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SECTION 1 +BSTR.CT

The efficiency of the Fuze, Percussion, Base, Detonating, which far
exceeds that of the igniferous fuze previously used, is due to the
incorroration in it of the R.D. gaine which imparts a powerful detonative
impulse to the shell filling after an appropriate delay. The novel feature
introduced by the R.D. gaine is that C.E. is brought to detonation from
ignition, in a space dependent on various factors, all of which had to be
investigated before a satisfactory design could be sutmitted for approval.
The method of filling had not only to bring the C.E. in the gaine to
detonation within the permissible limits of space, but alsc to withstand the
shock of discharge and of impact; it also had to be sufficiently simple to
be reproducible without variation under manufacturing conditions. Vithin
a few years of its application to the base fuze, the R.D. gaine had been
brought to a high pitch cf perfection. The ignitory system of the fuze
is less perfect and is still under investigation.

The develorment of the R.Ds gaine principle and its application to
various stores, in particular the large and medium base fuzes, are reviewed.
Sufficiently ample references have been provided tc enable any particular
section of the story to be followed in its entirety, and in order to cnable
the develorment of the more important items to be secn at a glance, comrosite
drawings have been made from the corresponding DD/L designs. Details of
certain branches of the work are given as appendices.

Note: Since this Record was compiled in 1945 changes have been made in
the titles of various establishments in the Ministry of Supply: the ..rmament
Research Department ,for example, has becn renamed the ..rmament Research
Establishment.
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" SECTION 2 TINTRODUCTION

The official enquiry into the Battle of Jutland cstablished the fact
that although the British guns werec morec powerful than the German, their
shell effected less individual damage because the German shell f£illings
were brought to detonation whereas the British fillings merely exploded.
This disclosure, supported by the cxperimental demonstration that 2 1b. of
explosive dectonated were cqual in effect to at lcast 10 1b. merely eoxplcded,
led the .dmiralty tc press for a new type of initiator which wiould bring the
shell fillings to detonation.

The difficulty of the problem lay in designing a type of inititor whioch
would be sufficiently inscnsitive to withstand the shock of discharge from
the gun and of impact on armour plate without giving rise to prematures, yet
sufficiently powerful to give a considerable detonative impulse to the filling.
The Jdmiralty was unwilling to sanction the use of a sensitive dectonator
which would require elaborate cushioning devices, thus complicating manufact-
urce and increcasing the sources of possible failure. Morcover, at that time,
the only satisfactory detonant then in usc was mercury fulminate which
required carcful handling in manufacture and transport and which deteriorated
rapidly under tropical conditions.

418 long ago as 1913 it was shown that C,E. could under certain conditions
. be brought to detonation by means of a gunpowder core, and a goine cmbodying
this device had been patented by the Coventry Ordnance Works. C.E. 18 a
remarkably safe explosive but in combination with gunpowder it may give risec
to a very secnsitive mixture, so that it was nccessary to contain the gun-
rowder in a separate chamber. This gainec, though successful up to a point,
was unwieldy and could not be rclied upon to detonate amatol, which, during
the 1914+18 war, was uscd as a substitute for T.N.T. It was replaced by
a smaller type with & dectonator which ensured detonation of the shell filling
but introduced all the difficulties for ...P. projectiles which the .dmiralty
wished to avoid.

For many years a substitute for the detonator-gaine was sought for un-
successfully but finally, in 1922, by 2 happy combination of good fortune and
acute observation, & member of the staff of the Rescarch Department succeeded
in bringing C.E. to dctonation from ignition without the use of gunpowder.

The importance of the discovery was immediately recognised by the Ordnance
Committee who called for the development, on high priority, of a gaine
embodying the new principle. Unfortunately facilities were not provided for
an exhaustive examination of the underlying principles involved, the aim being
merely to produce a gaine which would worlk satisfactorily. 48 a result of
much trial and error, the required goine was produced and ultimately incorpor-
ated in the large base fuze for naval shell. The undoubted success of the
R.D. goine principle in this fuze led to the designing of a medium base fuzé
for smaller natures of shell., Both of thesc fuzes passed into the Services,
but other applications of the R.D. goine have, for one reason or another,

not been devecloped beyond the experimental stage.

CONFIDENTIAL/DISCREET
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SECTION 3 EVOLUTION OF THE R.D. Gu.INE

3.1 C.0.W. Gaine 1913 (Figure 1.2)

The first British detonating gaine was patentsd in 1913 by
Lieutenant-Colonel Robinson Embury and Rear-idmiral Bacon of the
Coventry Ordnance Works and in 1914 sutmitted to the Crdnance Board
for consideration. Later modifications were brought out by ..dmiral
Bacon and others during 1914.  (British Potents Nos.9371/1913, 7350/191L,
23733/191L., 24305/1914) (0.B. Minutes 10035, 10640, 11070, 11481, 12376).

In the final C.0.W. gaine a column of C.,E. under heavy lateral
confinement was exploded by a gunpowder core. The base of the column
was closed by a metal diaphragm below which was loose C,E. in a thin-
walled chomber. On the explosion of the C.E. in the upper chamber
the pressure rose, bursting the diaphragm, and producing detonation
of the loose C.E. which in turn detonated the compressed C.E. or picric
acid beneath it.

