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AD-107-828 Test of zero length launcher for 0Q-19 target drones

Continental Army 31 July 1956 33 p. incl. illustrations

Command Board # 4
"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 et the aft end of the drone
as an extension o 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 alignment
procedure was considered possible by the redesign of the
carrier components along with marking the location for the
installation of comporents 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 cumbersome A-7 catapult.®

— AD-02-509 Design and manufacture of air launching racks for Sparrow
"~ Sperry Gyroscope Co. I and rework of existing racks for the evaluation program.

IDEN
UM@]{_E\ gg 'F ' E D "The first launching rack was a narrow 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 arpd 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 XlA
launchers were designed and built. Prior to completion of the
Aero X1A 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
is snubbed to a stop and the missile continues forward. In
the reworked launchers the dynamic impact loads on the sled
were in excess of its strength. The Aero X1A launcher rack is
narrow, stressed skin structure approximately 335" wide by
6" high by 101" lorng. It weighs about 58 1lbs. Major component
— assemblies of the launcher are:l.structure assembly, 2. sled
assembly, 3. buffer assembly, 4. detent assembly, 5. umbilical
plug and 1lifting 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-/1 041 Clearance study of N-69 C, D, amd E missiles with zero-length
Northrop Aircraft Inc. and short rsil launchers (using reduced thrust booaters)

UN@EHESI%’F'ED F.G. England Nov. 53. Illus.

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

sLAYVIT LW "Launching of the XB-62 missile is accomplished 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 éonducted 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
aligmment errors can occur simultaneously or in any combin-
ation that does not exceed any 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. Kale

» CONFIDENTIAL ;7= =, 2 Feb. 53 47 p. Incl. Illus.
"This test was conducted %o establish the pressures required
in the snubbing system and the suitability of design of the
Jauncher 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,5111022 mechanical
installation, 5111578 potentiometer installation and 5111577
camera installation. The test setup and procedure are out-
limed. Five free-fall tests were conducted as a functional
check of the snibbing cylinders and the pressure relief valve
mechanisms. The fifth free-fall with a precharge pressue of 15 pc
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 remeining 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 gero launcher 3507 is included.
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Basic occupational data on guided missiles.III Regulus-
XSsM-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
small jet aircraft. The missile which is 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
sumnarized and the tasks involved in the operztion of these
components are described. Charts are given which present ths
oversll Regulus missile ptogram. The catalog also includecs a
general overview of the missile program and & 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 ard 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 1lb.
The operation of the lasuncher, 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.®

XS58M-N-8 Regulus. Tech. progress report No. 5 1 Jan -
30 June 53 124 p. Illus.

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

is reviewed. The Regulus is a transonic, turbojet powered
surface-to-surface 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 Regulue £lights ondod 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. 51
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 paut. 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 RBegulus can be launched in the same manner and is
equipped with a landing gear for conventional runwey 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-614 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-614 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-614 launchers."

XSM-62 missile AF53-818Z (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, remained in flight 3.4 sec. and
impacted about 680 ft. downrange from the launcher. Data
were obtained to partially evaluate the operation of the
Mk. I guidance system in an N-69E series missile. All
major 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 commutated data at 1.15 sec.®
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_ AD=49 413 Modified B-61A flight test results -Aug. 53 - April 54
Air Force Missile (Unclassified title) R.M. Gray, and David W. Jones
fest Centre Summary rept. Aug. 54 70 p. Illus.

