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Technical Note No, 220

April, 1963

RogoXxaT PROPULSION BSTABLISHERIHNT

WESTCOTT
THE DEVELOCFYENT OF THE LINNET SOLID PROFELIANT
ROCXET IOTOR

by

N, J. Morris
B, H, Mathews

The 7.20-inch diameter motor developed for use in the Red Top air-to-air
missile employs a charge of colloidal propellent, as necessitated by the
somewhat wide temperature limits demonded by the specifiication. The performance
requirements have been met satisfactorily within the rather limited development
time-scale available by the use of o charge composited from three extrusions of
different conduit area, The rcasons underlying the decision to use such a
'stepped-conduit! charge are given, the testing of 2ll components is described,
and the results of static and projection firing trials are tabulated and
discussed.

The igniter of this motor incorporates an effective form of attenuator

to give protection against radio frequency hazards 1o the firing circuit.
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1 INTRODUCTION

The Linnet I end Linnet IIA rocket motors were intended to meet the
requirements specified for an internally stowed rocket motor for the Red Top
air-to-cir missile. The specification demanded the following performance from
the motor ot the temperatures stoated:

Totel impulse not less thon 46,700 lb-seconds at 15°C
Burning time 1.7 scconds ot 50°C to 2.7 seconds at -40°C
Minimum thrust* 5000 1b ot ~40°C

Moyimum thrust 8000 1b at 50°C

411l-up weight of motor,
(excluding tail pipe) 107 1b g

Tho arrangecment of the missile required the motor body to be placed in the
centre scection to minimise the shift of the centre of gravity of the missile
during boosted flight, the exhoust gonses being ducted axially through the rear
seclion by means of & tail-pipe. The internal dimensions of the missile sections
therefore deterimined the meximum motor body end teil-pipe dimensions. In
oddition, the specification contained two novel requirements. The teoil-pipe was
to be permanently secured within the reor scction of the missile where it would

support ccrtain items of equipment; the centre end reor sections of tho missile
were to be joined after alignment by on externsl locking ring (hence o simple
push-fit joint between motor and tail-pipe was essential). The sccond requirc-
ment, not made until issue 3 of the specification; celled for en attenuator to
be fitted to the motor igniter as protection c~gainst nceidental firing of the
igniter fuze by currents induced by external R/F radiation; the insertion loss
for the attenuctor was to exceed 30 dB between frequencies of 0.5 to 10,000 Mc/s.

is operation over the conditioning tempereaturo range -40 to 5OOC wes
required, cond because the rolicbility of cose~bonded propellents at the lower
extreme wes uncertain! the motor design for Linnet was based on a loose inhibited
chargc of extruded colloidal propellent; satisfactory behaviour of such chorges
at -40°C hod been demonstrated in the successful development of tho Hagpie II
motorZ for the Firestreak air-to-air missile.

During development of the first version of thc new motor, de51gnutcd
Linnet I, & charge cracked during o firing at LGP C, ceusing failurc; since
motors were urgently regquired for thc missile flight test programme, tho low
temperature limit was raised to -25°C. Ho trouble was cxperienced in motors
fired at this temperature, but & smell number fired at 50°C showed excessively
high levels of pressurc and thrust. ZLinnet I, therefore, had to be confined to
missile roscurch and development flight trials with a restriction limiting
firings to the conditioning temperature range -25 to 35 C.

#*mended in issuc 3 cf the spcecificetion to 5500 1b.

o Hhues
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The second version, designated Linnet II4A, was & development of Linnet I,
incorporating charge improvementg designed to ensurc safe operation over the
full temperature range -40 to 50°C, and certain modifications to the hardware
which had been requested by the user. Linnet IIA has been cleared for firing
from manned aircraft and mects the deteiled requirements of the missile specifi-
cation, cxcept that at -QOOC a proportion of motors gave thrusts and burning
times which were marginally outside the prescribed limits.

Preparations for production of Linnet IIA are in progress at R.0.F.
Bishopton eand Ordnance Board trials covering rough usage, climatic storage,
and temperature cycling are now being arranged.

2 CH:+:RGE DEVELOPMENT

2.1 Desien CD80, propellent VU

The original requirements were for a total impulse of not less than
16,700 1lb-scconds at 15OC with 2 burning time of 1.7 to 2.7 seconds. The user,
however, cxpressed prefercnce for a burning time rather greater than the mean
of these limits at 15°C, so the specification was altered (issue 4) to ask for
burning times over the required tomperature rangeoof not less than 4.9 or more
2.7 scconds. 4 burning time of 2.3 seconds at 15 C was therefore selected in
designing the cherge.

in overall specific impulse (total impulsc/totel motor weight) of more than
150 1b—seq/1b hed been demended, compared with the value of 124 for the earlier
Magpic II motor using propellent PU. It was clear that o composition with a
specific impulse greater than that of PU (195 1b-sec/1v*) was required, end
henco propellont VU (see ippendix I), having o specific impulsc of at least 214
1lb-sec/1b* was sclected for the first design studies.

Using standard design procedure, the following values werc derived:

Cherge weight, M = 78 1b

Length, L = 34.9 inches
Diamecter, d = 7.33% inches
Thickness of web, w = 1,80 inches

Cross sectional arca of propellent, As

37.9 sq inches
Cross scctional arce of conduit, . = 4,30 sq inches

A meen operating pressurc of 1300 1b/sq in. at 15°C was considgred (Appendix I)

to be neer the optimum, preventing unduly low pressures at -40 C and_yet not
excceding the motor body tube design meximum of 1600 1b/sq in. at 5OOC. i nozzle
throat erca of approximatecly 3.6 sq in. was found to bg required to produce this
mean pressurc at 15°C giving a value for the ratio, A % of less then 1.20. Little
was known of the degrec of erosive burning which would result from operation of a

*Measured uncorrected values
7 Conduit cross-sectional arca, i
B

Nozzle throat cross-sectional area iy

b B
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charge in propellent VU at & valuc of A &s low as 1.2, snd in the absence of
such knowledge, it wes decided to limit the initial pecok pressure by orbi-
trarily reducing the initial burning surface area.

The design adopted (CD80, Figel) was besed on the celculated values of web
thickness and conduit arec for a charge of 7.33 inches outside diamecter having
o four-point star-centre conduit. The veriantion of perimeter with depth of web
burned off (Fig. 1) for this design is markedly progressive, with an initial
burning surface area almost 40 per cent below the final erea; it was assumed
that erosive burning of the propellent would increase the pressurc level in the
early stoges of burning, thereby producing o level pressurc/time curve.

