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quTRoDUCTION 
‘This brochure is submitted in reply toa 

request made ina letter from the Resident 

Technical Officer (Ref. ¥/03/1/3247) dated 

4gth Novenber 1956. 
At @ meeting held at Mesers. A.V. Roe & Con 

Ltd.'s Chadderton factory on the 29th Jamary 

4957 (itinutes Ref. ¥/01/7/s196) to discuss 

Blue Steel installations on both Mk. 1 and Mk. 2 

aircraft, "the firm demonstrated that it would be 

possible to carry the tore on the uk. 1 airenettt 

However, es the lower boon of the centre section 

front spar is not cranked on these atreraft, it 1s 

not possible to outmerge the missile as much’as 
on the Hk. 2 aireraft, and this has en adverse 
eftect upon the aireraft's performances 

The all-up-weight of the aircraft with Blus 

steel installed e1id bonb-bay fuel tenks 1s 190,163 

YW. To achieve this weight together with an 

extension of the aft e.g. Limit will require some 

ftight developaent. 
Wind tunnel tests show thet the lover position 

of the Blue Steel missile on the Mk. 1 aircraft : 

will not effect the emergency escape of the 

rear crew menbers, at speeds up to 250 kts. B.A.S. 

‘This Brochure outlines in Section 1 the 

Wk, 1 instellation. The proposals for ti 

performance of the aircraft 4s presented in 

Section 2 ang in Section 3 an assessment of the 

atawings has man hours required te complete th 

‘been made. 
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Scetion 1 = Installation 

Avts Introducti 
‘The location of the misaiie under the 

aireraft is restricted by a muiber of 

factors Its forvard limit is controlled 

by the are swept out by the nose under 

cerriage efter retrac (Pig. 1). 

rearvaré extent of the missile is dictated 

‘by the nood to maintain an adequate tail- 
down ground angle for the aircraft, to~ 

gether vith the considerat: Be 

relationship between miscile and atreraf' 

‘The vertical relations! ip between the 
miseile centre line and tho bottom contre 

line of the aircraft is Hotated by the 
clearances required between the missile 
and the aircraft structures 

At tho front coar there are sone 
3.5m, of subsidiary structure beneath 

the bottom boom, It would be possible to 

position the missile to 4 in, of 

the doom, but this would entail 4 modifi- 
cation forvaré of the front spar to th 

Humber 2 tank accesa doors. It would, 
ever, not affect the fuel tai 

eystem in any way. Wind tunnel tests 

predict that the raising of the missile 

towards the nirereft by 3 in. would 

slightly reduce the overall drag of the 

aireraft and missile combination and 

hence slightly improve the performance. Fe 

AV. ROES COLE 



ISS
UE 

NO
 

DA
TE
 

ehe alesiie could 
bay if Hod, 198 

eonyarated. This 

Lusive te 

ond of bor 

negative incidence rulative to the a! 

Ho wind tunnel results upon 

of the missile 

upon 

eved that ey out it is bel! 

308 negative incidence would 

inereased wever, wacn 
2 rte: of the missile te 

pono<bay the lower folding Pin of the 

6 cannot be actuated when the air- 

ereft is on the ground. 
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eition 

The considerations of the previous 

parggraph have 1 1 to @ location of the 
missile in the in Fige.2y 
which 1s identical th the position 
adopted on the develonnent installation 

on the Mk. 1 Vulean now being designed 
by Mesors, lollivells Lta., under sub- 

contract to Hessre, A.V. Roe & Co. Ltde, 

(Weapons Research Division), 

This design was not originally 
intended to be of a standard required 

for production aircraft, and the design 

of the inetatletion wiIl theretore sequire 
woduetionieins. v 

43+ RosteRay Paipings 
The Sedent HetLsveLt instantiation 

retains the outbos a por 

bonb doors and re aces the inboard 

portions by fairings tailored to the 

contour of the missile. vhilet this 

should be satisfactory for the trials 

aircraft, it is considered that the 
arag can be reduced by a more sophistic- 

ated form of fairing. wind-tunnel tests }yidasnun/.a. 

are being put in hand to determine the 

contours of such a fairing. 

foe Bautament ve 
The mijority of th 

allations easential to 2 

the Blue Steel missile can be common 
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1.56 