—, +  Patrick A.F. Bage
UN@EHRI\SI@'F ' E "Flight test data were obtained from 40 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 airborne portion of the system consists of
pilotless aircraft ntilizing a turbojet 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 basis of these flights, the
minimum in-flight relisbility of the system accuracy is that
50% of the successful missiles launched can be expected to
strike within 3400 ft. of the target if the target is the
mean center of impact. The inflight reliability and accuracy
of the B-61lA weapon system are considered to limit its com-
bat effectiveness. The missile control and guidance systems
appear to be the predominart contributors to the system
unreliability, and the guidance error and the terminal dive
error are major contributors to the system miss-distance.
The major cause of the guidance error came from the MSQ
guidance system's inability to determine aircraft location
in space during flight.®

AD=23 360 - Clearance study of N-69 C,D and E missiles with zero-
___ Northrop Aircraft Inc. length and short rail launchers (using reduced thrust
‘%~\SECR§I$:F§E§§§Q 5?*?? boosters) F.G. England Nov. 53 72 p. Illus.

s | L

& 0V % tom

A study was made of the conditions that must be met at
ambient temperatures of =10 deg. F to permit the missile
to clear the launcher satisfactorily. The X226A1 boosters
are used on the Northrop N69C missile to launch it from a
zero-length launcher. The X226A3 boosters are used on the
Northrop N69D and N6OE 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 booster forces at -10deg F. The basic geometry showing
the felationship between the boosters and the missile was
determined.®

—
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ARROW 24 ZERO LENGTH LAUNCH

1. 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 anglegyvelocity, 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 veen considered.

Tt must be emphasised that changes in geometry in launching
altitude, in co.ge. position, weight and inertia will probably occur
as the design becomes finalised and in this case the responses
presented here will become less accurate. The purpose of the analysis
wes 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.

2. Contents

3. References

4. Weight, Inertia, Geometry, etc.,

5. Longitudinal Response

6. Lateral Response

7. Misalignments in Longitudinal Plane

8. Misalignments in Lateral Plane

9. Conclusions

10, Figures:
Fige 1 Basic Geometry of Booster Rockets
Fig. 2 Longitudinal Forces and Moments
Figo 3 Misalignment Geometry for Yawing Response

Figes 4 Response to Misalignments causing Pitching Moments
4.1 Trajectory
L .2 Variation of Airspeed with Time
Ib.,3 Variation of angle of Pitch with Time
4oy Variation of angle of Incidence with Time
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Fige 4 (Cont'?)
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Variation of Flight Path Angle with Time
Variation of Rate of Pitch with Time

Variation of Normal Acceleration with Time
Variation of Longitudinal Acceleration with Time
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Fig. 5 Effect of Temperature
Trajectory
Variation of Airspeed with Time
Variation of Angle of Pitch with Time
Variation of Angle of Incidence with Time
Variation of Flight Path Angle
Variation of Pitch Rate with Time
Variation of Normal Acceleration with Time

Variation of Longitudinal Acceleration with Time
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Fig. 6 Response to Misalignments causing Maximum Yawing Moment
Trajectory §
Yaw Angle
Sideslip &ngle
Roll Angle
Rate of Yaw
Rate of Roll

Lateral Acceleration
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Fig. 7 Response to Misalignments causing Maximum.Rolling Moment
Trajectory X

Yaw Angle

Sideslip Angle

Roll Angle

Rate of Yaw

Rate of Roll

Lateral Acceleration
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3. References

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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L, Weight, Inertia, Geometry, Etc.

4ol

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 1lb was used as'
a starting point. This information was:

k2 = b42.81 £t
k2 = 21049 £t
2

KEZ = 24,3 ft

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

ke = 85" = 7,08 £t
iy = 105.3" = 8,78 ft (see Fig. 1)
k, = 135" = 11.28 ft

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 2A,
without the rockets; did not alter the values of the radii
of gyration.

Rearward movement of the co.go. 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 42.81 + 342 x 7.08° = 2
102,100 + 17,150 = 119250 slug ft

2385 x (210.9 + 1.6) + 342 x 8.78°
507000 + 26380 = 533380 siug ft

2385 x (244403 + 1.6) + W2 x 11,28°
586000 + 43500 = 629500 slug ft2

Pitching M of I,B

i

Yawing M of I, C

||
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4.2 Variation in Mass and Moments 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 ® is the burning rate in slugs / sec., then-