Experiments on this type of goine were carried out in the Research
Department to test whether detonation proceeded directly from ignition,
but detonation was never ohtained in the upper chamber, The presence
of the metal diaphragm was an essential to success suggesting thet
detonation was produced in the lower chamber by bombardment with metal
particles at a high temperature and velocity. On the other hand, it
is not recorded whether the pressures attained in the upper chamber
were §s high without the diaphragm as with it.  (0.B.Minutes 10156,
11070).

3.2, No.I Gaine 1914 (Figure 1.D)

The Service Nos.1 goine woas based on the principle of the C.0.V.
gaine. It hod passed the experimental stage and was about to come
into Service when supply difficulties coused o new expleosive, amatol,
to be proposed for shell filling in place of lyddite or T.N.T. This
explosive was more difficult to bring to detonation than the previous
fillings and the No.1 gaine could not be relied on to give more than
partial detonation. . 10-grain mercury fulminate detonator was
therefore introduced into the top chamber, with good results. (0.B.
Minutes 14521, 14639).

3¢3. No.2 Geine. 1915 (Figure 1.c, d, e)

The presence of a detonator in the so-called "detonator gaine"
rendered the lower half unnecessary, thus enabling the goine to be cut
in two at the diaphragm and obviating the stripping of threcds which
hod been o difficulty with the heavier type, although prematures
originally ascribed to this fault were later thought to be due to the
dangerously sensitive mixture prcduced by the combination of C.E. and
gunpowder. The lower half of, the gaine was replaced by trotyl exploders.
(0.B.Minute 16208, 0.C.Minute 12).

Trials in the gun showed that the detonator gnine was 2 great
improvement on the No.1 gaine, but as there were still irregularities,
o larger magazine containing gunpowder was introduced over the
detonator (Figure 1.d). The Service form of this"magazine gaine"
is shown in Figure 1.e, as No.2 Mork IT gaine (original).  Other
modifications with different closing plugs, diaphragms of different
thicknesses over the detonator and parallel or topered magozines, were
also tried., R.D,Report No.33, Experimental Study of the Detonation
of Gaines),

2
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3.6

Fuze, Percussion, Base, No.16 with C.0.W. Gaine Principle, 1915

= (R.L. Designs 20910. (1) and 27980)

Since a detonating base fuze for Naval shell was urgently
required, it was cecided to apply the C.0.W. gaine principle
to the No.16 fuze, Detonation was obtained but the vresence
of a 10-grain fulminate detonator was regarded with disfavour and
doubt was expressed by the /[dmiralty as to the advisability of
adopting it for fuzes for large shell (0.C.Minute 599).

In 1916, D.N.O. requested the Ordnance Committee to toke up
the question of a delay action base fuze for use with Naval Service
heavy ...P.Cs shell filled T.N.T.; C.S.0.F. was to proceed with the
combination of the No.16 fuze with delay ard the principle of the
Coe0.VWe goine. . modification of o German delay action base fuze
and gaine was also considered.  #(R.LeDesigns 21,130 and 22860)
(0.C.Minutes 5825,6430).

In 1921, C.S.R.Ds was asked by the Ordnance Committee to
submit a report on an justrian fuze embodying a gaine which worked
on the principle of an explosive burning to detonotion. #=(R.L.
Design 31050). C.S.R.D. reported that the gaine, which contained
picric acid, nitroglycerine and guncotton, was too dangerous for
Service use, but that a gaine on the same principle had been under
consideration in the Research Department for some time. (a0

Minutes 41897, 42019).

R.D.Gaine Designs 1991 and 10., 1922, 1923(Figure 3.1 and 4)

Experiments in the Research Department on the "Baby Bcecmb!
had led to the discovery that C.E., under certain conditions of
confinement and density, could be detonated by means of a gun-
powder in a separate container (see Appendix 1). It was shown
that under sufficient confinement the pressures reached in the
gaine were fairly constant and, within the limits observed, rose
with increased confinement. (Table 2). L design of gaine R.D.
Noe1991, very similar to the type illustrated in Figure 3.b was,
in 1925, submitted to the Ordnonce Committee with the reservation
that although it was the cutcome of over 200 experiments it did
not claim to represent the optimum conditions, the determination
of which depended on the systematic examination of 2 number of
factors, viz: -

Te the mechonical properties of the metal concerned;
2. the form and amount of the respective explosives;

e the degree of confinement required by each of the
explosives;

/IS the mechonism of the explosive reoction.

This gaine passed successfully through a comprchensive series
of trials in the 18-pr. gun but was considered too heavy and a
lighter design No.10A was produced.  (0.Ce/Se17, 1923)s The
rrinciple of this gaine is different from that of the C.0.V.
goine in that detonation is obtained directly from ignition in
consequence of a sudden rise of pressure and temperature sufficient
to bring about molecular disintegration. In the C,0.W. gaine
detonation was never obtoined without the presence of the metal
diaphragm.

# Not reproduced B
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3.8

R.D.Goine Pattern 12, 1925 (Figure L.b)

Continuntion of the experiments outlined above estoblished the
result that consistent detonation of C.E. could be obtained without
the use >f gunpowder in a scparate container, thus encbling the weight
to be reduced still further, Ignitions of the C.E. could take place
by means of o flash or electrically. The application of this device
tc mines, warheads, bombs and various types of shell was suggested,
also the taking out of a comprehensive patent. (0.C./S.17.
R.D./C/4677).7

The essential features of this simplified gaine, which came to
be known as the R.D. gaine, are:-

e the ignition chamber where compressed C.E. is ignited
and roised to explosion;

2, the fire channel where explosion is converted to detonation;

3« the mogazine where the detonative impulse is enhanced and
transmitted to the shell filling.

