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Introduction

This is a preliminary investigation of the dynamics of the Arrow
2A, zero length launch. The trajectory and time histories of the
incidence, pitch angle velocity, etc., have been determined for the
standard launch and for launches on hot and cold days. The effects
of misalignment of the booster thrust axes and of movements of the
aircraft centre of gravity have also been determined.

The effects of control by the pilot or by the flying control
damping system have not oeen considered.

It must be emphasised that changes in geometry in launching
altitude, in c.g. position, weight and inertia will probably occur
as the desiga becomes finalised and in this case the responses
presented here will become less accurate. The purpose of the analysis
was to estimate the allowable tolerences for the rocket booster
thrust alignment and for the combined centre of gravity position,
in order that the flight during the boost phase should be acceptable.
This purpose has been fulfilled.
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P/WT/98 N.A.E. Low Speed Wind Tunnel Tests

72 /POWER/2 PS-13 Engine Performance

P/AD/96 Elastic Longitudinal Derivatives

P/AD/97 Elastic Lateral Stability Derivatives
70/AD/1 Effects of Open Canopies, Ramp Bleeds, etc.
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Lo Weight, Inertia, Geometry, Etc.

bol

Approximate Estimation of Moments of Inertia

Information given in Weights Report Number 7-0400-07-9
for the Arrow 1 at an all-up-weight of 60,000 1b was used as
a starting point. This information was:

= 42,81 £t2

210.9 £12

24403 ft2

The radii of gyration of the rockets and installation
about the combinedcentre of gravity position are:

85" = 7,08 ft
105.3" = 8.78 ft (see Fig. 1)
A2sIE =i 28Nt

Weight of the fully loaded aircraft without boosters =
76,855 1b (2385 slug)
Weight of one booster and cradle = 5,500 1b (342 slug)

It was assumed that the additional mass of the Arrow 24,
without the rockets, did not alter the values of the radii
of gyration.

Rearward movement of the c.g. due to addition of rockets
= 15.07" = 1.255'

Thus the moments of inertia of the aircraft with rockets
are:

Rolling M of I, A = 2385 x 4,2.81 + 2 x 7.08% = »
102,100 + 17,150 = 11925(2 slug ft

Pitching M of T,B = 2385 x (210,9 + 1.6) + 32 x 8.78°
507000 + 26380 = 533380 slug Tt

Yawing M of I, C = 2385 x (2844,3 + 1.6) + %2 x 11,282
586000 + 43500 = 629500 slug ft
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4,2 Variation in Mass and VMoments of Inertia with Time

It was assumed that the weight of rocket fuel was 9,300 1lb.

The rate at which this fuel is burnt is dependent upon
the temperature as indicated in the table below.

If f is the burning rate in slugs / sec., then-

Depreciation in roll inertia, 8A = m X 7..0822
Depreciation in Pitch inertia, 4B x 8.78

m
Depreciation in Yaw inertia, &C =m x 11.282

These are tabulated below:

Temp Burning Time| Rate of Burning AR [sec AB/sec
OF! sec To/sec| slug/sec |slug £t%] slug ft?

-65 4.55 2045 %3.5 3180 4930

+77 3.71 2510 776 3900 6000
+120 3,45 2700 83.8 | 4200 6460

Le3 Centre of Gravity Position as a fraction of M.A.C.

Leading edge of M.A.C. is at station 435.82 inch
Combined c.g. is at 3tation 545.67 inch
=an nerodynamic chord length = 362.6 inches.
i is at .3038

The notation and method suggested in report 70/AD/1
(section 6) was employed.

For PS-13 Engines:
Ky = 19.485 - hd = 19.485 + .303 x 30.218 = 28.64 ft.
k) + kp = 53.71 kp = 25.07 ft. '

f2 = kp sin¥ + (hy - hjlcos ¥
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= 25.07 x 0451 + (9.79 - 8.64) x 1/12 x .9990 = 1.130 +
096 = 1.226 fto

The static thrust of the engines has been obtained from
72 /POWER /2

Temp Thrust

120°F 40000 1lb
77°F 44000 1b
-65°F 45600 1b

Therefore on a standard day (77°F) the pitching moment
due to the engine thrust = 44000 x 1226 = 53,944 1b. ft.

Offset of Booster Thrust Line

In order to balance the pitching moment from the aircraft
engines at the instant of firing, the rocket booster thrust
line will be offset from the combined centre of gravity
position. Let the required perpendicular offset be f3 feet.

Then for balance of moments
2Tgp cos 28 f3 = Tgross iz

Wnere Tp 1s the thrust of one booster rocket and Tgross
is the gross thrust of both engines.

The rocket thrustr» TR, varies with temperature as shown
in the table:

Tr

143,500 1b
130,000 1b
101,500 1b
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= gqc
Cmcg Cm + c:mfl -

Values of the coefficients C; , Cp and Cm were obtained
from P/WD/96 . sheets l.l¢ » 2.5 and 8.1 respectively.

The value of Cmy was obtained from sheet 1.8.1 of report
P/AD/98.

