
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADA800664

unclassified

secret

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only; Foreign
Government Information; SEP 1944. Other
requests shall be referred to British Embassy,
3100 Massachusetts Avenue, NW, Washington, DC
20008.

DSTL, AVIA 6/9162, 7 Aug 2009; DSTL, AVIA
6/9162, 7 Aug 2009



Reproduction Quality Notice 

This document is part of the Air Technical Index 
[ATI] collection. The ATI collection is over 50 years 
old and was imaged from roll film. The collection has 
deteriorated over time and is in poor condition. DTIC 
has reproduced the best available copy utilizing the 
most current imaging technology. ATI documents 
that are partially legible have been included in the 
DTIC collection due to their historical value. 

If you are dissatisfied with this document, please feel 
free to contact our Directorate of User Services at 
[703] 767-9066/9068 or DSN 427-9066/9068. 

Do Not Return This Document 
To DTIC 



Reproduced    by 

AIR DOCUMENTS DIVISION 

L     I 

HEADQUARTERS AIR MATERIEL COMMAND 

WRIGHT FIELD, DAYTON, OHIO 



I i 

1 
• 



KfinET /STNö; 

m Keport No. E.A.228/L 

. »nie   Copy v / 

Repor?No. E.A.228/1 

• 

Aft DOCUMENTS P^S'fiN 
k AKC, WRKHT FIELD 

MICR0FK.H Mo.    "^ 

September, 1%J+ 

ROYAL AIRCRAFT ESTABLISHMENT. FiafflBOROUGH 

Structural features of 'Big-öen* A ' 4* 

-by- ^ 

Tho Staff of S.M.E. Department 

troduotion and Summary .   ' 

From examination of the v/reckage available, it has been 
possible to identify the folloidng parts of the structure:» 

the warhead ' 
the radio compartment       » 
the fuel tanks and the surrounding shell structure 
the combustion chamber, auxiliary yover unit and their 

supporting structure 
)  tho venturi 

• tho stabilizing fins and external control vanos 
the shell structure at tho roar end 
the internal control vam-B 

A description of the available parts of the -structure is 
given, and also the conjectural information deduced from these 
parts and thoir relation to other parts of tho structure» 

The reconstructed layout, of which the major part is deduced 
and cannot be definitely established, is shown in flg.A.  It will 
bo noted that some of the information has been obtained from captured 
drawings« 

2.Bxteraa.l structure 

Four distinct types of construction of the external shell 
have been identified; they have been distineusihed by the following 
nanes;- 

"10 tJ-Jf* .* 

(&.) light construction 
fbj uedium construction 
?cj heavy construction 
{d) detachable panel construction 

Then* is no evidence to contradict the reasonable 
assumption that transverse sections of the projectile are circular. 

„/ x     , .a. ... Prooertv Of 2(a)    Light construction ,- _/ _ ....  Specj5j Document  Library 
Description (see fi^-s.l and 2.) TSRWF-6   Not   For 

This t^pe of construction is formaaQRBWIWBnt an§fc£ntion 
0.025 inches thick, which is reinforced by means of longitudinal 
stringers, A, rolled from steel sheet 0.021 inches thick;    these 
stringers are of seoi-circul Jf "top—hat" s-.ction and are spot-welded 
to the skin by their flanges.      This..cpvsrin^ is supported on 

*mm 1107101« 
r their flanges. 
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circular formers, B, of "top-hat" section, and is attached by moans 
of soot-welding of the skin to the top of tho "top-hat";    the formers 
have equally spaced out-outs around the circumference for the contin- 
uous stringers.      The formers are rolled from stool sheet and appear 
to he built-up from four quadrants which aro butt-welded at their ondsj 
most of them aro 0.068 inches thick, but one former, -which is almost 
complete is 0.0835 inches tliick.      The dimensions and spacings of these 
members are sho'i/n in fig.2. 