4.6 

the miscile. Sinilarly, the main s: 

and crutches will be &: erent in ca: 

ee Ronge Fuel Tanks 

‘The three b: 

Pigs 2 have a total net enpae: 

The forward two anks 3 

galls. and 372 gall . Respectively and are both 

of eizeula> croce-section, The rear tenk has a 

capacity of 592 gall: «and has an e214) 

crose-section. All three tanks have constant 

sections. Tho all-up-weight 

490,163 Ib. with) these tanks full and the eircratt 

cnn be operated with certa: at this 

weight (see Para. 1.3.)- 

These tanks are designed ssecifically for 

the Val 1 installa in vith 

the R,C.M. in the bonb-bay, Bowto-bay fuel tal 

that ere conmon to both Mk. 1 and Mk, 2 Blue 

Steel installations and the Bluc Danube 

installation are at present being designed and 

will be the aubject of o separate brochure 

These tanks do the carriage of 

the R.G.i. in the & 
E.G.ls Installation 

In Fig. 2 the proposed arrangement of the 

R.G.i. unite is illustrated, This installation 

will be the subjest of another brochure 
0 Vulean" "inatellation of R.C. 

(1.2.3. 69) at present being prepared. 

KVROEE CELE 
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= 
Aircraft Basie Weight (less Crew) * 82,118 

Remove? | 

oc Deore |= tants 
saa 

Pairing | + 800 
Bon Bey fuet Syston + 1st 
Bos Geer + 14150 

85,44 
{ 
| 

Dispensadle “Window i 4,267 

Detachable 2.0. + 44708 
Store (Blue Steel) #159973 

piconet HoLsht tess fuer 10 t23 
aaas 

Full Formal Puel 9,290 galls 471,533 

Pull Bomb-Bay Fuel 1,634 galls +4114, 507 

199,163 

v 
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AVRO VULCAN Be UK. 4 
CARRIAGE OF TIUE ST} 

variation of the centre of gravity 

ath all-up-weight is depicted ih Pig. 3. 

It will be seen that shen the Bluc Steel 

missile, 2.0. pment and bonb-bay 

fuel tanks are installed an extension of 

the aft c.g Limit 4 ired. The present 

aft limit is 0,3096 and to cover the stove 

is desira’ case 1 the aft esse 

limit to 0.3196. 

However, 1f the eft 

of 392 galls is deleted then the re: 

movement of the c.g, is restricted to 0.31K8. 

This loss in fu reduces the range by 110 

Rem. but increases the target height by 150 

feet (Figs. 6 and 7 respectively). 

The implications of the extension of 

the aft c.g, limit from 0.5098 to 0.3196 
may te fairly extensive nrolve 

modifications to the airera:'t control system 

and automatic ctatdlity devices, Por example 

the e tor artificial fee] box will have to 

be stiffened up in order that the coefficient 

K can be increseed in the equation:~ 

Stick force P= 8 + K, 3) “a 
400, 

V4 = indicated airspeed where 
1 = elevator angles 

This will ensure satistactony manoeuvring 
stability (ees stick foree/"e"). 

wath regards to static stability, there 
is a possibility that the stick force to 

AV.ROE&OOLS 
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change speed at high 3. may become zero 

or even slightly negative, This effect is 

provatiy due to wing trist but the full tap- 

Aeations have n t yet keen fully explored 

and this effect may not be critical. 

The effect of the extended aft c+g- 
Limit upon the aute-pilot will not Le 

significant provided the elevat ye feel box 

is otiffened up as described above, There 

may be 8 compromise on @ forward e+g+ 

performance but this rould only be important 

under the combined effect of high weight ond 

forward ¢.g3 a combination which rill not 

arise. 
Failure of the piteh damper is not 

serious at a c.g. position of 0.3156 at a 

low weight and consequently et high weights 

the value of 0.3196 is not likely to cause 

any concern, 
Runaway of the Auto~Trimer at an aft 
of 0.3198 ney necessitate lower setting 

of the cut-off accelerometer (1.7'g' at present). 
Thio would not cause enbarassment to the pilot 

under normal cruising manoeuvres but could 

poseitly cause the aute-trimier to cut out 

under evasive action but here agai: the 

full implications have not yet teen 

investigated. 

