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Teohnical Note No, Neokh Eng 382

September, 1963

ROYAL AIRCRAFT ESTABLJISHMENT
(FARNBOROUGH)

THE ATTACK OF AIRCRAPT FUSELAGES BY CONTINUOUS ROD WARHRADS
(3/16 and 1/4 inch square-seotion rods)

by
R. G, E. l&llin, AoFoReroSc, G.I.Mech.E.

SUMMARY

This Note records the results of a number of static and o
detonations of 3/16 and 1/4 inch sguare-seoition continuous rod C.R.) warheads
against Boeing "B,29", Vickers "Valiant", Handley Page "Victor" and some replica
steel fuselage seotions, most of which were either loaded to szimulate straight
and level flight conditions during attack and/or were subsequently loaded to
determine residual strength. Rod effectiveness was found to depend, for all the
targets, on the direction of rod approach to, and the construction of, the
section attacked but at least for the 3/16 inch C.R., appeared to be independent
of rod impact velocity in the range 3000 to 5000 f.p.s.

Stress analyses made of the damaged targets indicate that there may well
be a correlation between the failing stresses in bending of fuselages of various
forms of oconstruction. Further work to confirm and extend this and other
indications is proposed.

*This decumsat contains infoermetion affecting the Hatiemad
Dafense of the United .’ Atz ~ithin the resning of the
Bapisuag. Lavs, Title ase U. . Coo Secteon 708 ast 790.
Its tran-aissaen oF tue rvvelation of its contents 0
manner to on unsuthorsisd perecn 38 prebidited Wy 2an®
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1 INTRODUCTION

1.4 As a oontinuation of a general investigation into the effectiveness of
continuous-rod (C.R.) warheads, further field trials have been made against a
selection of aircraft fusclage targets, to extend and amplify the data obtained
from previous trials!»2,3, In particulag, the results of firings against certain
sections of loaded Boeing B.29 fuselages’ had shown the marginal effectiveness,
under the trials conditions used, of the C.R. types at present envisaged, in
defeating fuselage structure, It was considered desirable, therefore, to make
additional firings against targets of different construction and under different
target loading and attack conditions,

1.2 Firings were made against fuselage sections of Boeing 'B.29A', Vickers
'Valiant' Type 673, Handley Page 'Viotor' second prototype aircraft, and against
replica targets representative of a modern supersonic bomber and based on the
Avro 730 project. Some of the targets were attacked in the unloaded condition,
somc loaded subsequent to attack and others loaded to level flight conditions
during attack. The choice of targets was mainly dictated by their availability,
but nevertheless they represent a range of materials and types of construction
which may be expected in both present and future Soviet aircraft.

1¢3 All the firings rccorded in this Note were made at the Proof and
Experimental Establishment, at either Shoeburyness or Pendine, between Noveaber
1960 and July 1962, Firings in which the Pendine long teat track was used were
made jointly with R.A.R.D.E.

2 OBJECTS OF THE TRIALS

2,1 The main objeot of the trials was to obtain further data on the effective=
ness of 3/16 inch and 1/4 inch asquare-section continuous-rods in the attack of
aircraft fuselage structures, the data being required for the assessment of
conditional kill probabilities applicable to likcly warhead/target engagement
conditions.

Within this general objective were the following specific requirements:-

(a) To compare the results of attacks against similar targets loaded when
attacked and loaded subsequent to attack.

(b) To establish the extent and nature of rod damage on fuselage structures
of different types of construotion and to compare their residual strengths.

(¢) To determine the influence of rod impaot velocity on the extent and
nature of damage to fuselage targets of similar construction, and on the residual
strength of the structures.

(d) To determine the effcotiveness of continuous-rods against compression
loaded areas of fuselages of different forms of construction.

(e) To determine tho cffectiveness of continuous-rods in the attack of
experimental stecl fuselage scotions either empty or containing simulated fuel
and internal equipment., ’

(£) To attempt a correlation of trials results by simple atress analysis
methods,

-8-
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3 TRIALS PROGRAMME

3,4 Since, in general, a continuous-rod projected from a G.W. warhead is

equally likely to strike an aircraft fuselage at any section and from any .
direotion, the programme of firings was designed to cover attacks from above

and below against fuselage sections of varying detailed construction, e.ge. bomb

bay, rear fuselage etc, It wes however decided that all rod strikes should .
impact the fuselages so as to give circumferential cuts in the structures, in

order to make the damaged sections amenable to simple stress analysis,

3,2 Thirteen scparate fuselage sections were attacked, involving eight war-
head firings, four of which projected 1/4 inch square-scction C.R's and the
remaining four, 3/16 inch square-section C.R's. All the four 1/4 inch and one
of the four 3/16 inch warheads were detonated statically, whilst the remainder
of the 3/16 inch warheads were detonated dynamically on the Pendine long test
track in order to achieve high rod striking velocities.

3,3 Of the thirteen targets, three were loaded to'tg at the time of attack,
to reproduce struight and level flight stresses at the attack station, and,
where necessary, subsequently loaded to failure or to the maximum attainable
load. TFour targets were not loaded during attack but were subsequently loaded.
The remaining six targets were not loaded, being uscd merely to obtain data on
extent and nature of damagec.

344 OFf the loaded targets, four rear fusclages, i.e., the 'Victor', 'Valiant'

and two 'B,29's', were attacked in tension loaded regions, whilst two 'B,29'

bomb bays and onc 'B.29' rear fuselage were attacked in normally compression

loaded areas. The six unloaded targets, i.c. one 'Victor' rear fuselage, two .
'B.29' centre fusclages and threc steel spccimens, werc attacked from cither

above or below,

3¢5 A summary of the firing programmc and the results is given in Table 1.
4 WARHEADS

k.1 All firings wcre made using experimcntal models of Blue Jay, Red Dean or
VR.725 warheads to project 3/16 and 1/4 inch square-scotion continuous-rods.
The major details of thesc warheads are given in Table 2.

442 For the 1/4 inch C.R. static firings the Red Dean and VR.725 warheads

were detonated at suitable distances above the ground on base plates sccured

to simple wooden or tubular stecel structures. The stand-off distances from

warhead centre to the point of first impact on most of the targets was adjusted

to be 854 of the rod theoretical maximum hoop radius (M.H.R.) i.e. 32 ft stand-

off for the Red Dcan., Exceptionally, for reasons of target layout geometry, the

target attacked by VR.725 was positioned at 80 M.H.R., i.c. 46 £t stand-off,

In three of the four 1/4 inch rod rirings (Nos.2, 6 and 7), the rods were ejeoted .
%n th§ horizontal plane, and in the vertical plane for the remaining firing

No.1)e.

Le3 All but onc firing (No.8) of the 3/16 inch Blue Jay warheads were made
dynamically using the I’endine long test track. For this purpose each warhead

was mounted, with its major axis vertical, at the front end of a two-stage
rocket-propelled vchicle, The warheads were detonated at the end of the track,

-9-
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when moving at approximately 3000 f.p.s., and ejected their hoops in a horizontal
plane., The effeotive stand-off distance for these firings was approximately
20 £t, i.e. 855 U.H.R,

Lo The fourth Blue Jay warhead (Firing No.8) was detonated statically, mounted
on an angled baseplate eecugod to a simple wooden support. The rods were ejected
in a plane approximately 30  to the horiszontal and at a stand-off distance from

the target of 20 f't.
5 TARGETS
5¢1 The fuselage targets used in the trials oonsisted of the following:-

(a) Vickers 'Valiant Type 673'

This unique aircraft, derived from the standard 'Valiant B Mk.1' was
specially designed for intruder missions involving high speed and high *'g' at
low altitudes. Consequently, it was considerably stronger, structurally, than
the B Mk.1., PFor this recasoh, its fuselage strength and construction (conventional
skin and olosely spaced Z-stringers) were considered to be similar in parts to
that likely to be used in more modern supersonic medium bombers such as the
Soviet 'Blinder' aircraft which C.R. warheads may be required to defeat.

For the purposes of the trial, the full-length 'Valiant 673' fusclage was
asscmbled, complete with inner wings, and mounted in the normal flying attitude
on supports under the wing roots. Decad loads were applied to the upper surface
of the tailplane to reproduce the approximate level-flight bending and shear
stresses at the attack station. The target was attacked at Stn.963, in the
bomb bay deflecfor region, in mainly tension and shear loaded material, from a
direction of 45  abovc abeam,

(b) Handlcy Page 'Victor!'

Of the two 'Victor' targets attacked, thc largest comprised the centre
fuselage (Stns.263 to 1005) containing the whole of thc bomb bay and the wing
carry-through structure of the sccond prototype aircraft (Fig.178). Construction
of the bomb bay region was mainly of conventional skin and closely spaced
(l-stringer type, with longerons, and was typical of thc bomb bay of a high
subsonic medium bomber, ocoupying most of the fuselage depth. It could well be
broadly similar to the bomb bay region of the Soviet 'Blinder' aircraft, parti-
cularly in view of its looation behind the wing=-box structure. For the firing,
the seotion was simply supported at cach end by sandbag cradles, and attacked
in the unloaded condition at Stn.740, i.c. near the aft cnd of the bomb bay,
from a direotion of h5° above abeam, so that mainly tcnsion and shear loaded
structure was struck by the rod. Subsequently, the damaged fuselage was
supported under the forward end and also Jjust forward of the damaged station and
then loaded by means of a downward load applied to the tail end, in order to
dctersine its residual strength,

The second 'Viotor' target was a section of the rear fusclage (Stns,967 to
1045) which had been used as a strength test spccimen and had also been attacked

in a previous triall, Since, in the present firing, the object was merely to
rcoord the nature and magnitude of the damage, the target was simply supported on

- 10 -
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one of its ends with its longitudinal axis vertioal, and attacked, in the
unloaded condition, at Sin.9%0.

(c) Boeing 'B,29A!

'B,29A' fuselage sections were used in the trials since they were
available in limited quantity and could thus be used for comparative firings.
Purthermore, the 'B.29' is of conventional construction and is considered to be
broadly similar in structural features to the Soviet 'Badger! subsonic medium
bomber, Two bomb bay sections (Stns.218 to 646), fitted with dummy bomb doors,
were attacked, one in the forward seotion (Target 3B, Stn,300), and one in the
rear (Target 2, Stn.566), i.e. forward and aft of the wing box structure, from
a normal below direction of attack (I'igs.22a and 21a respectively). Both were
unloaded during attack and subsequently assembled into a complete fuselage and
inner wings, and supported under the wing roots for loading. Downward loads
were applied to nose and tail, as appropriate, to determine the residual
strengths of the specimens.

In addition, three'B.29'mid-crew compartments (Stns.646 to 834), aft of
the bomb bay, wcre attacked at Stn.768, two from 45° above abeam and one from
normal below (Targets LA, 5A and 3A). Two of these targets (3A and 54) -
Pigs.23a and 25a - were loaded during attack to simulate lcvel flight stresses
at the attack station and, since failure did not occur, subsequently sub jected
to increased loading. The remaining seotion (44 - Fig.24a) was attacked in the
unloaded condition and later loaded to the limit of the straining gear. Two
rod attacks were also made against that part of the 'B,29' fusclage incorporating
the very heavy wing carry-through structure (Stns.383 to 485)., As the two
targets (7A and 7B, Figs.19a and 20a) were salvaged scctions from previous trials
they were simply supported on one end with their longitudinal axes vertical and
not loaded during or after attack. Normal above and normal below direotions of
attack were used, at Stn.h3h.

(a) ss.1

This target was a rcplica of one version of the projected Avro 730 super-
sonic reconnaissance aircraf't, It represented a 20 ft section of fuselage at
about mid-length and just forward of the wings. It was of conventional skin,
frame and closely-spaced Z-stringer construction, but built entirely of S.3
steel. It had been designed to represent an integral fuel tank, as in the
'Avro 730', but was not capable of being loaded. Two rod attacks were made
against this type of target, one in which the target (No.4B - Fig,26) was filled
with water to represcnt fuel and the other (No.5B - Fig.27) containing simulated
donse internal equipment,

(e) Honeycomb sandwioh target

This oylindrical target 6 £t 4 in. diameter and 7 £t 6 in., long was of
stecl honcycomb sandwich construoction (Target No.8 = Fig.28a). It was manu-
factured by A.V, Roe and Co. in 1956, when the firm werc investigating steel
sandwich struotures for the Avro 730 projcot. Although it is typical of a
seotion of an aircraft, it was produced mainly tn assess the dcsign of fixtures
used in its manufaoture. Consequently, core to skin strength was not emphasised
and may have been below atandard. Construction was of 18 SWG (0.0L8") Rex 448

-{] -
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steel skins with the honeycomb core of 0,003" mild steel materisl. Skin joints
were partly welded and partly riveted, the jointing members being of 16 SWG
(0,064") DTD,171 material, The oylinder was closed by a diaphragm at one end
and was mounted with its longitudinal axis vertiocal agd resting on the open end,
The attack was made tranavcrsely, at approximately 30" to normal, at mid-length.
It was not suitable for lcading,

5.2 Details of the layouts and methods of loading of the various targets are
given in Appendix 1. General arrangement drawings of the layouts are given in
Pigs.1 to 4 of Appendix 1, and shown pictorially in Figs.5 to 8 of Appendix 1.

5¢3 Cross=-sections of each of the targets which were subjected to loading,
showing the location and areas of thc various structural members at the
stations attacked, are given in Figs.! and 2 of the Note.

6 INSTRUMENTATION

6.1 The extent and type of instrumentation used in the trials varied, to some
degree, with each firing, but consisted esscntially of equipment for the deter-
mination of rod velocitics and high speed camera coverage of rod and target
behaviour during and after attack. Broadly, the instrumentation may be
considered scparately for the static and dynamic warhead firings, as follows:-

601 «1 Static firinss

(a) 1In all static firings, other than that concerning the honeycomb sand-
wich target, the times taken for the continuous rods to travel between the point
of detonation and the target were measured by micro-second counter chronometer
(M.C.C.) actuated by an infra-red photo-cell directed at the warhead and a
number of 'make’ sorcens or wires secured to the target at the attack station.
The rod mean velocities were then calculated using the averages of the times
obtained from each channel, Striking velocities were then computed from rod
retardation data and are given in Table 1.