On those formers of which parts are available, tho stringer 
pitch varies from 6.44 to 5.09 inches.      Except for end panels the 
former spacing is 17.75 inches, and there aro parts'of at least 6 
differjnt formers. 

On four of thoso formers, the butt-welded joint is reinforced 
by a strap, which is spot-woldod to the flanges of the lftop~hat". 
Opposite thoso roinf orcedjoints, there arc sheet steel gusset3, C, 
v/olded to the side« of the formers, \/hich support ribs projecting 
outwards radially from tho shell.      Thojo ribs appear to be of similar 
dimensions and appearanoe to thoso in thu fins. 

Deductions 

(i) That there are 32 stringers around the circumference 
of the shell, as the formers appear to be m.v/lo up of four quadrants. 

(ii) That this shell is on a tapered portion of the projectile, 
as the stringer iltch varies on pieces of six formers available. 

(iii) AB this tj/po of construction appear* to be a fairing and 
not a heavy load bearing structure, it is presumed to enclose the 
vonturi and the engine bay,  ./hero the loads aro carried by a braced 
Sramowork of steel tubes.      There is evidence of this light construction 
on the end frame to \/hich the steel tubular engine mounting is 
nelded. 

(iv) The maximum diomotcr on this part of the construction, 
deduced from the pieces available, is just under 66 inches at the end 
fr^me at the front end of the engine bay. 

2(b)    Medium construction 

Description (see figures 3 :ind 4) 

This type of construction is formed from steel sheet 0.025 
inches thick which is reinforced by m -ans of longitudinal stringerS 
of -tr.ro tyj.es, vis. a light Sisni-circular "top-hat" section, A, rolled 
from 0.047 inches thick steol shoot and a heavy "top-hat" section, B, 

Nrolled from 0.040 inches thick steel sheet;   the dimensions and spacings 
of these stringors are shovm in fig.4.      The light stringers are spot- 
weldod to the skin by their flanges ;nd tho heavy stringors are attached 
to tho skin by their flü^ngos with rivets, countorsuruc on the outside. 
This covering is supported by intercostal frame members, C, which are 
presumod to form circular rings;    thoy are of ordinary "top-hat" 
section rolled from stool shoot 0.047 inches thick.      The stringer 
pitoh shows a distinct taper in one ji.ortion of tho structure, and tho 
stringers themselves aro continuous.      The intercostal frame members 
aro attached to the skin by their flfingos „ith rivets countersunk on 
the outside»      They are made partially continuous over the stringers 
by weans of short steel straps riveted to the tops of the "top-hat" 
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intercostals, or by shoot steel fitting:.'., \rtiich also givo some support 
and stiffness to the sides of the intcrcostals;    these fittings are 
snot-'./eldod to the top and sides of tho frmo members.      The frrmo 
spacing is about 13,5 inches. 

No attachment fittings, either internal or external, have 
boon found on this part of the structure. 

Deductions 

(i) From considerations of symmetry • jid positive evidence from 
tho end frames it is assumed that the whole circumference of this typo 
of construction was built-u>. fixen 32 stringer»» with 3 light stringers 
between 2 heavy stringers, 

(ii) Fror; evidence deduced from angle end frames adjacent to 
the r -dio oomporttoent at the f or./ard end anrl adjacent to the engine 
bay at the oft end, it is assumed that this medium typo of construction 
occurs at both ends of the fuel tank bay.     The nature of the structuro 
visualised is that of two ends to the tank bay,  consisting of a few 
feet length of complete shell of the medium construction, in './hich 
the for/ard end of the front tank and the aft end of the rear tank are 
housed, 

