Type Dead Charge weight Filling length
of load grain inch
azide 1b. L 7 L 7
j— — oode
Service 500 0.70 170 0.046 0.079
RD.1343 500 0.70 1 G2 0.047 0.079
ED. 1352 500 0.70 1.49 0.046 0.080

1l
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TABLE III

Filling deteils - 1.6 gr. ZY detonators

Filling details -~ M22 LZY detonators.

Type Dead Charge weight Filling length
of 1oad grains inch
azide 1b. 7 ¥ 7 ¥
Service 325 1430 0.30 0,076 0.045
RD.1343 325 1522 0,30 0.077 0.045
RD.1352 160 454110 0.25 0.083 0,039
TABLE IV

175 1b. dead load

Charge weights Filling length
pe grains inch
of
it b Z Y L Z Y
Service 0.74 207 1.05 00062 0.152 00132
RD.1343 07k 2.4 1.05 0,062 0.152 0.132
RD.1352 0.74 262 105 0.062 0.152 0.132
TABIE V
Filling details - 2.3 gr. LZY detonators
Type Dead Chargiaziight Fllllgﬁciength
of load
azide 1b. L 7 Y L 7 Y
Service 350 0.50 140 0.35 0.041 0.080 0,046
RD.1343 350 0.50 1.30 0.35 0,040 0.080 0.046
RD.1352 175 | 0«47 | 1.27 | 0.25 | 0.040 | 0.088 | 0.038
H
1:2k
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TZBLE VI

Pressure bar end chemical test results - 6.7 gr. LZY detonators

(0.7 inch bar)

Charge Mean
Method Type Dead weight pressure | C.V. | Chemical test
of of Load tons/ % Degree of
filling | azide 1b. Z ¥ Sqeine. detcnaticon
Inverse | Service | 1,000 | 3.0 a7 9.y 1.6 10/10 D
A3
" " B e 2.5 10.0 Ee 10/10 D
" ¥ 500 | 3.0 it 9.0 el 10/10 D
Direct L 500 | 3.0 el 9.3 149 10/10 D
Tinned
Copper
Inverse | RD.13L43 | 1,000 | 3.0 | 1.7 9.6 2.9 10/10 D
L3
4 I 3 a2 245 10.0 3s3 10/10 D
R
A3 t L 3.0 [ T2 3.0 10/10 D~
" " E 2.0 2.6 Lo 9.7 10/10 E
f 1 1" 3.25 1.7 8.3 L;_.9 9 D, 1 D_
f " X BhE | q.7 8e7 2.9 10/10 D
Inverse i i 350 1 758 31 10/10 D
BB2
Direct 3 A Fe | A7 6.3 2.1 10/10 D-
BB2
Direct . 5 3.0 | 1.7 6.9 349 3D, 7 D-
.A.}
Direct u Y 3.0 | 1.7 9.5 Le3 10/10 D
Tinned
Copper 3.0 1.7 9.1 2.9 10/10 D
" 8 " ZRLE o Fl] e 9.3 5D, 5P
D = complete detonation of tetryl in detonator
D- = nearly complete detonation
P = partial detonation of tetryl in detonator
E = explosion of tetryl in detonator

13,
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TABLE VII

Pressure bar results ~ 2.4 gr. LZ detonators

(0.4 inch bar)

Charge weight
Type grains Mean pressure C.v.
of tons/sq.in. %

azide L Z

Service 0.70 1.70 1147 24y
RD.1343 0.70 F462 196 HeD
RD.1352 0.70 1.49 10.3 2.5

TABIE VIIT

Pressure bar and chemical test results — 1.6 gr. ZY detonators

(0uk inch bar)

Type Dead Chargeagglght Mean (7% 8 Chemical test
of Load o pressure % Degree of detonation
azide 1b. 7 y tons/sq.in.
Service | 325 | 1.30 0.30 12.3 w3 10/10 D
RD.1343 325 | 1.22 0.30 12.2 2.3 10/10 D
RD.1352 160 | 1.10 0.25 941 5.0 10/10 D
D = complete detonation
TABLE IX
Pressure bar and chemical test results ~ 1422 LZY detonators
(0.4 inch bar)
Type Cscke gelght Mean C.V. Chemical test
of e pressure % Degree of detonation
azide 2 ¥ tons/sq.in.
Service Bt 1605 1916 Lok 10/10 D
RD.1343 2y 1205 a3 6.2 10/10 D
RD.1352 e 1405 i 0] 3.5 10/10 D
1L|~u
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TABLE X

Pressure bar and chemical test results - 2.3 gr. LzY detonators

(0.4 inch bar)

Type Chargeazzzght Mean C.V. Chemical test
of i pressure % Degree of detonation
azide 7 T Y tons/sq.in.
Service 1,40 D95 1250 1.8 10/10 D
RD.1343 1.30 0.35 13.5 2.9 10/10 D
RD.1352 (g 0.25 103 Lok 10/10 D

Pressure bar result - 2.0 gr. LZ detonators.