In the remaining static firing, in which the honeycomb target was attacked,
rod travel times were measured by an Argon Lamp Chronograph actuated by warhead
detonation and 'break' wires spaced at intervals on the target. Mean and
striking velocities were then caloulated as above,

(b) 1In the statio firing against thc loaded 'Valiant! fuselage it was
desired to investigate the bchaviowr of the C.R. hoop in the vicinity of one of
the tangents to the fuselage = drawn from the point of warhead detonation. To
achicve this, a scarchlight illuminated translucent screen of thin plastic was
used to provide a background for the rod which was photographed using a Fastax
high-specd camera running at approximatcly 14,000 half-frames/sec., This tech-
nique was suoccssful, as shown in Fig.16e,

(c) Other instrumentation in thc static firings consisted of 16 mm cine-
photographic covcrage of spring-balance readings in cases where targets were

loaded after attack through a cablc system. Additionally, full still photographio
coverage was uscd throughout the trials,
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6+1.2 Dynamic firings

(a) 1In all the C.R. dynamic firings, rod mcan velocitics were obtained
from the rod flight times measured by an Argon Lamp Chronograph actuated by
warhead detonation and 'break' wires on the targets., Striking velocities were
computed by R.AR.D.Es from retardation data. The range of velocities at the
targets are given in Table 1, Detailed &nglysea of the velocity measurements
are glven in separate R.A.R.D.E. reports™?-,

(b) As in the 'Valiant' fuselage static firing, it was olso desired to
investigate rod behaviour in the loaded target tangent zones, The method
adopted was similar to that used in the static firing exocept that, owing to
the vertical disposition of the target, the Fastax camera was mounted on a tall
tower and viewed downwards along the fuselage side towards a flash bulb illumi-
nated white background socrecn laid on the ground (Figs.?a and 7b of Appendix 1),
Good results were obtained in all three dynamic firings, as shown by the
examples in Figs.25e and f. In each casc rod velocity was in the region of
5300 f.poﬂ.

(¢) Loaded target behaviour, both during attack and under subsequent
additional loading, was recordcd by Fairchild cameras runaing at approximately
250 frames/seo,

(d) 1In addition to the above instrumentation, mainly concerned with
target response, the following data were recorded by, or at the request of,
R.A.R.D.E,, who participatcd jointly in the dynamic trials:-

(1) Warhcad point of detonation, by means of a Fastax camera viewing -
at right angles to the test track = the expected detonation gonc, and
running at approximately 14,000 half-frames/sec,

(11) Rod development, by the 'Flare Path'! technique using a Fastax camera
viewing, through a mirror, the arc of rod projected in the dircction of
warhead motion, Film speed was again 14,000 half-frames/sec.

(ii1) A general view of the target arena during firing, by means of an
Aomade camera running at about 1000 frames/sec,

(iv) Space=-time data of both primary and secondary rocket vchicles, using
the magnet and coil systcm installed on the long test track,

(v) WVarhead ignition delay, by means of a duplicated M.C.C. and fuze-
timer system operated by the warhead firing current and the detonation
flash,

Fﬁrgher details conocrning the above arec given in the relevant R.A.R.D.E.
reports™*?-,

6.2 In all firings the instrumentation was provided and opcrated by thc staff
of either P. & E.E.(S.), P. & E.E.(P) or R.A.R.D.E.

7 TRIALS PROCEDURE

7.1 The procedure adopted in each trial varicd slightly according to whether
the firing was to be static or dynamic and the targets loaded or unloaded.
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However, in each firing, after assembling (where necessary) and positioning of
the targets and in certain ocases applying the simulated '1g'level flight loads,
the warhcad was detonated. The resulting damage was recorded and in cases where
the loaded targets did not fail under attack they were subjeocted to additional
inoremental loads until failure occurred or a limiting load was reached. In the
four cases where unloaded fuselage targets were subsequently loaded, the damaged
portions were assembled into ocomplete fuselages and then subjeoted, firstly, to
the level flight loading and then, where necessary, to increased loading up to
failure or, again, until a limiting load was reached. In all cascs the maximum
attainable loads were noted or the residual strengths of the targets determined.

8 TRIALS RESULTS

8.1 The conditions under which cach firing was made are given in Table 1, and
the damage to cach of the fuselage targets from rod attack is summarised in
Table 3, shown diagrammatically in Figs.3 to 15, and illustrated in Figs.16 to
28,

8.2 Fuselage failing loads, wherc applicable, and the residual strengths of
the loaded targets are detailed in Table 1,

8.3 The results of the trials, in terms of lethality, may be summarised as
follows:-
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9 STRESS ANALYSIS OF LOADED TARGETS

9,1 In order to obtain as much technical information as possible from full-
scale trials of the type considered in this Note, and with the expectation of
devising 'damage laws' for use in C.R. warhead lethality assessments, data on
the maximum stresses achieved in damaged structures subjected to loads, either
during or after attack, are being ocolleoted. The intention is to make a full
investigation of the subject when further evidence has been obtained. Thus, in
all recent trials in whioch fuselage specimens were loaded to establish their
residual strength, the apparent maximum tensile and compressive stresses
developed in the damaged structures at failure (or at maximum achievable
louding) have been calculated. These stresses normally occurred at the
extremities of the rod cuta, but in some attacks from 'below' the aircraft
they occurred in heavy longeron members which were not completely severed and
which effectively butted under load,

9.2 Concerning the trials rccorded in this Note, stress analyses have been
made of the seven fuselage targets which were either loaded during attack and/
or subsequently loaded. The method of analysis used is similar to that employed
by most aircraf't manufacturers for the simple stressing of a fuselage in pure
bending. In the case of the 'Valiant' and 'Victor' targets the manufacturers
themselves were consulted, and for the 'B,29' targets the method was that used
by thesBoeing Airplane Co, in the design of the 'B,29', as noted in & U.S.
report”,

9.3 The analyses wcre confined to pure bending since visual examination of
failed targets showed no evidence of shear failure or of torsional effects due
to asymmetric damage, Frame damage was neglected because of its minor nature

in the purely circumferential cuts inflicted in the trials. Rod ‘exit' damage
was also neglected because, although quite substantial in the dynamic warhead
firings against empty fuselage sections, it appearrd to have little or no effect
on the mode of failure or on the maximum stresses achieved and, further-are,
would be & rare ooccurrance in modern aircraf't fuselages densely filled with
bombs, fuel or equipment.

Details of the stress analyses relating to the seven loaded targets are
given in Appendix 2,

10 DISCUSSION OF TRIALS RESULTS

10.1 Loaded targets

10.1.1 The two attacks against the '1g' loaded 'Valiant' and the
subsequently loaded 'Victor' aircraft (Targets 1A and 1B) showed that the % in.
C.R., at the low impact velooity of about 3400 f.p.s., was capeble of defeating,
from the 45 above abeam direction, the rear fuselages of airoraft employing
closely spaced stringer construction typical of modern subsonic and low super=~
sonic bombers (Figs.16b and o, 17h, J and k). It may be inferred that the rods
would be equally effective at any attack direction from normal above to 45° on
either side of this position.

On the other hand, the 3/16 in. C.R. was incapable, in two attacks
(Targets 4A and 5A), of defeating the rear fuselage of the 'B.29' from the 45°
-47 -
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above abeam approach direction and at a striking velooity of approximately
5100 f'epes. (Figs.24a, b, ¢ and 4, 25a). This may be largely due to the
relative toughness of the 1,29's widely spaccd extruded stringer conastruction
as shown by a comparison between similar fuselage sections of the 'Valiant' and ;
the 'B,29' (Stns.963 and 566 respectively). In the 'Valiant' section a level :

flight benaing moment of approgimately 7+5 x 106 lb in. is taken by a cross-
sectional area of about 39 in.¢ whereas the 'B.29' seotion bending moment of

Le75 x 106 1b in. is supported by as much as 31.4 in.2 of materisl.

10.1.2 Three attacks against forward and rear bomb bay seotions, and a
rear fuselage section, of the .29 (Targcts 3B, 2 and 3A), showed that neither
the - in. C.R. at approximately 3400 f.p.s. nor the 3/16 in. C.R. at approximately
5100 f.pe.s., were capable of causing fuselage failure in attacks from normal
below, under level flight loads. In two attacks the longeron members were not
completely scvered (i igs.21e and g, 23a) and butting of the damaged secctions
occurred, whilst in the other case (Target 3B) the longerons were completely
severed but even so butting still took place, and persistecd despite the appli-
cation, eventually, of a fluctuating load (Figs.22e and f).

It would appcar from these results that the 3/16 and % in. C.R's are
unlikely to prove effective against compression loaded fuselage structure
incorporating relatively heavy extruded stringers or longerons and may only be
effective against light skin and sheet stringer structure under compression
loading.

10,143 The results of the two 3/16 in. rod attacks (Targets 4A and SA)
made against similar sections of the B.29 rcar fusclage under similar attack
conditions, exccpt for the loading, (Figs.24a and 255?, showed that the residual
strength of a target attackcd in the unloaded condition and subscquently loaded
could be up to 17 greater than one attacked in the loaded condition, even
though slightly less sitructure wes severced in the target loaded during attack.
It is cvident that this indication should bc investigated so that duc allowance
can be made when using the results of unloaded trials for assessment purposecs,
The magnitude of the diffcrencc cannot, at present, be even approximately esti-
mated since identical structures can show considerable variations in strength
and the naturc of rod damage is not always consistcent under similar attack
conditions,

10s1e4 It was intended that the effects of increased rod striking velocity
should be shown by comparison of thc results of two attacks, Target No.5A and
TFiring No.2 of Ref.3 agalnst similar sections of thce Be29 rear fusclage.
Unfortunately, the high vclocity rod impact (Fig.25a) rcsultcd in a continuous
cut somc 13" of arc smaller, and cutting approximately 37 less material of the
'attack' side, than the corrcsponding low vclocity strike, Hence, the residual
strengths of the two targcis corrcsponded to '1.8g' and '1.5g' loadings, for the
high and low vclocity strikcs, respcctively. That this lower order of damage
was not typical of high velocity impacts was shown by thc results from Target
NoJWA against a similar B.29 scetion, wherc the rod 'entry' damage (Fig.24a) was
virtually identical to that in the low velocity firing. However, the residual
strengths of these targets arc not strictly comparable becausc of the differing
loading conditiona during attack.
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10.1.5 Although, from thcse few firings it is difficult to estimate the
effeot on fuselages of rod striking velocity, it must be noted that neither in
Target LA nor 5A did the higher striking velocity produce more rod ‘entry!
damage than the lower velocity strike, Rod 'exit' damage waa, however, found
to be consistently 5reater for the high velocity impacts on nearly empty
targets,

10,1.6 It is also worth noting, at this point, that no 3/16 in. C.R.
attack of a fuselage target, either described in this Note or previously
reported’, under a variety of attack conditions, has been found capable of
defeating the target under 'ig' lcvel flight loading.

10,17 All but two attacks of thc loaded targets produced values of
‘arc of rod cut to arc visible' of greatcr than 90, the exceptions being high=
velocity sirikes (Targets 5A and 5 )A? wherc there was cvidence of breaks in the
rod hoop occurring near thc ends of the rod cut on the target, thus reducing
the rates of ‘arc cut' to 'arc visible' to 80 and 83,{ respectively.

10,1.8 All the secven attacks of loaded targets, except Target 2, where
heavy longerons were present, give percentages of structural material severed
in the rod ‘entry'! surface to that of the cross-scctional area of the whole
section varying only betwecn 33 " and 37... This result is perhaps surprising
in view of the different trials conditions involved such as target construction,
dircction of attack, rod striking velocity etc. If both rod 'entry' and 'exit!
damage are added, then the peroentage of the total cross-sectional arca of the
scction cut by the rod rises to betwecn 41,5 and 535, This much larger variation
sccms to be independent of the attack conditions and is probably attributable
to the widely differing quantity and location of internal equipment and secondary
structure within the various targets, all of which affcots the 'exit' damage
considerably.,

10.2 Unloadcd targets

10+2.1 The rcsults of Firing No.6 against the *Victor' rcar fusclage

largely confirmed the rcsult obtained from the sccondary target in Firing No.1
of Ref.3, in that all the rod ‘cntry' side structure, such as skin, closely
spaced stringers and longeron members, within the 1557 arc of cut, was scvered.
In addition, it showed that thc arc of rod cut as a perocntage of arc visible,

j.eo 91,5, was of the samc order as obtained on circular fusclage sections
employing other forms of light-alloy construction. Rod 'cxit' damage, however,
was considerable, in the abscnce of the strong structural members ncar the
fusclage centre line whioh were prescent in the earlier firing, and accounted for
approximately one third of thc total structural cross-sectional arca scvered
(Figs.5 and 18).

10,2,2 The damagc to Targets 7A and 7B showed conclusively that % in.
C.R's, after passing through cither the top or bottom fusclage skins of a B,29
wing/fusclage Junction, were incapable of scverely damaging the wing box

structure, largcly duc to rod brcak=up on thc fuselage ‘entry’ skinnins
(Figs.19b and 20b). In both attacks structurc scvercd on the rod 'cntry' side
could account for no morc than 15205 of the total structural oross-sectional
area as comparcd with somc 35. commonly obtained on cylindrical shell targot
scotions. Consecquontly, ncither of thesc two attacks could be as:cssed as
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fusclage structural kills becausc of the very hecavy wing carry=-through structure
which, since only lightly damagcd, would probably bc capable of carrying fuselage
loads transmitted to it by the scverunce of fuselage skinning. This assessment
is, of courac, confiined to thc fusclage and does not consider the cffects of
spanwisc damage to thc inncr wings which would inevitably occur in practice with
this type of attack.