2(e)    "uavy construction 

Description (see figures 5,  6,  7 "Uid 8), 

This typo of construction is formed from steel sheet 0.025 
inches thick which is reinforced by means of continuous longitudinal 
stringers of two types, vis» a light semi-circular "top-hat" section, 
B,  rolled from 0,040 inched thick steel sheet;    and a heavy "top-hat" 
section, A, rolled from 0,040 inches thick steel sheot;    the dimen- 
sions and Bpi cings of these stringers are shovm in fig.7.      The light 
stringers are spot-welded to the skin by their flanges and over part 
of their length the he -vy stringers are attached to the akin by their 
flanges with rivets, countersunk on tho outrddcj    the exception to 
this riveting is where provision is mado for access panels«      This 
covering is supported by interooatal f rauo members, D, which are 
presumed to form circular ringe;    they are of "top-hat" cross-section, 
rolled froil steel sheet 0,047 inches thick, oad attached to tho skin 
by choir flanges .nLth countersunk rivets.      The intercostal frames 
are made partially continu us ever the stringers by moans of tho sumo 
steel sheet fittings a3 are used on the medium structures.      The frame 
spacing is about 17.73 inches» 

The circumference of this heavy construction is divided 
into apparently four panels to provide a convenient method for 
building the shell structure around the tanks»      Each panel consists 
of 3 heavy "top-hat" stringers as described above with light "top-hat" 
stringers et.ch side of t'aem;    the edges of the panel are reinforced 
by "top-hat"  strikers, F,  of the heavy typo attached by one flange 
to the outer slcin with countorcunk rivets.      The outer side of these 
edge stringers iu flanged on one edge and not flanged on the other» 
The panels can thus be joined by placing the unf langed edge of one- 
panel on the flanged edge of tho adjacent panel,      Stool reinforcing 
strips are placed "n the outside log of each "top-hat" stringer and 
the panels are then bolted together.      The opening is finally faired 
in by means of a cover strip, ft, attached to the inner flanges of 
the edge stringers by means of bolts and anchor stop nuts, 
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At the longitudinal joints between these panels, supports 
for the fuel tanks are provided, A in fig.8.      They are formed from 
thick steel shoot stampings, which are bolted between the edge 
stringers of adjacent panels.      The internal projection, to which the 
light alloy trnk support is pinned, is slotted to alien/ for longitudinal 
end radial expansion of the tanks.      The tank supports available p.ro 
of two different types;    ono type for support near the ends end the 
othor for support of the main body of the tanks»     As shown in fig.O 
the Litter consists of a light alloy casting to which is riveted a 
light alloy doubling plate, which is spot -.voided to the tank itself; 
ono of the support brackets is slightly smaller than the others, 
presumably for accommodation in the taporod portion of the forward 
tankt      The end tank supports are similar light alloy castings which 
aro supported on th; end frames by tension members at the forword 
end and compression members at :--he oft end. 

The number uid location of the tank supports cannot be 
established» 

Deductions 

(i) On the assumption that thcro aro four panels forming 
the circumference of the shell around the tanks, the maximum diameter 
that can bo found is about 66 inches. 

(ii) ?ho form of joint bet,eon the medium and heavy types af 
structure has not been established. 

2(d)    Detachable panel construction 

Description (sec figure 9) 

For ease of access the sliell around the radio compartment 
is built up from four detachable panels -..'hich are supported by four 
heavy longitudinal lord-bearing members equally spaced around the 
circumference (see fig.22)  and by an onglo frame at tho aft end and 
presur.if.blv' at the for.ra.rd end of the compartment» 

Only- small pieces of those panels aro available, but the nature 
of tho construction is visulised to bo that shown in fig.9.      Tho 
lon';itudin?JL edge members are of Z-section steel shoot, 0.040 inches 
thick.      The skin between those edges is stiffened by "top-hat" members 
rolled fron 0.032 inches thick f;teol slacct and Z-scction members rolled 
from steel sheet 0.021 inohos thick;    all the attachments of skin to 
the stiffenero and edge members are spot«*./feldB.      The panels aro 
fastened to tho heavy longitudinal members and to the end frames by 
bolts and anchor Btop nuts. 