Much work has since been carried out in establishing the optimum
conditions for detonation, particulorly in determining the best type
of C.E. for the purrose and the best means of stemming it to the
required density, also in improving the ignitory system, but the
essentizcl features of the gaine have never been altered since it was
f%rst sutmitted to the Ordnonce Committee.

R.D. gaine with adapter for use with base fuze, 1924 (Figure 4.c, 4, €)

Partly because the design of the base fuze was not settled and
partly in order to utilise existing supplies of munitions, the R.D.
gaine was in the first instance used with an adapter and much work
was expended in determining o suitable form and material for this
purpose. The Ordnance Committee, however, was not sitisfied with
the result and suggested that attention should be focussed instead on
the embodiment of the R.D. gaine principle in a fuze of the No.16 type.
Experiments along these lines had been carried cut in the Research
Department during 1923, but owing to the uncertainty concerning the
final design of base fuze to be adopted, had been allowed to lopse.
(0.C.Memo. "B" 7180, 7325).

DD/L/4000 In answer to the Ordnmance Committee's request, a
design DD/I/1000 of base fuze incorporating the R.D. gaine principle
was brought out by S.of D. and formed a separate line of develorment
(see Part II, p. 120 Yo From the first the results were so promising
that trials with the R.D. goine 2s a separate entity tended to be
held over and were finally suspended altogether. Experimental
work was, however, continued on the gaine so that problems properly
relating to the fuze itself should not confluse the issue. This
procedure was fully Jjustified by the production of a type of gaine
which has since required very little alteration. Examinotion of
later "blinds" has shown that practically withcut exception the fault
lay in the ignitory system and that ignition of the G.E. in the
ignition chamber was followed by satisfactory detonation of the
goine.  (0.C.Memo,"B" 7221, 7972).

The earlier types, I'atterns 12, 20, 21, were not strong enough
to withstand the shock of oblique impact in heavy shell and a suggestion
was made to strengthen the gaine by means of a steel liner, but the
design was not adopted, a stronger form of gaine being designed instead

# References of this type refer to files in the Armament Research
Derartment.
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(Pattern 22-1925).

In the'same year, for the first time, shellite and T.N.T.
£il1led shell fitted with base fuze and R.Ds gaine were fired at a
ship targete The so-called "Monarch" trials confirmed the rest
trials and proved beyond dispute that the fragments produced by
detonation of a shell filling though smaller were, because of their
greater number and velocity, superior in effect to those produced
by explosion only. (0.C./Celi27)s

Early in 1925, a suggestion was made that in order to avoid
distortion on impact, the gaines should be made of high grade steel,
Both this question and that of adapter design were, however, held
over until the results of trials with DD/L/4000A were available,
when D.N,0O. decided to abandon the R.D. gaine in the 8-inch shell
and revert to a flat adapter suited to receive either fuze DD/I/110
(without gaine) or DD/L/1000 (0.C.Memo."B" 8437, 8901, 9346).

Pottern 22, R.D.2724 (Figure L.e)

The new design, in addition to being much stronger, was
provided with & gaine transit plug to obviate any risk of foreign
matter entering the touch-hole, "blinds" having been traced to this
ceuse, DD/I/1931, DD/L/Sk.77 and DD/I/1173 are all based on
R.Ds 2724 which proved very satisfactory (0.C.Memos."B" 8927 II, 8980).

Aggregated C.E,.

An important discovery was also made in 1925, nomely that
C.E. could be produced in crystalline aggregates which had the
free-flowing properties required for easy stemming ond which could,
by careful control, be produced in a grain size to give the required
density. An account of this important aspect of the work is given
in Appendix 2.

Stemming Machines

The firstdesigns of stemming machines, based on the methods
used in the laboratory were produced during 1925. Aprendix 3
gives a brief outline of the development up to the present time.

In October 1925, the Ordnance Committee decided to suspend
21l further trials on the R.D. gaine on the grounds that a perfect
fuze to design DD/L/41000 was a more useful article than o combination
of a fuze such as DD/L/110 with a perfect gaine.  (0.C.Memo."B" 9568,
9723, 9802).

A summary of R.D. gaine trials reproduced from 0.C.Memo."B"
9723 is given in Appendix 4.




SECTION L APPLICLTIONS OF THE R.D. GAINE FRINCIPLE

L In 1925, C.S.R.Ds sutmitted to the Ordnance Committee a %
comprehensive report on the R,D. Gaine (O.C.Memos."B" 8921, 12613,
12614, 18281) with the suggestion thot "consideration might well
be given to the epplication of the principle established for the c
purpose of bringing about the complete detonmation of H.E. generally
in the various types of Service stores". The reasons for advocating
this general application of the R.D. gaine principle were:-

e Safety in handling stores both during manufecture and as
completed ammunition;

b. economy in inspection and maintencnce;
C- enhanced efficiency;

d. greater durability and hence reliability under varying
conditions of climate,

The following stores were then suggested as being suitcble
for the application of the gaine principle:

I. Land Service

(2) Goines containing fulminate detonators, eege Nos 2
or No.8 type. '

(b) Trench Morters - safety in handling and against
hostile fire would be the chief advantage.