Equations (1, (2, and (3 were used to determine u, w,
and 8. These gave values for V and &.
= -1
a = tan (E)
v we + y
The trajectory was obtained by using the equations

8=V cos (8§ - @)

h =V sin (g - a)
6. Lateral Respons

6.1 Eguations of Motion

A step by step analysis which is based on the following
equations khas 22w employed:

o

v =Y + mpw - mfu
m

+Er
A

r=N+Ep
C
The notation is standard and refers to datum line body axes.
The terms Er and Ep have been assumed to be negligible.

Y=mg (4 cos g+ ¥ sin 8) + qS(CyBB +Cyp 12%72 + Cys ’2'—5’-)
+ AN

(11

(12

13

(4




UNCIL.ASSIFIED
W AVRO AIRCRAFT LIMITED

REPORT NO. _72/STAB/LS

MALTON — ONTARIO
SHEET NO. 8

TECHNICAL DEPARTMENT

PREPARED BY

AIRCRAFT: ‘
Bl Martin

ARRCW 2A

CHECKED BY

6.1 (Cont'd)

Cl. Z9) + AL

5 b
L = aSb (Clgé +C1, By :

jole}
2V

+
+
+

N = qSb (Cnﬁﬁ + Cny Cnr g%) + AN

PR+

The terms mg ¥ siné and gS (Cyp ~

Cyr %%) have been
assumed to be negligible.

The variation of the longitudinal terms with time has
been assumed to e that obtained for the trimmed case.

The lateral derivatives have all been taken from P/AD/97.
and no allowance was made for the undercarriage.

Equations (11, (12, and (13 giving the acceleration in
vs ps and r were used to determine the responses in v, B,
é, and V.

The equations giving the lateral coordinates of the centre
of gravity in space are:

1 -

u cos 8 cos ¥ + v (sin

u cos 8 sin ¥ + v (sin

sin 6
sin ©

sin 8

$
+ w (cos ¢
%
$

+ w (cos 4 sin ©

These are simplified to:
o)
X u cos 8 cos ¥
¥

1
ucos § sin ¥ + v cos § cos ¥

to give the trajectory in plan view

Standard Da 77°F

Misalignments in Longitudinal Plane
Variations in the directions of the booster rocket, thrust
axes, and movement of the aircraft centre of gmvity®’ allow pitching
moments to be produced which cause the trajectory to vary from the

optimum pathe
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7.1 Misalignment of the rocket thrust axes by fifteen minutes

of arc and a vertical displacement of the c.g. of 1 inch

Displacement of the thrust axis from the nominal c.ge.
position is 200 )
4f3 = + —2 X3 = + o872 inch
2TR (l + Af%) 85280 cosb®
x 130000 x ===t= «8830 x 9945 = + 16,600 1b ft.

Pitching Moment i
+

Misalignments in Lateral Plane (Standard Day 77°F)

8.1 Misalignments of rocket booster thrust axes by 0°915' to give

a yawing moment; + 5% variation of rocket thrusts and c.ge

offset in ¥ direction to give additive yawing moment

The care considered is illustrated in figure 3.

a .872 inch
b = 1.872 cos28° = 1.654 inch

AY = - .95 x 2TR co0s28° sin0°15' - .05 x 2Ty sin28°
= =950 - 3050 = -4000 1b
095 x 2TR l{% cos28° cos6® + .05 x 2Tg x %2 cos6®
+ Tgross X Ig = 33800 + 1782 + 3665 = 39,247 1b. ft.

1+ o) b o
= .95 x 2T iié cos28° 5in6° + .05 x 2T 75 sinb

+ Tgross cosy x %E 3550 + 190 - 165 = 3575 1b. ft.

8.2 Misalignment of rocket booster thrust axes 0°15' to give a
rolling moment) increase in rocket thrusts and c.g. offse

in Y direction to give additive rolling moment

It is a§sumed that the booster rocket, thrust axes are de-
flected 0°15 in opposite directions in the Z,X plane to give
a positive rolling moment.
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1.05 = 2TRIR sin0°15"cosé° + 1,05 x 2Tgp x %5 c0s28° sinbé°

= 2,100 + 8,480 = 10,580 1b. fto

AN = 1,05 x 2Tg X Tx cos28° cost® = 20,000 1be fts
Where R is distance between booster rocket nozzle and aircraft
datum, measured in the Y direction.

Conclusions

The initial 5 seconds of flight of the zero length launch has
been investlgated “under standard conditions; with various misalignments,
and at extreme temperature conditions. The results indicate that the
maximum acceptable tolerences of c.g. positions and rocket motor
thrust misalignment should be as follows:

Aircraft coge Longitudinal + .5% MA.C.
Lateral + 1 inch
Vertical 3 Iinch

Rocket nozzle misalignment: 15 minutes of arc.

Assuming that no corrective action is initiated by the pilot prior
to t = 3 secs (approx V = 160 knots) then, at standard temperature
conditions, the above tolerences will produce the following flight
envelope : at t = 3 secs :

Height above ground S530EE
Angle of pitch

Angle of incidence +20
Flight path angle

Pitch rate

Normal acceleration

Longitudinal acceleration

Sideslip angle

Bank angle

Roll rate

Yaw rate

Lateral acceleration
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No allowance has been made for the effect of the damper system.

The responses calculated for the no-misalignment case on hot
(120°F) and cold (=659F) days have been used to estimate the following
envelope which allows for temperature variation as well as c.ge
movement and thrust misalignment. This has been obtained by simple
addition of two individual responses, but will be fairly accurate.