10,2.3 Both firings against steel cylindrical scctions (Targets 4B and 53)
having very closcly spaced stringcrs showcd a rclatively low peroentage of 'arc
of rod cut to arc of targct visiblc!, being about 83 to 85/ as comparcd with the
normal for light alloy targets of over 903, This may wcll bc accounted for by
the comvaratively higher rcsistance to the rod of the stringers near the point
of tangency despite the high impact velocity. This is supported by the clear
evidence of the gradually decreasing damage to the 10 or so stringers just before
the cnd of the rod cut in the skin.

In the casc of thc water-filled target (No.4B) the damege (Figs.15 and 26)
was such that, had it been in a mainly tensile loaded region, the aircraft might
possibly have survived longer than the 15 scconds rcquired for a Cat.'K' kill,
owing to thc rclatively low arc of cut., Had it occurrcd in a mainly compression
loaded region, howcver, the rosult would prouably have been catastrophic.

In the attack of the target (No.5I') with simulatcd equipment, no exit
damagc was producgd and since the arc of cut on the target at rod entry was
restricted 1o 132° and scvered only 36,5 of the total cross-sectional arca
(14ge27), it sccms likely that the target would have survived whether the damage
had becn in tension or compression loaded material,

10.2.L The singlc attack against the target (No.8) of stecl honcycomb
construction yiclded thc unusually low ratio of *arc cut to arc visible' of 715
Examination of the damage (Fige28) chiowed this to be duc to the bunching-up of
the honcycomb core between the stecl skins at the rod cut uxtremitics, This
presented a very solid barrlicr to further progress of the rod, and probebly
caused it to break prematurcly., It was also noted that the cut skins of the
target exhibited a marked degrec of petalling (rig.280) particularly on the
inner skin, a phcnomenon which did not occur with light-alloy skins under either
low or high velocity rod impact nor on the stccl skin and stringer target in
Tiring 9B (#ig.27).

11 DISCUSSION OF STRESS ANALYSIS RESULTS

1141 In order to indicatc thc naturc of the cvidenec which is becing obtained
from the stress analyses, the rcesults from the scven loadgd target trials
covercd in this Notc and five rcsults from carlier trials '7, are discussed.

112 The approximate maximum strcsses, ncglecting possible stress-concentration

effects, occurring at failurc or at maximum achicvable loading, in the scven
loaded specimens of this Notc, werc found to bc as follows:-

20 -
CONFIDENTIAL




CONFPIDENTIAL
Technical Note No, Mech Eng 382

Approxze Maximn siress
Rod rod 1t/ ine
Target | Target | Target Direction
Nes atreress| station size of attack striking| Loading condition
in. x in, velocity Tensil ¢ )
foPose ensile |Compressive
1A |valiant 963 bz 459 above 3450 | At fatlure during | 28,800 10,000
abean attack at 1g
13 Vietor y X 1x4d 15° above 3450 | At fallure under | 19,100 7,850
abean 0494g loading
Y Be29 78 316 x 3/16 | LS° above 5000 [ Under 1g loading 9,060 5,590
abetd after attack
Under max, loading| 19,650 12,000
of 2-‘?
SA Be 768 316 x 316 | 45° above 5100 | Under 1g loading 9,40 5,870
abean after attack
At failure under 16,450 9,900
1482 loading
b3 B¢ 768 316 x 3/16 | Normal 5100 | Under 1g loading 4,925 7.0
below after attack
Under max, loading| 9,570 14,950
of 2¢%
2 3.2 566 1241 Normal 3380 | Under 1g loading 6,920 9,040
below after attack
Under nax. loading| 16,200 21,200
of 2¢3*
» Be29 300 3/16 x 3/16 |Normel 5200 | Under 1g loading 4,525 8,180
below after attack
Under max, loading 12,840 23,200
1 ' of 2.8)"
L § 4 »

¢ Pailing loads could not be attained in these tests

11,3 Combining the current and earlier trials, eight of a total of 12 results
involved normally tensile loaded structure, whilst the remaining four involved
compresaion loaded material. Since the mode of failure of tensile and
compressive loaded structure is quite different, they must be considered
separately.

11.4 The caloculated maximum tensile stresses are noted first, and are as
follows:=
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Calculated maxirun
stress 1b/in,
Target
or | Rod size | poarger | Fuselage| Attack At fallure
tiring| ond afrcraft| statlon | conditfon | At foflure| ... At maxtmun
No. | veloclty under in 1lo0d
attack creased 1led
load epp.
1A 1* L.V, Veltant 963 Loaded 28,800 - -
1B i* L.V, | Vietor %0 Unloaded - 19,100 -
L 3/‘6. HeVo Be29 m Unloaded - - ‘9'650 ('::‘lur.)
SA | 3/16" HoVe| Be29 78 Loaded - 16,450 -
‘ i. Lov. B.& m Loﬂded 1 .500 - -
2 316" L.V, |- Be29® 78 | Looded - 16,400 -
3 1" LoVe Be29* 566 | Loaded - 22,600 -
P 4 'S/6° LoV | Bom 566 ; Loaded 25,500 - -

* Data from Ref.3

14,5 From the four cascs where fusclage failure occwrred on gradually

increasing the loading it appcars that the range of failing stress could be

from about 16,000 to 23,000 1b/in.2, This is not contradicsed by the single

case where no failure occurred at a stress of 19,650 1b/in., since this target
was unloaded during attack and might therefore be expected to have a somewhat
higher residual strength. Furthermore, it was not possible at_the time to
continue the loading to a stress level of around 23,000 1b/in.,“. Of the three
targets which failed during attack, two probably failed under stresses
considerably lower than the 'apparent' maximum values calculated., The remaining
target, however, fajled at the exceptionally low nominal stress of 11,500 lb/in.z,
some 5000 1b/in.2 less than the maximum stress values of two similar targets which
failed during increased loading after the attacks. This low-stress result,
obtained from the first rod warhead firing against a loaded fluselage target
conducted in the U.K., could be due to inexperience, at that time, in determining
precisely the extent of rod damage in targets which failed under attack. This
isolated result should, therefore, be treated with reserve,

1i.6 From the few results available so far, the broad indications are that for
C.R. attacks against tensile-loaded surfaccs of cylindrical semi-monocoque
fuselages cmploying different forms of construction, the fuselages are liable
to fail if the calculated maximum tcnsile stresses, in thc damaged section,
equal or excced the following values:-

(a) 16,000 lb/in.2 tor skin, frame and light extruded stringer
construction,

(v) 17,000 lh/in.z for skin, frame and closely spaced shect stringer
construction,

(o) 22,000 1b/in.? for skin, frame and widely spaced heavy extruded
stringer construotion,

-22 =
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At present, these must be regarded an tentative deductions. Nevertheless
they are thought to be reasonable in view of the narrowness of the band of streas
values covering the three types of struocture so far investigated.

11.7 In all, four attacks have been made against fuselage compression loaded
surfaces, The ocalculated maximum compressive stresses achieved are as follows:-

Calculated mnximum
stress 1b/1n,.
Target Rod sise
or and Target Fuselage Attack AU taflure
tiring aireraft station condition At poximum
velocity under
NoOo appllod load
load achievable
“ 5/‘6. Hovo B.a m Loaded - 1“.950 No
2 1* L.V, Be2 566 Unloaded - 2 .200} fallure
» 3/16' HoeVe 5.29 300 Unloaded hd 2}.&)0
] *. LeVe B,29¢ 566 ; Unloaded : Q.EO - :

* Data from Ref,7

11.8 These results, although concistent, are too few for even tentative
deductions to be made at this stage, particularly in view of the probably wider
band of failing stress values than for the tension loaded surfeces. It appears,
both from the compressive stress values and from the behaviour of the targets
under the maximum achievable loads, that the stress for failure will increase
considerably where longerons are present., This could be due to the difficulty
experienced by C.R's in cutting completely all the members of a built-up section
and hence the high probability of butting of semi=severed structure,

11.9 Using the estimated failing stress values obtained by the foregoing method,
and in conjunction with theoretical analyses of the influence of direction of
attack on th$ maximum stresses in rod-damaged fusclages of different types of
construction 1, it should, eventually, be possible to predict, with fair accuracy,
the results of C.R. strikes on likely target aircraft. At present, accuracy is
limited by the relatively few trials results, the few types of construction
investigated and the simple attack conditions so far considered.

12 CONCLUSIONS

12,1 The following general indications may bc deduced from the results of the
trials described in this_liote and, in certain cascs, from consideration of the
results of previous work/:-

(a) The % in. C.R. should be capable of causing failure in level flight
of the rear fuselage of a modern subsonic or low supersonic bomber, employing

closely spaced light alloy stringer and skin construction, when attacking from
above.,

(b) Neither the § in. C.R. at low impact velocity, nor the 3/16 in. C.R.
at high impact velocity, appears capable of causing failure in level flight of
CONFIDENTIAL
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the entire lower half, nor the ocentre scotion upper half, of the fusclage of a
subsonic bomber of asimilar construction to the Boeing 'B.29!,

(¢) The 3/16 in. C.R. even at high impact velocity, may be incapable of
causing failure in level flight of a supersonic (M2 to 3) bomber fuselage of
steel skin and closcly spaccd stringer construction, except for strikes on
integral fuel tank scctions containing fuel,

(d) There is evidence that stecl honeycomv fuselage structure, typical of
high supersonic aircraf't, may be appreciably more resistant to C.R. attack than
consideration of the structure might suggest.,

12,2 In addition, the following s.eccific points arise from the trials:-

(a) No significant differunce has been found in the extent and nature of
rod 'cntry' damsge from 3/16 in. C.R's impacting similar targets at approximately
3200 fop.3. and 5200 fepes., although rod 'e:it' damage was greatcr for the high
velocity impacts on virtually cmpty targets.

(b) The compression=loaded under=-surfaccs of fusclages were found to be
capable of withstanding attack, becausc of the liability to butting of the
damagcd material, which occurred cven when relatively light longeron members
were severed.

(¢) The residual strengths of' targets attacked by C.R. in thc loaded
condition are likecly to bc considerably less than those of targets attacked in
the unloaded condition and subsequently loaded.

1243 A simplc bending stress analyses of loaded targets, as described in this
Note, if used in conjunction with studies of the influcnce of direction of
attack on maximum stresses in damaged targets of various forms of construction,
should = when more data become available - cnable fair cstimates to be made of
the results of actual C.R. attacks agninst likely types of aircraft targets.

13 FURTHER WORK

131 The work describcd in this Note has, by its limited nature, revealed only
indications and trends likely to be important in the attack of fuselage
structures by C.R's. It is ncocssary that further trials should be made to
confirm and extend these indications. These might include:-

(a) Pirings of 3/16 in. and % in. C.R. against loaded sections of
fuselage structures of various types in order to obtain more data on the
behaviour of the different forms of construction, in particular those in steel.
Stress analyses of such firings should provide & better understanding of the
failing stresscs of structures dama,ed by C.R's.

(b) Pirings of :, in. C.R's at high vclocity against fuselage structures
to determinc whether the performance of this size of rod is enhanced by higher
impact velocity.

(¢) TIirings of C.R's against fuselages such as to produce more complex
attack conditions, c.g. angled cuts etc,
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13,2 In addition, it is oconsidered that the investigation on the influence of
direction of attack on the stresses in a damaged fuselagc, commenced in Ref.11,
should be extended to other fuselages of different construction in order that
present and future trials results may become more gunerslly applicable to
various potential targets and also may be used with greater oconfidence.,
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TABLE 1 - Summary of oontinuouﬁ

Firing nog(’:::::- Direction Stand Rod Esti::gted
and in, x in. of off mean striking Tar,
target rod distanco velooity .
N and a ach £t fupes velocity
00 type of trial pproac *Pedo fepe8e J
14 ixi 45° above 32 3663 3450 Vickers V.
stetio abeam B Mke2 re
See Fig.1a
~
1B $x3 45° above 32 3663 3450 Handley Pe
statio abean prototype b
See Pig.1d
6 ixi 45° above L6 3700(E) 3500 Handley Pag
statio abeam prototype m
fuselage
TA 3Ix3 Normal 30 3700(E) 3500 Boeing Be29,
statio above fuselage jw
7B %y Normal 30 3700(E) 3500 | Boeing B.29
statio below fuselage Jju
2 $x3 Normal 32 3591 3380 Boeing Be29
statio below bomb bay
See Fig.20
3B 3/16 x 3/16 Normal 32 5500 min,(B) | 5030 min. { Boeing B.29l
dynamio below true 5975 max, 5459 max, | bomb bay
20 8oe Pige.2a
offeotive

cowr
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:imated
éign 7 N Attaok . Targot loading lesult of Target loading
ooit§ arge station during attack attack after attack
PeSe
%50 Vickers Valiant 963 18 flight loads Fuselage
B Mk.2 rear fuselage 27,216 1b at Stn.1210 giving| failed
Seo Fig.1a » BJM. = 7,660,000 1b in, seo Fige16
D.F. = 31 ,5w 1b at 8tn.963
450 Handley Page Viotor 740 Unloaded 8o¢ Piget7 Subsequently loaded by
prototype bomb bay applying 21,280 1b at
See Fig.1d Stns.972 and 1005 giving
B.I’.’;. = 5’680’000 lb in.
B.F. = 25280 1b at
8tn, 740 equivalent to
0.94g. FUSEL:GE FATLED
500 Handley Page Viotor 940 Unloaded S8eoc Fig,18 None
prototype rear
fuselage
500 Boeing Be294 wing/ 434 Unloaded Ses Fige19 None
fuselage Jjunotion
500 Bocing B.29.. wing/ 434  |Unloaded See Fig.20 | Nome
fuselage junction
380 Boeing B.29.. rear 566 Unlcaded 8ee Fig.21 Subsequently loadsd by
bomb bay applying 18,368 1b at
See Fig,20 Stn.1059 giving
B.M. = 11,160,000 1b ine
s.FQ = 25,710 lb at
Stn.566, eguivalent to
2.3g. FUSELAGE DID NOT
PATL
0 min, | Boeing B,29A forward 300 Unloaded 808 Fig.22 Subsequently loaded by
9 max, | bomb bay applying 23,605 1b at
See PFig.2a Stns.50 and 191 giving