2,2 Monufacture of CD80 charges

S/BCF Bishopton was asked to cxtrude charges %o design CD80 in propellent
VU and rapidly succeeded in producing cxtrusions with conduits of good dimen-
sional accuracy. L1l extrusions were examined by X-ray techniques to the
standards detailed in aAppendix 1I, Extrusions less than 34.9 inches long were
composited to meke up 3%4.9-inch charges contoining not more than one joint. The
end faces of extrusions used in_composited charges were machined square to the
longitudinal axis of the charge’ and were found to preserve their flatness for
several weeks after the cnd-facing operation, The inhibitory coating of ethyl
cellulasc was applied to the external cylindrical surface by the stress relief
method™.

2.3 Tiring trials of CD80 charges

The ballistic assessment of CD80 charges was carried out in thick-welled
theavy duty'! motors having almost exactly the same internal dimensions as the
light-weight tube being developed for tne Linnet motor.

Typical thrust/time and pressure/time curves, with performance figures, are
given in Pig.2. Tho prcssure/time curve accurately reflects the progressive
burning charecter of the charge design, with initial pressure and thrust levels
some 35 per cent below the peak levels at the burning time ty; the cxpected
increase in initial pressurc due to erosive burning was not, thereforec, realised.
It was concluded that, at pressures below 1000 1b/sq in. the degree of crosive
burning of propellent VU was negligible, even at & conduit-to-throat arece ratio
as low 25 1.2.

The performance of motors using this charge compared poorly with the
specificaetion requirements, in that o thrust of 8000 1b, a maxamum not to be
exceeded, was reached even at 1500 furthermore, the thrust level during the
first 1.5 scconds og burning did not reach the omcndod minimum requirement of
5500 1b, even at 15°C. It was clear that ot 50 C the meximum thrust would
exceed the 8000 1b limit, whereas at ~40°C the minimum thrust recorded would be
well below the stipulated 5500 1b.

Since this charge design was obviously incapable of meceting the specified

performance at temperature coxtremes, & new charge was designed and existing
CD80 extrusions were usod only for nozzlo and tailpipe development firings.

=G} =
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2.4 Design D86, propecllent VU

Chorge design CD86 was prepared, therefore, with the intention of
increasing the initial burning surfece area while maintaining the retio, A,
constant at approximately 1.2. Fig.3 shows the six-point star centre
conduit of CD86 and it is seon that although the conduit area has been
reduced by less than 1 per cent the perimeter has been increcased to a
figure some 15 per cent greater than that of CD80. The variation of peri-
meter with depth of web burned is correspondingly less progressive than for
design CD80. The effcet of erosive burning at the higher initial operating
pressures produced by charges to design (D86 as compared with those produced
by charges to design CD80 could not be assessed, but the results obtained
from firings of CD80 charges suggested that design CD86 offercd a reasoneble
prospect of mceting the thrust requircments.

Closer study of interchangeability requirements for motor tube and missile
body osscmbly had shown thet & reduction in mean tube and charge diameters was
essential, hence (D86 cherges were designed to o mean dicmeter of 7.29 inches
as against 7.33 inches for CD80 charges.

2.5 Manufecture of CD86 charges

2.5¢1 Conduit geonmetry

The original (D86 design (Issuc i) called for a nominel root radius at the
base of the conduit star points of 0,050 inch., Early extrusions from ROF
Bishopton had extremely sharp corners at the root of the star points and despite
continued efforts by S/ROF this defect persisted in several batches of propellent
charges. Though such charges proved useful in the ballistic ovaluation of
design CD86 and the later "stepped-conduit" design, the lack of significant
root radii eventually led to a motor failurg during stotic firing tricls at RFE.
On this occasion a motor conditioned to -40°C burst on ignition and the resulting
fire destroyed all traces of the charge. Shortly before firing, howecver, a loud
crack, which was presumed to have emanated from the motor, had been heard over
the intercommunication link between the firing bay and the control room, A4
similar motor was thercfore conditioned to -4OOC, fitted with thrust head end
tail-pipe in the firing bay and allowed to rest on the rig; after about 30
minutes a loud crack was heard rrom the round and immediate inspcetion revecaled
a split in the propellent web along the whole length of the charge (Fig.s).

It was concluded that the effect of warm air cdmittcd to the motor during
the fitting of the tail-pipe and thrust head had resulted in temperature
gradients across the propellent web, end that the induced stresses had been
sufficient to split the charge radially from its weakest point, the sharp
corner of the star-shaped perforation. This conclusion was confirmed when it
woas found thet charges cracked in much the same wey after seeled motors had
been subjected to only onec cycle between temperature extremes of ~40 and 5OOC.

The necd* for a gencrous radius at this point was thereforce underlined
and issue B of design CD86 celled for a nominal radius of 0.10 inch at the

*The same trouble was expericnced in some of the earlicst (1941) star-centre
rocket charges ever extruded and the rcmedy woas the sane.

-7 -
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star point roots. Though some charges occasionally have root radii slightly
below the desired minimum of 0.10 inch, it has been shown in leboratory tests
by D/ERDE5 that the present extrusions from the die and pin at ROF Bishopton
possess greatly improved resistance to cracking. Temperature cycling trials
conducted at RPE confirmed this result as Linnet charges have successfully
withstood twelve cycles between -40 and 50°C.

The laboratory tests at IRDE on early Linnet extrusions showed that charge
splitting was not entirely due to inadequate root radii; +the impact strength
of the propellent in batches BX1225, 1358, 1344 and 13435 was well below the
value of 0,04 ft-1b which should have becn attained by propellent VU. Later
extrusions had satisfactory impact streng}hs. The reasons for such variations
in impact strength are being investigated?; instructions on this aspect and
for a minimum root radius of 0.10 inch are to be included in the Linnet charge
manufacturing specifications and drawings.