Depreciation in roll inertia, 84 = @ x 7.08%

Depreciation in Pitch inertia, 4B = m x 897822
Depreciation in Yaw inertia, AC =m x 11.28
These are tabulated below:
Temp| Burning Time| Rate of Burning [|0A/sec AB/sec |AC/sec
°F sec 1b/secl slug/sec |slug ft%| slug ft2|slug £t
-65 4 e55 2045 3.5 | 3180 4930 8080
+77 3671 2510 176 3900 6000 9860
+120 3045 2700 83.8 | 4200 6460 10650
4o3 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
¥ean aerodynamic chord length = 362.6 inches.
Centre of wraviiy is at .303¢
Ly Pitching Moment due to Engipne Thrust

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

For PS-13 Engines:

k] = 19.485 = hE = 19.485 + .303 x 300,218 = 28.64 ft.
kl + k2 = 53071 k2 = 25007 fto
fp = kp sin¥ + (hy - hj)cos ¥
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L.y (Cont'd)
= 25.07 x 0451 + (9.79 - 8.64) x 1/12 X #9990 = 1,130 +
0096 = 1.226 ft.
The static thrust of the engines has been obtained from
72 /[POWER/2
Temp Thrust
120°F 40000 1b
77°F 44000 1b
-659F 45600 1b
Therefore on a standard day (77°F) the pitching moment
due to the engine thrust = 44000 x 1226 = 53,944 1b. ft.
4.5 Offset of Booster Thrust Line

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

Then for balance of moments
ZTR cos 28 f3 = Tgross is
Where Tp is the thrust of one booster rocket and Tgross

is the gross thrust of both engines.

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

Temp Tr
1200F 143,500 1b
779F 130,000 1b

-65°F 101,500 1b
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4.5 (Cont'd)
Thus for balance at 770F, f_ = 53 = 2449 Ft.

3 27X 130000 x .8830

5. Longitudinal Response

5.1 Equations of Motion

A step by step analysis which is based upon the fol-
lowing equations has been employed:

t=X-magw (1
m
w=2Z+mgu
m (2
c;:lé 3

Where the notation is given in figure (2)

X = Tgross cosy - Dgpg cos l.2a + 2TR cos28° cosé°

- Wsin 6 + Lsir® - D cosa (4
Z = Tyross Sin¥ = Dy, sin 1,20 - 2Tg cos28° sin6®

+ W cosg - L cosa = D sim (5

=
1}

aSec Cmgy + Dgpg £, + Toross f2 + 2Ty cosz8° f3
+ AM (6

Where Tgp is the thrust of one booster rocket

AM is an additional moment due to errors in alignment, etc,

DEng =0 , when V = O, and it has been assumed to be.

zero at all speeds.

The offset of the rocket booster thrust axes from the

Cofes f3- is such that -ZTR c0s289° £9 = Tgross fo
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5.1 (Cont'd)

C = Cm + ge
mcg m cmq Far

Values of the coefficients C; , Cp and Cm were obtained
from P/WT/96 . sheets l.l¢ » 2.5 and 8.l 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, Wo
and 6. These gave values for V and a.

a = tan '1(§) (7
V= e g : (8

The trajectory was obtained by using the equations -

s =V cos (6 -~ @) (9

-]

h
6. Lateral Response

V sin (8 - a) (10

6.1 Equations of Motion

A step by step analysis which is based on the following
equations has 22n erployed:

\cr=Y+mpw-mI'u 11
m
p=L+ETr (12
A
r=N+Ep (13
(¢

The notation is standard and refers to datum line body axes.
The terms Er and EpP have been assumed to be negligible.

Y=mg (¢ cos e+ ¥ sin @) + qS(CyBB +Cyp g% # EF I

2v
+ AN (14
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6.1 (Cont'd)

= .3 b rb AL
L =qSb (Clgf +GL, By I Cly 9 + AL (15
N = gSb (CngP + Cnj % + Cnp l?:%) + AN (16

The terms mg ¥ sin6 and gS (Gyp BR + Cyr %%) have been
assumed to be negligible. eV

The variation of the longitudinal terms with time has
been assumed to be 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
;. ps and r were used to determine the responses in Vv, B,
» and V.