B.}‘-I. = 6’1 75’700 lb in.
SeF. = 29,200 1b at
8tn, 300, equivalent to

2.8g. FUSELAGE DID NOT
IALL
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i'm.n 1 (¢ ontinuJ
1

]

Piring | R3 07988~ | pirostion | Stand Rod Batinated |
and in, x in. of off Jean striking Target !
target and rod distanoce velocity velocity |
No, type of triel epproach 't faDeBe £eDeBe
3A 3/16 x 3/16 Normal 3342 5335 min, 4860 min, |Boeing Bs29A mid-
dynamio below true 5900 max.(E) | 5410 max. |orew compartment
20 ‘ Sec Fige2d
ef'fective
LA | 3/16 x 3/16 | u5° above 3345 5264 min. 4850 min., |Boeing Be294 mid-
dynamio abean true 5733 max. 5260 max, | crev compartment
: 20 See Fig.2b
ef'fective !
54 5/16 x 3/16 | 45° above 33.5 5354 min. 4900 min, | Boeing Be29A mid-
dynamio abeanm true 5813 max. 5300 max. | crew compartment
20 See Fige2d
effective
LB 3/16 x 3/16 |Symmetrical | 33.5 5264 min, 4850 min, | S88.1 steel replica
dymamio target true 5733 max, 5260 max, | fuselage section
20
effeotive
5B 3/16 x 3/16 |Symmetrical | 33.5 5354 min, 4900 min, |8S.1 steel replica ||
dynamio target true 5813 max, 5300 max. | fuselage scotion
20
effective
8 3/16 x 3/16 -|Symmetrical 20 3550 3390 Steel honeycomb '
statio sandwich fuselage

-l target

section

'B' denotes an estimated rod felocity in cases where recordings were incomplete

‘min.' and 'max,

CONPIDENTIAL
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fABLB 1 (Continued)

Target Attack Target loading Result of Target loading
station during attack attack after ctteck
Boeing Be29i mid- 768 1g flight loads, 8600 1b at | Fuseloge did | Load inoreased to
orov compartment ‘ Stn.1050 glving not fail 16,600 1b at Stn.1050
Seec Fige2b B.Meo = 2,420,000 1b in. See Fige23 giving
S.F. = 8600 1b at Stn,768 B.M. = 4,700,000 1b in,
S.F. = 16,600 1b at
Stn.763, oquivalent to
2.0, FUSELAGE DID HOT
FAIL
Boeing Be294 mid- 768 Unloadsd See Figelh Subsequently lotded by
erev compartment applying 17,679 lb at
See Fig.2b 3tn.1050 giving
B.M. = 4,930,000 1b ine
S.Fe = 17,679 1b at
Stn. 768, equivalent to
2.1g. FUSELAGE DID NOT
Boeing Be294 mid- 768 1g flight loads, 8864 1b at | Muselage did {Load inoreased to
crew compartment Stn.1050 giving not fail 14,884 1b at 8tn.1050
See Fig.2b B.M. = 2,495,000 1b in, See Fig.25 giving
S.F. = 8864 1b at Stn,768 B.le = 4,210,000 1b in,
S.JFe = 14,884 1b at
Stn.765, equivalent to
1.85. FU E F
88.1 steel replica Mid- Unloaded but filled with Seo Fige26 None
fuselage section length | water
S8.1 steel replica Mid- Unloaded but filled with See Fige27 None
fuselage scotion length | simulated equipment
Steel honeycomb Mid- Unloaded See Fige28 None
sandvich fuselage length
seotion

1complete

1 the targets in the dynamio firings

- 28 -
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T -8 of rod dama
aroc of
Firing fuselage :::u:% Total f]
Rod oross- Direction : visidlo struc
t::d % seotion of Target fron “?nke Pez;;: 289 orou-#
- (i in, x in, | rod approach warhead fuselage ar
10 positjon in|
(&)
14 ix} 45° above | Stn.93 Valiant | 165 1511 92 38
(r.v.) abeam fuselage
1B ix3 45° ebove | Stn.740 Viotor 164 154 92 354
(L.v.) abeam fuselage
6 1x ? 45° above Stn, 940 Viector 170 155 N 354
(L.v. abeam fuselage
7A x3 Normal above | Stn.&34 B.29 134 134 100 78,
(L.v.) fuselage
7B iIx} Normal below | Stne434 Ba29 130 130 100 67.
(L.v.) fuselage
2 3 x § Normal below | 8tn,566 B,29 166 161 97 3.
(L.v, fuselage
3B | 3/16 x 3/16 | Normal below | Stn.300 B.29 158 147 93 27.
(H.V.) fuselage
34 | 3/16 x 3/16 | Normal below | Stn.768 B.29 161 1282 80 27,
(H.V.) fusclage
WA | 3/16 x 3/16 | 45° above 8tn, 768 B,29 161 146 A? 27,
(H.v.) cbeam fuselage
54 | 3/16 x 3/16 |45° above Stn.768 B.29 164 13 83 27,
(H.V.) abeam fuselage
4B  |3/16 x 3/16 | Symmetriocal |Mid-length 8S.1 | 160 136 85 36,
(Hovo) target stecl replioa
5B [3/16 x 3/16 |Symmetrioal |Mid-length 88,1 | 160 132 83 364
(H.v.) target steel replica
8 3/16 x 3/16 |8teel Mid-length 165 117 7 26,
(L.v.) honeycomb
target
NOTESs~ 1 = Inoluding 25° break L.V. - Low velooity rod strike o 3400 f

2 =~ Break in rod hoop before impaot

HoV, = High velooity rod strike e 5100 !
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8 3-8 of rod damage to fuselage targets

tual | Approx. percentage

'ouof Total fuselage |.Jipprox. perocentage :;-p totalp fusela gg

structural of total fuselage ; Additional
rike |Percentage 1 ‘ structural C.8... + Result
on B/A % oross—sectional | structural C.S.4. sovered on structure 8
area severed on severed
elage in.2 nt 1de % entry side ¢
. eniry s exit side %

511 92 38,8 37 45 1 frame Fuselage falled on

attack under *4g!
4 loading

51 92 3548 36 53 1 frome Puselage foiled
under '0,S4g* loading

55 N 354 INo] 62 1 frame Not loaded

34 100 7846 20 33 None Not loaded

30 100 6741 15 20 None Not loaded

61 97 3l 27 x| 1 framo Fuselage did not
fail under '2,3g!
loading

W7 93 27.4 33 [N None Fuselage did not
fail under 2,8g"
loading

282 80 27.3 35 L3 None Fuselage did not
fail under f2g'
loading

L6 Nn 27.1 36 L7 2 fromes |Fuselage did not
fail under '2,1g!
loading

34 83 27.1 33 K| 2 fromes |Puselage failed
under *4,8g"' loading

36 85 3641 36 36 L fremes Not loaded

32 83 36.4 36 36 1 frame Not loaded

17 7 26,6 28 32 None Not loaded

elooity rod strike = 3400 f,pese
7elocity rod strike o 5100 f,p,se
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"G. 3.

N.8, SEVERED MEMBLRS EXTENT OF CUT IN SKIN
ARE SHOWN DOTTLD (151° INCLUDING 25° BREAK)

DIRECTION OF
ROD ,APPROACH

aoMB BAY ROOF AND WALLS
HOLED BY FRAGMENTS .

807, OF X
SKIN AND 7
STRINGERS
SEVERED BY
FRAGMENTS.

RESULT

e
BOMB DOOR EXTENSION
DETACHED AT COGES.

FUSELAGE SECTION ATTACKED
IN THE ‘Ig° LOADED CONDITION,
FAILED ON ATTACK.

STN.963 OF LOADED 'VALIANT 673’ FUSELAGE

FIG.3. TARGET IA. RECORD OF ROD DAMAGE TO
"VALIANT TYPE 673’ FUSELAGE . (/4 IN. ROD. LOW VEL)
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OMECTION OF FIG. 6.
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NOT AMITTE0.

STN.434 OF UNLOADED B 29 FUBELAGE.
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‘829" TARGET (Y m.noD. Low veL.)

e b s+ XA b & o L
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STN. 434 OF UNLOADED B.29 FUSELAGE.

FIG.7. TARGET 78. RECORD OF ROD DAMAGE TO
‘829" TARGET (*umwwvu)
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\ N, // o
¢ > 3
N e ] e 7 ;
' 8OMB DOORS )‘/
~ SEVERED. S
EXTENT OF CUT

N skiN. (1619

DIRECTION OF
ROD APPROACH,

RESULT: FUSELAGE SECTION ATTACKED IN THE
UNLOADED CONDITION, DID NOT FAIL
UNDER SUBSEQUENT APPL|CATION OF
1,160,000 LB. IN. BENDING MOMENT
CQUIVALENT TO '2:39° LOADING .

STN. 566 OF B.29 FUSELAGE.

FiIG.8. TARGET 2.RECORD OFf ROD DAMAGE TO
'829' TARGET (4v. ROD. LOW veL)




CONFIDENTIAL T N. MC. 382.

507, SEVERED FIG.9.
oLt 18°x12°

N.B8. SEVERED MEMBERS
ARE SHOWN DOTTED.

507, SEVERED

287, SLVERCO

HOLED AND TORN
8Y FRAGMENTS

-
* BOMB DOORS g
S SCVERED.

EXTENT OF CUT

TIMATED DIRECTION
IN SKIN (147°)

OF ROD APPROACH.

RESULT - FUSELAGE SECTION ATTACKED IN THE
UNLOADED CONDITION. DID NOT FAIL
UNDER SUBSEQUENT APPLICATION OF
6,175,700 L®. IN. BENDING MOMENT
EQUIVALENT TO '2:8 ' LOADING.

STN. 300 OF 'B.29. FUSELAGE.

FIG.9. ;TARGET 38. RECORD OF ROD DAMAGE TO
B.29° TARGET. (Y16 IN. ROD. HIGH VEL)

*--l



SMEL. 00609, ‘J
" CONFIDENTIAL T.N. M.C. 382. |,

FIG.10.

N.8. SEVERED MEMBERS
ARC SHOWN OOTTED.

P

907, SEVERED | 807, sEVERED

-

-

|
i
1
|
i
|

SEVERED
20, SEVERED 75°|, SEVERED
~——8507, SEVERED
———507, SEVERED | 507, severeo

509, SEVERED

109, SEVERED, <
(BuckueDd 1% ouTr
OF LINE UNDER 7

EXTENT OF
CUT IN SKIN
(128°)

ESTIMATED DIRECTION
OF ROD APPROACH.

RESULT - FUSELAGE SECTION ATTACKED IN THE
‘9 LOADED CONDITION. DID NOT FAIL
AFTER APPLICATION OF 4,700.000 LB.IN.
BENDING MOMENT EQUIVALENT To '2¢'
LOADING .

STN. 768 OF ‘B.29' FUSELAGE .

FIG. lq. TARGET 3A. RECORD OF ROD DAMAGE TO
B.29) TARGET. (%16 IN. ROD. HIGH VEL.)
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FIG.IL

EXTENT OF GuT
INSKIN (1467) NB ARE eriown COTTES.

DIREC TION OF
3HOLES, EACH,
p 2°'LONG. .

. UNOER LOAD CRACK
~. STARTED AT I:ND*.
] .
iy RS HOLE AND RAN ¥
18 LgNaTH ) STOPPING AT .
acv STRINGER RIVET
HOLE.

SO SEVERED
A @' O HOLE.
scvereny — =

608 SEVERED —ea=,

\‘j .o
s:vuco————'-‘.\\ 8x3IHOLE

- . DATUM.
20% SEVERED. I—
7Y J- eneHOL
73% atvcnl:o/'
7
X </ .
40% SEVERED -] / 73 3" MOLE

UNDER LOAD CRACK STARTED
AT HOLE AND RAN 2%" sTOP®mING
AT AERAL aLIB8TER (8EE FQ) &

RESULT: FUSELAGE SECTION ATTACKED IN THE
UNLOADED CONDITION. DID NOT FPAIL
UNDER SUBSEQUENT APPLICATION OF
4980,000 LB.IN. BENDING MOMENT
EQUIVALENT TO'2:4 LOADING.

STN. 768 OF 'B.29 FUSELAGE

NOTEC STRINGCRS C'&LE OF FiG.28 NOT
PREGCNT IN THIS TARGET,

FIG.11. TARGET 4A.RECORD OF ROD DAMAGE TO
.29 TARGET. (X 1N.ROD. HIGH VEL. )
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BSKIN CRACKED AND
TORN IN THIB REQION.

SKIN TORN
AND CRACKED ¢|.
IN THIS REGION.

RESULT: FUSELAGE SCCTION ATTACKED IN THE '|,‘
LOADED CONDITION DID NOT FAIL.
FAILED AFTER APPLICATION OF
4.210,000 LB.IN. BENDING MOMENT,
EQUVALENT TO '1-83' LOADING.

STN. 768 OF 'B 29’ FUSELAGE.

(uo-rt

STRINGERS S & oF FiG. 28 NOT
PRESENT IN THIS TARGET

FIG.12. TARGET 5 A.RECORD OF ROD DAMAGE TO

‘B29° TARGET.

(¥em. ROD. HIGH VEL.)
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F1G. 3

* CONSTRUCTION : ALL RIVETED

SKIN ~ |8 W@ (0-048)8TERL SHELT (83)
STRNGERS - 80 8w4.(0-038°)sTeLL SNaeT(Y
FRAMES - 16 S4uA. (0-084) STEEL

300 STRINGERS EQUALLY
PITCHED ROUNO

CIRCUMPRRENCE..