Apart from the inadequate root radii, the conduit geometry of the initial
extrusions conformed to the requirements of design CD86; increase of the root
radius to 0,10 inch, however, reduced the conduit area end perimeter slightly
below design requirements. The following table illustrates the variations in
these dimensions of extrusions taken at random from the batches shown:

Prcpellent ' Cross sectional | Perimeter of conduit,
batch erea of conduit, A4, Py
nunber sq inches inches
Nominal values Le32 18.52
BX 1208% 401% 18.56%
B G225 L, 29% 184 70*
BE 12765 4SS 19.,00%
BX 1358 4,20 17.90
BX 1367 3475 1790
BX 13N 4,27 18.00
BX 1401 4,10 17.70
BX 1433 4428 18.22
BX 1466 LA75 End 4 End B
18.20 18.20
# 452 18.25 18.28
& 4430 18.00 -
2 - T ub2 1843
& - 17.62 17.92
L - 18.00 18.15
. - 18519 18>
! n ‘ = 18419 1830

A = ——

xFirst extrusions with root radius less than nominal 0.05 inch.

o - -

4 By the Panel on the Control of Juality of Rocket Propellent Charges.

a5 et
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The variations within the last batch should be noted; so far there is no
prospect that charges can be extruded to closer limits of accuracy than those
tabulated without incurring unacceptably high wastage of "re-work" propcllent
material at the factory. Despite such variations, however, the performance

ol Linnct IIA motors is generally satisfactory over the whole operating temper-
ature range., The dctail dimensions of extrusions are now being closely
examined to determine acceptable inspection limits. It is hoped that such
dimensional limits will be broad enough to maintain a reasonable level of
acceptance for extrusions.

2.5.2 Quality of extrusions

£1]1 extrusions were subjected to visual and X-ray cxamination at ROF
Bishopton against the standards deteiled in Appendix II. The general quality
of charges reaching RPE was excellent, with the singlc exception of those from
propellent lot BX 41225 which were found to contain flaws of e most unusual type.
These were discovercd by the violent burst, about 0.1 second after ignition,
of a motor containing a charge from this batch. Fortunately several large
fragments of propcllent were recovecred, which gave cvidence that the extrusion
containcd zones of porous or badly consolidated propellent; it was deduced
that the charge had split due to very high pressure generatcd in at least one
of these porous zones (Fig.5). The rcmaining extrusions of this batch were
found to contain porous zones near the basc of four of the six star points,
and in some charges the porosity emcrged at the surface of the conduit. The
defect was ascribecd by S/ROF Bishopton and D/ERDE to low extrusion pressures
(about 2800 1b/sq in) following the application of Teflon coating to the die;
an extrusion pressure not less than 3600 lb/sq in. is now prescribed, and no
further trouble of this naturc has bcen expcricnced.

Thc inability of X~-ray and ultrasonic inspection techniques to detect
zones of porosity remains a disquieting feature. The flaws described can only
be detccted visually if they emerge at the surface, and there is, therefore,
no adequate check on thc internal mass of each cxtrusion.

2.6 FPiring trials of CD86 charges

Extrusions from propcllent batch BX 4208 werc made up into charges 34.9
inches long and fired in "hcavy duty" motors, ignition being effected by 40
grams of composition SR371C contained in a millboard "pill box" cemented to
the head-end face of the charge. The motors were fircd at ambient temperature
(~ 10°C) giving pressurc/time curves shown in Fig.6. 'The high pressurcs in
the early stages of burning were considered to be characteristic of erosive
burning; the initial peak precssures from these two rounds of 1770 and 1750
1b/sq in. respectively werc very closc to the fectorecd "limit valuc" (sec
Section 4) of 1800 1b/sq in. for the motor tube, and it thercfore was probable
that the peak pressures reached aofter conditioning to 50°C would be excessive.
For confirmation, two motors were firecd at 50°C; one burst almost instan-
tancously at 2600 1b/sq in. whilst thc other gavc an initial peak pressure of
2138 1b/sq in. (Fig.7), i.e. above the design 0.1% proof stress capability of
the lightwcight motor tube.

It was clear from these firiggs that the degrec of corosive burning of
propellent VU wes excessive at 50 C and pressures of 41300 1b/sq in. with a

-9 -
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value of A of less than 1.2. The time available for motor clearance was limited,
and because of the time required for charge re-design and manufacture of new
dies and pins for extrusion, an attempt was made to reduce initial peak

pressures by modifying existing CD86 extrusions.

2.7 !'Stepped conduit'! chargcs

The initial peak pressurc was recduced by local increase of the conduit cross
scctional area at the nozzle cnd of the cherge, together with a simultancous
reduction of the initial burning surfaoce arca. The increase in the value of A
ensured reduced gas velocity over the propellent surfoce at this end, and a
corresponding rcduction in the peak pressure arising from erosive burning,

The charge conduit arca was increased by machining away the tips of tho
splines at the nozzle end; the axial cxtent of machining was fixed arbitrarily
at onc quarter of the overall length coxtending from the nozzle end feoce. To
determine the diametral extent of machining, charges wcre prepared in which the
star tips were removed down to diameters of 2.0, 2,5 or 3.0 inches. Those
were fired at tempecraturcs of either -40, 15 or 50°C with the results shown in
Fig.8; it is secn that, as expected, thc initial peak pressure is reduced by
increasing Ay though at the cxpense of charge weight. The charge produced by
machining the conduit to a bore of 2.5 inches was considered to be nearly the
best that could be secured by this modification, as the initial peak pressure
of 1450 1b/sq in. at 50°C was within the design maximum for the tube (of 1600
1b/sq in.), while the sacrifice of propellent was little more than 1.0 1b;
extrusions so modified were given the designation CD93 (Fig.9).

The weight of the modified charge did not now reach the minimum of 76 1b
nceded for a total impulse of 16,700 lb-scconds. It wes therefore decided to
replace at lecast a part of the 'lost' propellent, by modifying the head-end
portion of the charge. By design (D92 (Fig.10) an increase of ~ 3 per cent in
loaeding density over (D86 is securcd, and a 10-inches length of this extrusion
formed the head-end of the 'stepped conduit'! Linnet I charge assembly which
then had a nominal weight of 76.5 1b; a spare, imperfect, extrusion pin for
charge CN86 was modified for rapid menufacture of the CD92 pin. The 'stepped
conduit' Linnet I charge (Fig.11) was prepared by cementing together® appro-
priate lengths of extrusions CD86, (D92 and CD93.

2.7.1 Firing trials of Linnet I charge

Typlcal thrust/time and pressure/time curves for motors fircd at 25¢
15 and 50 C are shown in Fig.12 and 413. The performance of Linnet I was
generally satisfactory over this range of temperature with initial pressures
never exceeding 1550 1b/sq in.; the 'stepped-conduit' charge was therefore
most effective in climinating dangerously high initial pressures while still
providing a total impulse above the specificd minimum,

ﬁThe lower temperature limit of on -2500 was imposed following failure of a
round due to charge cracking at -40°C, sce paragraph 2.5.1.