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

X' =ucos 6 cos ¥ + v (sin ¢ sin 6 cos ¥ - cos ¢ sin ¥)
+w (cos 4 sin 6 cos ¥ = sin 4 sin ¥) (17
ol
Y =ucos 9 sinV + v (sin ¢ sin 6 sin ¥ + cos ¢ cos V) .
+w (cos ¢ sin 6 sin ¥ - sin ¢ cos ¥) (18

These are simplified tos:
o !

X
el

Y =ucos 6 sin ¥ + v cos ¢ cos ¥ (20

u cos 8 cos ¥ (19

to give the trajectory in plan view

7. Misalignments in Longitudinal Plane (Standard Day, 77°F)

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 co.go of 1 inch
Displacement of the thrust axis from the nominal c.g.
position is
15 . 200 ;
A = — = + o 2
f3 =+ 25 57 3 + 872 inch
Pitching Moment = i 2Tp (1 + Af;) 85280 cosb0
=+2x 130000 x "_—i— «8830 x 9945 = + 16,600 1b ft.

8. 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 co.ge

offset in Y direction to give additive yawing moment

The care considered is illustrated in figure 3.

a = o872 inch
b = 1.872 cos28° = 1.654 inch
AY = - .95 x 2TR cos28° sin0°15' - .05 x 2Ty sin28°

= =950 - 3050 = =4000 1b
AN = .95 x 2TR l{% c0s28° cos6° + .05 x 20y x %2 cos6°
+ Tgross X § = 33800 + 1782 + 3665 = 39,247 1b. ft.

AL = .95 x 2T zzé cos28° sin6® + .05 x 2Tq iE siné°

+ Tgross cosy x & = = 3550 + 190 - 165 = 3578 1bs ft.

8.2 Misalignment of rocket booster thrust axes by O°15' to give a

rolling moment; increase in rocket thrusts and c.g. offset
in Y direction to give additive rolling moment

It 45 assumed that the booster rocket; thrust axes are de=-
flected 0°15' in opposite directions in the Z,X plane to give
a positive rolling momento.




% AVRO A/IRCRAFT LIMITED

MALTON — ONTARIO

TECHNICAL DEPARTMENT

REPORT NO. 72 /sTAB/LS

AIRCRAFT:

ARROW 2A

SHEET NO. lo
PREPARED BY DATE
D.L. Martin Sept. '58
CHECKED BY DATE

8.2 (Cont'd)

1.05 x 2TR R 5in0°15' “cos6° + 1.05 x 2TR x 1—2 c0s28° sinkO

&Y = 0
AT, =

= 2,100 + 8,480 = 10,580 1bo fto
AN =

12

1.05 x 2Tp X 35 cos28° cos6° = 20,000 1b. ft.

Where R is distance between booster rocket nozzle and aircraft

datum, measured in the Y directions

9. Conclusions

The initial 5 seconds of flight of the zero length launch has
been investigated 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 c.go

Rocket nozzle misalignment:

Longitudinal 1705% MqA.Co
Lateral + -1 ineh
Vertical +* T dnch

15 minutes of arce.

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
Angle of pitch
Angle of incidence
Flight path angle
Pitch rate

Normal acceleration
Longitudinal acceleration
Sideslip angle

Bank angle

Roll rate

Yaw rate

Lateral acceleration

"—?'1'0'6\’03

53t h <120 £t
+80 < g < +38°
+20 ¢ a £ +16°
+50 ¢ ¥ < 4230
q < + 109/sec QJ:

3 &0 L Tl

I & 9.2
<::7°nx

¢ 197

C + 15°/sec kﬂ
{ + 10%/sec

(t .8
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No allowance has teen made for the effect of the damper system.