AV.ROEECILES 
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The effect of increasing the all-up- 

weight to 190,163 1b. wr yn the mon 

perfornance of the aircraft wilt sossitly 
e normal acceleration 

This can either be accepted, or 

overcome by increasing the power of the 

elevater P.G.U's. At take-off the nocowheel 

raising speed can ue maintained at the seme 

percentage of the unstick speed asa the 

wer all-up-weight of 167,000 1b. 
The maximum weight at which a Vulesn 

. ik. 1 has flown is 167,000 1b., and a 

flight development programme will be required 

to increase the all-up-weight to 190,000 1b. 

This is require for roles other than the 

carriage of Blus Steel, and it is recoment 

that an aircraft should te allocated as soon 

@ for these tests. 

Rv. ROES COLE 
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Plight Yonoeuvres ~ Penaigaible 
Factors on Hing Structure 

operated successfully, but with cortain 

provisions, it is use the 
bonb-ber ty m from 

‘the following tables. These figures cre 

ased wy 

craft centre of gravity is constant at 

9.3098. In practice the c.g. vill be 

ett of at veights upward of 

410,000 2, as already discussed 
Para. 1.7. This moana that the 's* 

2nes quoted are yesninistic and that 
fact elightiy hicher 'g' volues could 

be achieved. 

Rermissitie. facto! speed. pull-out case, 

latter take-off 
Start of Cruise | 179,01 

161,700 
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| weagst | Range 
{ cip. | ae 

478,000} 254% | 189,004 1,545 

| 143,000] 1,597 | 444,504 2,960 

The above factors are based upon wing bend~ 

ang strength, Limitations due to wing 

prossures are 

When operating at an overload weight 

of 190, the main undefearriage units 

and supporting stry can net a normal 

accel: oft of 4620 'g" 

before exceeding the dosign loading en the 

underearriag! thie is considered satis- 

factory. ‘The lead clessification mmber 

will be 79 at a tyre precaure of approx- 

y 240 Yo/sq. inch, This is the 

sible prescure of the tyres 

eight of 

AVROEECLE
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event of an @: rgency Pe-land 
after take-off at on A. of 190,165 Ib. 
the maxima rate t that can be 

Ret without exceeding the decign ease for 
the main dercarziage units te 5.4 ?t./sec. 

red to the aircraft specification 

requirement of 8.8 ft./sec. at take-off. 
th regard to the nose undercarriage 

unit of the rear- 
word ese elated. with 

load weight an@ under these con itions the 
nose undercarriage loads will nst exceed 

those obtained during operation at 

At of 160,000 Ib usual 221-up-wel, 

41.8.4, Ground manoeuvres 

the inevease in toad on the main under 
rT] carriage units for these cases is approx 

ae imately 17%. Now since the voserve factors 

nthe wntorsanriage unite: nreinthe mata 

i | 
Fi alg 
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fore, & mn operating at the 

overload wi violent ground manoeuvres 

and excessive use of the eircraft brakes 

avoided. 
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Performance 

Introduction 

As the Vulcan 44a not fit 

with a cranked front spar the aissile 

must be mounted lower, relative to the 

fuselage, than on the 2 aircraft. 

This involves an a: aditional érag 

penalty vith a consequent deterioratton 
of the aireraft performance with the 
normal fuel capacity of 9,290 gallons. 
With additional fuel in the boxb-bay, 
however, a substantial part of the range 
loss can be regained alt there isc 

considerable loss the b 
cruising altitudes 

Drag Assumotions 
The grag of the basic Vulean tk. 4 

ie based on the latest flight teat 

results and modifie? for the add: tion 

drag of Blue Steol. Fig. 5 shows the 

ot of Blue Steel on the tots, 2g 

of the a: craft at a eh number of 

0087 when the missile is positioned 

4,33 ft. below the Vuleon fuselage. 

The 4 vement of @rag due to fitting 

Blue teel may be expressed 

100 ft./sec. at Sea Levels 
erferonce effects. This i 

increase to a 30; the profile arag of 

the airereft. 