- 40 =
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Such firings proved Linnet I suitable for use in Red Top missiles during
development trials with manned eircraf't, but also showed that further develop-
ment would be necessary to provide a motor for Service usg capable of meeting
21l the specified requirements. For example, even at -257C Linnet I rarely
reached the specified minimum thrust of 5500 lb for the first 1.5 seconds of
burning; it was clear, thereforc, that at -40°C the thrust would fall well
below this minimum valuc, and this was confirmed by further firings. Thus,
while Linnet I motors were being supplied for experimental firings from air-
craf't, the charge design was critically examined with a view to increasing the
thrust cver the first 1.5 seconds of burning.

2.7.2 Development of Linnet IIA charge

The actions taken to produce a charge capable of providing a minimum
thrust of 5500 1b at -40°C were influenced by the pressing nced to comply with
an exacting time schedule for motor and missilc development. Given rore time,
it is possible that a less complex design than the existing 'stepped conduit'
charge might have becn perfocted. DBecause of the uncertainties surrounding
any completely new charge design, howevor, and the time which would be taken
in design and manufacture of satisfactory extrusions, it was decided to modify
the existing Linnet I chargo design.

Ixtra initial burning surface area for increased thrust was obtained by
greatly rcducing the extent of inhibitory coating on the head-end face and b
machining undercuts at each composited Jjoint between charge sections (Fig.11§
in this way some 8 per cent of extra burning surface was made available.,
Chgrges of this 'stepped and slotted conduit! type were fired at -40, 15 end
507°C; the first firings at -10°¢C sgowed that the minimum thrust of 5500 1lb
could just be achieved, while at 50 C the peak thrust level was only slightly
in excess of the 8000 1b specifiecd. As morc rounds werc fired during clecarance
trisals, however, it was scen that a small proportion of motors failed to
produce an initial thrust of 5500 1b, with action times marginally excceding
the 3.2 scconds demanded; typical pressure/time and thrust/time curves arc
shovn in Fig.14 and 15. The submission to D/GW(Tech) detailing the performance
of Linnet ITA commentod on these marginal variations from the Design
Specification; nevertheless production of Linnet IIA for liissile Evaluation
Trials was ordercd and the minor deviations in performance reforred to have
been accepted by the user.

To ensure corrcct fit in the tube at all temperatures between -40 and 5OOC
and in all conditions of tube tolerance, each Linnet IIA charge is machined on
the cylindrical surfaces from somewhat oversize extrusions. With the additional
machining of the borec of the rear extrusion and the machining of slots the
preparation of charge assemblics is more complex than that of previous extruded
charges of similar size. It is, however, rclatively simple to machine extruded
colloidal propellent, and, in this instance at least, the technique has enabled
the charge to be matched to tho scvere limitations in space and the cxacting
performance demands over & wide tcemperaturc range.

w 4 s
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% IGNTITION

341 Ignition of Linnet I

For early firings of Linnet I motors, ignition wes effected by 40 grams
of composition SR371C initiated by a single fuze, electric, F53. The composition
was contained in either a millboard carton or a metal housing fitted with a thin
alloy bursger foil. This simple ignition systen worked effectively between
=40 and 50 C and met the specified reguirement regearding ignition delay.

3.2 Igiter for Linnet II.

The detail design of an igniter for Linnet II. presented mony problems,
owing to tho need to produce an igniter robust enough for Service use that
would fit in the very small space available at the head-end of the motor. 4L
further demand on available space was made by tho need to fit an attenuator
to give protection against possible firing currents induced by pick up of R/F
onergy in the fuze circuit. For convenience, details in the final form of the
ipgniter assembly arc described under separate headings below; the assembly is
shovn in TFig.16.

5+241 Conister for pyrotechnic composition

s v wr—a—

In some early designs of igniter, the composition was in direct contact
with each insulated sealed terminal carrying the firing current to the fuze.
In at least one instance, a significont reduction in insulation resistance
between the motor body and the terminal was caused by moisture in tho com-
position. 4 canister to separate the composition physically and electrically
from the terminels was therefore provided.

34242 Sealing of canister

Ixperience has shown that any form of cement used to seal igniter canisters
may give rise to desensitization of the composition or of the fuze by solvent
from the cement. The Linnet IIi igniter therefore makes use of soft rubber
washers to effect seals beneath "turned over" metal joints after the filling
oreration, The fuze F53 is held in a rubber grommet which fits in the base of
the canister and each lead from the fuze is brought out through holes in the
grommet; the leads aro a sufficiently tight fit in the grommet to ensure
complete sealing.

Experience with the carlier liagpie motor had shovm that the thin alloy
burster foil used to close the canister tended to distend under the low ambient
pressure at high altitudes, due to expansion of air gealed in the canister at
ground level, As & rosult of this distension the loose pyrotechnic filling
occasionally fell away from the fuze; on at least one occasion, thig fault
led to the misfire of a Magpie motor in an airborne Blue Jay missilo!. In
Linnet I1.i therefore the fuze was fitted with a thin-walled, closed slesve of
nitrocellulose filled with & small quantity of SR371C composition to ensure
efficient 'take-over' from the fuze,

%40 o
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3e2¢3 Scaled teirminals

The miniature spark plug typc terminals uscd for many years to connect the
fuzo leads through the head-end pressure plate to an external plug or socket
have provcd ,to be a continual source of trouble duo to variations in
manufacture”. The tcrminals in the pressurec pletc of the Linnct IIA igniter
consist of a simple conducting pin ccntralised in a hole in thc pressure plate
by a pressuro moulding of phenol-formeldehydec resin which acts as an insulant.
This arrangcment successfully providecs precssure-tight insulated conductors in a
location with restricted space without the screw threads and O-seals necded for
small spark plug devices.

3.2.4 Radio freaucncy attenuator

Issue 3 of the missile spccification called for an attenuator to be fitted
to the igniter es protection against accidental firing by currents induccd from
external R/F radiation. A dcvclopment contract placed on Elliott Bros. Ltd.
spccified an insertion loss of not less than 30 dB between 0.5 Hc/sand 10,000 lic/s,
and stated that the impcdance or resistance at 400 c¢/s should not be greater
than 0.66 ohm. Thc insulation resistances bctween lines and between a linc and
the igniter body were rcquired to be not less than 8 liegomms and 4 legohms respect—-
ively. Thec design and dcvclopment of this attenuator, which is 'potted!
directly into the external face of the igniter/pressurc plate assembly is
described in reports covering work undcr contrect by Elliott Bros. Ltd.89,
These documents describc tcsts, under various cnvironmental conditions, which
show thc attenuator to be completely cffcctive in meeting requirements for
signal attenuation, impcdance and insulation rcsistance.