The responses calculated for the no-misalignment case on hot
(1209F) and cold (=65°F) 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 fte 4 h ¢ + 124 £t
Angle of pitch H0 £ p & H4°

Angle of incidence 0° € o ¢ +19.5°
Flight path angle 40 ¢ Y € +23°

Pitch rate q ¢ + 129/sec
Normal acceleration Fo2el Tl E 5
Longitudinal acceleration 0 < T <+ 3.6

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
Cogos by limiting the launchings to one fixed configuration (fuel,
equipment)g where co.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 O°15g is equivalent to a c.g. movement
of .8 inch. Therefore, reduction of the tolerence on c.g. movement
t83i%°25 inch will allow the nozzle misalignment to be approximately
0300 -

For the lateral responses where the thrust misalignment
produced a rolling moment, the reduction of the tolerencei of the
CoZo posSition to + .25 inch causes a marked reduction in the out
of balance moments, making this an unimportant casee.

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 day.
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When allowance is made for temperature variation, the envelope
has two critical poaints, (1), the height gained after 3 seconds may
be as low as 18 feet, and(%% the incidence may reach as high as
19.5 degrees (Cp = .88). It follows that the tolerences laid down
for co.go 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 secondso.

No allowance has been made for wind velocity? crosswind, or
velocity gradient.
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1, SUMMARY

An investigation has been made of a zero length launching method for
the Arrow.

The method ad@pted consists of mounting two JATO Type 121 Units under
the wings, the take-off being accomplished from a ramp supporting the
aireraft by means of its undercarriage.

The general configuration of the aircraft, method of mounting the
booster units, arrangement of the ramps,and method of ejecting the boosters 5

are shown on the referenced drawings.

A preliminary study 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 malaligmment of thrust, variation of o.g. position,
and effects of temparature. The report indicates the importance of c.g.
position tolerance. 4in particular, as well as booster thrust axis alignament.
The maximum acceptable 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 modifications
would be required in the vicinity of the booster attachment points to the
wing, but these do not arpear to be of a sericus nature,




2.

2.1

2.2

2.3

INTRODUCTION
A request has been made that the company investizate the feasibility

of a method of launching the Arrow to flying speed without the use of
any ground run., It was assumed in this study that the zero law:oh
operation would be required to be located 2t any point in the country
and would be set up on a 24 hour "at the ready” tasis. '

The purpose of this report is to present the results of this investi-
gation. The reasons for the equipment selected and its adaptation to
the Arrow are discussed, lModifications that would be required to the
airframe and controls are pointed out. Mention is made of negessary
ground ancillary equirment. Finally, the analysis of dynamic charad-
teristics and the limitations to thrust anxd weight tolerances are
summarized.

A zero length launch requires & thrust, in addition to that provided
by the engines, sufficient to provide an alroraft trajectory of at
least 10° in elevation. This additional thrust must also be of suffi.
clent magnitude and duration to ensure flight speed in the shortest
possible time consistent with the acceleration tolerances imposed

ty the airframe and crew,

Assuming a flight speed of 170 knots and a constant aoceleratiom of

3g: duration of launch t = 170X1.689 . 5 979 eecs,
3x32016

distance of lawnch S5 = L70X1.689 .
2

= 426.5 fe.
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2.3 {(Continued)
Higher accelerations would produce a launch of reduced duration and
distance btut are not recommended on account of crew and airfraome

limitations,

The launching Jdistance under 3g acceleration therefore would indicate
that a thrust booster te used which is an integral part of the aireraft,

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

Hence, this investigation concerned itself with the adaptation of

rocket boosters for the gers-launch oreration.

An approxiaste value for the rocket thrust required can be obtalned
by considering the forces involved, neglecting moments and aerodynamic

loads,
_QJ}Q WOR VZONTAL DATLM

YW= 88200

.

Engine Thrust Assumed = 44,000 Ib, = Tg

Cross Welight of Aireraft = 83,200 Ib,

Balance Vertical Forces:
83,200 + 264,600 sin 10° - 44,000 sin 17° 25' . Ty sin = 0
88,200 + 45,900 - 13,160 =« Tg sin € = 0

Tp sin d = 120,546




"

2.3 (Continued)
- Balance Horigontal Forces:
264,600 cos 10° . 44,000 cos 17° 25' - Tp cos A= 0
266,060 - 42,000 « Ty cos € = 0
Tg cos A = 218,000
tan = 5555
¢ =292
sin { = 43532

TR = 2’-‘9,{}00

2.4 Examination of the alrframe structure revealed that it would be
extremely unlikely that such a single thrust could economically be
applied. It was resolved, therefore, to use two rocket boosters,

mounted symmetrically to the lower side of the wing.