AV, ROE & OF 
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The Blue Steel drag is based on high 
speed tunnel tests in the R.A.Z. 10" x 7! 

high speed wind tunnel while further tests 

have been made in the Avro low speed wind 

tunnel. The wind tunnel models were, in 

both cases, attached directly to the fuselage 

thout modification of the 1: nes to provide 

wetter fairings. Further model tests and 

design effort will attempt to improve the 

attachnent of Blue Steel to the Vulean 

fuselage ty modifications to the bomb doors 

combined with suitable serodynenic fairings. 

‘Thus, although the wind tunnel drag measure- 

ments have been used to estimate the aircraft 

performance it is more likely that the final 

Grag of the missile when fitted to the Yulean 

Mk. 1 will be lower then assumed in the 
present performance celeulations. 
Engine Date 

The performance of the sircraft is show 

when using four Bristol Olympus B.OL. 10h 

engines. The engines are assuned to operate 

at maximum continuous eruising power through- 

out the £11 

are shown & 

Take-off performance - ses level 

Nominal sea level static thrust-1b. 13,000 

Maximum continuous pow H = 0, 
at 5,000 ft. conPected for intake 
‘etioteney: 

‘Thrust 1b. 2,527 

RVROESO? oe
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Specific Fuel Consumption 1b/1b/mr. 1,077 

Tow preagure compressor R.P.M, 64470 
Turbine Entr; %% 4,140 

Set Pipe 590 

Cruise Performance 
‘The ercicing performance of the Vulcan 

We 4 when cam ng @ Blue Steel tiseile 

hag been estimated for e cruising tach number 

of 0.87, Small improvenents in range and 
altitude could be achieved by flying et a 

Hach munber between 0.84 and 0.85, but since 

tne general compariso: would still hold, the 
effect of varying the cruising speed has not 
‘been considered in the present analysis. ~ 

ig. 6 and 7 show the effect on range 
ang altitude of increasing the fuel capacity 
of the aircraft. This 4s possible since the 

mai mounting of Niue Steel allows 

additional fuel tanzage to be fitted in the 

bomb-bay, In the present scheme three tanks 
are fitted capable of holding 1,120, 372 and 

392 gallons respectively. It can be seen 

from Figs. 6 and 7 thet, 

fuel capacity in w 

the novual aireraft fuel a substantial part 

ef tho range loss due to the additional 

weight and drag of Blue Steel cen be recover— 

ed. There is, however, a considerable loss 

in half range altitude associated with the 

itting of Blue Steel. This grows p rogress~ 

ively worse ard henee ali-up 

BV. ROES CLE
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. weight, of the aireraft is increased. Using 

the normal fuel capacity there is a 640 nam 

ose of range ft. loss in halt 

range altitude, Cue to fitting Blue Steel 

sdard airersft carrying 

Pig. 6 shows 

bo clean aircraft 

eraft carrying the Blue Steel 

op the letter case two fuel 

dees the 

ol capacity of 11,174 galls. 

performance is 

tablet 

alt 

Sontiguration Still oir | Meight ot 
range ~ half range- 
nautical | feet 
miles 

4 

Slean Aireratt vita 

internally carried 
49,000 Th. bomb 

(3,299 galls) 35,699 48,100 

Adperaft with Bie 

Steel and norman] fuel 
45,020 

130 

AV.ROES CELE



IS
SU
E 

NO
 

DA
TE
 

Pare 20 

AVRO VULCAN B, UK. 4 
CARRIAGS OP FLUE STSSL 

2.55 

If the Blue Steel is released at half 

range the totel still air range may be 

further inereased over that shown in the 
tobic above. A brief estimate shows thet 
the renge would inerense by 450 nem. in 
the normal fuel case, 

Comparison with Yulcan wke 2 

‘The Uk. 2 Vulean has a better Blue 

Steel instellation ti 4s possible on the 

Wk. 4 due to the cranked front spar. 

Furthermore the larger engines envisaged 

are more capable of atsorbing the increased 

weight and arag of the missile. The ra: 

penaltios are therefore not es grest. The 
table overleaf? compares the performance of 
the Yulean Nk. 1 fitted with four Ariste2 
Olympus 10: engines oyernting at naxtmun 
continuous power, with that of a Vulcan Mk. 2 

fitted either with four Bristol Olympus 6 

engines or with four Rolls Royce Conmay 11 

engines at maximum continuous power. 

In doth cases a Blue Stecl misoile is carried 
imum fuel ‘throughout the flight ond max 

capacity is assuncd. 