2(Q) Bnd frar.v';a and transport .joints 

Description (see figures 10 and 20)» 

parts of several different types of angle end franc have 
been identified as follows: - 

(i) Two pieces of a transport joint, consisting of two rolled 
steel angles bolted back to back.      One angle,  1,75" x 1.2", i3 clearly 
an end frone for the radio compartment;    it h-as portions of the 
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detachable panel attached to its jjoriphery and also a small part 
of the end fitting of one of the main longitudinal members of the 
radio compartment.  Insulation in the fori~; of a wooden strij is 
provided along its circumferential leg.  R» complementary angle, 
1.75" x 1.2", has a small portion of the medium construction shell 
attached to it. 

(ii) Pour pieces of the angle front end frame to the engine 
bay; it is a 2.1" x 1.5" rolled steel section, with the circumfer- 
ential log inside the outside surface (see fig.lo).  To this frame 
are bolted the tubular longitudinal and cross-bracing members of tho 
engine mounting.  Except for a sawcut, this frame appears to be 
complete. 

On one of tho four pieces, there is a second rolled steel 
angle of 2.0" :•: 1,6" section, bolted BO that its circumferential leg 
is on the outside surface.  There is evidence from tho mirks on 
the circumferential leg that there has been medium construction 
shell attached to this frame.  There are also fittings, -which provide 
••nd support for the fuel tank, bolted to the radial leg of the angle. 

(iii) Five pieces of 1.5" x 1.5" rolled steel ringle which 
form part of an end frame for tho light construction.  Tho type and 
spacing of the attachment bolts on this frame are the same as those 
on the frame just described in paragraph (ii).  It is therefore 
assumed that this frame is bolted to that supporting the engine 
mounting so that its circumferential log is outside.  The form of 
the whole transport joint is therefore shown in fig.20. 

Deductions 

(i) 'fri the assum tion of 32 stringers in the medium con- 
struction the external diameter of the end frame at tho aft end of 
the radio compartment is 57 inohöBj this dimension checks with an 
assumed symmetry of bolt-holes in the frame.  The diameter of tho 
projectile, calculated from the captured "Normandy" trolley at the 
forward support is 57.5 inohes«  It therefore seems reasonable to 
assume that this frame is Uie strong support at the 'forward trolley. 
A further check on the diameter of this i'raino is provided by 
calculation from the measured length, taper and forward end diameter 
of the ra:lio compartment. 

(ii) Assuming 1/16" for the saw-cut, the external diameter 
of tho end frame at the forwand end of the engine bay is nearly 
66 inches.  This jljnension cheeks with an assumed symmetry of 
bolt-holes, and al;;o '.dth the assumption of 32 stringers in tho 
medium construction.  Thiti joint is probably the strong support at 
the aft trolley, corresponding to the 67.5 inches diameter calculated 
from the "Normandy" trolley. 

3.Warhead 

(a) Description (see figures 18 and IS?) 

The warhead was found in a number of fraotured parts, which 
could be filtrated into the following parts*" 
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(l) the outer skin, of 0.25" stcol shoot 
(ii) a large ond-plato, of 0.4" steel sheet, and 

(iii) a small fuse cap, which appears to he an ond fitting. 

By matching the fractures, the outer skin was reconstructed 
as shown in fig.19,      The layout of these pieces suggests that the 
warhead was a truncated cone,, tenninating at its small end in the 
fuse cap, E, ./here the fractured edges match.      The skin was joined 
longitudinally by a wold, B,  69" long, and at the larger end, the edge 
of the outer skin at A had boon welded externally.      The large end 
plate as shown in fig.18 is not complete, but on what was considered to 
be the outoida there are four chrmfered bosses, A, unequally spaced 
around the circumference, a plug, B, with a coarse internal thread and 
a blank end facing inwards, a hole for a galas tube, C, and a circular 
flange, dished outwards, with five equally spaced tapped holes, D.      On 
its periphery there is on internal «eld which could not bo matched 
with the external wold around the periphery of the outer skin. 