2.5 The economics of choosing an existing booster for which performance
ard reliability were known, led to the selection of JATO Umit 121,
Tyre 405-130000 X226A1., This booster is used on Snark and the

characteristics are as follovws:e

Weight per Eooster = 5,125 Lbs,
Thrust at 77°F = 132,000 Ibs,
at 120°F = 143,500 Ibs,
at -65°F = 101,500 Lbs.
Burning Tise at 77°F = 3,72 secords
at 120°F = 13,45 seconds
at -65°F = 4,55 seconds
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It should be pointed out that figures given for -68°F teperature are
extrapolated, whereas it is recommended that the booster be stored
ard fired at a minimm environmental temperature of «20"%, Improved

propellants may extend thils temperature to lower limits.

The tolerances on thru.t and burn.out ti«e for tnis booster are not
exactly known and further inforastion on latest data would be required
for confir=ation, It can be assumed that, as propellants are being
continuously developed, the tolearances would be sufficiently close

to aminimize adverse effects when using two boosters,

DESCRIPTION OF BOOSTEL APPLICATIUN

One JATO Unit, Type 405-.130000 %2264A1 is dispused on each wing, each
being mounted beneath the main box spar, and attached to the wing
structure by three struts, 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 near
the aft aend, pick up om fittings at the juncture of the rear spar at
rits nunber 4 and S.

The bodies of the JATO units are substantially parallel to the aircraft
datum whereas the axis of the booster nozzles are oriented so that the
thrust line projected passes almost, btut not quite, through the air.
craft gross centre of gravity., They meet, of course, at the plane of
symmstry arxd hence lateral components cancel each other, The interw
section on the vertical and fore and aft co.ordinates is such as to
nproduce the desired trajectory, this positive mal.ali:nment being

necessary to balance engine thrust moments about the c.g.




3.2 Both boosto:ra mst be jettisoned at the point of burn.out, Investi. .
gation of jettisoning by free releuse showed that powerful pitch-up
aerodynamic forces were ‘resent, which would cause interference with
the aft under surface of the wing and result in dawage. iHence, posi-

tive downward ejection of the boosters is ~rovided,

Hach booster strut is 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 by weans of rods and bellerarks,
The gas operated jacks for jetiisoning are located in the front and
rear inner struts, Gas pipes connect these jacxs with the same opera-
ting source servicing the release levers., The operating source eonsists
of 3 cartridge, manifolded to a gas jack which operates the release
levers, At the instant of this release gas is fed to the ejection
‘acks which oropel the booster downwa:rd clear of the wing., It is
nroposed to provortion the ejection loads produced by the Jicks in

such a manner that a pitching mowent is applied to the tooster during
ejectlon, foreing the nose down to a position where the free air stream

will cause it to have further negative ritching.

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

4,0 AIRCRAFT ATTITUDE

A trajectory of 10 degrees was considered the minisum to provide
adequate clearance for the launch, At the same time a minimm trajectory
requires minimum boost thrust and reduces the time to controllable fiight

speai. Ten desrees was chosen in consideration of these two charagtleristics,
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4.0 (Continued)

At the period in the launch at which controllable fiight speed is
reached, or at the slightly hlgher spesd at which burn-out of the boosters
occurs, it is desirable tuat the incidence of the aircraft he the normal
one for that spesd. This provides a smooth transition from boosted launch
to mormal alish and obwvistes a suilen lemand on the nilot to corrsct for