Av ROE SOLE 
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Airoratt Type ee 1 Mk. 2 te, 2 

& & a 
Engines Bristol | Bristol |Rolis-Royce| 

Olympus | Olympus | Convey 
B.OL.10h| BeO1. 6 |ReCo. 11 

Hangar wt.-1b.| 190,163 | 194,101 494,892 
Puel wt. -1b.| ~ 86,00 88,475 88,473 
Still air 
range. <nem, 3,565 4290 4,595 
® increase in 
still air 
range over Mic - 20.4, 28.8 
Height et halt 
range. ~fta] hs 130 34,320 54,490 
Increase in 
height over 
Meet 2 - 4190 74360 

The improvement in performance due to using 
the Wk. 2 aircraft may be itemised to show the 
individual benefits to te obtained from various 

modifications. Thie ie shown in the following 

table. 

change: in | Change: in 
Parameter Change stilt air | half range 

ange height-ft. 

Change’ in Blue Steet 
instellation from Mk. 4 type to lik, 2 types + 8.0 + 1800 
Change to Mk. 2 planform 
‘and weight less fuel. +1420 + 2500 
Change in engines from 
B,OLe 10k to BeO1e 6 ° + 3000 
Change in fuel capacity 
from Wk. 1 to. Wke 2 + 4b = 150 

AV.ROES OSL



‘AVRO VULCAN B. MK. 4 

CARRIAGE OF BLUE STEEL 

IS
SU
E 

NO
 

DA
TE
 

Section 3 - Man Hours and Time Seale 

Common Design and Experience from 
the Tiltman Langley Vulean B. Mk. 2 10,000 an 
Blue Steel Installation Hes. 

Common Design and Experience from 
the Hellivelis Vulcan By 5,000 Man 
Blue Steel Installation zor irs. 
Plight Testing. 

Additional Design Time required to 
complete Production Installation 26,000 stan 
of Blue Steel in Vulcan B. Uke 1 irs, 

Total 41,000 won 
Hrs. 

The above eumarices the breakdown 
of the estinated design effort reguired to 
complete the Blue Stee? installation for 
production ona Vulean 5. lke 1. As will 
be seen 15,000 man hours will be accounted 
for by the other two sub-contracted 
installations. Thus a further 25,000 man 
hours are required to complete the 
production installations. 

‘The build up of draughtsmon to cov 

‘these 26,000 man hours is desicted in Pig. 9. 

The maximum nunber of men that can be 

efficiently enployed is 15 and it would 
therefore be possible to complete the 

design in 10 months. If an instruction 

to proceed with this modification was 

received in April of this year the érawings 

could be completed by larch 1953. 
‘The above figures relate solely to 

the Blue Steel installation and do not 

imelude 2.0.1, or bosb-bay fuel tank 

instellatisne. 
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FIG. 3. 

AVRO VOROAR 
CARRIAGE OF BLUE STEEL 

VARIATION OF C.G. WITH WEIGHT 

WITH BLUE STEEL MISSILE 
AND BOMB BAY FUEL 
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PERMISSIBLE UNFACTORED NORMAL 

ACCELERATION IN SYMMETRICAL PULL- OUTS. 

Ce ed = 
| PRESENT FLIGHT | NoTES 
} LIMITATIONS: C.G.ASSUMED TO BEAT | 
| fl APT LIMIT Le. 0-309. | 

a4 SN critica Conzitions | 
oO ‘BASED ON WING BENDING 

CRITICAL CONDITIONS 
BASED ON WING 
SURFACE PRESSURES. _| 

SPECIFICATION FACTOR 3. 
Pit 

foo 1 20 BOOS. T@ 18D 190 oo 

A.U.W, ~ THOUSANDS OF POUNDS 
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VARIATION OF LIFT & DRAG IN THE 
STRATOSPHERE WITH BLUE STEEL MOUNTED 

COMPARED TO CLEAN AIRCRAFT. 

MACH NUMBER = O- 87 
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FLIGHT PLANS 

CRUISING MACH NUMBER *0:87 

eee BASIC VULCAN WITH 10,000LB. BOMB 
VULCAN WITH BLUE STEEL 

B-O.- 104 ENGINES OPERATING AT MAX. 
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