WATER | FILLED
m'uwuW TANK

8 STRINGERS

4 STRINGERS
PARTLY ‘

-

91 STRINGERS SEVERED LXTENT OF
AND TARGET OPENED UP IN SKIN (l::;
OVER 46 LONGITUBINALLY.

ORECTION OF

R00 APPROACMH.

MD-LENGTH OF .UNLOADED 'S.8.I' TARGET.

FIG.13. TARGET 4B. RECORD OF ROD DAMAGE TO 's.s.i
REPLICA STEEL FUSELAGE SECTION. (%ein.n00.HiGH vEL)
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800 STRINGERS
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SEVERED
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DIRECTION OF
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TN.ME. 382

FOR CONSTRUCTION
Mg ™1Q. 13

Fe.14

s,

EXTENT OF CUT
N oxin (192°)

MID-LENGTH OF UNLOADED “sS. " TARGET

FIG 14. TARGET 5B. RECORD OF ROD DAMAGE TO ‘ss. I

REPLICA STEEL FUSELAGE SECTION. (&

IN. ROD. HIGH VEL,)
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FIG.IS.

CONSTRUCTION: BRAZED HONEYCOMS SANOWICH.
SKINS - 183 W0, STAINLESS STEEL (RECX.448)
CORE - 0-003’ MILD STEELL

JOINT STRINGERS - 16.8.W.G. OT.D.171.

OIRCCTION OF
ROD APPROACH.

JOINT OPENED XTENT OF CUT N
OVER 10° LENGTH. outer sk (17°)

]
1S % SEVERED. 78 % SEVERED.

JOINT OPENED
OVER 48’ LENGTH.

¢ RIC EXIT HOLES
MAX. 6' LONG.

MID -LENGTH OF STEEL HONEYCOMB SANDWICH TARGET.

FIG.15. TARGET 8. RECORD OF ROP DAMAGE TO STEEL
HONEYCOMB SANDWICH TARGET (R w.noo. Low ver)
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TECH. NOTE: MECH. ENG. 382
FIG.16a & b.

FiG.16b. TARGET la. DAMAGE TO ROD “‘ENTRY"
SIDE OF FUSELAGE SHOWING FAILURE

(LOW VEL. in. ROD. STN. 9%63)

CONFMDENTIAL




CONFMDENTIAL TECH. NOTE: MECH. ENG. 382

FIG.16c & d.

A A
T

PRsin

FIG.16c. TARGET la. DAMAGE TO ROD ‘*‘EXIT' SIDE OF ‘‘VALIANT"' FUSELAGE
(LOW VEL. {in. ROD. STN. 9%3)

1G.16d. TARGET la. DETAIL OF FUSELAGE FAILURE

AT STARBOARD SIDE END OF ROD CUT
(LOW VEL. 4in. ROD. STN. %63)
CONFIDENTIAL
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 302

MG.l6e ;

TRANSLUCENT SCAEEN
(998 MG.16a. AND 100.)

PUSELAGE CIRCUMPBRENCE
NEAR POINT OF TANSENCY

ROD IMPACT RLASH

FiG.lée. TARGET ls. ROD BEHAVIOUR
NEAR END OF CUT ON PORT
SIDE OF “‘VALIANT'' FUSELAGE

(LOW VEL. §in. ROD. STN. %)




CONPIDENTIAL TECH. NOTE: MECH. ENG. 382
FiG.17a a b.

FIG.17s. TARGET I1b. UNLOADED ‘‘VICTOR' FUSELAGE
BEFORE ATTACK

FIG.176. TARGET Ib. DAMAGE TO ROD "ENTRY" SIDE
OF “VICTOR'® FUSELAGE
(LOW VEL. §in. ROD. STN. 740)

RAE: 100000 [63]
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CONMBENTIAL TECH. NOTE: MECH. ENG. 382

iy AT ; - ) ' '—mﬂc.|7c‘ d.

FIG.17c. TARGET Ib. DAMAGE TO ROD ‘‘EXIT'' SIDE
OF “VICTOR'' FUSELAGE J
(LOW VEL. §in. ROD. STN. 740)

.

FIG.17d. TARGET Ib. DETAIL OF ROD CUT END ON

STARBOARD SIDE OF ** I%TOR" FUSELAGE
(LOW VEL. }in. ROD. STN. 740

CONFIDENTIAL
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CONMDENTIAL  TECH. NOTE: MECH. ENG. 32
FIG.17ga h

FIG.I17g. TARGET Ib. ROD CUT END AFTER SUBSEQUENT
LOADING EQUIVALENT TO 0-6g.
COMPARE WITH FIG.17d.

FIG.17h. TARGET 1b. FAILURE OF “‘VICTOR" FUSELAGE UNDER
SUBSEQUENT LOADING EQUIVALENT TO 0-94g¢.

[RAE: 160013 [0
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MECH. ENG. 382
FIG.17) a k.

CONPIDENTIAL TECH. NOTE
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CONFIDENTIAL TECH. NOTE: MECH. ENG. 382

H. 18a,b, & c.

STARBOARD SIDE ROD

FIG.18b. TOP ROD ** ENTRY'" DAMAGE

FiG.18c. ROD “"EXIT" DAMAGE

FIG.18a,b, AND c. TARGET 6. ROD DAMAGE TO
“VICTOR'* REAR FUSELAGE
(LOW VEL. jin. ROD. STN. 940)
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.19a & b

FIG.192. TARGET 7a. ROD DAMAGE TO TOP
OF B29 WING/FUSELAGE JUNCTION
(LOW VEL. }in. ROD. STN. 434)

FIG.19b. TARGET 7a. ROD “ENTRY'' DAMAGE TO WING BOX
TOP SURFACE INSIDE *‘829'' FUSELAGE
(LOW VEL. {in. ROD. STN. 434)

RAE: 16016 [63]

CONFMDENTIAL
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CONPIBENTIAL TECH. NOTE: MECH. ENG. 382
FIG.19¢c a d.

MG.19%¢c. TARGET 7a. DETAIL OF ROD CUT END ON
FUSELAGE STARBOARD SIDE (PORT SIDE SIMILAR)
(LOW VEL. {In, ROD. STN. 434)

FiG.19d. TARGET 7a. DAMAGE TO ROD EXIT SIDE
OF 829 WING/FUSELAGE JUNCTION

(LOW VEL. §in, ROD. STN. 434)
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CONPMDINTIAL  TECH. NOTE: MECH. ENG. 382
FIG.20a & b.

FIG.20e. TARGET 7b. ROD ‘‘ENTRY’' DAMAGE TO BOTTOM OF
B29 WING/FUSELAGE JUNCTION

(LOW VEL. {in. ROD. STN. 434)

FiG.20b. TARGET 7b. ROD “EXIT" DAMAGE TO WING BOX
TOP SURFACE INSIDE ‘B29'* FUSELAGE

(LOW VEL. §in. ROD. STN. 434)

CONFDENTIAL




FiG.2laa b. §

CONMBDENTIAL TECH. NOTE: MECH. ENG. 3®2
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.2lc & d.

FiG.2lc. TARGET 2. DAMAGE TO ROD “EXIT' SIDE OF *'829'' FUSELAGE
(LOW VEL. {in. ROD. STN. 566)

FiG.21d. TARGET 2. STARBOARD SIDE OF DAMAGED
829" FUSELAGE UNDER SUBSEQUENT LOADING
NOTE:- SKIN WRINKLING

CONFDENTIAL
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CONPIBENTIAL TECH. NOTE: MECH. ENG. 382
FIG2le s h. |

FiG.2le. STARBOARD LONGERON FIG.21f. STARBOARD CATWALK

FIG.21g. PORT LONGERON FIG.21h. PORT CATWALK

FIG.2le.to h. TARGET 2. ROD DAMAGE TO LONGERON STRUCTURE
(LOW VEL. {in. ROD. STN. 566)

CONFIDENTIAL
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CONPIBENTIAL TECH. NOTE: MECH. ENG. 382
FIG.21j a k.

FiG.21]. STARBOARD LONGERON SHOWING
PERMANENT DEFORMATION
(COMPARE WITH FIG.2le.)

MG.21k. PORT LONGERON
(COMPARE WITH FiG.21g.)

FiG.21). AND k. TARGET 2. DAMAGE TO LONGERONS AFTER ROD
ATTACK, SEVERING, AND LOADING TO 2.3g
(LOW VEL. in. ROD. STN. 566)

RAE: 10022 [@]
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CONFIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.22a & b.

1
)
e

FIG.22s. TARGET 3b. DAMAGE TO ROD ‘‘ENTRY"

SIDE OF UNLOADED ‘'B29" FUSELAGE
(MIGH VEL. #&in. ROD. STN. 300)

FiG.22b. TARGET 3b. DAMAGE TO ROD "EXIT"
SIDE OF “B29'' FUSELAGE
(HIGH VEL. fin. ROD. STN. 300)

CONFDENTIAL
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CONPIDENTIAL  TECH. NOTE: MECH. ENG. 382
FIG.22c a d.

FIG.22d. STARBOARD SIDE

FIG.22¢c. AND 22d. TARGET 3b. ROD “ENTRY' SIDE DAMAGE
UNDER SUBSEQUENT LOADING
EQUIVALENT TO 2.8¢

CONFMDENTIAL
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TECH. NOTE: MECH. ENG. 382
G.22e 4 f.

i e i

e

#1G.22¢. PORT SIDE. NOTE:- BUTTING OF SEVERED MEMBERS

FIG.22f. STARBOARD SIDE. NOTE:- BUTTING OF SEVERED MEMBERS

FiG.22¢e. ANDf. TARGET 3b. BEHAVIOUR OF SEVERED
LONGERON MEMBERS UNDER SUBSEQUENT

LOADING EQUIVALENT TO 2-8g.
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.23a a b.

FIG.23a. TARGET 3a. DAMAGE TO ROD ‘‘ENTRY SIDE OF *‘Ig"

LOADED *829'' MID-CREW COMPARTMENT
(HIGH VEL. %&in. ROD. STN. 768)
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FiG.23b. TARGET 3a. DETAIL OF DAMAGE AT ROD
CUT END ON STARBOARD SIDE
(MIGH VEL. Ain. ROD. STN. 768)

CONPIDENTIAL
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RAE: 164027 3]

CONFIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.23c & d.

FIG.23¢c. TARGET 3a. DETAIL OF DAMAGE AT
ROD CUT END ON PORT SIDE
(MIGH VEL. #in. ROD. STN. 768)

FIG.23d. TARGET 3a. DAMAGE TO ROD “‘EXIT'' SIDE OF FUSELAGE
(HIGH VEL. Ain. ROD. STN. 768)
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.24a a b.

FiG.24a. TARGET 4a. DAMAGE TO ROD “ENTRY'' SIDE OF
UNLOADED ‘“‘829'* MID-CREW COMPARTMENT
(HIGH VEL. #in. ROD. STN. 768)

FiG24b. TARGET 4a. DETAIL OF DAMAGE AT ROD CUT
END ON STARBOARD SIDE
(HIGH VEL. &in. ROD. STN. 7¢8)

CONFIDENTIAL
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CONMDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.24c s d.

~

FIG24c. TARGET 4a. DETAIL OF DAMAGE AT ROD CUT
END ON PORT SIDE
(HIGH VEL. &in. ROD. STN. 768)

VFIG.24d. TARGET 4a. DAMAGE TO ROD “EXIT' SIDE OF FUSELAGE
(MIGH VEL. Ain. ROD. STN. 768)

CONFIDENTIAL




CONPFIDENTIAL TECH. NOTE: MECH. ENG. 382

FiG.25a a b.

FIG.25a. TARGET 5a. DAMAGE TO ROD “ENTRY' SIDE OF
“1g" LOADED ‘829" MID-CREW COMPARTMENT

(HIGH VEL. &in. ROD. STN. 768)

FIG.25b. TARGET S5a. FAILURE OF FUSELAGE UNDER
SUBSEQUENT LOADING EQUIVALENT TO *I-8g"

CONPIDENTIAL
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CONFIDENTIAL TECH. NOTE: MECH. ENG. 382
FIG.25¢ca d

FIG.25¢. TARGET 5a. DAMAGE TO ROD “‘EXIT' SIDE OF
FUSELAGE AFTER SUBSEQUENT FAILURE
(HIGH VEL. &in. ROD. STN.768)

s -
o>, - £
®re.,. "N

5 s
*
+ ' i o

-

M Tecag,
ii

FIG2Sd. TARGET 5a. DETAIL OF COMPRESSION LOADED
SIDE OF FUSELAGE AFTER SUBSEQUENT FAILURE
(WIGH VEL. Aiin. ROD. STN. 768)
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CONFIDENTIAL TECH. NOTE: MECH. ENG. 382

FiG.25e a f.

FIG.25¢. TARGET 4a.
FIRING 4a.

FIG.25(. TARGET Sa.
FIRING 5a.

FiG.25¢ ANDf. ROD BEHAVIOUR NEAR END OF CUT
ON “B29'’ FUSELAGE SECTIONS
(HIGH VEL. #in. ROD. STN. 7¢8)

CONFIDENTIAL
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 352
FIG.26 & 27.