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

Combining the trajectory with the incidence gives a 20° attitude
for the aircraft datum and this applies to the statie position on the ramps.
The aircraft 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 grournd to avoid interference of the rear of the jet pipes with

the grourd,

The aircraft is winched up onto the razzps,v the main wheels are locked
to prevent 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 subsequently hecause the ¢.g. normal to the ground passes very close

to the main gear fulcrum point,

At the instant of firing the boosters, all locks between aircraft
and ramps are released arrd the nose gear ramn is quickly lowered to allow

the rear bottom fuselage to clear on take.off,

5.0 MODIFICATION TO AIRFRAMB

Consideration of the reactions induced in the 2irframe by booster
thrust and acceleration, amnd the mamer in which they are distributed
through the main wing torsion box, indicates that no serious problem

regarding the structure exists, The nreliminary findings are as follows:-




5.1

5e2

53
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BbL

A redesign is probalbly necessary to incorporate adiitional web material
ard flange material to difluse the fore and aft booster thrust loads
into the skins ovsr a considerable chordwise length., If the rib te
made capable of distributing the loadings to the skin over its whole

length, no skin thickening would Ye necessary,

Fromnt M

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

“ear Snap

Local strengthening between ribs 7 and 4 in the form of increased
web thickness ard flange sizes is indicsted to accommodate loocal
moment and differential shear loads anplied by the rear mounting

C‘Oints e




5.4

5¢5

5.6

5.7

Rib 6

‘There is a possibllity that moiification is required from the rear

spar to the centre soar aft to provide a balance nath for loads from

reay outbourd fitting.

Skins

A possible increase in thickness aft of the centre spar aft between
ribs 4 and 6 to accommodate local differential shears between the

aft mounting points.

Fvaselage Sidewalls

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,

a, forward pick-up point downward deflection = 0,12 inah

b, Rear inboard pick-up point downward deflection = 0,41 inch
¢, Rear outtoard pick-up point downward deflection = 1,80 inch,

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

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

same order,

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

tiorial to the above,
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(Continued)
It is submitted that those deflections can be catered for with regard
to mal-aligmment Ly presetting the booster thrust axes to cancel

deflections while under thrust loads,

As pointed out elsewhere, the problem of thrust mal-alignment is
alleviated to some degree by maintaining a very closs toler:snce on a

staniard c.g. position for the sireraft,

GaUIHD SUPPORT u(UIP €T

Minimum grourd suscort equipaent will include the following:s

Main gear and nose gear ramcs, together with tie downs, winching gear

ard nogse elevating and release pear,

Tempersture control of boosters, misslles and radar, This may be
accomplished by a unit heater suoplying controlled temperature air

to the units, or by surrowxiing the aireraft 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 harndling the booster uniis on the base, capable of
raising them to a position for coupling to the sircraft., Also required
are booster alignment tools for aligning the booster thrust to within

required tolerances.
Grourd starting equioment for the main engines,

Ground crew ard {1ight crew guarters,
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6.6 An insulated hangar for the aircraft. This is required to be as
amall and as light as possible and be of prefabricated construction.
It must be possible to transport the panels of which it is assexbled
to the site by whatever transport is spegified for this operation,
Volume and surfzce area must be a minimua to keep the environmental
heating or cooling load as low as possible. It is not considered
possible to “fire" the aireraft out of the hangar even though both
ends be open. The energies of engine eflux and booster efflux would
be sufficlent to demolish a light structure, ilence, it is proposed
to move the hongar sideways out of the danmag~ zone., This requires
that one side be rewoved, which can be done by folding the side accordian
faghion and moving it sideways with the hangar. Provision would be
necessary to remove any ancillary equivment contained in the hangar
at the same time, either sideways with the hangar or to some other

protected area,

6.7 It is presumed that facilitles exist for fuelling the aireraft, or
would be provided, This does not necessarily involve the launching

rrocedure under discussion,

7.0 WEIGHT ARALYSIS

Weight of Arrow 2A with .irop tank 81,000
Lessg Weight of drop tank and fuel 4,25

76,750
Plus 2 JATO Roosters 10,250
Plus Pooster Struts and Gear 1,000
Plus Mods., to Aircraft __:30_?_