TABLE XT

complete detonation

Service lead

azide - (0.4 inch and 0,7 inch bars)

O.4 inch bar

0.7 inch bar

Pressure
tons/sq. in.

Pressure
tons/sq. in.

e L

High
Low

Mean
v

= — =

£

NN

2
7
9
2

e i -

. er—

*of Table VII

*Mean Pressure 2.4 gr. L7 detonator
L.6 tons/sq.in.

O —— G — —— ———— | o & U - —r

TABLE XII
Pressure Bar results - 2.4 gr, LZ detonators/aluminium septa/tetryl
channels/tetryl pellets. Fillings as Table 11
R e Individual pressgfe, tons/sq.in. (0.7 inch barz_-
i Service azide RD.1343 RD 1352
0,05 |1.b 1.5 |tk
Gle@iy ) BT 65 6.5, bk, 6:2]€,5s Byl 655, BT Eed
0003 5‘9
ORIt HEL T BTt 6:6y Guby G5 Elter Gol2i (b L HL5 103

19
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TABLE XIII

Pressure Bar results - 1. 6 gr. Y detonators/élumlnlum septa/tetryl

channels/%etrvl pellets.

E}l}}_gs as Table II1

Thickness
septum
inch
.

e

=

0.08
0.07
0.04
0.03

o

Individual pressures, tons/sq.in. (0.7 inch bar)

Service azide

i ¢ T s e e

1ok
GG i GhioN G

r———s

e e Y

* —

RD.1343 RD.1352
1.5
Gl B G, Gy Gor]

6.5, 1.5

6els Guly 64b; Goliy 643

TABLE XIV

-

Pressure Bar results - 2.3 gr. LZY detonators/aluminium septa/tetryl

channels/tetryl pellets.

Fllllngs as

Table V

Thickness Ind1v1dual pressures, tons/sg.in. (0.7 1nch bar)
septum a2 e e—— e o/ i i i enb i -
inch Service azide RD.13h5 RD.1352
0.08  |1.6 7
@67 6.7y 6:6; 6455 Guliy 6.006.65 6.b, 6.2, 6:1, 6.111.8
0.06 681 5, Gtz Dl
0.05 Gl BLE, Bolhy BaD s G
TABLE XY

Pressure Bar results - 1.6 gr. ZY detonators/aluminium septa/tetryl pellets

Mo e A e e —cTe—

B — e - . e

Thickness Individual pressures, tons/sq.in. (0.7 inch bar)
septum }— s
inch Service azide 2D.1343 RD.1352
0.050 |6.4, 6.3, 6.0, 5.7, 1.3(6.4, 1.6
0.0b0 [6.8, 6.7, 6.6, 6.6, 6.k|6.8, 6.7, 6.7, 63, 6.3
0.005 Gty 6935 133
0.000 6By (Gn5, (60, Hil

16.
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TABLE XVI

Pressure Bar results - 2,3 gr. LZY detonators/sluminium septa/tetryl pellets

Praves

Individuel pressures, tons/sq.in. (0.7 inch bar)

Thickness
septum e S SR
inch Service azide RD.1343
0.08 65, bk, 6,2, 1ii
0.07 By Buby 05y Gullyl 60655 603Fs Bty Ll
0.06

Bel Ealy Baby Bib 165

- o

RD.1352

e

6.6, 145
6.7, 645, Bukiy Gali, 641

TABLE XVII

Pressure Bar results - k22 LZY detonatogﬁlg}uminigp”sgpta/fetryl pellets.

e

Fillings as_Table IV

Thickness Individual pressures, tons/sq.in. (0.7 inch bar)

septum T = e o

inch Service azide RD.13L3 RD.1352

0.187 |tk 0.9 0.8

D157 |6+5, 1<6 6ok, 645, 650, 1sd 6.3, 1uls

025 647, Buly Bai; 646, 6:56:7, 6:7s bsbs 6.5 620685 637 G0, 645, 6.5
o ¢ 31 ¢ — v S —— o —T—————— 4 i B 0 T e R AR A———  f—apreri— & 8 ——