FIG.26. TARGET 4b. ROD DAMAGE TO WATER FILLED S.S.! TARGET
(HIGH VEL. in. ROD)

FIG.27. TARGET 5b. ROD DAMAGE TO SIMULATED EQUIPMENT
FILLED S.5.I TARGET (NO"EXIT"DAMAGE)

(MIGH VEL. Ain. ROD)

CONPMDENTIAL
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CONPIDENTIAL TECH. NOTE: MECH. ENG. 38
FIG.282 & b.

s

.' . o~
— (41 _.’i§

FIG.28a. TARGET 8. DAMAGE TO ROD “ENTRY" SIDE
OF STEEL HONEYCOMB TARGET
(LOW VEL. #in. ROD)

FiG28b. TARGET 8. ROD “EXIT' SIDE DAMAGE TO
STEEL HONEYCOMB TARGET
(LOW VEL. Ain. ROD)
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RAE 164035 6]

—

CONPIDENTIAL TECH. NOTE: MECH. ENG. 382 |
FIG.28¢ a d. 3

.._'\ ' b O3 . )‘_'A;; 7 B * "“*n ‘
FiG.28¢c. TARGET 8. ROD DAMAGE TO HONEYCOMB
CORE AND INNER SKIN
(LOW VEL. #in. ROD)

FiG.28d. TARGET 8. DETAIL OF TYPICAL ROD CUT
END ON STEEL HONEYCOMB TARGET

(LOW VEL. Ain. ROD)
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APPENDIX 1
DETAILS OF TARGET LAYOUTS AND METHODS OF LOADING

(A1l figure numbers quoted refer to figures at the end of this Appendix)

1 TARGET LAYOUT

1.1 The attacks on thirteen aircraft fuselage sections described in this Note
involved eight actual warhead firings. Thus, in five of the firings two fuselage
seotions were attacked simultaneously. It should also be noted that in several
of the firings, other targets, such as airoraf't wings ctc, were included. The
wing target attacks are to be reported in a scparate MNote.

In the case of the seven attacks in which the targets were loaded, tisee
different loading methods were used and hence it is necessary to desoridbe the
target layouts and methods of loeding used in each firing, as follows:-

ie2 Firdnp Nooi

(a) 1In this firing, the Vickers 'Veliant' Type 673 was attacked in the
'1g' loaded condition and the Handley Page 'Victor' second prototype in the
unloaded state, For the purposcs of the trial the 'Valiant' fuselage was
assenbled complete with inner wings and tail unit, and mounted as shown in
Figs.1 and 5a.

It was desired that the target loading should produce stresces in the
target, at the station attacked, representative of those occurring when the
aircraft was flying straight and level in non-turbulent air at 0.81 M, at an
all-up weight of 135,000 1b (i.e. with full bomb load and half fuel load).
Owing to the complex loading system that would have been required to reproduce
these stresses exactly, it was decided to load the fuselage by means of weights,
placed on the aircraft tailplane, such that the errors in Bending Moment (B.K.)
and Shear Force (S.F.), at the station attacked, were asmall as possible. The
required values of B.H. and S.F., together with the actual trials values were
as follows:-

con P T > -

= Level flight
\\\~\\\\\\ valucs (1§) Tr%gti ;zéges
\\‘\\\\ (5tn.963 .

e cm ae -l e s B s GmAr @ o - e -—-

Bending moment (B.M.) |7,539,000 1b in, | 7,660,000 1b in.?
Shear foroe (S.F.) 30,680 1b 31,540 1b !

-

Counterbalunce weights were provided in the form of sand and water in
containers located in the pressure cabin, radome bay and forward services bay.
Dctails of the fusclage secotion weichts, applied loads and points of appli-
cation are given in Fig.1,
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Appendix 1

(v) The secondary target in this firing consistcd of the entire centre
fuselage of the Handley Page 'Viotor' second prototype mounted, for the firing,
as shown in Figs.1 and 5a., After firing and re-mounting, loads wecre then
applied to the damaged scotion by a combination of steel plates, acting through
a wooden platform over the fin-root attachments, and by a vertical cable
attached to the fin-post, passing through a pulley secured to a strong point
in the ground, via a spring balance and to a tractor (see Fig.,5b). The '1g'
level flight B.M. and S.F., at _the station attacked, when the airoraft is
flying at 0.875 N and at an ell-up weight of 116,200 1b (i.e. with full bomd
load and half fuel load) are compared, below, with those applied at failure of
the fusclage under load.

\\“\.\\\ Level flight Approx. value;-j
~ values (1g) at feilure
~ (sm.7z+o§ (5tn.740)

~.

e D

Bending moment (B.M.) | 6,040,000 1b in. | 5,680,000 1b in.
! Shear force (S.F.) 18,800 1b 25,280 1b

The target layout and different loading methods used in Firing No.1 arc shown
in Fis.1 .

1.3 TFiring No,2

In this firing the primary target consisted of a 'B.29' centre fuselage,
attacked in the unlcaded condition, together with miscellaneous sccondary
targets (not dealt with in this Notc) all positioned in a circular array round
the warhead, as shown in Fig.2. For the firing, the fuselzge section was
mounted as shown in Fig.6&. To remove the axial load inkcrent in this mounting,
the target was supported by means of a wooden becam passing under thc rear spar
and supported by wooden posts., After attack, the target was carcfully asscmbled
to the remainder of a B.29 fusclage and also the inner wings, as illustrated in
Figs6b. The attack station was then loaded by mcans of weights pleced on the
aircraft teilplane up to the cquivalent of the *1g' loads occurring when the
aircraft is flying in non-turbulcnt air at an all-up weight of 117,000 1lb
(Lece with full bomb load and half fuel load). Sinoe the fuselage did not fail,
additionul loading was imposed by a tractor and cable system similar to that
used for the '"Wictor' target after Firing Noe.1s The B.M. and S.F. at the attack
station in level flight, and also at the maximum load it was possible to apply
in the trial, were as follows:-

|~ Level flight Maximum valucs
~\\\\\‘\ valucs (1g) applied
T~ (Stn.566) (5tn,566)

Bending moment (B.M.) | 4,763,000 1b in. | 11,160,000 1b in.]
Shcar force (S.F.) 18,300 1b 25,710 1b .

Dotails of the loading method are given in 1'igs.3 and €b,
-32 -
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1.4 Pirings Nos and

These three firings were made using the Pendine long test track. For
eaoch firing, the warhead was mounted on the¢ front end of a two-stage rocket
propelled vehiocle as shown in Fig.7d. The warhead was then propelled along the
track and detonated on an expcndable scotion of rail near the centre of a
cirocular arena containing two eircraft fuselage sections and other miscellaneous
targets, as shown in Figs.7a and 7b.

(a) In cach firing thc primary target, a B.29 mid-crew compartment,
either loaded during attacl:, or subsequently loaded, by means of a loading rig
(Fige70) consisting of a ground frame to onc cnd of which the target was bolted.
To the other cnd of the frame, a tower, also of Bailey bridge structure was
secured. Two tower locoations were provided on the frame, A triangulated loading
arm was attached to the upper end of the target at Stn.646 and, for the two
firings againat the fusclage tension loaded surfaces, a cablc was attached to
the apex of the arm and thencc over a pulley in ihe top of the tower to a large
tank suspunded within the tower end whosc weight gave the required '1g' B.M. and
S.F, at the target attack station. If the target did not fail under attack the
forces at thc attack station could be increased to the '2g' condition by filling
the tank with water.

In the case where the target compression surface was attacked the second
tower position was used (I'is.7b) and the cable loading system replaced by a
strut connected by a cavle to the water tank so that a pushing force was applied
to the loading arm apex and hence to the target. The B.M's and S.F's, at the
station attacked, for 'l1g' levcl flight conuitions in non-turbulent air at an
all-up weight of 117,000 1b (full bomb load and half fuel load), are given below
together with the actual trials values:-

\ Level flight Target NoJ.3A Target NoolA Target Noo5A
values (1g)
~ During Maxe values During Max, values During
N Stn. 768 attack applied attaek applied attack At fellure
Bending 2,314,000 2,420,000 4,700,000 |Not loaded 4,980,000 2,495,000 | 4,210,000
moment (B.M,) 1b in, 1b tne 1b {ne 1b in. 1d ine 1b tn.
Shear 8225 1b 8600 1b | 16,600 1b |Not loaded 17,67 1 8,864 1b | 14,884 1b
force (8.F,)

Thc small discrepancies between the required level flight values and the trials
values ere due to practical difficultics of loading; they arc, however, well
within the range of fluctuating values to be expected in level flight.

(b) In two of thc firings, the secondary targets (43 snd 5B) consist-d of
replica stcel supersonic fusclage scetions not designed to be loaded. They were
mountcd, rclative to the track, at the position shown in Pigs.s and 7a,

In the third firing the sccondary target (3B) was a B.29 centrc fusclage
mounted in a similar position, as shown in Fig.7b. Aftcr attack in the unloaded
condition, the target was asscmbled to thc rcmaining scciions of a 'B.29' fuselage

- 33 =
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and also the inner wings, as shown in Fig.8a. In this case, the required
counterbalance wcights werc applied to the airoraft tailplanc, as illustrated
in Fig.fb, the tail being supported by a cradle. The attack station was then
loaded up to '1g' level flight conditions by means of water-filled tanks
positioned in the pressure cabin. Since failure did not occur, additional
load was applicd, by the previously dcscribed tractor and cable system, to the
nosewheel pivot point, up to the maximum achievable., This load was then
relaxed and re-a)plied five times in quick succession in order to simulate
gust loading conditions, Tailure did not result.

The B.U's and S.F's at the attack station for '1g' level flight in non-
turbulent air at an aircraft all-up weight of 117,000 1b (with full bomb load
and half fuel load) are given below together with the maximum applied during
the loading proccdure:-

-

\‘x\\\ Level f%iggt Maximum values
T~ valucs (1 applicd
‘ T~ ( snu.}oog (Stn.300)

Bending moment (B.M.) | 2,174,400 1b in, | 6,175,700 1b in,
| Shear force (S.F.) 13,809 1b 29,200 1b !

Target layouts for Firings Nos.3, 4 and 5 arc shown in Figs.4, 7a and 7b and the
loading method for Targets 4A, 5A in Fig.70. Fig,7d shows the loading system
for Target 3A.

1.5 Firings Nos.6, 7 and 8

Four fuselage specimens (Nos.6, 7A, 7B and 8) included in these firings
were secondary targets in layouts involving miscellancous other targets not
dealt with in this Notv. They were not suitable for loading either during or
after attack, and were positioned in ihe target ercnas with their longitudinal
axes vertical and resting on one end. All sustained circumferential rod 8uta
except that in Firing No.8 wherc the out was inoclined at approximately 30° to
the normal to the fuselage surface,

ATTACHED:

Figs.1-L Drg. Nos. SME 88695/R - 88698/R
n‘.oH N“o Nos. 16‘0-'036 - 16&,0&0
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FiG.5aab.

FIG.Ss. OF APPENDIX |I. TARGET LAYOUT FOR STATIC FIRING
AGAINST LOADED AND UNLOADED TARGETS

(FIRING 1.)

FIG.Sb. OF APPENDIX |. METHOD OF SUBSEQUENTLY
LOADING VICTOR TARGET L.b.
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FIG.7a & b.

FiG.7a. OF APPENDIX |. TYPICAL TARGET LAYOUT FOR DYNAMIC
WARHEAD FIRING SHOWING TARGET 4a.
TENSION LOADING GEAR (FIRING 4.)

FG.7b. OF APPENDIX |. TYPICAL TARGET LAYOUT FOR DYNAMIC WARHEAD
FIRING SHOWING TARGET 3a. COMPRESSION
LOADING GEAR (FIRING 3.)
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FIG.7c. OF APPENDIX |I.

FiG.7c a d.

DETAILS OF TYPICAL TARGET TENSION LOADING

SYSTEM FOR DYNAMIC WARHEAD FIRINGS
(TARGETS 4a. AND 5a.)

FIG.7d. OF APPENDIX 1.

in. BLUE JAY ROD WARHEAD MOUNTED

2-STAGE ROCKET VEHICLE FOR DYNAMIC

WARHEAD FIRING
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1 METHDD (P ANALYSIS

1.1 As a ocontinuation of the investigation commenced in Ref.3 of the Note,
simple bending stress analysca have been made of the seven damaged fuselage
sections which were loaded during or subsequent to attacke The limitations and
assumptions to which the analyses are subjeoct have already been described in
para 9 of the Note. The method of analysise may be briefly described as
follows:-

(a) In each analysis the location of the apparent neutral axis of the
damaged section was first determined.

(b) The total effective oross-sectional area of the remaining structure was
then calculated and used to locate the ¢ffective neutral axis,

() The total moment of inertia was then determined and substituted in the
relation:-

vl

where o s apparent maximum stress (lb/inz)

bending moment (1b in.)

distance from effective neutral zxia (in.)
moment of inertia of section (in%)

HY =
wnan

By this means, the magnitude and location of the apparent meximum stresses in
the damaged section were determined. The detailed calculations are given in
Tables 1 - 7 of this Appendix, The maximum stresses at the various loading
conditions, such as level flight, failure or maximum applied, are given far
the purposes of ocomparison.