(¢) ZLond mines = greater durability of the R.D. gaine
would be an advantage.

(d) Tank shell - the R.D. gaine principle is cspeciclly
suited to A,P. amrmunition.

II. Naval Service

(2) Projectiles = the great advantage of detcnation
of the shell filling over explosion has been clearly
established, The insensitiveness to impact of the
R.D. gaine mokes it pepuliarly suited to 4.P.
projectiles,

(b) Mines - adoption of the R.D. gaine principle would
lead to greater safety, increased efficiency, economy 5
in cost and upkeep and practically unlimited
durability during all conditions of Service storage.

(c) Torpedoes = the chief feature would be greater safety
against hostile fire, the only sensitive part of the
impulse system being the small igniting cap.

IIT. Adir Service

(a) Bombs = again there would be much grecter safety
in handling, in forced landings or crashes and
against hostile fire,

(b) Ainti~-personnel bembs = a smaller impulse systen
could be designed than is rossible with mercury
fulminate or composite detonators.
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Certain objections to this programme were raised by S.of D
who considered that while the principle might in due course be
applied to all stores in which some slight delay in detonation
could be accepted, for the time being its use should be limited to
fuzes for A.P. shell for which its insensitiveness to shock
rendered it particularly suitable, The Ordnance Committee concurred
in this view with the result that for some years the develorment
of the R.D. gaine was confined almost entirely to its embodiment
in the base fuze for A.P. shell, Its success in this field led
to later development in the directions suggested by C.S,R.D. but
as yet no other designs have been accepted for Service use.

Up to the present time the R.D. gaine principle has been applied
in the following stores:~

1. Base fuzes of the Naval type for coast defence and the
attack of armoured structures and concrete shelters, e.g.
Fuzes No.185, No.1584, 159, 500; 345, 345A, 346, 501, 479,
L4791, L8O,

2, Goine for small piercing shell (3-pr., 2-pr., cetc.) for
attack of tanks, DD/I/8390 (modified from R.D.5403).

3 Gaine to replace Noe.24keIIT for use with fuzes of the No.101
type DD/L/3350.

Lke Goine for 6-pr. H.E. shell for attack of CMBS.

5. Puzes for aircraft bombs DD/L/3280, ID/I/3300.

6. Triple purpose shell DD/I,/2050, DD/L/240L.

7. Mine DD/L/6658.

8. Signal, under-water, exploding, DD/L/2018, DD/L/7567.
9. Azide sleeve, DD/L/7370.
10, Apparatus for testing explosives.

11. Bomb, Incendiary, 20 1lb, "J".

Fuze Percussion Base Detonating

The most important application of the R.D. gaine was to
base fuzes of the Naval type and in particular to those for the
attack of heavy armour. This section of the subject is dealt
with in Part II.

Fuze, Percussion, Base, Detonating, Small. DD/L/8390

For anti-tank work, C.S.R.D. in 1938 designed a small basec
detonating fuze to design R.D.5403. Because of earlier trouble
with the medium base fuze caused by the seeping of mineral Jelly
through the threads.of'the side closing plug, the ignition ~hamber
was put inside the fuze. S.of D., however, having overccme the
seepage trouble by the application of a sealing composition, modified
the design to DD/L/8390 which retained the side closing plug.

Trials with this design, slighly modified by C.S.R.D., had
shown that the fuze was quite reliable in its detonative function-
ing at rest when war broke out and the investigation was suspended,
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(Barlier trials with a small base fuze for the Q.F. 2-pr.
L4LePe shell had proved unsatisfactory. 0.C,Memos. "B" 33309,
33689, 35088).

Fuze, Percussion Nose No.,101 DD/L/3350 type of gaine, DD/L/SK. .

1684

In 1929, in consequence of the number of prematures with
the No,101 fuze and No.2 gaine, S.of D, Wwas asked to collaborate
with .S, R.D. in the preparation of a design of gaine for use with
the No.,101 fuze. A design DD/L/3350 was produced embodying R.D.
gaine pattern 60 (R.D.3254). Varieusrmodifications in the design
were incorroratcd in the following amendments:=—

s improved closing plug, (?)
B, C, D. proyosed ineorporation of Baffle and Ignition unit,
E. replacement of gaine to design R.D. 3254 by R.D.3956,
G, H, J, K, improvements in ignition,
L. incorporation of delay unit.
DD/1/335CK with non-delcy filling passed throﬁgh a series of
trials successfully and was recommended by the Ordnance Committee

for use under the No.,101E fuzes.

DD/L/3350L gave unsatisfactory results and C.S.R.D. suggested the
incorporation of a B and T unit.

DD/L/Ske 1684 introduced a proposed modification to give improved
functioning when fuzed delay.

In 1937 however, the Ordnance Committee pronounced the gaine
unsuitable for filling under war conditions and for Service use
and the investigation was closed.