Total Gross Weight 88,200 Lbs.
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3,0 DYUAMIC CHARACTERISTICS

A preliminary investigz:tion has been done for the zero-length launch,

the results are desaribed in Avro Report No, 72/3tab/u5,

3.1 1In this report, the trajectory and time histories of the incidencs,
oitch angle, accelsrations, speed, yawing ard rolling moments, rates
of yaw ard roll etc. have been worked out for standard conditions
and for non-standard conditions, The latter include effects of
temparature, of malez2lignment of thrust axes and movementis of centre
of gravity. Effects of nilot control or damping system were not
considered,

2,2 Although the final design may differ in geometry, weight, etc; from
that assumed in the analysis, and hence, the responses will differ,
the acceptable toleraness of boost alignment and c¢.g. position esti.
matad in the report give a representative range of values to be
axpected and emrhasize their importance,

3.3 This investigation indicated that the mximum acceptable tolerances of
C.%e pOsitions and booster thrust ml-alignment should be:

8.3.1 Alrcraft Centre of Gravity
longitudinal  # 0.5% #.A.Ce=+ 1.8 inch
lateral + 1.0 inch
Vertical + 1,0 inch

3¢3¢2 Booster thrust axes mal-alignment: 15 minmute=s of are.
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These tolerances produce deviations in the flight envelope as shown
on Figures 1, 2, 3, and 4, Further detzils may be fourd in Avro
Report 72/3TAR/4s,

Combining the responses due to -eo-etric mal-alignment with those
due to the maximum temperature range, will produce responses whbich
are somewhat wider in spread than for each one separately., A very
rough estimate aay be made by combining thewm additively as shown in

the above reference,

The boostear thrust alignment tolerance of 15 ainutes will be diffi.
cult to meet. This aligns is aggravated sormewhat by random gas
nal-alignment of the booster, a guantity unpredictable except by

statistics,

Report 72/STAB/L45 shows that for pitching and yawing responses pro-
duced by thrust male.alignment, a thrust mal-alignment of 15 airmutes
is equivalent to a c.g. movement of 0.8 inch, Hence, a tighter
tolerance on C.g. movement would aliow 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 acproximately + o 30°'.

A consideration of the responas«s shows up two critical pointsie
a, After 3 secords, height gained by Fe as low as 18 ft.
b. Incidence msy te 19.5°

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

Figure 3 shows that at 2 secorxis from zero, the air speed is 108
xnots arrl at three sec nds, it is 165 knots. Hence, up to 2 seconds,

contiols will bte ineffective amd from 2 to 3 secontis, control will
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2.9 (Contimued) =

~ increase rapidly. This allows the pilot to correct to a great extent

for the deviations calculated, starting at approximately the 2 second
point. ilence, it is submitted that the calculated envela;ﬁe of res-

ponses, as shown on the graphs, may be modifisd from a divergent trend

to a eonverging value and by the time burn.out occurs, normal attitude

arnd climb will be attained.

The comments outlined in the previous section are confirmed to a
certain extent by Reforence 1, where an F.l00D air—lane was launched by
the aid of a single booster of similar size as that proposed for the
Arrow, During the simulator training programme, quote "It was learned,
for instarce, that booster thrust misalignments up to 1.5 inches in any

i*rection could be safely handled."

"Proper control techniques were developed on the simulstor for hande
ling rates of change of control effectiveness that take place during the
launch, During the first two seconis all controls are relatively ineffective,
but by the time booster burn-out occurs, they are very effective indeed.

Thus, too great a piteh control correction early in the boosted portions
of the launch could very easily result in an over-control condition a

second or two later."”

From his descriptions of the actual launch, quote, "For the normal
launch, from the very first shot, it was evident that ZEL accelerations
forces do not have the surprise effect that identical forces experienced
on the stsam catapult have. (note:. “:L refers to zero launch). With
¢EL, I felt that I was flying the alr-lane off the launcher with no

apparent tine required for recovery from the initial jolt®,
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