-

TABLE XVITT

Pressure Bar results - 6.7 gr. LZY detonatopgéélpg}gipg'§9pta/%etgy}”pellets

(1)

Inverse loaded A3 shells

Azide 3 grains

—~—

RD.1352

3.7
6.5, 6.5, 6.5, 6.3, 6.2

Tetryl 1.7 grains
Thickness Individual pressures, tons/sq.in. (0.7 inch bar)
Sep‘tum P p—, = e -
inch Service azide RD.13L3
0.187 655 G.h5 283 Be5; Gy 6405 257
0.157 6a5s 655 Bed, 63y 6ud|Babs 6.5, 6Galey 6.3, 6t
0.125 '
0.100
(2) Direct loaded

Filling as (1)
0.03 b5y 6355 belyibaps B
0.02 Ehioly Bad, basly Gady 6 Not done
0.01
0,00

17.
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IGNITABILITY TESTS

TABLE XIX

1.6 gr. inverse loaded detonators
ignited by 1.7 gr. "L" mixture detonators

Azide

Service
RD.1343
RD.1352

¢ B erar e e e -

Maximum distance between detonators
for 10 successive ignitions of 1.6 gr.

11
8
9

GAP TESTS ON PRODUCTION FILLED DETONATORS

Pressure Bar results - Detonators/Aluminium septa/tetryl pellets
0.7 inch bar.

146 52;_5! TABLE XX
Thickness Pressures in tons/sq.in.
septum = = ; =
inch Service azide RD.1343 RD.1352
[ EYSmo -l iy
0.04 9.2,4.7 e T, Gis 5]
0.03 D 339a358.5,9.159.3, B9y Fe549659% 393 8.8,9.0,2;1
902’902,902’903’9 7, 900’905’9'1,90h,9'7’
885 9e2h DT 5903y Seas | VTS 25 indn T sy Fulty
9'3,9'#,9'#:9'2’8 3 8'9,9'2,9'5’90h’9'5
Mean 9.2 C.V. 3.8% |Mean 9.3 C.V. 2.3%

0002 909’9'8,907,9'5’907’
909’9'5’9'h’9'3,9'7’
9elsy9e3,9.2,5.2

0.01 9.6’907’9.8’9.8’9.2,
906,906,907’9'3,9'9’
9'8’9'9,907,9'3’9'8’
101 5 uibsis D e 1 5985 DT
Mean 9.7 C.V. 2.3%

18.
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GAP TESTS ON FRODUCTION FILLED DETONATORS

TABLE XXT

2.3 gr. LZY
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TABLE XXIT

M22 LZY

Pressures in tons/sq.in.

RD.1352

1.2%

RD.1343

143% |Mean 10.4 C.V.

Service azide

19‘
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GAP TESTS ON_FRODUCTION FILLED DETONATORS

TABLE XXTIT

« LZY

6.7

Pressures in tons/sq.in.

- e

RD.1352

«9,9.9,10.0,
'5,9'5,9'7,
,909,9'7,9'8,

8,9
7,9
.2
0

RD.1343

C.V. 3.1% | iean 10,0 C.V. 2.2%

Mean 9.9

T TN LB O D=

-

Service nzide

4.8

949,945,945,946,9.5,

10.2,9.3,9.6,7.5,
9.8,9.8,5.8

10.2,9.9,10.4,9.9,

958,940, 100255 1.,

10:2,9:5510:1 ;9.8
b

Mean 10,0 C.V. 2.2

Thickness |

septum

inch

0.157

0.125

0.10

TABLE XXTIV
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CLIMATIC TRIALS: PRESSUR: BAR RESULTS BY D.I. AR

ISAT (B) CONDITIONS
TABLE XXV

1.6 gre ZY Q.4" Bar Pressures in tons/sq.in.