The toal weight of the warhead casing and end plate availablo 
is 275 lb. 

(b) Deductions (see figure 21) 

By straightening out the dished flange of the large end 
plate it appears that there were € tapped holes in the flange.      On 
the üacie radial Unas .as these hoists, near the outer ciroumTerunce, 
there are some small plug welds. 

Prom this evidence it was deduced that the end plate was 
flat and nearly 35" diameter»      The location of the end fitting3 
was visualised to be that shown in fig.21.      The small end was 
aporoximately 6" diameter and the overall length was then calculated 
to~be 672". 

As it appeared to be impossible to match the velded edges 
on the outer skin and on the end plate,  it is suggested that some 
fitting similar to that shown in fig.21, was   /elded to both.      A ring 
of this typo would be convenient for supporting the i'our strong external 
members of the radio compartment and for attaching an external shell 
to the warhead.      The outside diameter of 3u" corresponds to that 
measured at the front ond of the radio compartment. 

On these measurements the capacity of the warhead is 
15.4 cu.ft. 

The attachments to the chamfered bosses may have provided 
shearing strength when the projeotila was in the horiscntal position. 

4» Radio coriiunrtment 

poscri; tion (see figure 22). 

The radio compartaunt consists of a truncated cone, divided 
into four eoual compartments by moans of radial plywood sheets, which 
are supported at the centre by means of four steel angles bolted 
back to bake,  and at tho external edges by means of built-up members, 
as oiiown in fig.22.      These members art; adapted to receive the 
detachable panel? described in paragraph 2(d). 

- 6 - 
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At the oft end of the compartment, the four external numbers 
arcs attached by means of sheet steel brackets to the angle end frame 
as described iii paragraph 2(e).  No support for similar brackets at 
the forward end has been recovered, though a similar angl" ring has 
been assumed to provide this support. 

The It.ngth of the radio compartment from the centres of theso 
end fj;«es is 4' 7^".  The external diameter at the front end is 
about 38", and from the taper, whioh can be measured, the diameter at 
the rear end is about 57". 

Owing to the small amount of the plywood division walls 
available, it was not possible to establish the locations of all the 
radio mountings, of which many pieces were found» 

5» Fuel tanks 

Description (see figure 23). 

There is a considerable quantity of light alloy 3heet and 
fittings, \/hich indicates that thäre are two tanks»      Prom the nature 
of the dy;s used, it is believed that one is a liquid oxygen tank and 
the other an alcohol tank. 

From the evidence given by some larger pieces of skin which 
were beaten out,  the skin on the sides is O.OifO inchse thick and 
is reinforced circunif erentially by Z-section stringers internally 
spot-welded to the skin; < the circumferential lejs are 1.0" wide and 
the radial leg 2.25" deep';    these stringers occur in pairs as shown 
in fig.23.      Eaota suction of tank has a•longitudinal setim weld, and 
the sections .-.re joined by circumferential soam welds arranged so that 
the longitudinal wolds are stagg red.      The tanks are supported by the 
brackets described in paragraph 2(c),  30 that there are four supports, 
equally spaced,  round the circitiforencu;    the number and longitudinal 
spacing of the supports cannot be established.      The ends of the tanks 
are of light alloy sheet, 0.08o inches thick. 

The aniline dye Indicates .that the alcohol tank va3 forward 
of the oxygen tank.      Tho pumps ./hich supply the engine are situated 
aft of the oxygon tank,  so that the alcohol has to be carried by pipo 
through the oxygen tank.      Several portions of this light alloy pipo 
were found,  6 inches in diameter,  -äth a larger pipe of nearly 
10 inches diameter round it,  so that an Insulation gap could bo 
provided between, the alcohol and the liquid oxygen. 