At t = 3 secs:

Height above ground +18 fto < h ¢ + 124 ft
Angle of pitch H10 € § < +440

Angle of incidence 0° < @ < +19.5°
Flight path angle ~LON AN P30

Pitch rate q ¢ + 129/sec
Normal acceleration ol N ¢+ 1.5
Longitudinal acceleration 0 <Mk <+3

The lateral responses on hot and cold days have not been
calculated and so the overall envelope for these cases cannot be
estimated.

The thrust line tolerence will be extremely difficult to meet.
A slight improvement can be obtained by very accurate control of
Cogop» by limiting the launchings to one fixed configuration (fuel,
equipment), where c.g. position is known to within * .25 inch in
every direction. For the pitching responses, and for the lateral
responses where the thrust misalignments produced a yawing moment,
the thrust misalignment of 0°15' is equivalent to a C.ge movement
of 8 inche. Therefore;, reduction of the tolerence on c.g. movement
t83i5°25 inch will allow the nozzle misalignment to be approximately
0930 .

For the lateral responses where the thrust misalignment
produced a rolling moment, the reduction of the tolerence: of the
c.go position to + .25 inch causes a marked reduction in the out
of balance moments, making this an unimportant case.

The calcualations do not include effects of structural de-
formations due to application of the high rocket thrust. These
effects will have to be evaluated accurately and then compensated
for by geometrical lay-out of the booster rockets. It has also
been assumed that the geometry is such that the thrust from the
rocket motors balances the engine thrust on a standard temperature daye.
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#hen allowance 1S made for temperature variation, the envelope
has two critical poants, {1} the height gained after 3 seconds may
be as low as 18 feet, and(2} the incidence may reach as high as
19.5 degrees (CL = ,88), It follows that the tolerences laid down
for c.ge. positicn and thrust misalignment cannot be increased,

Aerodynamic pitching moment, 1ift and drag are insignificant
for the first two seconds of flight and therefore use of the
damper system during the launch will only offer very small im-
provements at 3 seconds.

No allowance has been made for wind velocity' crosswind, or
velocity gradient.
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An investigation has been made of a sero length launching method for

the Arrow.

The method adapted consists of mounting two JATO Type 121 Units under
the wings, the take-off being accomplished from a ramp supporting the

alroraft by means of its undercarriage.

The general configuraticn of the airaraft,method of mounting the
booster units, arrangement of the ramps.and method of ejesting the booncrl)

are shown on the referanced drawings.

A preliminary stuly of the dynamic characteristics of the launch has
been made by the Aerodynamics Department (Ref. Repert No. 72/STAB/4S), This
study included effects of malaligmesnt of thrust, variation of c.g. positionm,

and effects of tewperature. The report indicates the importance ef o.g.

position tolerance. in particular, as well as booster thrust axis alignment.

The maximum aoceptable tolerance for the former is of the order of ¢+ 1 inch
and for the latter, 15 minutes of are,

Examination of loads and stresses indicated that some wmodifiostiens
would be required in the vicinity of the booster attachment poinmts to the
wing, but these do not arpear to be of a serious nature,
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A request has been mide that the company investizate the feasibility
of a msthod of launching the Arrow to flying speed without the use of
any ground run, It was assumed in this study that the zero lau:oh
operastion would be required to be located at any point in the country

ard would be set up on a 24 hour "at the ready"” tasis.

The purpose of this recort is to present the results of this investi-
gation. The reasons for the equipment salected and its adaptation to
the Arrow are discussed, odifications that would be required to the
airframe and controls are pointed out. Mention is made of nescessary
grourd ancillary equirment. Finally, the analysis of dynemio charso-
teristics and the limitations to thrust and weight tolerances are

sumnarized.

A zero length launch requires a thrust, in addition to that provided
by the engines, sufficient to provide an airoraft trajestory of at
least 10° in elevation. This additional thrust must also be of suffi.
clert magnitude armd duration to ensure flight speed in the shortest
possible tims consistent with the acceleration tolerances imposed

by the airframe and orew,

Assuming a flight speed of 170 knots anxd a oonstant accelesation of

g1 duration of launch t = 170X1.689 . 3 977 geqs.
3x32.16

distance of launeh S = 10X1.6%9 .,
2

426,5 v,
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2.3 (Continued)
Higher accelerations would produce & launch of reduced duration and
distance but are not recommended on account of crew amd airframs

limitations.

The launching di:tance urder 3g acceleration therefore would indicate
that a thrust booster te usud which is an integral part of the alrcraft,

though it may be jettisoned at the end of the launch.