(0.CoMemos. "B" 16325, 17897, 20425, 21525, 22222, 22498, 22827,
24008, 25131, 25596, 25689, 25808, 2605L., 26267y 25643, 27312,
288355 29072, J08(5; 53671« RD.C.2779/28; 75686/36)s

20818,

Shell for Q.F. 6=pre S,/is gun in twin mounting (Coast Defence)

Shell to design ID/L/2845 fuzes (1) DD/L/1980 (L.4.), (2) No. 132
(int: C.M.B.), and fitted with R.D. goine, 1928,

The first trials were carried out with R.D. gaine No, 3203
which was replaced as improvements were made to the gaine by
ReD. 3254 and later R.D. 3956 with Baffle and Ignition unit R,D.3927.
Success was very nearly achieved when further trials were cancelled.
(0.C.Memos, "B" 12614, 15208, 17237, 19662, 20673, 20707, 23315,
23412, R.D.Ce92/28:
Shell to design ID/L/5477 with fuze No,51 in place of No.132 and
R.D. gaine No, 4496, 1932,

Trials were carried out with a new design of fuze and gaine
assembly replacing No.51, DD/L/4760, but although the fragmentation
obtained was good, the wide variations in time of functioning were
disappointing. i new design of gaine R.D.SkeNo.4786 (Figure Lei)
followed shortly, by an addition in the form of a modified Baffle
and Ignition unit R.D.Nos4883, was brought out. This was followed
by a further modification, a universal Baffle and Ignition unit,
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R.D.F. 5810, but though good results were obtained in the rest
trials, the gun trials remained obstinately unsuccessful. The
failure vas attributed to a possible loss of tamping resulting from
breal-up of the fuze on the target. (0.C.Memos. "B" 26633, 27439,
27835, 30307, 30545, 32122, 32537, 33425).

Fuzes for [Lircraft Bomb

In 1928, S.of D., in answer to a request from .L.D.(R.D..irm.)
submitted to the Ordnance Committee several designs of fuzes for
aircraft bombs, three of which made use of the R.D. gaine principle.

(2) DD/L/3300 tail fuze for the 50 1b, and 120 1lb. bombs;
(b) DD/L/3260 tail fuze for the 250 1b., and 500 1b, bombs;
(=) DD/L/3280 with fuze DD/L/3270 for the 1000 1b. bomb.

ifter a considerable amount of work on these designs, the
investigation was suspended.

(a) DD/L/3300 (with R.D. gaine No.3254) was used with fuze to
design DI/1/226 as alternative to fuze to design DI/L/3240
for the 50 1b, G.P. bomb, It had four stemmed channels with
strengthened closing plugs Tor the ignition chambers. In order
to make the system inter-changeable with DD/L/3240 the external
contour belcw the shoulder of the gaine was altered to design
DD/L/3300C (.. and B introduced other modifications suggested
by C.S.R.D.)s i Baffle and Ignition unit to design R.D. 3927
was added in DD/L/3300D and after several modifications to
this unit the gaine reached its fimal form in DD/I/3300 J/1.

The results of the trials of this design were sufficiently
promising for the ignition unit to be considered as a standard
form but the design as a whole was not adopted.

(0.C.Memos.Bs 15736, 417267, 17839, 18816, 19065, 24495, 21778,
22022, 22581, 235696,

(b) DI/L/3260 was criticised by the iir Ministry as toc complicated
and was not developed.
(0.C.Memos. "B" 16202, 17267).

(¢) DD/L/3280, like DD/L/3300, had four stemmed channels .and four
separate ignition chambers. It also passed through a series
of modifications:~- ., in which the diameter was rcduced frcm
1.4 inches to 1.2 inches in conformity with DD/L/3240;

B, which had one common plug for the four igmition chambers
instead of one each;

C, in which an annular groove joined the touch holes on the
ignition chambers face of the plug;

D, with 2-piece plug;

E, with Baffle and Ignition unit incoryporated to give an’
ignition system similar to that in DD/{;}}OO i

F, with three stemmed channels and separate closing plugs.

The performance of DD/L/3280 was judged sufficiently
promising for trials simulating conditions at high altitudes.
From the results, it was considered that the gaine had given
a satisfactory performance though the length of delay was
30 per cent.greater than under normal atmospheric conditions.

4t this stage, owing to a change of policy with regard

to G.P. bombs, the Ordnance Committee on the advice of L.D.(R.D.
irm.) suspended the investigation.
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(0.C.Memos. "B" 16202, 17267, 17659, 19152, 20458, 21438 , 22022,
22560, 2258, 23646, 23698, 24823, 24857). b

hia2e Triple Purpose Shell DD/L/2050, DD/1/240k

In 1925, S,of D. was asked to prepare, in collaboration with
C.S.R.D. , a design of shell showing a method of filling suitable
for the following fuzes used with an R.D. gaine in the nose of the
shell.,

e le'ti"EhiP NO’.I}-5P
B. Lnti-aircraft No.202 or No.198
Ce Bombardment No.4O06E.

C.S.R.D. at thet time, was unwilling to endanger the secrecy
of a principle so eminently suited to A.,P. projectiles and the
project lapsed (0eC.Memos. *"B" 8534, 8921, 10097, 10525).

ST Mine DD/L/6658 C/4

In 1937, a design of exploder unit was prepared by S.of D.
utilising an electric ignitor to design DD/1/6723 ./4 and R.D.
gaine to design DD/L/6858 C/1 but was discarded in favour of a
design using an electric detonator.