Provision for expansion of the tanks themselves is made at 
the tank supports, und for the outlet pipes by means of copper 
bellows attached to the pump inlets.      Between the long pipe through 
the oxygen tank and the alcohol tank outlet, there is some fort«, of 
joint,   of which the exact nature cannot bo established', but it 
probably counteracts ax\y- local differential expansion. 

Uach tank is provided -,d±h a manhole in one end, the manhole 
cov^r,  17.25" diameter, being bolted to a ca t light alloy ring 
which is 3eam welded into the end of tho tank. 

- 7 - 
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No individual lengths for the two tanks can bo established, 
but from considerations of fuel consumption and pump capacity it is 
believed that they are of approximately equal volu".iO»"* A probable 
overall length is 20* 2", the distance between the end frames at the 
trolley supports. 

It is reasonable to suppose that over most of their length, 
the tanks are 66"  — 7" • 59" external diameter, allowing for the 
depth.3 of the tank supports, although there is insufficient evidence 
to confirm this, 

6* Engine mounting 

Description (see figures 10 and 11). 

The engine and engine accessory mounting essentially consists 
of a braced framework of steol tubes.  The pieces wore too distorted 
and incomplete to reconstruct the bay accurately, but a general 
impression of the structure- ,4iich was visualised is sham in fig. 10. 
The main members are the four longitudinal steel tubes, P, which fl-ro 
2.1213• external di;ynoter and 0.065" thick.  These are './elded at trie 
forward end to small fittings which are bolted to the und frame, D» 
At the rear end, they arc attached to the venturi through the 
universal joints. A; a large detail of this joint la sham in fig.11. 
The transverse frames, C and ft, divide the bay into three conipartmentsy 
they consist of maller^diametor steel tubes -.jeldcd to the longerons. 
Diagonal bracing of the types shown at K and H provide additional 
support for concentrated loads.  The brackets, D, provide support 
for the unit comprising the two jumps for alcohol and oxygen and the 
turbine. 

The best available evidence indicates that this bay is 7' 2" 
long. 

7. Venturi 

Doscriot.on (sec figure 12). 

The venturi, as shown in fig.12,  consists of a double-wallad, 
stool plate,  seam-welded chamber;    it is 57.25" long, 37.25" diameter 
at its forward und, 29.25" diameter at its aft end and it has a 
throat diameter of 15.625", 25.5" aft of its forward face, all 
diameters being internal»      Alcohol is circulated as a coolant in the 
space between the tvra walls.      There are two circumferential expansion 
joints in the outer skin, approximately sei .i-oircular in cross-section» 
There are four circumferential rings of equally spaced holes i'orming 
fuel juts into the chamber itself;    three of these rings are i'orward 
of the throat, and one aft of the throat.      "ho actual jet face is 
belted on to the venturi as shown at A in fig.12.      The rear 8" of the 
venturi has no coolant circulating around it but insulation is provided 
by means of glass wool which is retained by a steel sheet outer skin. 
To provide insulation and o£jportur;ity for differential expansion 
between the aft end of the venturi and the light alloy.channel which 
is bolted to it,  a joint consisting of two overlapping skins, probably 
filled with glass wool, is formed on the rear edge of the venturi. 

Attachment of the structure supporting the internal control 
vanes is made by means of four lugs shown at B in fig.12.      Those arc 
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constructed so as to form an expansion joint between the vonturi and 
tho fin structure. 

8. stabilizing fins ' 

Description (coo figureB 15 and 16) 

For stabilisation! four fins at right .'«sles are provided 
at tho rear end of tho projectile.  Considerable disintegration of 
those surfaeoo had occurred, but tho main members of one fin are Jhovm 
in fir;. 15»  The main longitudinal member A is a steel sheet channel 
'which is supported by prossud steel sheet ribs, which run radially 
outwards from the femora of the "light" shell construction covering 
the engine bay and vonturi (sou C in fig.l).  To its front end, 
another ohannel, B, is welded, forming the strong member in the fin 
leading edge.  This loading edge slopes at just over 30° to the 
longitudinal ;...<:i3.  The skin oovering is 0.025 inohes thick -nd is 
stiffened by means of longitudinal stringers of flat "tcp-hat" cross- 
section.  All the attachment joints are formed by spot-welding. 
Beyond both loading edge and longitudinal channel members, there is a 
sharply pointed fairing, stiffened "ay small triangular riblets; the 
height and width of this fairing increase gradually from the front 
to the roar end. 