ATTACHED : -
Tables 1 - 7
- 55 -
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IABLE 1
treas analysis ci' damaged 'Valiant' fusg

Target No.,1A = % in. rod, lj

(Bending=10ads only, rod exit d

Effeotive skin arca Effcctive
Nember Distance of - - *r Total
(sec Figs.1a| member from | Tension | Comprussion | 5% 11€ area
ad 3) neutral axis 2 2 arc; 2 3
in, in in in in in
1 2 3 L 5 6 ya
- ay - . - A Ay
- = (3) or W)+ (6) | = (2) x|
10 5.9 0,163 0,122 0,285
1 63,3 0.163 - 0,122 0.285
12 61,5 0,163 0,122 0.285 ‘
13 59.1 0,163 0,122 0.285 !
14 56,6 0.163 0.122 0. 285 |
15 53.9 0,163 0,122 0.285 i
16 50.4 0.163 0,301 0. 464 1
17 47.0 0,163 ) 0.128 04291 -
18 43.9 0.163 0.128 0.291 i
19 40,7 C.163 0.128 0.291 _—
20 37.6 0.163 0.128 0. 291 ~
21 .3 0,163 0,128 0.291 ~
. 22 30.9 0.163 0,128 0.291 8
2323 27.6 0,326 0.256 0.582 2
=2l 2.3 0,326 0. 256 0,582 o
25=25" 20.9 0,326 0,256 0.582 2
26-26" 17.5 0,326 0,256 0,582 ~
27-27" 13.4 0. 350 0,602 0,952 g
2828 9.7 0,372 0.256 0.628 H
29=29"' 6.9 0. 363 0,256 0.62, 3.
© 30 Lo 0,104 0.128 0.312 e
by 104 0,164 0.128 0.312 ©
32 -1.2 0,164 0,128 0.312 2
35 -509 0.184 0.173 00357
=3 AN 0. 368 0, 346 0. 714
35-55 ' -809 o. }68 003‘&6 0. 71‘0-
36-56' -11.10- 0.368 O.% 007110-
* 37=-37" -13,7 0, 368 0,346 0.714
38-38" -16,0 0. 360 0, 346 0.714
39-39" =13,1 0,372 0, 346 0,748
LO=-40" -20,2 0,263 0. 346 0,609
k_..._lﬂ_;lﬂ_' =238 Ua218 .9.200 918
(7T Pistanco Trom neutrel axis to datum = =20.3 in, ) A
(2) ¥y = O (ainoe skin in compression is assumed 100% effective unler '1g' loads) () Tr
- 36 ~
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TABLE 1

s cil damaged 'Valiant' fusclage scction (Stn,963)

rget No.1A = $in, rod, low vclooity.
ng=loads only, rod exit damsge neglooted)

N v b —— b 4

Techniocal Note No, Meoh Eng 382

Appendix 2

TR VSR

Distance of
Total member from Moment of Kaximum stress | Kaximum stress | Maximum stress
area effective incrtia (*1¢' loading) | (trial loading) applicd
2 3 neutral axis L 2 2 2
in in in. in lb/in lb/in lb/in
6 7 8 9 10 11 12
- l‘l o = ;‘L'l o" = L!
(0 ar s ® | = @Dx @ =(-5 | LW L _IS) Ii)
3) or(4)+ = (2) x =(2) -~y : ' n
- (6) * (8)2 o= MZX 8 g = y_ X9 8 "= K" x (8
0,285 %5.9 1233 +28, +28, |
0.285 63.8 1460
0.285 61.5 1078
0,285 59.1 996
0,285 56,6 913
0.285 53.9 828
0.464 50.4 1179 A
0.29 47.0 643 g
0.291 43.9 561 *
0.291 — 40,7 482 o
00291 ’,\T 3706 10-12 o
0.291 ~ L3 343 'g
0.291 3 30.9 278 A
0.582 2 27.6 L, &
0.582 o 2403 344 R
0.582 2 2.9 254 2
3.582 ~ 17.5 178 H
%952 3 13.4 171 S
2.628 hot 9.7 59 '
.62 3 6.9 30 2
). 312 o 14 0.6 o
).312 2 -1,2 0.5 4,
2. 357 =39 Sels &
Yo 714 6.4 29 »
)0714 -809 % 2
).71‘0— -110‘# 93
)0711" -13-7 13!"
Y71k -16,0 183
do 718 =-18.1 2%
)6 609 =20,2 249
lelt18 =22.8 _:‘_5822 =9,850 =10, 000
al't | 5 Eng moment M 'WTS in,

der '1g' loads)

) Airor' t '1g' be

(4) Triels bonding moment M" = 7,660,000 1b in.

- 36 -
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TABLE 2
Stress snalysis of dameged 'Victor' fusclage se

Target No.1B = % ia. rod low veloci

(Bending loads only, rod exit demcge ncg

—p—

Effeotive skin arca DistanoeJ
Meaber :ie:t:?f’:r: . e o E: feotive Total member
(see Figs. 1% tral exi Tension | Compression stringer area effect
and ‘O-) neuytlr. axlis 2 ) 81‘0; 2 neutral
in. in in in in in’ in.
1 2 3 [ L 5T 4 1T k1
|
- - - - A A.dy Y
& = (3) or (1) + (5)=(2) x (6)] = (2) «
- o s et L emeedies e csos ohme s asas s o tteealacac e sommmo. -
8 She3 0.238 0.177 0.445 54,1
9 50.4 0,238 0,477 C.415 50.4
10 45.9 0,293 0,177 0.470 45.9
11 41,1 0,305 0,201 0.506 k1.1
12 35.9 0,202 0.177 0.379 35.9
13 33.1 0.193 0.177 0,370 331
b 30.3 0,045 0.1477 0.222 . 30.3
15 27.4 0.193 0177 0.370 ~ 27.4
16 4.5 0,045 0.177 0,222 ~ 24,5
17 21,5 0,195 0,177 0.370 3 2.5
18 18.4 0,045 0.177 0.222 2 18.4
19 15.3 Uv.193 0,177 0.370 m 15.3
20 12,2 0.045 0.177 0,222 3 12,2
21 9.1 0.193 0.177 0.370 ' 9.1
22 6.0 0,045 0,218 0.263 6.0
23 2,9 0.193 0.102 0,295 § 2.9
2 =0, 2 0.045 0.177 0.222 d 0,2
25 -3.3 00193 0.102 0.295 $ -3.3
26 6ol 0.045 0.177 0,222 ~ 6.4
27 -9.5 0,193 0,102 0.295 ° ~9.5
28 -12,5 0,045 0.177 0,222 = 12,5
29 =15.4 0,193 0,102 0.295 -15.4
31=31" =22,3 - 11.400 11.400 -22,3
32 +40,0 - 0,83 0.831 +0.,0
334 0% of 33t +36.5 - 1,003 1,003 | +36.5
' 3L~25% of 3L +36.5 - 1,140 1.140 . +36.5
L o 21,87 j R S
(1) Distance from neutral axis to datum = =6,0 in. (3) Aircraft 'ig'
(2) ¥ = O (since skin in comprussion is assumed 10U cffeotive under '1g' loads) (4) Trials bendin
(5) Pailing bendi:
- 57 -
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TABLE 2

TV MGSERES ssw s s Bw s e

dameged_'Victor' fusclage scction (Stn,740)

No.1B = #iu. rod low velocity

Technical Note No. Mech Eng 382

Appendix 2

ads only, rod uxit damcge neglected)
Distanoce of
member from Moment of Maximun stress | tiaximum stress | Maximum stress
effective inertia (*1g' lozding) | (trial loeding) applied
3 neutral axis 4 2 2 2
in in. in 1b/in 1b/in 1v/in
s e T 7 wemgg s e g e frm o e ]
MY 'Y N"Y
o= = A ) o =
_ Ady Y _ | 1-cza? 1 1 I
b+ (5)]=(2) x ()] =(2) -y =(6)x(8)2 6-“’(8 G‘QM'XB o’":“nxa
- (9 2!9; Et9§
i 54,3 1223 +20, 300 None +19,100
) 50.4 1054
; 45,9 990
' 41,1 855
35.9 489
531 406
. 30.3 04
w~ 27.4 278
~ 2he5 133
3 2.5 m
2 18,4 75
P 15.3 87
a 12,2 33
' 201 51
«0 10
'E 2.9 3
El ~0,2 0
2 "305 3
- 6.4 9
g -905 27
-1 205 35
=15.4 70
-22,3 5666 =3, 350 None -7,850
+40,0 1330.
| +36,5 1336
‘ +36.5 1521
’ - 16,120
(3) Mreraft '1g' bending moment M = 6,040,000 1b in,
oads) (4) Trials bending momunt M' = None
(5) Pailing bending moment M® = 5,680,000 1b in.
- 37 -
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Target No.2 = }in. r
(Bending loeds only, rod ex
i eam ae e et et n + + map o e e e o —— —
i Distance of Et‘fcctivg skdu area | preective |
kember membor f'rom T stringer Totel
(sec igs.2c houtral axis| Tension| Compression arca area |
in, in ) in in” in viu
i N 3T S G SR 5 € 7
| A Ady
- dy , = (3) or (4) + (5)] = (2) x |
|
4 -
A L5.3 0.451 | - 0,402 0.853 38,7
B-B!' o6 20,451 ! - 2x0, 395 1,692 75.5
c-C' 42,6 20,451 | - 2x0, 395 1.692 72.0
D-D' 3942 20,451 | - 2x0.198 1,298 50.8
E-E' 37.0 - - 20,122 0. 24y 9.0
F—F ! %.6 l 2)(0.10-51 ‘ - &Oo 395 1 0692 5805
G-G' 28,8 2x0.451 - 2x0,122 1,146 33,0
H-H' 22,14 20,451 | - 2x0, 301 1,504 33.2
I‘I' 114-.6 &0014‘51 ', - 2XO.122 1.110-6 16.7
J=J' 6.3 20,451 | - 2x0, 301 1,50 9.5
K-K' -2.2 0451 | 0.077 2x0,173 0,874 “1.9
L-L' -11,0 - i 20,077 2xC,173 0,500 =5¢5
M50 of ! -19.8 - | 0,077  |44x0. 301 0.529 =10.5
' N -28,3 - - 0,173 0.173 o9
505 of 0=505 of 0! =3%.6 - - 0,173 0.173 =6.3
P25 of P! =403 . - 1 - 120,752 0.915 =36.9
R-R' -IO'O- 3 - I - 2’(0. 910-0 1 . 880 -750 8
T=50% of T =53.7 - | - 15%x2, 534 3,801 =204,0
00 SREON IOOn SN NSO TSP
(1) Distance irom neutral axis to dctum = +41 in, (3) Airoraft '1g' bendin; mc

< K7 51
(2) y'z&}’ad = *2.A4 in,

(4) Trials bending moment M'

(5) Maximum applied bending
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ZABLE J

s analysis of damuged B,29 fusilepze suction (Stn.566

Target No.2 - § in. rod low volooity

‘Bending loeds only, rod exit demage neglected)

Teo.hnioal Note No.

L.

| Distancc of

Moment of

Maxipum stress | Maximum stress | Maximum stress
:g::l me;:;::‘ti:eom inertia ("1g* loading) | (triel louding) applied
neutral axis
in? in? in, in* lb/in2 lb/in2 1b/in2
6 i g 9 10 11 12
M U '
A Ady v I=w22 L =3 =1
(3 or (&) + (B)|=(2)x (6)] =(2) =y |= (6) x (8) oo Mx (8 oo b x (8 on L B x (8
- B9 219; z(9
0.853 38.7 42,9 1573 46,920 +6,920 +16,200
1.692 72.0 40,2 2733
1,298 50.8 36.8 1758
0. 24kt 9.0 3.6 293
1,692 58.5 32,2 753
1.146 33.0 26,4 800
1,50k 33.2 19.7 586
1.146 16.7 12,2 1
1,50 9.5 3.9 23
008710- -1-9 ‘4.6 18
0.500 =55 =134 89
0.529 -1005 -22.2 %3
0.173 4.9 -30.7 163
00173 -6l3 -39.0 %2
0.915 -%09 %2.7 1667
1,880 ~75.8 ~4247 3425
3,801 | =204,0 =56.1 11950 ~95040 =9,040 ~21,200
21,616 L +51.1 29,547 1

3) Adroraft '1g' bendin; moment M = 4,763,000 1b in,

+) Trials bending moment M' = 4,763,000 1b in,

5) Meximum applied bunding moment M" = 11,160,000 1b in.
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TABLE 4
Stress analysis of ed B,29 fus.leze seotion

Target No.3B = 3/16 in., rod high velooit;
(Bending loads only, rod uxit damage negleo:

i y ! )
vembor | Distanoe of | ECfO0tIve skin ares | prgqyyye Dotal | Do tanos o
(see Figs.2: mesber from Tension | Compression stringer area ' effective
and 9) neutral axis . ” are; R 3 nuetral ax:
in, in in in in in in,
1 2 3 i 5 1 7 F]
- - - - A A.dy Yy
¥ =(3)or W)+ (5)]=(x(6) =(2)-F
A 3.2 0, 358 0.402 0.760 27.5 0.k
B-B!' 355 2x0, 358 20,395 1.506 53k 29.7
c'c ' 33:‘-&- Z‘oo }58 2’(0. 395 10% 5003 2706
D-D' 30.0 2x0, 353 2x0,1938 1,112 T 33k 24,2
E-E! 27.7 - 20,122 0. 24ds 6.7 21,9
P-F! 25,3 20,408 2x0, 395 1,606 40,6 19.5
G"‘G' 19.5 &0.h57 2x0.122 1.1 58 22.6 1307
H"'H' 12.7 &00‘557 &0.301 10516 ’ 1902 609
I‘I' 5.1 &o.‘i57 2)(001 22 1.158 509 007
J=J! -3,2 2x0,078 2x0, 301 0.758 i -2,4 =9.0
K"K' '11.9 5(00078 5(00173 o. 502 "6.0 -1707
L -20,8 0,078 0,173 0.251 =5.2 26,6
u -2907 0-1111- o. 301 00"-15 Ld 2.5 "3505
” -3801‘- 00078 0;17} 0. 251 -906 -ldﬁ-oz
0 46,7 J.078 0,173 0.251 -11.7 =52.5
P =49,2 0,126 0.732 0.858 -42,2 =55.0
Q 543 . 0,078 0.395 0.473 =25.7 -60.1
R‘ ' -‘;9.2 0.172 0.914-0 10112 -5l+-7 "5500
T ' ] ! - 15437 189.8
(1) Distance from ncutral aixs to datum = +20,8 in. (3) Adreraft '1g' bending moment
(2) 7= %&} - -1-3?& = 45,8 in, (4) Trials bending moment N' = 2,

(5) Maximum applicd bunding momet
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Tweochnical Note No, Mooh Eng 382
Appondix 2

TABLE &
of damoged By2) fuseleae seotion ‘Stn.m!