‘ilence, this investlgation concerned itself with the adaptation of

rocket boosters for the zero-launch oper:ition,

An aporoxiaate value for the rocket thrust required can be obtained
by considering the forces involved, neglecting moments and aerodynamie

loads,
& WORVZONTAL DATUM

-

Engine Thrust Assumed = 44,000 Ib, = Tg
Cross Weight of Alroraft = 88,200 Ib,
Balance Vertical Foroces:
83,200 + 264,600 sin 10° - 44,000 sin 17° 25' . Tg sin d = 0
88,200 + 45,900 - 13,160 - T sin d = 0
Ty sin { = 120,546




2.3 (Contimed)

Balanoe Horisontal Forces:

264,600 cos 10° - 44,000 cos 17° 25' - T cos = 0

260,060 - 42,000 - Tz cos € = 0
TR cos o = 217,000
tand = .5555
a =29°2
sin X = L8533

T = 249,000

2,4 Exmmination of the airframe structure revealed that it would be
extrenely unlirxely that such a sirvle thrust could economically be
acplied. It was resolved, therefore, to use two rocke? boosters,

mounted symmetrically to the lower siie of the wing.

The econoaics of choosing an existing booster for whioh performance
and reliability were known, ledi to the seleotion of JATO Umit 121,
Tyoe 405-130000 X226A1, This booster is used on Snark and the

charagteristics are as follows:.

Weight per Booster 5,125 Lbs.
Thrust at 77°F 132,000 Ibs.
at 120°F 143,500 Lbe,
at .65°F 101,500 Lbs.
Burning Tise at 77°F 3.72 weoconis
at 120%F 3.45 segonds
at -65°F 4.55 seconds
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It ménld be pointed out that figures given for ~68°F temeriture are
extrapolated, whereas it is recomended that the booster be stored
and fired at a mind mim environmental temperature of -20°F, Improved

propellants may extend tinls temperature to lower limits,

The tolerances on thr:.t anxd burtout ti®@ for tais boostar are not
exactly known and furtier inforiition on latest data would be required
for confir-ation, It can be assumed that, as propellants are being
continuously developed, the tole-rances would be sufficiently close

to ninizmlze adverse effects whon using two boosters.

DEISCRIPTION OF BUOSTEL ATPLICATIUN

Jne JATD Unit, Type 405-130000 {226A1 is disposed on each wing, sach
being mounted bteneath the ~main box spar, ard attached to the wing
structure by three siruts, The forward strut which is rigidly attached
to the booster, is pimed to a wing fitting at the juncture of the main
spar and rib no, 4, Two rear struts, each pinned to the booster neer
the aft erxd, pick up on fittings at the juncture of the rear spar at

rits mumber 4 and 5,

The bodies of the JATO units are substantially parallel to the alircraft
datum whereas the axis of the booster nczzles are oriented so that the
thrust line projected passes alwmost, btut not quite, through the air.
oraft gross centre of gravity., They meet, of course, at the plane of
symmetry arxl hence lateral components cancel each other, The inter-
section on the vertical and fore and aft oo.ordinates is such as to
nroduce the desired trajectory, this positive mal-aligmment being

nsceagary to balance engine thrust moments about the c.ge.
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. 3.2 Both boosters mist be jettisoned at the point of burn-out., Investi.

gation of jettisoning by free releise showed that powerful pitch-up
aerodynamic forces were resent, which would cause interference with
the aft under surface of the wing and result in damge. iHence, posi-

tive dowmward ejection >f the boosters is ~rovided.

Yagh booster strut ls locked into its fitting on the wing by means of

a hook lever, The three levers are connected to a single operating
source on the top centre of the rocket ty reans of rods and bellcrarks,
The gas operated jacks for jettisoning are located in the front and
rear inner struts., Gas pipes connect these jacks with the same opers-
ting source servicing the release levers, The operating source consiasts
of a cartridige, manifolded to a gas jack which operates the release
levers., At the instant of this release gas is fed to the ejection
‘acks whioh nropel the booster dowrwa:d clear of the wing, It is
rroposed to prorortion the ejection loads produced by the jaocks in

such a manner that a pi't.ohing morent is arplied to the btooster during
ejection, foroing the nose down to a position where the free air stream

will cause it to have further negative ~itchirg.

Firing of the boosters is accomplished simultansously by a pilot's
actuating button or switch,

4,0 AIRCRAFT ATTITUDE

A trajectory of 10 degrees was consllered the minimum to provide
wxlequate clearance for the launch. At the same time a minimmm trajectory
requires winimm boost thrust and reduces the time to controllable flight

spead, Ten degrees was chogen in consileration of these twe characteristics,
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o 4,0 (Contirmed)

At the period in the launch at wh:ioh controllable flight spesd is
reached, or at the slightly hilgher speed at which hurn-out of the boosters
occurs, it {3 desirable tu:t the incidence of the aircraft he the normal
one for that speed., This provides a smooth transition from toosted launch
to normal ¢li and otviates a sixijen lemand on the pilot to correct fop

incidence, at a time when he is probably correcting for other deviations.

Combining the trajectory with the incidence gives a 20°% attitude
for the alrcraft datum and this anplies to the statio position on the ramps.
The alrcraft is supported on three ramps, one for each undercarriage. Due
to the 20° datum angle, it is necessary to raise the main undercarriage
above the ground to avoid iriterference of the rear of the jet pipes with

the grourd,

The alrcraft is winched up onto the ramps, the main wheels are locked
to orevent roll.back, and the nose gear then elevated to give the desired
datum angle. The nosewheels must be locked to the ramp during elevation
and sutsequently tecause the g.g. normal to the ground passes very close

to the main gear fulcrum point.