3.2¢5 Installation

The igniter assembly is a push fit into the head-end boss of the motor tube,
and is retained by a screwed locking ring. The locking ring itself is rctained
on the ignitcr by a spring circlip, so that thc assembly can be withdrawn by
simply unscrowing the locking ring, This form of installation pcrmits angular
location of the ignitcr assembly, thus enabling thc socket in the side of the
attenuator to be positioned exactly oppositc the fixed firing lead within tho
missile body.

The motor is sealed by an O-ring scel located on the igniter asscmbly, or
by & similar seal fitted to the polythene plug which is used during transport
or storagec of the motor.

L MOTOR TURE
L4 Design

The tube was designed to comply with the safety regquirments laid down in
G.W, Design Memorandum A.V.P.32, wkich spccifies various factors of safety for

d Little control could bc exercised over firms producing thesc items in their
owvn cxperimental loboratorics, and cach firm showcd dcclining intercst in view
of the small quantities required.

= A% o
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rocket motors intended to be fircd from manned circraft. This doeument states
that where the limit value of the internal pressure of the motor, i.ee the
meximum to be expected under the most adverse environmental eonditions, is based
"on cccurate measurements of pressure during seversl firings of the cetual motor
under the appropriate eonditions", reduced factors on proof strength and ultimate
tensile strength of 1% and 11 respoctively may be used.

The charge was dcsigned to operate at a pressure not cxeeeding 1600 1b/sq in.
To obtain an estimate of thc tube wall thielmess rogquired, an approximete tube
bore of 7.6 inehcs was dcrived from the missile body drawing. Steel to specifi-
eation SAE4430 was chosen for the tube matcrial, sinco this was availablo at
Bristol Aerojet Ltd., Banwcll, in a range of' shcet sizes and thiekncss, and
offered 0.1 per cent proof strength of 67 ton/sq in. and ultimate tensile
strength of 80 ton/sq in. after hcat treatment. The thielmess derived from tho
usual simple hoop strecss equation, using thc above factors, was estimated to be
0,0425 inch based on proof strength and 0,0423 inch on the ultimate tensile
strength; sheet steel of 0.048 inch minimum thieknoss (18 swg) was sclected
sinec it offcred the closest match to the caleulated figures.

In its final form the Linnet IIA motor tube is strong cnough to withstand
intcrnal prcssures of 2000 and 2400 1b/sq in., as corresponding to the 0.1 per
cent proof strength and ultimate tcnsilc strength respectively; thoso figures
comfortably excced the factored limit pressures of 1800 and 2130 1b/sq in.
Each tubc is pressure testcd hydraulically to 1700 1b/sq in., i.e. above tho
cxpccted maximum pressurc for thc tube but well below the 0.1 per eent proof
strcss limit.

4,2 Henufaeture

Thc tubes wcre manufacturcd by vwrapping and welding. The tube for Linnot
I was eomparatively simple in design (Fig.17a) but suffered from some short-
comings in production., For cxample, since spacc limitetions within the missilo
ncar the head-end of the motor allowed the hcad-cnd boss a minimum projoction
from the tube, thc welded circumfcrential Jjoint between them presented many
difficulties in manufocturc and inspection. This arca proved to be a source
of wcakncssy for on prcssurc testing to destruetion failuro always occurrcd at
the weld. It was also found that the drawings allowed toleranccs in produetion
tubecs to accumulatc to an cxtent which affccted intcrchangeability between
motor and missile.

In the Linnet IIA tube (Fig.17b) the hecd-end boss was ineorporated in tho
head-end forging and dimensional variations were reduced by drawings demanding
closer toleranccs, and by inspeetion whieh included geuging for fit botweon
charge and tube, ond botwecen tube and missile body. An aceurately controlled
becaring surfacc was provided at the hcad-end for precisc location of the motor
in the missilc body.

4.3 PFiring trials

The only thcrmel insulation in carly Linnct I tubes was provided by a
preformed layer of Durcstos bonded into thc head-cnd closurc of the tube.
During clearanee trials of Linnet I, a motor burst through ovorheating of the
parallcl portion of the tubo near the hcad-cnd. The overheating was quite
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localised and arose through heat transfer from gases passing between charge and
tube during pressurization of the annular space; Fig.18 shows the scorched
area extending only six inches down the tube. The trouble was overcome by
lining the tube for six inches from the head-end with sheot rubber of 0.025
inch thickness, bonded to the tube surface with Pliobond 20 adhesive. TFig.18
also shows an insulated tube af'ter firing; thermocouple mecasurcments recorded
a temperaturc rise of less than 400 C at tho end of firing and no further
troubles from overhecating have been expericnced.

To prevent interference botween the chargo and the rubber liner, and tho
consequent threat of head-end obturation of the motor, the diamcter of the
charge is reduccd at the hcad-end by 0.06 inch over a longth of six inches.
The improved stress coating technique3 is effective in oapplying the inhibitory
sleeve to the charge despite this local rcduction in diamecter.

In other respects, tubes for Linnet I and Linnet IIA have been satisfactory.

5 NOZZLE END-PLATE

The venturi nozzle end-plate assembly (Fig.19) consists of a scrowed end-
rlate maede from steel to specification DTD5122, lined in the convergent section
with pressure-moulded Durestos to spccification B3771 type HR and fitted with
a throet insert of molybdcnum. The final choice betwcen carbon and molybdenum,
after tricls of various materials, was made in favour of molybdcnum on the
evidence of significant erosion of inserts made from the relatively low density
carbons then available.

In all previous motors which used propellent PU (calorimetric valuo 840
cal/gm) & simple mild steol nozzle throat and end-plate assembly had proved
adequate; propellent VU (calorimetric value 1080 cal/gm), howover, is hot
enough to burn through a mild steel cnd-platc in 2.5 seconds. An insulating
layer (varying from 0.15 to 0.30 inch thick) of Durestos wes thercfore appliod
to the convergent portion of the end-plate, and this gave complete protection.

To provide a satisfactory clectrical 'carthing' area at the rear of tho
motor asscmbly, the external surfaco of the end-plate is nickel platcd on its
maximum diamcter; the remaining surface is protected by paint.

6 TAILPIPE

The teilpipe was designed, in conformity with usor recquirements, not only
as & duct for the ecxhaust gascs but also as a structural member of tho missilo
rear section. Assembly of the missile in Service had to be cffected by rapid
connection of the fore, centro and rear sections, and much care was dovoted to
the design of all componecnts to secure complete interchangecable assembly., As
the centre section containing the motor body was to bo joined to the rear
section by o simple clamping ring, tho joint between motor and tailpipe was
designed as & push fit between the two components, scaled by O-rings fitted to
the nozzlo end-plate.