No.3B = 3/16 in, rod high velooity
oads only, roduxit damage negleoted)

i e il "1!’
. Distanoe of
1 . member from I Moment of | Maximum stres || |jximmum stress “"‘xi:;&g;mss
1 L ]
o | et e | (67 Tl 2000 | (2. donding)
in in, in'* 1b/in :lb/in2 lb/:Ln2
1 I ] 10 11 12
') 4 | ¥y M"Y
g = g ' = — o = ==
by Y _ | I=za? I I I
L) + (5) = (2) X ( ) = (2) -y s (6) x (8)2 - = M x 81 ’ ¥ JL) 8 " M" x (8
(9 Z{9 2(9;
60 7.5 0.4 702 by 525 2 12,840
% S5k 29.7 1328 ’ 525 ’
26 50, 3 27.6 1148
12 ) 1Y 2L, 2 652
W 6.7 21,9 147
% 0.6 19.5 610
58 T R.6 13.7 218
16 19,2 6.9 72
58 5.9 0.7 0
58 i 2.4 =9.0 61
32 '6.0 "17.7 157
51 '5.2 -26.6 178
15 -12.3 =35.5 523
51 '906 ‘u.-oz “'90
51 -11.7 -52.5 692
58 -42, 2 =55.0 2595
73 ’2507 "6001 17%
12 N 4 =55.0 3364 =3,180 | -8,189 -23,200
37 8.8 14615 ny ;

(2) Adroraft 'g* bending momant M = 2,174,400 1b in.

(4) Trids beding moment M' = 2,174,400 1b in,

(5) Maxioum epplicd bending moment M® = 6,175,700 1b in.
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IABLE 5
Stress analysis of ed B,2

Target No.3A - 3/16 in,
(Bending loads only, rod exit

[ . . .- s e
Jeaber Dis tance of Effective skin arca | papoctive Total vT
(see ?ﬁ% 3 4 ::f:::-:lf;::s Tcnsion| Comprussion stx;;ugaer area
an s 2 2 2 2 3
ne in in in in in
1 2 3 I 5 T — 7
. iy _ . - A A.dy A
= (3) or (&) + (5)| = (2) x (
A 36.1 0.378 0,402 0,780 28,2
B-B! 35.5 2x0, 378 04346 1,102 39.1
c-C* .7 - 0,244 0.2 8.5
D-D! 33.8 2x0, 373 0,346 1,102 37.3
B‘E' 32.10- - i O. 2“0' oc 22’0‘1" 7'9
P=F! 24,0 20,378 0. 346 1,102 .2
G‘G' 2809 - 002‘010' 002‘01" 701
H=-H' 27.1 20,378 0.790 1.546 41.9
I-I' 22.3 &0. 378 0.214-4 1.CX)0 2203
J=J! 16,3 20, 337 0,804 1.478 4.1
K‘K' 10.3 00297 Oo% 0.214-4 00%9 601
L=L!' 4.3 20,048 0,602 0.698 3.0
M=) -3,9 20,048 0. 346 O 2 -1.7
N =11 .1 00076 o. 279 00 555 '309
0 «18.5 0,048 0.3 0,349 -6.5
P -25.7 0. 048 0.173 0,221 =5.7
Q "32 05 0.0‘08 0. 395 Oo“‘-} -1 l{-oh
R -38.8 | Ol 0,402 0,546 =21.2
8-90% of 8¢ =4y o5 ] 0,091 2,908 2,899 -129,0
T -47.0 OoaO'B \ 0.173 o. 221 i -1 004
t ) -49.3 ! 0.048 0.395 Qb3 } -21.8
L,_—_ ‘f i.. v . 4 W j
(1) Distance from neutral axis to datwm = 11.1 in, (3) M“‘A
(2) y= %&}s% = +2,8 in. (&) Trial
(5) Maxif
- z',o -
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TABLE 2

8 analysis of damaged B,29 fusclage section (Stn, 268}

Target No.3A = 3/16 in. rod high velooity
(Bending loads only, rod exit damage negleoted)

Teohnioal Note No. Neoh Eng 382
Appendix 2

Distance of l

Total member from Moment of |Maximum stress | Maximum stress | Maximum stress

area effective inertia | ('1g' loading) | (trial loading) applied
2 3 neutral axis L 2 2 2

in in in. in 1b/in 1b/in 1b/in

8 1 : 9 0 11 12
A A8y Y _ I = ZAY

= (Nor W)+ ) = @D x O] =(D=F |, (6 x (8)? SIPPIC N JRITCY
(9 - B(9

0,780 28,2 33.3 865 Wy 710 +l., 925 49,570

1.102 39.1 32,7 1180

0. 2 8.5 31.9 8

1,102 37.3 3.0 1059

0, 24 7.9 29,6 214

1,102 3.2 28,2 878

0. 244 7.4 26.4 166

1.546 41.9 24,3 913

1,000 22,3 19.5 380

1.478 24,1 13.5 269

0,589 6.1 7.5 33

0.698 3.0 1.5 1.6

0. 42 -1,7 6.7 19.8

0.355 =3.9 -13.9 68.6

003‘4‘9 ‘6-5 '2103 158

0,221 =5.7 =28.5 180

O.""“'} -1‘+010~ -3503 551

00 9#6 -21 ] 2 "0-1 06 9‘0-5

2,899 =-129.0 ~47.3 6485

0,221 i -10.4 i -h9.8 549

0.4k3 | =218 | -52.1 1202 -7,365 «7,710 =14y 950

16,048 ETCR 16370

(3) Adrorcft '1g' bending

moment M = 2,314,000 1b in.

(4) Trials bending moment M' = 2,420,000 1b in,

(5)

- 40 -
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Maximum applied bending moment N® = 4, 700,000 1b in.
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Streas analysis of damaged B,29 fusclage se¢

Target NoJ.4A = 3/46 in. rod high ve
(Bending loads only, rod exit damege n¢

-

BEffective skin area Distar
Nember ﬁ::f";m‘ Ertf_f“i" Total nembes
(see Pigs,2> ne ® | Tension | Comprussion | 3% REeTr area effec
utral axis arca

and 11) 5 2 2 2 3 neutre
in, in in in in in ix
N TS S SV SN 0 ST 5 4 7 g
- ay - - - A A.dy 1
= (3) or (&) + (5) |= (2) x (6)| = (2)
D 61,2 0.378 0.173 0,551 3367 51
) J 58.4 0.378 0.173 0.551 32.2 S
G 5.3 - 0.122 0,122 6.9 52
H 54.5 0.378 0.395 0.773 42,1 o
J 43.7 0,337 0.402 0.739 3.3 38
K 37.7 0,297 0,122 0.419 15.8 33
L 30,9 0.297 0,301 0.598 18.5 %
M 23.7 0.297 0.173 0.470 11.1 19
N 16.3 0.297 0.279 0.57 9.l 12
0 8.9 0.297 0. 301 0,598 5¢3 4
P 1.7 0,228 0,005 0,173 0.409 0.7 -2
Q =5.1 0, 0L8 0. 395 0.443 =2,3 -5
R -11,4 0. 144 0.402 0.546 -6,2 -45
3=-S? -17.1 2x0, 048 21.478 3.052 -52,2 -24
T=T* -19.6 2)(0.()[0»8 &0.17} 0.“‘-2 -807 -23
U=U! -21.9 2x 04 Olts 2¢0. 395 0.886 -19.4 =26
V-V =25.8 2x0a122 20,402 1,044 =27.0 =3C
W-W* -28.6 2x0,031 2x0, 395 0,852 {9 -3
X-X' -30,3 2x0,031 2x0,173 0.408 -12.4 | -3
¥ -30.9 0.200 0.402 0,602 -18.6 i -35

Z_ i 314,965 61,7
(1) Distance from ncutral axis to datum =<46,3 in, (3) Adroraft '4g' bending ma
(2) y= %&} - %1:% = +4.2 in, (4) Trials bending moment K’
(5) Maximum applied bending
NOTE: Stringera 'C' and 'E' not presunt i
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TABLE 6

WL pe e

_of_damaged B,29 fusclage seotion (Stn,768)

NoslA = 3/46 in, rod high velooity
oads only, rod exit damsge ncglcoted)

Teolnical Note No, Meoh Eng 3682

Appondix 2

Distance of
L member from Moment of Meximum stress | Maximum strcss | Maximum stress
effective inertie | ('1g' loading) | (trial loading) applicd
3 neutral axis L 2 2 >
in in, in 1b/in 1b/in 1b/in
i 8 9 10 1 12
MY M'Y MY
g = - d" I i 0" = -
hay Y _ | 1=xav? I I I
D+ (5) = (2) x (6) (2) -y = (6) x (8)2 o~="x98 c,=n'x§8) o_..=u"x§8)
" 3347 51.0 1790 +9,060 None +19,550
1 32,2 54,2 1619
2 6.9 52.1 334
3 42,1 50.3 1956
0 2.9 45.5 1035
9 3243 39.5 1252
9 15.8 33.5 470
8 18.5 2.7 426
0 11.4 19.5 179
6 9.4 12.4 84
3 5.3 4.7 13
9 0.7 -2,5 2
3 =2.3 ~9.3 39
5 6,2 -15.6 133
2 -52.2 21,3 1384
2 -8.7 -23,8 250
5 -19.4 -26.1 603
3 -27.0 =30,0 %3
2 =24, 4 -32,8 917
3 I =12.4 | =3ked 486
2 L -18.6 i =35.1 742 ‘:5'590 None L -4 2,000
L 201, ; A490L ;

) Aircraft '1g' bending momcnt M = 2,314,000 1b in,

:) Trials bending moment N' = None

)) Maximun anplied bunding moment M® = 4,980,000 1b in,

8 'C' aud 'E' not presunt in this target

-l._"-
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TABLE 7
Stress analysis of doamuyyed B.29 fuscle

Target NoJ.5A - 3/16 in. rod, t
(Bending lo.ds orly, rod exit dan

[ domb Dis tance of Effeotive sidn .a..x:ca Effective Total
(aeee;i;’:. 2b meabor £ron Tension | Comnres si:: stringer area
and 12) neutral axis i arca
in. in? in2 in? in? in’
1 :2—: - } L SV ---‘-ozt—--a s .0 oo 5- - oo 6 .- 1 g
- - - - A A.dy
& = (3) or (&) + (5)] = (2) x (6)
0‘.‘.*\.‘
D 61.7 0.378 C.173 0,551 33.9
F 58.9 0,378 0,173 0.551 32.5
G 5 08 - 0.122 0.122 609
H 55.0 0.37¢t 0,395 0,773 42.5
I 50,2 0.378 0.122 0. 500 25.1
J 44y, 2 0.337 0.402 0.739 32.7
K 38.2 0.297 0.122 0419 16,0
L 3.4 0.297 0,301 0.598 18.8
M 24,2 0,297 0.173 0.470 M4 1
N 16.8 0.297 0.279 0.576 9.7
0 90“ 0. 297 Oo 501 Oa 598 506
P 2,2 0.240 0,006 0,173 Col19 0.9
Q o6 0,0l 0. 395 Oolids3 -2,0
R-R' -1009 &0;1“{» &0.1002 1.092 -11 .9
S-8' ~16,6 2¢0, 043 2x1.478 3,052 =50.7
T-T! -19,1 2x0, QL.u 2x0,173 O 2 =bels
U"U' "21 .li- &000'8 Z(O. 395 0.886 "1809
v-v! -25,3 2x0,122 20,402 1,048 =26,5
-t =28, 1 2%V, 051 2xV, 395 0,852 =-23.9
X=X =29,8 0,031 2x0,173 0.408 -12,2
| Y «30.4 [ 0,200 0.402 0.602 -18,3
i T e T 5 NN 5 % B
(1) Distenoce from neutral axis to datum = =16,8 in. (3) Adroraft '4g

(2) 'y- = %&} = % s #,2 in, (‘0) Trials bendi

(5) Psailing bend

NOTE: Stringers 'C' and '3

- 42 -
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TABLE 7
analysis of damuged [.29 fusclage seotion (Stn,768)

Target NoJ.5A = 3/16 in, rod, high vilocity
Bending lo.ds only, rod exit damage neglicted)

Techniocal Note No, Mech Eng 382

Appendix 2

ey
Distsnce of
Total member from Homent of | Maximum strcss | Naximum stress | Haximum stress
area effective inertia (18" londing) | (trial loeding) applied
2 3 neutral uxis L 2 2 2
in in in, in 1b/in 1b/in 1b/in
.- 6 . 7 8 N 10 11 12
t "
A A.dy Y _ I = LAY
(3) or (l") + (5) = (2) x (6) = (2) -y = (6) x (8)2 - N x (8 ol = M' x (8 o u " x (8
- (9 2‘9; 2!9;
0. 551 33.9 57.5 1820 +9,040 +9, 740 +16,450
0.551 32.5 S5he7 1647
0,122 6.9 52.6 337
Q. 773 42.5 50.8 1995
0,500 25.1 46,0 1057
0.739 32.7 40,0 1182
0.419 16,0 3,0 L84
0.598 18.8 27.2 43
0.470 1.4 20,0 228
0,576 9.7 12,6 92
0,598 5.6 5.2 16
C.419 0.9 =-2,0 2
O, 4443 -2,0 =-8,8 3,
1.092 -1109 -15.1 2‘09
3,052 =50.7 -20,8 1348
00M2 "b-lb- "23.5 239
0,886 -18.9 -25,6 581
1,045 =2645 =29.5 912
00852 "23-9 ’3203 888
0.408 -12,2 -34,0 471
0.602 -18.3 -34,6 720 =5,440 L ~5,870 ~9,900
O O % S 0L S S b

(3) Airoraft '1g' bending moment M = 2,314,000 1b in.

(&) Tri-ds bending momcnt M' = 2,495,000 1b in.

(5) Prdling bunding moment M" = 4,210,000 1b in.

NOTE: Stringers 'C' and 'E' not present in this target

CONFIDENTIAL
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Defense Technical information Center (DT!C)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

US.A

AD#. AD346003
Date of Search: 29 July 2008

Record Summary: AVIA 6/20667
Title: Attack of aircraft fuselage by continuous rod warheads (3/16 and 1/4 inch square-
section rods)
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) TECHNICAL NOTE ME 382
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