Service azide Rb.13h3 RD.1352
Mean C.V.% Mean C.V.% Mean C.V.%
COHtrOlS(']g 13.6 503 1301 801{- 9.6 8.1
2 (2 13.7 L.0 13.2 BDie2 9.8 6.5
1 month 14.0 l{-os 13.6 14-03 1041 l{-.8
3 months 1308 Ll-.8 13014- 9014- 1062 12.6
G Fe gt 1392 7 bt 13.3 75 9.7 9.1
12 i 13.1 Le2 12,2 51 8.1 13.2
15 ! 13.8 507 12.3 10.5 8.1{- 11{-06
18 iy 135e6 [ 13.0 79 8.7 15.5
21 " 1347 51 Ji2e5 Qe 7.8 1562
2 (i 12.8 6.5 12.1 6.4 e 1448
2L, normal
storage 114-.5 800 1309 801{- 1003 130&-
TABIE XXVI
2.3 gr. LZY 0.4" Bar Pressures in tons/sq.in.
Service ozide RD.1343 RD.1352
Mean C.V.% Mean G % Mean C.V.5%
Controls(1) 12.6 4e9 12.8 Sl 11uf Bix
" (2) 1341 Le0 12.2 6. 10.2 6.2
1 month 1241 10.2 12.0 71 104 73
3 months 12.9 7.6 12.8 6.9 10.6 6.2
Bhy 12.9 7.4 12.7 1.7 10.6 7.8
7w, » 12.2 5.5 1241 6okt 1047 13540
15 4 12.5 6.2 12.7 Tie 10.9 8.3
18 it 12,2 9.1 12.1 6.6 104 6.4
21 i 1257, LA il L.0 11 8 T2
AR 13,2 L.7 12.9 ST 11 ol L.5
2l normal
storage 134 %O . 13.5 6e2 11 4 72
29,
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CLIMATIC TRIALS:  FRESSURE. BAR RESULTS BY D.I. ARM.

ISAT (B) CONDITIONS

TABLE_X0VIL

122 LZY Ol.4" Bar Pressure in tons/sq.in.

A I =L NI St g = 3
, Service azide RD.13L3 RD.1352
Mean CV.% Mean CV.% Mean C.V.%
Controls(1) 126 6.3 Jelle 642 1049 L
2 (2) A2 349 11.6 241 1l 2.6
1 month 1145 6.6 10,8% 5.1 10,5 500
3 months 11 .9 6.5 414 02% 6.0 11 oli- 4.8
G 11.1% 3o 10.6+ 349 1043 Bl
12 " AR S 11.0 655 10.9 L.8
i 1143 545 10.5 L.2 10.0 10.0
18 i i 6.7 10.2 91 9,8% 11.0
21 . 11.2+ oD 1049 5.6 1043 6.6
2l ! 11.9 Le7 1162 645 11.0/ 4.0
24 normal
storage 1148 6.0 % | 645 10.9 i)
2 1 misfire: mean of 19 rounds
o 6 misfires: U E W, Sl
2 misfires: U il e g
; L misfires: LA
3 misfires: e SUIES e
TABLE XXVIII
6.7_grs LZY 0.7" Bar Pressures in tons/sq. in.
Service azide RD 1343 RD.1352
Mean GV % Mean CoVe% Mean C.V.%
Controls(1g 8.5 2.3 8. ST 7.6 6.6
w (2 8.6 349 8.6 Lot F st
1 month 8.8 3.5 9.0 209 7.8 6.0
3 months 9.0 3.0 9.0 2.9 Te® 6.0
Gl 846 31 845 51071 Te7 2.8
12 it 8.6 3.9 8.8 14-.0 7.9 5.2
5L 8.1 6.0 it 6.2 742 5.9
18 ( 8.7 6.3 8.7 307 7.9 5.6
21 N 8.7 Lo 8.7 5.8 8.2 5.4
a2, " 8.8 Le2 8.8 L.0 79 9.3
2l normal
storage 8.9 6.6 9.0 e st 8.9
22,
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CLIMATIC TRIALS:
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PRESSURE BAR RESULTS BY D.I. ARE.

ISAT(B) CONDITIONS

TABLE XXIX

2.k e LE 0.4" Bar Pressures in tons/sq.in.

Service azide RD.1343 RD.1352
Mean C.V.% | Mean C.V.% | Mean BV 45
Controls(1) 12.3 3.8 1448 248 10.6 4.3
tt (2) 12.3 4.9 11.8 4.7 10.5 53
1 month 11.6 10.6 LD ST 9.9 8.7
3 months 12.0 }+05 1106 307 1006 }-{.01
6 i 12.6 3. 12.1 L.3 11.3 4.8
s AL 12.0 L.2 14+6 dady T 541
(Lt 11.9 5.6 118 6.9 10.6 5.5
18 L 124 3.5 12.0 Sied 10.9 4.5
21 g 1243 Biab 22 3.8 10.9 4.6
25 12.4 59 12,0 2.5 11.0 L.,