In its final form the teilpipc consists of a tube of Mintex (asbestos
impregnated with phenolic resin) rcinforced by an cxternal wrapping of glass tape
impregnated with cpoxy resin. A mild steel adaptor for thce joint is scarfed into
the teilpipe (Fig.20). This illustration shows a pipe which has been scctioned
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axially after firing of thc motor to illustratec the resistance to erosion of
the material; the loss of well thiclness is approximately 0.1 inch. The tail
pipec, which has proved reliable, supports the missile equipment under all
conditions of flight loading, and its external surface temperature remains low.

7 TRIALS

7.1 Reliability trials ~ Linnc% I

A total of 62 Linnet I motors was fired at temperatures of —2500, 20°C or
50°C to demonstrate the reliability of the design and compare its performance
against the specification requircments. Of these, 42 motors were fired staticelly
at RPE, with results listed in Table I, and 20 werc fired in projection test
vchicles at RAX Lorkhill, with results listed in Table II.

The firings showed that the performance generally met that required by the
user for dcvclopmcnt trials after the ccceptance of the revised low teomporature
limit of —25 C. The failure of round 7LWE 113 due to overheating of the tube and
the remedy adopted have already boen discussed in Section 4.3. The telemetry
reecords of motors projcected showed bchaviour similar to that of motors fired
statically, in spite of axial accclerations up to 30 g.

7.2 Reliability trials -~ Linnet IT

A total of fourteen Llnnet IIA rniotors was fired statically at RPE at
temperatures of —AOOC, 15 C or 50 Cy ana a further four motors were projocted
after conditioning to eithor -40°C or 50 C. All functioned normally, with
rcsults listed in Table ITI. The marginal discrcpancies from the specified
limits have been accepted by the missile contiractor, as noted in para.2.7.2.

73 ‘Temperaturc cycling

% Six Linnet I motors worc subjected to temperaturc cycling between -25 and
507Cy the cycle consisting of 18 hours storage in each temperaturc, with an inter-
mediate period of coxposuro to air temperoture for six hours. All withstood
twelve of thesc cycles without deterioration of the chorge, and fired satis-
factorily (Table I).

Six Iinnet ITA motors withstood similar cycling between -40 and 5OOC with
cqually satisfactory results as shown in Table III. Two further motors were
subjcected to a speciel programme of conditioning to show thet Linnet IIA could
provide a mininum thrust of 5500 1b after "soaking" to -26° C, followed by three
hours storage ot -4,8° C; this programme was intended to simulate the cffect of
low speed, high altltudc T1light by an aircraft corrying Red Top af'ter arctic
take-off conditions. Xoch motor operated satisfactorily with performances within
the specificd limits (Table III).

7.4 Vibration trials

As the first cxtrusions in propellent VU cracked at low temperaturces, it was
considered decsirable, despite the success of the temperature cycling trials, to
simulate the scverest possiblec conditions of under-wing stowage for Linnet I.

=16 =
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Six motors werc thercfore conditioned to extreme temperatures, and subjected to
a three hour period of vibration before firing. BEach round was conditioned to
4500 for 24 hours, and then transferred to & temperaturc of -65 C for one hour
before horizontal vibration lasting for three hours, this trcatment being tho
ciosost simulation to under-wing conditions for a missile carried by an aircraft
which had talien off in tropical conditions and cruised at 40,000 ft for up to
threo hours. 4 full specification of trial conditions (with the results of the
test) is given in a report issued by the missile contractor'0, It had been
intended to vibrate each motor continuously over & frequency range of 15 to

300 o/s which would be swopt automatically, but the cquipment wes found in-
capable of supplying enough power to maintain the required volocity of 13408
inches/second at frequencies over 140 c/s; above this freguency, power
sufficient only to maintain a constant acceleration of *6 g was supplicd.

The motors and charges were undamaged by this treatment, and were fired
statically at temperatures of -25, 20 or 509C. The ballistic results included
in Teble I show that performsnce was normal, with the exception of one round,
previously referred to in section 4. 3.

7.5 Summery of results

The trials have shown the Linnet motor to bo reliable over & wido rango
of conditions. Linnet IIA has been shown to perform safely at tcmperaturos
between -40 and 5000 or af‘ter temperature cycling between theso extremes, with
only marginal deviation from the specified limits of thrust, burning time and
total impulse. The improved extrusions possessing star root radii of nonminal
0.10 inch can withstand the variations of temperature encountered during
operational usage when subjected to vibration of o wide range of fregquency ond
acccleration,

Further trizls to demonstrate the servicecbility of the motor after sinu-
lated tropicel storage and rough usage have beon arrangcd in conjunction with
the Ordnonco Board.

8 ASSEMBLY OF MOTOR IN MISSILE

The centrc soction of the missile is to bo supplied to the Services complete
with rocket motor. The motor is secured by a simple circlip and thrust ring
systen (Fig.21) and is centralised by three boaring pads at tho forward end and
by o split Durestos ring at the rcar end-plate. To confirm the adequacy of this
arrangement, six motors were fired statically at RPE after mounting in the missilo
contre section, tho thrust acting through the missile structuro. The satis-
factory results of these firings ere included in Tablo III,

To minimisc transport of components, notors are to be mounted in their
centre sections at the Ordnance Foctory where they are filled with charges. The
packaging of Linnot IIi, contained within the missile centre scction, and of the
igniter, will be reported scparately.

9 CONCLUSIONS

The Linnet IT4 rocket motor (Fige22) has beon dovelopeg for use from manned
aircraft over 2 conditioning temperature rango of -40 to 50 C against detail
roquirements contained in GW(Air) Systems Specification 4iGW 1/59.

Pt
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The performance requirements, together with a comparatively short develop-
ment time-scale, have led to the use of a charge of relatively complex design,
involving the use of machined sections of propellent of differing conduit cross
section. The motor fitted with this charge meets almost every aspect of the
design specification, with but marginal discrepancies of thrust and burning
time of'ter conditioning to -40°C. The development of a less complex charge
from a single extrusion of propellent would probably show advantages in ecasge
of production and possibly in reliability but the difficulties to be faced in
developing such a charge to mecet the wide performance specification have been
clearly demonstrated.