(R.D.He4i502/37, Ca6391/39)

4e2.8 Signal, Under-water, exploding DD/I/Ske1953B, R.D.SkeFs 5778,
DD/1/2048., DD/L/ 7567, DD/L/7567A.

In 1936, in answer to a request from C.I.N.Os, Seof D, submitted
a design of detonating signal using the principle of the R.D. gaine
(DD/1/Q.1953B) to which C.S.R.D. added a modification R.D.Sk.F.5778
incorporating the new small gaine then in course of development.

The results were unsatisfactory and a new design DD/I/7567
of R.D, gaine and Baffle and Ignition unit, based on R.D.Design
Noe 4786/ was tried in a mock-up to design ID/I/2018., but again with
unsatisfactory ignition.

In view of these results, S.of D. concluded that the margin of
certainty of functioning would never be sufficiently large to make
the combination suitable for issue to the Serwvice and the investigation
was abandoned.  (R.D.C.2700/37, N.O.5449/36.~

42,9 Lead Lizide Sleeve DD/L/7370

Farly in 1940, Vickers-/irmstrong, Dartford, who had the contract
for filling the Base Fuzes, submitted to C.S.R.D. & simplified design
based on the principle of the R.D. Gaine, viz. V/.i Design No.27258
GeL. , Drawing No, 27266 G.L. [ shortened form of this modification
known as the lead azide sleeve, was used by the Department in the
short delay fuze.

(R.D.C. 4595/39, 3017/L0, 9319/40, 592/L2, X.iebil)r

4e 2,90 Apparatus for Testing Explosives

In 1941, a simple form of R.D. gaine, R.D.No. 3753, was applied
to small-scale testing to determine whether an explosive is safe
against burning to detonation under U.P. conditions.,

(Phys./Ex.128, R.D.Ce2321/42.

# 4 file of D, N.O.

# This file is in the Armament Research Department.
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Bomb, Incendiary, 20 lb, "J"

In 1944, tha application of the R.D. gaine to avoid the use
of an aside sleeve in the window=breaking charge of the above bomb,
wos suggested by M.D.1.

CvS.s. Re expressed the opinion that in the present state of
our knowledge of the principles involved in the operation of the
R.De gaine, it was not rossible to apply it tc a device required for
large scale production.
(0.B.Proec."Q" 2810, 2991).
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DLEET 1T

SECTION 5 FUZE , PERCUSSICN , BiSE , DETONATING, Lu.RGE LND MEDIUM

51

- DESIGN

Fuze, Percussion, Base, Detonating, Large - DD/L/1000 Type

The application of the R.D. gaine principle to the base fuze
was one of a scries of investigations, some of which had been in
progress for yecars with the No.16D fuze. Within a few years, the
action of the R.D. gaine section of the fuze was brought to a high
pitch of perfedtion, but it is to be regretted that, although the
percentage of failures has becn very greatly reduced, the same
perfection has not been reached with the ignitory system even yet.
In order to understand the development of the various sections of
the fuze, it is advisable first of all to make a brief survey of
the general action.  (See Figure 6).

The acceleration of the projectile in the gun withdraws the
long-stroke detent, the freec end of its articulated stem being
carried over to onc side by the centrifugal force gencrated by the
spin of the shell. The detent is thus locked in the ‘'armed' position.
The upper centrifugnl bolt now freed moves out, thus arming the fuze,
os soon &8 the centrifugal force is able to overcome the frictional
resistance of the bolts This resistance is greatly increased
temporarily during acceleration of the projectile in the gun but
falls off as the acceleration diminishes towards the muzzle, The
stroke of the detent is made as long as possible in the hope of
delaying the liberation of the centrifugal bolt and the ccmplete
arming of the fuze till the shell is outside the muzzle. The precise
arming point is, however, not known. The lower centrifugal bolt
spring is compressed on rotation of the shell and the lower centrifugal
bolt moves out leaving a free passage for the flash frem the detonator,
which slides forward with the inertia pellet on rctardation of .the shell
and strikes the negdle. The strength of the creep spring, the mass of
the inertia pellet and the sensitiveness of the detonator must be so
adjusted that the detonator does not function until the required
shock 1s delivered, thus enabling the shell to pass through slight
obstruction without detonating. L. further safcty device is in the
form of a pea=ball below the inertia pellet. 1hen the inertia
pellet moves forward due to the retardation of the shell in the
plate, the pea-ball by centrifugal action, moves outwards allowing
the passage of the flash from the detonator into the lower part of
the fuze.

From here there is a two=-way path for the flash, through either
the delay or the non-dclay channel. The copper stem of a pressure
plate closes the entrance to the non-delay side sending the ignitory
flash via the deley when the round has becn prepared so that a valve
in the base of the shell is left open to allow the chamber pressurec
of the gun to bulge the pressure plate inwards. For non-delay, the
valve in the base of the shell is closed by hand before loading the
shell into the gun and the chamber pressurce is prevented from
bulging the pressurc plate. The non-delay side of the fuze is

~ thus open to the ignitory flash when the detonator is fired on

impact at the targets, The flash then passes through the touch-hole
and ignites the C.E. in the ignition chamber. The rest of the action
is as in the R.D. gaine, wherc ignition is raised to explosion in

the ignition chamber and cxplosion to detonation at a poirnt usually
rather less than onc inch along the fire-channcl. The lateral
confincment of the fire~channel must be sufficicntly great to force

the detonative impulse upwards into the mngazine where it is enhanred
by exploders and subsequently initiates the shell filling.