2L, normal
storage Jrn2 4.7 1241 ] 3. 10.8 3.8
23
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Royal Zrmanent Rescarch & Development Establishrent 662,41 Lead azide:
RedtsReDoE. Mormrandun (X)9/63 662,215.5:
623,454,242
Laboratory assessient of Scervice lead azlide ond
the alternative forms RD1343 and RD1352.
F.E,Ball, S,V,Peyton, Februnry 1963

This memorendun records the laboratory assessnents of mechanical
sensitiveness ~nd safety in handling, together with filling &nd functioning
characteristics in selected detonators, which have been deternined for
representative sanples of Service lead azide and the lead azides RDy1343
anl RDe1352, The work forms part of the comprehensive Joint trials
prograruie sponsored by D/R4RDE, D/ERDE, DOF/F and the Ordnonee Board, to
evaluate alternative forms of lead azide for Scervice usecs

The safety In handling assessnent places the azides in the preferred
order of RDe1352, RD1343 and Service lead azide, In other respects,
however, the dextrinated form RD,1352 is inferior to RD, 1343 and Scrvice

lcad azide, Differentiation between RD.1343 and Service matcr191 appears
] : RESTRICTED - to
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Royal .amament Rescaréh & Developrent Esteblishiient 662,41 Lead azide:
RoiteReDeBs Motiorandum (X)9/63 662,215.5:
¥ 623,454,242
Loboratcry assessinent of Service lead azide and
the alternative forms RD1343 and RD1352
FoE.B2ll, S.V.Pcytons February 1963

This femerandun receords the laboratory assessrients of mechanical
sensitivencss and safety in handling, together with filling and functioning
characteristics in sclected detonators, which have been determined for
representative samples of Service lead azide and the lead azides RD.1343
and RD,1352, The work forms part of the coriprehensive Joint trials
programie sponsored by D/RIRDE, D/ERDE, DOF/F and the Ordnance Board, to
evaluate alternative forms of lead azide for Service use,

The safety In handling assessment placcs the azides In the preferred
order of D, 1352, 1De1343 and Service lead azide, In other respects,
however, the dextrinated form RD.1352 is {nferior to RD,1343 and Service
lead azide, Differcntiation between Ru, 1343 and Service material appears
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Royal .rumanent Research & Development Establishment 662,41 Lead azide:
Reseite D.E. Memmrandum (X)9/63 662,215,5:
623,454,242

Laboratory assessnment of Service lead azide and
the alternative rorms RD1343 and RD1352
F,E,Ball, S,V,Pcytons February 1963

This menorandum records the laboratory asscssments of mechanical
sensitiveness and safety in handling, together with filling anl functioning
characteristies in selected detonators, which have been determined for
representative samples of Service lead azide and the lead azides RDg 1343
and RDe 1352, The work forms part of the comprchensive joint trials
programne s)onsorcd by D/RARJE, J/ERDE, DOF/F an! the Ordnance Board, to
evaluate alternative forms of lead azide for Service usc,

The snfety in handling assessment places the azides in the preferred
order of RU,1352, RUe13L43 and Service lead azide. In other respects,
however, the dextrinated form RJ.1352 is inferior to Ru.1343 and Service
lead azide. virferentiation between R,1343 and Service material appears
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Royal .rmament Rescarch & Development Establishment 662,41 Lead azida:
ReneteD.E, Merorandum (X)9/63 662,215,5:
623,450, 242

Loboratory assessmint of Scrvice lead azide and

the alternative forms RD1343 and RD1352, -

F,E,Bnll, S,V,Puyton, F8brusry 1963
b

This memorandun records the laboratory assessuents of mechanical
sensitivencss end safety {n handling, together with filling and functioning
characteristics in selected detonators, which have been determined for
representative samples of Service lead azide and the lead azides R 1343
and RD,1352, The work forms part of the corprchensive joint trials
programme sponsored by J/RGRDE, o/ERDE, DOF/F and the Ordnance Board, to
cvaluate elternative forms of lead azide for Service use,

The safety in handling asscssuent places the azides in the preferred
order of Hoe1352, Rus1343 end Service lead azide, In other Jespects,
however, the dextrincted furn ni,1352 ts inferisr to RU.1343 and Service
lead azile, oifferentiation between Ro.1343 on'l Scrylce naterial appears
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to be marginal, and requires further full scale production trials for
final resolutions The possibility of introducing RD,1352 to Service In
future depends on acceptability of redesign of stores to Incorporate
slightly larger detonators,
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