A compact form of radio frequency radiation attenuator has been successfully
fitted to the igniter assembly and shown to be effective over a wide range.
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APPENDIX I

COMPOSITION AND BALLISTIC PROPERTIES OF PROPELLENT VU

Composition Parts by weight
Nitroglycerine 4242
Nitrocellulose 5340
Dibutylphthelate 2.8
2-nitro diphenylamine 2.0
Wax 0.075
Lead stannate 50

Calorimctric value (water liquid) 4080 cal/gnm

Flame temperature 287OOK

Composition of exhaust

Proportions of main products, by volume, per cent

H0 26.0
€O, 15.0
co 36.4
Ho 9.0
Np 13.0

Typical variations of burning rate with pressuro (as determined
by the strand burner method at -20, 20 and 60°C)
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APPENDIX IT

ACCEPTANCE STANDARDS FOR EXTRUSIONS
(Cp86,_CD92, €D93) IN PROPELLENT VU

Visual and X-ray Examination

(a) PForeign matter and ungelatinised paste not exceeding % in. in

maximum dimensions will be ignored.

(b) Adr inclusions not exceeding 1/10 in. in maximum dimensions will be
ignored, unless they exceed 12 per foot length.

(¢) Air inclusions or flaws not exceeding % in. in meximum dimension
should not lead to rejection, providing they are more than 2 in, apart.
A maximum of three such flaws per foot is allowable.

(@) Acceptable longitudinal flaws must be less than 1 in., in length and
1/10 in. in diameter. They may be slightly inclined to the axis to a
maximum overall amount not exceeding % in. Such flaws should be not
less than 15 in. apart, and should be at least 2 in, distant from flaws
described under (c).

(e) Tlaws described under (c) and (d) must be at least 3 inches from
the end of the charge or section.

(f) Discolouration will not be grounds for rejection.
(g) Ixternal surface roughness must not exceed 1/16 in. in depth
measured from a straight edge placed longitudinelly against the surface

of the charge at the point under investigation.

(h) The internal conduit of the charge shall be smooth and must conform
to the shape end dimensions produced by the approved die.

(i) Production from & new or modified die nust be approved by R.A.Z.
Woestcott.
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RP 3357 CONFIDENTIAL RPE T.N. 220
DISCREET

FIG. |

0-60
©-3%),
L"ao' 1-86" RAD.
3-665" RAD.
ngg ?!UIEN“EEDS P, INCHES | A, SQ.INCHES [As, SO.INCHES
o 1430 436 37 -84
0-2 I15-4 7-3 34 .9
0.4 16-6 10-5 31 -7
0-6 17-5 14 .0 28 - 2
0.8 18.5 176 24 - 6
| -0 193 21 -4 20-8
I -2 20-2 25-3 169
I .4 210 294 12 -8
I -6 220 33.7 8-5
|-8 23.0 38 .2 4.0
i -80S 231 38- 4 3-8
FINAL SLIVER AREA- 10%
P, INCHES A & As, SQ.INCHES
40 40

\‘\\ //
30 \ / 30
. N

// \\

o Q-2 04 06 08 i-O 1-2 i-4 -6 1-805
WEB BURNED OFF, INCHES
FIG.1 CHARGE DESIGN CD 80O




THRUST,
LB

8000

6000

4000

2000

CONFIDENTIAL RPE T.N.220
DISCREET FIG. 2
THRUST
1500
.~ “PRESSURE
-"
s
Fd
R—— (- 1000
,_..-’
i
|
|
ROUND No. 7LWE 20 500
PRESSURE,
LB/SQ.IN.
IGNITION DE‘LAY 0-03 SEC.

@)

FIG.2 VARIATION OF PRESSURE AND THRUST WITH BURNING TIME FOR CHARGE

10

2‘0 BURNING TIME, SECONDS

ROUND SERIAL No.
DATE FIRED
PROPELLENT TYPE
PROPELLENT WEIGHT
CHARGE LENGTH

IGNITER

NOZZLE THROAT DIA.
BLAST PIPE EXIT DIA,

TOTAL IMPULSE

MAXIMUM THRUST
MAXIMUM PRESSURE
BURNING TIME ¢

ACTION TIME ¢/

7 LWE 20
23.2.60
vu
75-75 LB
24-95 INCHES

40 GRM SR 371C

2-15 INCHES

16100 LB~-SECONDS
8000 LB
1490 LB/ SQ.INCH

2.28 SECONDS
2-75 SECONDS

MOTOR AND PERFORMANCE DETAILS

CDBO AT I5°C



RP 3359

0-59

0O

CONFIDENTIAL

17" RAD,

DISCREET

0-10"RAD.

RPE T.N. 220
FI1G. 3

’ 1-85" RAD.

3-645" RAD.

WEB BURNED
u NEE2 P. INCHES A, SQ.INCHES| As,SQ.INCHES
o 18 .52 4 .32 3742
0-2 19 -53 8 -12 33-62
O-4 19 .15 199 29 . 758
0-6 18 -76 15 .78 25 - 95
. o-8 18 -37 19 -49 22 .25
10 18 - 69 23 .20 18 - S4
1.2 19 . 55 27 - 02 14 .72
' 1.4 20 - 63 3 .04 10 - 70
-6 21 - 77 35 . 28 6 - 46
1. 785 22. 85 39 - 41 2 .33
FINAL SLIVER AREA == 6:2%
P, INCHES A & As,5Q. INC HES
N
30 /1 30
As
\\ //
P "
20 % I sntl 20
L e — / et
///
A
10 // ‘\ 10
,/ \\
O o2 04 06 O8 I.0 1-4 1785

WEB BURNED OFF, INCHES

FIG.3

CHARGE DESIGN CD 86




CONFIDENTIAL RPE T.N. 220
DISCREET FIG.48&5

FIG.4 CD 86 CHARGE WITH RADIAL CRACKS ORIGINATING
FROM ROOTS OF STAR POINTS

FIG.S CD86 CHARGE SHOWING CRACKS AND POROUS
INCLUSIONS



RP 3361 CONFIDENTIAL RPE T.N.220

DISCREET FIG. 6 &7
PRESSURE,
LB/SQ.IN
2000
|_INITIAL PRESSURES FOR ROUNDS
'\/ 7LWE 13&14 : 1770 & 1750 LBS/SQ.IN. RESPECTIVELY,
i\
\
1500H-
\
TLWE 257
1000
500
o -0 20 BURNING TIME, SECONDS
FIG.6 VARIATION OF PRESSURE WITH TIME OF BURNING FOR CHARGE CD86 FIRED AT ~ 10°C
/
/
PRESSURE,| |
LB/SQ.IN |
I N
[ ROUND NO. 7LWE 266 BURST AT ~ 2600 LB/ SQ.IN
2000
1500
1000
ROUND NO. 7
is LWE 261
o 10 2-0 BURNING TIME, SECONDS

FIG.7 VARIATION OF PRESSURE WITH TIME OF BURNING FOR CHARGE CD86 FIRED AT 5O°C
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RPE T.N. 220

CONFIDENTIAL
DISCREET
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RP 3363 CONFIDENTIAL RPE T.N.220
DISCREET FIG. 9

1.25 "RAD.