At the instanmt of firing the boosters, all locks between aircraft
and ramps are released ard the nose gear ramp 18 quickly lowered to allow
the rear bottom fuselage to clear on take-off,

S50 MUDIFICATION TO AIRFRAUE

Consideration of the reactivns induced in the airframe by booster
thrust and acceleration, amd the :amer in which thay are distributed
through the main wing torsion btox, iniicates that no serious protlem

regarding the structure axists, The nreliminary findings are as follows:=




UNCLASSIFIED

Bb

A redesign is protably necessary to incorporate adiitional web material
ard flange matarial to iirf.use the fore ard aft booster thrust loads
into the skins over a consiierable chorviwise length, If the rib bte
made carable of Jlistributing the loilinss to the skin over its whole

length, no skin thickening would te necessary,

Front
local redesign likely required to suit booster strut pick-up fitting
Just outboard of Rib. 4,

“ear Smar

Local strengthening between ribs 7 and 4 in the form of increased
web thic«ness and flange 3izes is indicated to agoomuodate looal
noment arxd differential shear loads anplied by the rear mounting

~oints,




5.4 Rib 6

Thers is a possibility that moiification is required from the rear
spar to the centre spur aft to provide a balance —ath for loads from

redar outboard fitting.

Skins
A possible increase in thickness aft of the centre spar aft between
ribs 4 and 6 to accommodate local diffe.ential shears between the

aft mounting points,

Fuselage Sijewalls

Possitle increase in skin gauge below rib 4 to longeron to carry that

portion of thrust loads which is reacted by fuselage inertias.

Daflections

Analysis indicates the following wing deflections under launching
conditions,

2, forward pick-up point downward deflection = 0,12 ineh

b, HRear inboard pick-up point dowrward deflestion = 0.41 inoh

8., Rear outtoard pick-up point dowimward defleotion = 1,80 inch,

This results in a nose up movement of the booster thrust axis of

about 0.36 degrees due to wing deflections only, Some angular move-
aant nose outboard will accompany this deflection and will be of the

same order,

Deflections of the booster struts and the booster body will be addi-

tioral to the above,
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(Continued)
It is submitted that those deflections can be cntered for with regard
to mal-aligrmeent ty vresetting the booster thrust axes to cancel

deflections while under thrust loads,

As pointed out elsewhore, the problem of thrust mal-alignment is
alleviated to som8 degree by malntaining a very close toler=nce on a

gtaniard c.g. position for the sireruft.

GiIND SUPPORT = UIv =T

inimm ground sw oort equiiment will include the following:e

ain gear arnd nose gear rams, together with tie downs, winching gear

and nose elevating and release gear,

Tempersture control of boosters, missiles and radar. This may be
accomplished bty a unit heater supplying controlled temperaturs air

to the units, or by surrouwrxiing the airoraft with an insulated hangar,
the air and oontents of the hangar being maintained at the required

temperature by means of a heating unit and controls,

Equipment for handling the booster uniis on the btase, capable of
raising them %o a position for coupling to the airoraf8, Also required
are booster aligmaent tools for aligning the booster thrust to within

required tolerances,

Oround starting equivment for the mein engines,

Ground crew armd fl1ight orew quarters.
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. 6.6 An insulated hangar for the aircraft. This is required to be as

small and as light a1s nossible arxd be of prefabricated construotion.
It must be possible to transport the panels of which it 19 assembled
to the site by whatever transport 18 specified for this operation,
Volume and surfzce area must be a minimum to keer the envirunnental
heating or cooling load as low 238 possitle. It is not considered
possible to "fire" the aircraft out of the hangar even though both
ends be open. The energies of engine eflux und boosster efflux would
be sufficient to demolish a light structwe, ilence, it is proposed
to move the hangar sideways out of the damag+ zone. This requires
that one side be rewoved, which can be done by folding the side accordian
fashion and moving it sideways with the hangar. Provision would be
necessary to remove any ancillary equipment contained in the hangar
at the same time, elther sideways with the hangar or to some other

protected area.

it 19 presumed taat facilitles exist for fuelling the aireraft, or
would be provided, This does not necessarily involve the launching

wrocedure under discussion,

7.0 WLIGHT ANALYSIS

Welght of Arrow 2A with .irop tank

Leas Weight of drop tank and fuel

Plus 2 JATO Boostors
Plus Rocster Struts and Gear

Plus Yods. to Aircraft

Total Gross Weight
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. 8,0 CTMMAMIC CHARACTERISTICS

A preliminary investi.:tion 2as been done for the zero-lemgth launch,

the results are described in Avro Report No, 72/ 3tab/i5,

3.1 In this report, tae trajectory and time histories of the incidernce,
sitch angle, acoelerations, speed, yawing ard rolling moaents, rates
of yaw and roll etc. have been worked out for stanidard conditions
and for non-standard conditions. The latter inclwie effects of
temparature, of mal-alignment of thrust axes ard wmovemonts of centre
of zravity. Effects of nilot control or damping system were not

considered,

Although the final desisn may differ in geometry, weight, eta. from
that assuned in the analysis, and hence, the responses will differ,
the acceptable tolerancss of boost alignment and s.g. position esti-
aatad in the report give a representative range of values to be
axpected and emphasize their importance.