In lint; \/ith the rear face of the vonturi, a strong steel 
ohannel, D, is bolted to the ca^t light alloy channel ring which is 
attached to the vonturi; this ohannel, D, provides strong support 
for the longitudin 1 fin member, A, at its oft end.  A diagonal brace, 
3, is att tched both to D and A.  On tho roar face of the diagonal 
brace, K, there arc the remains of some insulating board, which are 
attached to the brace by means of bolts and :ir.chor stop nuts; this 
board may be associated with some form of aerial.  There are also two 
steel ties from D to the triangular casting which supports tho internal 
control vanes. 

« 

Small external control vanes, 1, are provided at the rear outer 
ends of the four fins. 

Tho overall length of the fins is about 13» 0", and the overall 
diameter at the rear end is about 11' 8". 

9, Control surf.'.aea 

Dospriy.tiün (see figures 13, 14 and 17). 

Two sets of four control surfaces :.re provided, 

(1) i 
(2) e 

internal control vanes, and 
xtornol control vanes. 

The four internal van'e3 (D in fig,13) equally spaced round 
the circumference, project into the jet at the rear end of the 
venturi;    they are made of refractory material which appears to be 
mainly graphite, and are both heat-resisting and heat-insub ting. • 
The heavy b aring is further insulated by means of a circular steel 
plate, 0.26" thick, which is bolted to the he- vy steel backing plate 
fur the vanes themselves.      At the rear end, this backing plate has 
bolted to it a shaped projection, which probably acts as a locating 
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The tiro roller bearings arc supported in a triangularly shaped 
light alloy casting which is itself bolted to tho light alloy cast 
channel ring on the roar end of the venturi (see fig. 17)» 

Tho movement of each vane is controlled by a hydraulic servo 
unit, A,  (driven by a small olectrlo motor) t._- .. ... tu •   agency of two 

* Hnka| B and C.      The servo units are mounted on 'braokets which are 
supported on the forward face of the channel ring. 

The four ext -mal vanos (B in fig, 14) are located at the rear 
outer end3 of the four stabilising fins.      They are in exactly the same 
planes as the four internal vanes.      The van<is are of normal symmetri- 
cal aerofoil section, of l^" chord and 3" maximum thickne33.     The 
inner portion is supported on a torque shaft, about 6" long, and the 
outer portion probably topers off to a pcint giving an overall width 
of approximately 12".      Tho ribs are of pressed 3teel sheet and the skin 
0,026" thick steel sheet,  is spot welded to trie rib flanges. 

Tho torque shaft is splincd at its inner end to receive a 
270°, 8" diameter sprocket.      Prom this a chain   Irivo is presumed to 
run to a 3" dimeter sprocket which is sxxLihcd on a heavy torque shaft, 
(H in fig.15).      Two of these torque shafts are longer than tho other 
two;     the longer onrs carry a claw fitting .at their inner ends, whilst 
the shorter ones carry a goar wheel* 

One of tho control arms B in fig.13 bears an extension on tho 
forward side of the servo unit control shaft centre-line.      This 
extension sup/orbs a pin, which from measurement, appears to engage 
with the claw Pitting described in the last paragraph.      It therefore 
Booms probable that at least one pair of tho external vanes is con- 
nected to one pair of the internal vanes;    both controls i:iovo in the 
same sense.      He connection can be established batman the second 
pairs. 