1-86" RAD. b
3.645" RAD. =
WEP InenEs P, INCHES A, SQ. INCHES | As, SQINCHES
o 14 .82 6.43 35. 31
0.2 1S .49 9 .46 32.28
0.4 16 .30 12. 64 29.10
0.6 17 .20 15.99 25.75
0.8 18 .17 19.53 22.21
I .0 18 .69 23. 21 1 8.53
' .2 19 .57 27. 04 |1 4.70
|1 . 4 20 . 63 31. 06 LO. 68
- .6 21 .77 35. 30 6.44
| . 785 22.85 39.43 2.3
SLIVER AREA = 69,
P, INCHES A& As,SQ.INCHES

N

30 \‘ /A/ 30
\\\ //
, 20 />< — anl 20
T
) v
10 ,/ P, 10
7 [
N
O O02 0.4 06 08 I0 -4 1-785

WEB BURNED OFF, INCHES

FIG.9. CHARGE DESIGN CD 93




CONFIDENTIAL RPE TN.220

DISCREET FI1G. 10
30° SECTOR
FULL SIZE
»
Q
0.5 "
o a
Pa)
1 .
1]
1-86" RAD
3-645" _
WEB BURNED
o NCHES P, INCHES A,SQ.INCHES | As, SQ.INCHES
o 1810 3-43 38- 3|
02 1935 7417 34-57
0-4 19.70 I-08 30 66
0-6 19 - 31 14.98 26:76
0-8 18 - 92 18 - 80 22-94
1-0 18 - 91 2259 1915 ;
1-2 19+ 67 26 - 44 I5.30
1-4 2067 30- 48 126
-6 2177 34-72 7.02
1-785 2284 38 - 87 2.87
SLIVER AREA = 7-5%
P, INCHES A & As, SQ.INCHES
\‘\
30 A& // 30
\\ //
L &
20 Wl \< et 20
/

y N
/ N

O 02 04 06 O-8 110 -4 1-785
WEB BURNED OFF, INCHES

FIG. 10 CHARGE DESIGN CD92
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CONFIDENTIAL

DISCREET

RPE T.N.220
FIG. 12 & i3

PRESSURE,
LB/SQ.IN

1500

1000

500

2

BURNING T'ME, SECONDS

FI1G. 12 TYPICAL VARIATION OF PRESSURE WITH TIME OF BURNING FOR LINNET I MOTORS

FIRED AT — 25 15 AND 50°C

8000

THRUST,
LB

6000

4000+

2000

2
BURNING TIME  SECONDS

F1G.13 TYPICAL VARIATION OF THRUST WITH TIME OF BURNING FOR LINNET I MOTORS

FIRED AT — 25, 15 AND 50°C



RP. 3367

CONFIDENTIAL RPE T.N.220
DISCREET FIG.14 &I5

2000

PRESSURE,
LB/SQ.IN

15007

1000

SO0

o | 2

3
BURNING TIME, SECONDS

FIG.14 TYPICAL VARIATION OF PRESSURE WITH TIME OF BURNING FOR LINNET IIA MOTORS

FIRED AT — 40, IS AND 50°C

8000
THRUST,
LB
A
,// \
\
\
I \
[ \
| \
| |
| |
4000 \
!
| - \
| \
| \
| \\
l o
BB e e .o 50°C
: e ———— |5°C
I ———- =40°
I
o | 2 3
BURNING TIME, SECONDS
FIG.15 TYPICAL VARIATION OF THRUST WITH TIME OF BURNING FOR LINNET ILA MOTORS

FIRED AT —40, I5 AND 50°C




CONFIDENTIAL RPE TN.220
DISCREET FIG. 16

O-RING SEAL
ATTENUATOR
COMPARTMENT

RUBBER SEALING
WASHER

TERMINALS
MOULDED
IN DURESTOS

PYROTECHNIC
POWDER

FUZE

RUBBER FUZE HOLDER
AND SEALING GROMMET

FIG. 16 LINNET O A IGNITER



RP 3369

THREADED 8088
WELDED INTO
HEAD-END PRESSING

WELD

CONFIDENTIAL
DISCREET

SWG

RPE T.N.220
FIG. 17

(0-048"miN)

—

MEAN BORE
7:069 "

(@) LINNET T

RUBBER INSULATION
0:028" THICK

|

TUBE FROM SHEET STEEL
TO SPEC RS 120 BY
WRAPPING AND WELDING

.

THREADED RING
FROM MACHINED
FORGING

37-18 "

35'3”

HEAD ~END

PRE-FORMED DURESTOS
LINER BONDED INSIDE

l (0048 MIN)

SWG

MEA

N BORE

7-669%

INTEGRAL HEAD-END
AND THREADED BOSS
MACHINED FROM FORGING

FIG. 17

(b) uNNET T A

LINNET MOTOR TUBE




CONFIDENTIAL RPE T.N.220
DISCREET

FIG. 18

(@) uNLINED TUBE

(b) TUBE LINED WITH 0-025 INCH
THICK RUBBER SHEET
EXTENDING 6 INCHES FROM
HEAD END

FIG.I8 LINNET MOTOR TUBES AFTER FIRING SHOWING

EFFECT OF LINING AT HEAD-END



RP 3371 CONFIDENTIAL RPE TN.220
DISCREET FIG.19

END PLATE —=STEEL

BUTYL RUBBER OBTURATOR SEAL-
l BONDED AND MOULDED IN SITU

SSAVON

PRESSURE MOULDED
DURESTOS

THROAT INSERT
MOLYBDENUM

NNy
YL,

THROAT
i DIAMETER
2°IS IN

FIG. 19 NOZILE END-PLATE ASSEMBLY



A
B

C

CONFIDENTIAL RPE TN. 220
DISCREET FIG. 20

STEEL ADAPTOR
MINTEX LINING

GLASS TAPE/EPOXY RESIN REINFORCEMENT

FIG. 20

TAILPIPE SECTIONED AXIALLY AFTER FIRING
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RPE TN.220
FIG, 22

CONFIDENTIAL
DISCREET
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