This investigation indicated that the w=ximum acceptadble tolerances of

C.8s Positions and booster thrust ml-aligrment should be:

8.3.1 Alroraft Centre of (ravity
Longitudinal + 0.5% L A.Ca+ 1.8 inch
Lateral + 1,0 inch

Vertical + 1.0 inch

8.3.2 Booster thrust axes mal-aligmment: 15 aimutes of are,
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These tolerances produce deviations in the flight euvelope as shown
on Figures 1, 2, 3, and 4, Further details may be fourd in Avro

Report 72/STAR/LS,

Combining the responses due to ;eo-etric mal-alignnent with those

due to the maxirmum temerature range, will produce rosponses which
are szosewhat wider in spread tuan for each one separataly. A very
rough estinate may e -mde by combining thew additively as shown in

the above referencs.

The booster thrust alisnament tolerance >f 15 minutes will be diffi.
cult to mect, This aligrnent is aggravated somewhat by randoa gas
mal-alignment of the booster, a Juantity umpredictable exsept by

statistics,

Report 72/STAB/L5 shows that for pitching and yawing responses pro-
duced ty thrust mi-aligmment, a thrust ml-alignment of 15 minutes
is equivalent to a o.g. movement of 0.8 inch, Henoce, a tighter
tolerance on C.g. movement would allow an increase in thrust mal.
alignment, e.g. if the tolerance on c.g. is fixed at + 0.25 ineh,

thrust mal-alignment may be increased to aoproximately & o® ',

A oconsideration of the respons-s shows up two critiocal pointst-
a. After 3 seocords, height gained by e as low as 18 f%.
b. Incidence may te 19.5°

These indicate the significance of mal-alignment and the c.g. position.

Pigure 3 shows that at 2 seaonds from rero, the air speed is 108
xnots amd at three sec nds, 1t is 165 knots, Hence, wp to 2 seconds,

contiols will be ineffective and from 2 to 3 secorris, control will
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o 2.9 (Continued) _
increase rapidly. This allows the pilot to correct to a great extent

for the deviations calculated, starting at aprroximately the 2 secord
point. lence, it is sutmiited that the calculated envelope of res-

ponses, as shown on the graphs, may be modificd froam a divergent tremd
to a converging value and by the time burn.out occurs, normal attitude

and c¢llmb will be attained.

GUECILUS IS

The comments ocutlined in the nrevious section are confirmed to a
certain sxtent by Ref. rence 1, where an F.100D air-lane was launghed by
the aid of a single boogter of simllar size as that proposed for the
Arrow, During the similator training programme, quote "It was learned,
for instarce, that booster thrust misalignments uwp to 1.5 inches in any

1*rection could be safely handled.”

“Proper control techniques were developed on the similator for hard.
1ing rates of change of ocontrol effectiveness that take place during the
launch, During the first two seconis all controls are relatively ineffective,
but by the tine booster burn-out occurs, they are very effective indeed.
Thus, too great a pitch oontrol correction early in the boosted portions
of the launch could very easily result in an over-ocontrol condition a

second or two later."

From his descriptions of the actual launch, quote, "For the normal
launch, from the vury first shot, it was evident that ZEL aocelerations
forces do not have the sururise effect that identical forces experienced
on the steam catapult have. (note:. 7:L refers to zero launch). With
‘EL, I felt tnat I was flying the alr-lane off the launcher with no

apparent time recuired for recover; from the initial jolt”,
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Recd. from Astia July 29, 1958

Test of zero length launcher for (Q-19 target drones
31 July 1956 33 p. incl. 11lustrations

®A description is presented of evaluations on a zero
launcher for 0Q-19 target drones and of procedures for
aligning the jato bottle onto the drone. The launcher is of
a simple steel framework construction which can be trained
in the vertical plane to various preset angles. The 2% x 7
foot launcher can be mounted on a trailer truck or a fixed
foundation. The jato carrier consists of 2 circular supports
and a cup to house the jato bottle and two support arms
which are attached to fittings installed on the drone sides.
The jato bottle is positioned at the aft end of the drone
as an extension  the centreline axis of the fuselage.
Fifteen zero-length launchings of 0Q-19 target drones prov-
ed the feasibility of the launcher for use by RCAT detach-
ments. The elimination of the time consuming Jato aligmment
procedure was considered possible by the redesign of the
carrier components along with marking the location for the
installation of components during production of the target
drone. The zero-length launcher system when modified could
be considered as a supplement to the RL-2 rotary launcher
and as a replacement for the cumberscme A-7 catapult.®

Design and manufacture of air launching racks for Sparrow
I and rework of existing racks for the evaluation program.