It has buon established that the longer torque shafts, with 
claw fit:ir.^;s, are diametrically opposite, and so, therefor^, are tho 
shorter sh:-rts fitted with gear wheels* 

10. Assembly 

It has been established that the structure can be broken down 
into tho following components:- 

1. the radio compartment and warhead» 
2. the fuel tank bay, 
3. the engine and engine accessory bay. 
4. the venturi. 
5. the "light construction" shell and fin structure. 
6. the tail unit and internal control vanes. 

It is also possible that there is some foxm of transport joint 
between the warhead and the radio compartment. 

The "heavy" construction shell is assembled around the PU^JI 
tanks in the mtjiner indicated in paragraph 2(c) and figures 5, 6» 7 
and 8,  The front and roar ends of the tank bay arc bclioved to be the 
circular tjigle frones, which form strong points where the empty 
structure rests on the trolleys, provided for its: transport -d'tur 
complete assembly. 

- 10 - 
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The joint with the radic compartment ond angle frame is shown 
in fig.20; access to the bolts being obtained through the detachable 
panels of the radio compartment. The joint with tho engine bay end 
angle frame is also shown in fi;;,20, access buing provided c^ily 
through the braced framework bei'or.•• the external shell is in place. 
The "light" tapered shell and tho stabilising fins oan be assembled 
over tho rear end, after the vonturi is attached to the engine mounting 
through the four univors:.l joint3. The detail at the transport joint 
is shown in fig.20; acocsn for a spanner is provided in the gap wm 
between the two angles for tightening up the larp;o hexagonal nuts. 

Tho tall unit is bolted to the heavy radial fin members in 
line With the roar face of the v=nturi and is located on the four 
lugs, B,  in fig,12. 

H« Estimate of structure weicht 

Tho following estimate of tho weight tv-s been made; 

Structure and tanks 

.  Shell 1.730 lb. 
Pins, control surfaces and operating mechanism     1,150 
Engine mounting 
Tanks, pipes and mountings 
10£ allowance for fittings, etc, 

Po-.'/or unit 

Turbine, pur.rp..' and auxiliary fuel tank 
Venturi, and burner unit 

3qui'ia«:nt 

Radio 
Wooden structure for radio 
Air bottles 
Wiring 
Sundries 
65S allowance on power unit and   :<iuipnient 

gatimate^ tot;0L wojjyht/l'-^s fu.:1 and -.^.l-head,)    a    ^.300 lb. 

Thin «eight is based on the following estimated division of the 
total length 

Total len,;th     4g'l0" 
?he centre of gravity empty is betvroen 45f<> and 50?5 aft of the nose. 

- 11 - 
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12, listimated 3trenp:th of structure 

The strengths of various parts of the atruoturo were 
calculated aa follows;- 

1. Tieftvy shell construction 

(a) Load taken by structure when skin buckles; 57.5 tons 
compression« 

(b) Load taken by structure at failure: 225 tons comprussion. 

2. Medium shell construction 

(a) Load taken by structure tfbea :>kin buckles; 49.5 tons 
compression. 

(b) Load taken by structure at failure; 190 tons compression. 

3. Li-.'it aboil cons.ruction 

(a) Load taken by structure when skin buckles; 27.5 tons 
compression. 

(b) Load taken by structure at failure; 100 tons compression. 

4. The failing strength of the heavy structure in pun bending 
is 3*750 tons. in. 

5. Thu comjirussivo falling load of each of the four longitudinal 
members in thu ongino and engine accessories mounting is 
10 tons. 

6. The oompresaive falling load of each of thu four fin poata is 
4.5 tons, 

7. Thu falling strength of each of the radial fin cfejinel mamberi 
in line :ith the roar end of the vonturi, in pure bonding» is 
32.5 tons.in. at a point 37.25 inches fra i the longitudinal 
axis of the projectile.  This is the section at -./dich this 
member is weakest. 

These figures have been calculated on an assumed shell 
diameter of &G inches. 

12 - 
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