12



5.1.1 DD/L/990, 1924

In July, 1923, o preliminary experiment on the embodiment of
the principle of the R.D. grine in a base fuze of the No.16 type
wias carried out in the Research Department. 4 longitudinal fire-
channel wos @rilled parallel to the major axis of a No.16 fuze, one
end entering the magazine cavity and the other terminoting in an
ignition chamber on the lines of the standard R.D. gaine. The
filling of the ignition chomber and fire-chammel was carried out in
the usunl manner and the magazine of the fuze wos filled with hand-
stemmed C.E. Vith the fuze fired at rest, good detonation of the
magazine was obtained, although the walls of the ignition chamber gave
way slightly.

..t that time, the final design of the No.16 fuze was uncertain,
designs R.L.28490.. and DD/I/10 being under trial and the regularity
of delay under investigation. C.S.R.D. considered that an attempt
to re~design the fuze to incorporate the gaine would not only substant-
ially delay the production of a satisfactory fuze, but also render more
difficult the evolution of a reliable gaine. Aattention was for the
time being, therefore, focussed on the development of the gaine.
(0.C.liemo "B" 7180, R.D,C.5604).

S.of D., while in agreement with C.S.R.Ds as to the desirability
of perfecting the gaine as o scparate unit, thought that it would be
found eventually both convenient and desirable to include the principle
of the R.D. gaine in the fuze itself. On the basis of dimensions
supplied by C.S.R.D., S.of D, at the end of 1924 brought out a design
of base fuze, DD/L/990, similar to DD/L/410.i but with an R.D. goine
ond without optional deley. This design was followed shortly by
an improved design DD/L/4000.

5.1.2.0.  DD/L/1000, 1924

The dimensions were based on R.D. gaine, pattern 20,

Pire-channel: Length 2 inches; diameter 0.1 inch
Thickness of annulus 0.2 inch (possibly 0,15 inch)
Filling: C.E. stemmed within density limits,
1-30"'1-40 gInS./C.Co

Ignition Chamber; . Volume not less than 0.5 c.c.
Filling, C.E. demsity 1.5 gms./c.c.
(0. C.Memos. "B" 7325, 7972, R.D.C.5604).

B §s 2B ID/1,/4000(4) which was the original DD/L/4000 design with an
optional delay incorporated, appeared in sugust 1924.  This fuze
gave complete detonation with o shell filled T.N.T. and fitted with
T.N.T. exploder, but it was thought that the magazine could be
improved so as to provide continuity with the exploder system in the
event of set forward effects being produced.

For the clenrer understanding of the evolution of the DD/L/4000
type of fuze, it has been decided to deal with the develorment of
each of the various parts of the fuze, rather thon the fuze as a
whole, in chronological order, The following broad subdivisions moy
he made:

ie. R.D. Goine System - Magazine
Fire-channel
Ignition Chamber

1 3
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B. Ignitory System - Delay and non-delay Cross channel fillings

systems Delay Pellet

Detonating system Creep springs
Inertia Pellet
Needle
Detonator

R.D. Gaine System

Dhlie Magazine

a. ID/L/10004, 1925, is the same as DD/L/1000(1) with the suggested
modification to the magazine incorporated in it. Pellet exploders

were also adopted for use in the exploder cavity in place of exploders
of the bag type which scme times showed set-up effects. ’

Since DD/L/10004i is substantially the same as DD/L/110. with the
rowder magazine replaced by a detonating magazine, no alteration of
existing adapters was required. The experimental trials were
sufficiently successful for the Ordnance Committee to arrange for the
manufacture of 100 fuzes, fitted with E.0.Co. delay fitments.
(0.C.Memos. "B" 8431, 8529, 8618, 8665, 8779). "

b. DD{L/1000C, 1925, It was suggested that blinds which had

occurred in the trials might be due to the disintegrotion of the
connecting C.E. pellet in the exploder due to the shock of impact.

To overcome this defect o modification to DD/L/1000B was prorosed by
C.SeR.D. in design R.D.No. 2724 in which the hollow needle plug of the
fuze was prolonged to form a thimble in Which an easy-fitting C.E. pellet
could be accommodated. This modification entailed a slight deepening
of the exploder coavity, thus enabling a more robust pellet to be used
for adjustment of depth.

DD/L/1000C, based on R.D, 2724, differs from it chiefly in having
a screwed cap which C,S.R.D. considered unnecessary.

Lin alternative method of combatting the effects of disintegration
of the pellets was simply a paper wrapping, which proved successful
in impact trials and was favoured by the Ordnance Committee rather than
any alteration to the design.
(0.C.Memos. "B" 9033, $156, 9239, 9265, 9381).

c. DD/L/1000¢ (1925) Picric povder in central magozine,  This je-
sizn isbased on R.D,No.2832, a method of fuzing which makes use of a
picrie powder exploder for use with shellite fillings, which are more
difficult to detonate than T.N.T. In order to avoid prematures in
the gun due to the formation of sensitive mixtures, the C.E. pellet
in the central magazine which was uscd with T,N,T. fillings, vos
replaced by a picric powder pellet whenever it was necessary to usc
the picric powder exploder. The letter .. after t$he fuze number,
€. gs No.158., designates a picric powder exploder and o picric powder
pellet in the central magozine,