"The first launching rack was a parrow pylon-type structure
which supported the missile at three points by hook-like
devices which were inserted into recesses on the bcdy of

the missile. When the missile was modified its centre of
gravity was in front of the forward recesses and the first
launcher design was abandoned. Ten new launchers of zero-
length were designed and built which employed 2 short-

pronged forks to engage 2 retractable spring-loaded

buttons on the missile. The second design restricted

missile launching conditions and a launcher of finite

length, designated Aero X1A, was conceived. Eleven Aero X1A
launchers were designed and built. Prior to campletion of the
Aero 1A launchers it was decided to rework the 10 zero-
length launchers ihto a design resembling the Aero X1A. In
both configurations the missile is fastened to a sled which
rides in a long rail on the bottom of the launcher$ on firing,
the missile and sled move forward three feet, when the sled

i1s snubbed to a stop and the missile continues forward. In

the reworked launchers the dynamic impact loads on the sled
were 1n excess of its strength. The Aero X1A launcher rack is
narrow, strecsed skin structure approximately 3.5" wide by

6™ high by 101" long. It weighs about 58 lbs. Major component
assemblies of the launcher are:l.structure assembly, 2. sled
assembly, 3. buffer assembly, 4. detent assembly, 5. umbilical
plug ard 1ifting mechanism, 6. jettison assembly, 7. landing
lock assembly, 8. sway brace assembly, 9. cable assembly and
10. indicator switch assembly. Functions and design details of

the components are described.’
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AD-41 041 Clearance study of N-69 C, D, amd E missiles with zero-length
Northrop Aircraft Inc. and short rail launchers (using reduced thrust boosters)

: UNCTKSE|FIED T Ergland Nov. 53. Illua.

‘ AD-26 037 IB-62 preliminary analysis of a zero length launching with
Northrop Aircraft Inc. jetavator control. L.E. Hamilton & R.A. Branker. 13 Jan. 54

UNW&@QF' ED ®launching of the XB-62 missile is accamplished by a zero-

length launching system which uses a rotating arm or a short
rail type launching platform with 2 jatos attached directly
to the fuselage. A preliminary analysis was donducted to det-
ermine the relative merits of an auxiliary control for the
present system. This control is a ring type jet reflector
(jetavator) which is mounted on the jato nozzles. Analysis
indicated that the sidewind tolerance is increased from 6 to
20 knots by using the jetavator. For a 20 knot tail-wind
tolerance, the allowable aligmment error in pitch is increased
from 0.38 deg. to 0.55 delg. A headwind produces no adverse
effects on the launching. The wind tolerances and allowable
aligment errors can occur simultaneously or in any combin-
ation that does not exceed anmy of these tolerances separate-
ly. A more effective jetavator is under study."

AD-18 367 Design test of snubbing system and instrumentation on N-73
Northrop Aircraft Inc. zero launcher. F.Q. Banker, R.D. Glascock & H.F. EKale
§ | A CONHIDENPIAD ’T“’-D 2 Feb. 53 47 pe Incl. Illus.
AR e o’ § 4 )

®"This test was conducted %o establish the pressures required
in the snubbing system and the suitability of design of the

. launcher instrumentation. A secondary test of Northrop relief
valve shear pin 2114796 was conducted to establish shear data
required in the design of the snubbing system relief valve.
The test specimen consisted of Northrop Zero Launcher 3508
including 5001162 launcher assembly,5311022 mechanical
installation, 5111578 potenticmeter installation and 5111577
camera installation. The test setup and procedure are out-
lined. Five free-fall tests were conducted as a functional
check of the srmabbing cylinders and the pressure relief valve
mechanisms. The fifth free-fall with a precharge pressum of 15 r:
and an effective rod length of 2144" actuated the relief valves
Accelerated fall tests were also conducted. Part of these tests
were constructed to produce a tangential velocity of 31 fps
with a minimum mechanical rebound. The remaining tests were
performed to cover a tangential-velocity range. The test con-
ditions, the resulting tangential velocity and the mechanical
rebound of the accelerated falls are given. Precharge press-
ures greater than those indicated by the safe-operation range
may result in non-operation of the snubbing system. Precharge
pressures less than those indicated by the safe -operation
range may cause excessive mechanical rebound. Tolerances in
the system do not permit consistent operation at pressures
low enough to give rebounds of less than .6 deg. A memorandum
report on zero launcher 3507 is included.
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Basic occupational data on guided missiles.III Regulus-
XSM-N-8 (Revised) Paul W. Athan & Robert P. Green
Sep. 53 Illus.

"A compilation is given of information on the Regulus missile
obtained from several sources with the use of various data-
gathering techniques. The Regulus is a surface to surface -
guided missile whose general configuration is similar to a
emall jet aircraft. The missile which ie eapable of carrying
a 3000 1b payload 500 naut. mi. has a 21 ft. wing spread and
an overall length of 34 ft. The missile will exist as a tact-
ical and assault weapon, a drone pilotless aircraft and a
flight-test vehicle. The major components of the missile are
sumsrized and the tasks involved in the operation of thess
components are described. Charts are given which present the
overall Regulus missile ptogram. The catalog alsoc includes a
general overview of the missile program and a discussion of
the general considerations involved in performing research
during the test and evaluation phase; a series of charts which
discuss the overlap of related duties performed by existing
ratings and the duties required by Regulus missile personnel;
a chart which traces the flow of the missile from the time it
leaves the manufacturer until it is launched; a glossary of
guided missile terms as well as all terms encountered in the
Regulus study; and a bibliography of technical materials.®

Tests of Regulus short-length launching configuration.
Donald E. Power 16 Feb. 53 Illus.

"A rail-type launcher designed and built by the Naval Air-
craft factory at Philadelphia provides a guided travel of
12 ft, is fixed in azimuth and elevates to 30 deg. for
missile launching. The weight of the launcher is 18,650 1b.
The operation of the launcher, using dummy pissiles, was
satisfactory during tests. The flight paths of the missiles
were satisfactory in both azimuth and elevation. The jato
units separated cleanly from the first two missiles, but
did not separate from the third missile. Newly developed
igniters with low ignition-schock characteristics were

used in the jato boosters.®

XSSM-N-8 Regulus. Tech. progress report No. 5 1 Jan -
30 June 53 12/ p. Illus.

"The Regulus program for 1 Jan. 53 through 30 June 1953

is reviewed. The Regulus 1s a transonic, turbojet powered
surface-to-esurface guided missile. Tactical Regulus can be
launched from a short-rail launcher located aboard a sub-
marine, a cruiser, an aircraft carrier or a mobile plat-
form at any desired point. The flight-test version of
Regulus can be launched in the same manner and, in addition
is equipped with a landing gear for conventional runway
take-off and recovery. As of 30 June 1953 a total of 53
flights were attempted, 43 of which were considered success-
ful. Thirty seven of the Regulus flights ended with recovery
of the vehicle tested, and six of the flights were intentional
dive-to-impact missions.”
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XSSM-N-8 Regulus Prog. Rept. No. 2 1 July - 31 Dec. 5
158 p. Illus. ;

"Regulus is transonic, turbojet-powered, surface-to-surface
guided missile designed to carry a special-type 3000 1b

war head to major targets at ranges up to 500 naut. mi.
Tactical Regulus can be launched from a short-range launcher
located aboard a submarine, a cruiser, an aircraft carrier,
or a mobile platform at any desired point.The flight-test
version of Regulus can be launched in the same manner and is
equipped with a landing gear for conventional runway take-
offs and recovery. A total of 15 flights were attempted, 14
of which were considered highly successful and 13 of which
ended with complete recovery of the vehicle."

Operational suitability test of the B=-61A weapon system.
Flash Rept. No. 1 12 July 54 Illus.

®"Tests were conducted to evaluate the B-61A zero-length .
launcher blast shields and the RATO booster ejector head.
With and without the blast shields on the launcher, damage
occured to the external power and fire control cables and
to the warhead winch cover. It was concluded that the blast
shields which are a part of the B-61A tactical launcher and
the ejector head which separates the expended Rato booster
from the Airborne B-61A can be eliminated. Recommendations
were made that, 1. the blast shields and the ejector head
be eliminated and 2. the modifications described be incorp-
orated in future B-61A launchers."

XSM-62 misgile AF53-8184 (N-3321) Unclassified title by
D.J. Deering Flight Test Rept. 23 Aug. 57 Illus.

A flight test was proposed for the AF53-8176 missile to
determine the integrated missile systems operating char-
acteristics. The missile was successfully launched from a
short rail mobile launcher, remaiped in flight 3.4 sec. and
impacted about 580 ft. downrange from the launcher. Data
were cbtaiped to partially evaluate the operation of the

Mk. I guidance system in an N-69E series missile. All

ma jor subsystems functioned satisfactorily except the flight-
control system. A reorientation of the pitch-rate gyro
between the D and E series missile with neither a wiring or
a check-out procedure modification resulted in a reversed
polarity of the pitch rate signal; this caused divergent
control response of the jetavators and elevons which resulted
in the loss of the missile. The loss of 115-v, 400-c power

to the afterbody telemetry system resulted in the loss of
all comutated data at 1.15 sec.®
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Modified B-61A flight test results -Aug. 53 - April 54
(Unclassified title) R.M. Gray, and David W. Jones
Summary rept. Aug. 54 70 p. Illus.

®"Flight test data were obtained from A0 launchings of the
modified B-61A weapon system in an evaluation of the in-flight
reliability and accuracy of the B-61A system (excluding the
warhead). The airhorne portion of the system consists of
pllotless aircraft utilizing a turhojet engine for cruise
and a solid booster rocket for takeoff from a zero-length
launcher. Of 27 flights covered, 13 were successful; 6 of
these fell within 3175 ft. and 7 within 3500 ft. of the
mean point of impact. On the hasis of these flights, the
minimum in-flight reliahility of the system accuracy is that
50% of the successful missiles launched can he expected to
strike within 3400 ft. of the target if the target is the
mean center of impact. The inflight relishility and accuracy
of the B-61A weapon system are considered to limit its com-
hat effectiveness. The missile control and guidance systems
appear to he the predominant contrihutors to the system
unreliahility, and the guidance error and the terminal dive
error are major contrihutors to the system miss-distance.
The major cause of the guidance error came from the MSQ
guidance system's inshility to determinse aircraft location
in space during flight.®

Clearance study of N-69 C,D and E missiles with zero-
length and short rail launchers (using reduced thrust
hoosters) F.G. England Nov. 53 72 p. Illus.

A study was made of the conditions that must he met at
ambient temperatures of -10 deg. F to permit the missile
to clear the launcher satisfactorily. The X226A1 hoosters
are used on the Northrop N69C missile to launch it from a
zero-length launcher. The X226A3 hoosters are used on the
Northrop N6OD and N69E missiles to launch them from a
short-rail launcher. Equations were derived for the motion
of the N69C missile and the motion was plotted as a funtion
of hooster forces at -10deg F. The basic geometry showing
the felationship hetween the hoosters and the missile was
determined .®