(0.C.Memo. "B" 96/4).

d. DD/L{1OUUP Increused power of magazine - flat ended magazine cover.
It was shown in rest trials by I.N.O. that the picric powder centrel
magazine pellets did nct pick up from the magozine ring as well os the
C.E. central magazine pellets did, pessibly because of the stecl wall he-
tween the magazine ring and the central pellei. Also there was a weulmess
in the design in that the central pellet was unprotccted from moisture.
It was thercfore decided to replace the central pellet by an enlarged
magazine to design DD/L/1000r. This design has the disadvantage that
the magazine filling cannot set forward with the exploder, but it was
thought that the size and latercl effect of the magazine should be
sufficient to step over any gap which might occur.
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(0.C.Memos. "B" 13806).

e.  DD/L/1000T Domer shaped magazine cover, Trials confirmed
the suspicion that there was a lack of continuity of the explosive
in the new system and a dome-shaped magezine cover was introduced in
place of the flat-ended magazine cover of ID/L/400CP.

(0.0.Memos. "B" 15022, 1505k, 47112, 17255, 17303).

Bedel Fire-channel

oo  DD/L/100CH 4925. Brass liner for fire-channel. (DD/L/Sk.449).
Examination of recovered fuzes showed that impact on heavy armour
caused distortion of the fire-channel of the gaine, the consequent
alteration in density of the stemmed C.E. giving rise to blinds.
Several methods of overcoming this defect were suggested, among them
the insertion of a brass liner to design DD/L/1000H into the fire-
choennel, 4 simpler suggestion, namely the use of high-grade steel
for gaines, having proved successful, the design DD/L/1000H was not
adopted.

(0.C.Memos. "B" 16138, 16775).

b.  DD/L/1000J 1925. Transverse chammel. Blinds with ID/L/4000
type fuzes had been traced to the failure to detonate of the C.E. in
the stemmed vertical chamnel owing to the increase in density of
portions of the C.E. on heavy impact. To obviate this defect, a
screved-channel was suggested by Seof D. but in addition to filling
difficulties it met with little success in the trials.

In answer to C.S.R.D's suggestion that in addition to a vertical
channel, a transverse channel pight be included in the fuze so that
the change cver from ignition to detonation could take place where
the C.E. filling was less affected by gun and plate stress, S.of D.
produced design DD/L/4000J. There was, however, some doubt on all
sides as to its success and in view of the greatly improved results
with the vertical channel obtained in the meantime, the latter was
adopted for Service fuzes,

(0.CsMemos. "B" 9329, 9522, 9603 III, 9711, 11237).

c. DD/L/4000 S and S® 1926. Stopper at top of stemmed channel.
Branched channel. It was suggested that a stopper at the top of

the fire-channel might provide a better safeguard to the filling thon
the Service design when a succession .of plates are .met with before

the delay expires. Two designs were submitted, DD/L/10003 based

on R.D.Nos2905 and DD/I/400CS" ¥, S.of D)s design. DD/L/1000S was
finally adopted in certain fuzes.

(0.C.Memos. "B" 9709, 10319, 11736, 43868, 14065, 14177, 15084, 15312,
15313, 17035,.17227).

Sl Dlstal Ignition Chamber

DD/L/1000, K, L, M, N Ignition Chamber Closing Flug.
Failures in trials had drawn attention to the rate of burning of the
C.E. in the ignition chomber and its dependence on the confinement
provided. Experimental evidence obtained in the Research
Department had shown that the margin of strength for maintaining
this confinement in DD//I40004 was much too sm2ll and the statement
was made by C.S.R.D. that 100 per cent. of detonations could not
be achieved without a new design of closing plug.

Three designs of closing plug were submitted by S.of D.,
DD/T/1000K and DD/I/1000L with side closing plugs ond DD/L/4000H with
a two-piece base closing plug as suggested by C.S.R.D. in R.D.No.2945,
which had been evolved for the R.D. gaine and had never foiled in
hundreds of gaines,
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DD/1,/1000M, though based on R.D.2945, differed from it in important
items which C.S.R.D. thought essential and a medified design was
brought out by S.of D. as DD/L/1000N which was used in subsequenst
trials. Additional features of DD/L/1000N were

a. ALbolition of locking pin and guide screw
be Improved exploder system of shell filling

The arguments ageinst the base closing plug put forward by
S.of D. were:~-

1, Its incorroration would entail extensive disturbances to the
existing design, viz. increasing the overall length and adopting
a different design of keyhole thus entailing alterations to the
design of cover-plate,

2, It was not advisable to have powder pellets separated from the
propellant gases only by the gas-check and a somewhat short
closing plug.

3+  Thec base plug was entirely dependent on its own strength for
immovability instead of being backed by the adapter as the
side~plug was.

CeS.R.D.'s view was that

1.2 The additional exrense entailed by change of design was
Justified if 4100 per cent. of detonations were achieved, and
experience had shown that the gaine to this design was very
successful as a separate unit.

2.2 The metal available allowed of ample sealing and with the
additional protection of the gas-check no anxiety was felt on
the score of safety.

3.2 The small thickness of metal available on the side of the fuze
body was a weakness in the side-closing plug. It was preferable
not to rely on assistance from the adapter since the tolerance
of the fuze in the adapter might operate adversel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>