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Test of zero length launcher fer OQ-19 target drones 
31 July 1956 33 p. incl. illustrations 

"A description is presented o~ evaluations on a zero 
launcher for OQ-19 target drones and of procedures for 
aligning the jato bottle onto the drone. The launcher is of 
a simole steel framework construction which can be trained 
in th~ vertical plane to various preset angles. The~ 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 am.s 
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 OQ-19 target drones prov-
ed the feasibility of the launcher for use by RCAT detach­
ments. The elimination of the time consuming ljato alignment 
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 cumbersome A-7 catapult. 0 

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 narrow pylon-type structure 
w~ich 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 
gra,vity 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 f11rks 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 IlA, was conceived. Eleven Aero ll.A 
launchers were designed and built. Prior to completion of the 
Aero IlA launchers it was decided to rework the 10 zero­
length launchers ihto a design resembling the Aero XlA. In 
both configurations the missile is fastened to a sled which 
rides in a long rail on the bottom of the launcherf 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 llA launcher rack is 
narrow, stressed skin structure approximately 3~5n wide by 
6" high by 101" long. It weighs about 58 lbs. Major component 
assemblies of the launcher are:1.structure assembly, 2. sled 
assembly, 3. buffer assembly, 4. detent assembly, 5. umbilical 
plug and lifting mechanism, 6. jettison assembly, 7. landing 
lock assembly, 8. sway brace assembly, 9. cable assembly and 
10. indicator switch assembly. Functions and design details o~ 
the components are described: 
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Clearance study of N-69 C, D, 8Jld E missiles with zero-length 
and short rail launchers (using reduced thrust boosters) 
F~G. England Nov. 53. illus. , 

IB-62 preliminary analysis of a zero length launching with 
jetavator control. L.E. Hamilton & R.A. Branker. 13 Jan. 54 

•Launching of the XB-62 missile is accomplished by a zero­
length launching system which uses a rotating ann or a short 
rail type launching platfonn with 2 jatos attached directly 
to the fuselage. A preliminary analysis was donducted to det­
ennine 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 aligrment error in pitch is increased 
from 0.38 deg. to 0.55 deg. A headwind produces no adverse 
effects on the launching. The wind tolerances and allowable 
alignment 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.• 

Design test of snubbing system and instrtmientation on N-73 
zero launcher. F.Q. Banker, R.D. Glascock & H.F. Kale 
2 Feb. 53 47 P• Incl. Illus. 

•This test was conducted f>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 500ll62 launcher assembly,5111022 mechanical 
installation, 5lll578 potentiometer installation and 5111577 
camera installation. The test setup and procedure are out­
lilled. Five free-fall tests were conducted as a functional 
check of the snubbing cylinders and the pressure relief valve 

. mechanisms. The fifth free-fall with a precharge pressUE of 15 p~ 
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 grea~er than those indicated by the safe-operation range 
may result in non-operation of the snubbing system. Precbarge 
pressures less than those indicated by the safe -operation 
range may cause excessive mechanical rebound. Tolerances in 
the system do not pennit consistent operation at pressures 
lov enough to give rebounds of less than•6 deg. A memorandUlll 
report on zero 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 sa.pable of carrying 
a 3000 lb 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 
SlllIJIIlarized and the tasks involved in the operation of these 
components are described. Charts are given which present the 
overall Regulus missile program. The catalog also 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 now of the missile from the time it 
leaves the manufacturer until it is launcqed; a glossary of 
guided missile terms as well as all terms encountered in the 
Regulus study; and a bibliography of technical materials.n 

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

"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 lb. 
The operatic n of the launcher, using dummy ~issiles, was 
satisfactory during tests. The fiight 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.• 

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

8 The Regulus program for 1 Jan. 53 through 30 June 1953 
is reviewed. The Regulus is a transonic, turbojet pcwered 
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 night-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 JO June 1953 a total of 53 
flights were attempted, 43 of which were considered success­
ful. Thirty seven 0£ thg Rc5'-11-u$ f1i5h~g ondod wivh ~ecovery 
of the vehicle tested, and six of the nights were intentional 
dive-to-impact missions. 11 
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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 lb 
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 lllus. 

"Tests were conducted to evaluate the B-61.A -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 
fronn the Airborne B-61! 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 missile AF53-8184 (N-3321) Unclassified title by 
D.J. Deering Flight Test Rept. 23 Aug. 57 Illus. 

A fiight test was proposed for the AF53-8176 missile to 
determine tije integrated missile systems operating char­
acteristics. The missile was successfully launched frcm 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 sµbsystems 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 0£ 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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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 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 utilizing 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-night reliability 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-61A weapon system are considered to limit its com-
bat effectiveness. The missile control and guidance systems 
appear to be the predominant contributors to the system 
unreliability, and the guidance error and the terminal dive 
error are major contributors to the system miss-distance. 
The ma jor cause of the guidance error came from the MSQ 
guidance system's inability to determine aircraft location 
in space during flight.a 

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

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 X226Al boosters 
are used on the Northrop N69C missile to launch it from a 
zero-length launcher. The X226A3 booster s are used on the 
Northrop N69D 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 booster forces at -lOOe_g F. The basic geometry showing 
the relationship between the boosters and the missile was 
determined.• 

-------0-------
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ARROW 2A ZERO LENGTH LAUi:JCH 

l. 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 1velocity, etc., have been determined for the 
standard launch and for launches on hot and cold days. The €ffects 
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 been considered. 

It must be emphasised that changes in geometry in launching 
altitude, i n e.g. 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 
w2s 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 

J. 
4. 
5. 
6. 
?. 
8. 
9. 

10. 

References 
Weight, Inertia, Geometry, etc., 
Longitudinal ~esponse 
Lateral Response 
Misalignments in Longitudinal Plane 
Misalignments in Lateral Plane 
Conclusions 
Figures: 

Fig. 1 
Fig. 2 
Fig. J 

Basic Geometry of Booster Rockets 
Longitudinal Forces and l1oments 
Misalignment Geometry for Yawing Response 

Fig. 4 Response to Misalignments causing Pitching Moments 
1-!- .1 Trajectory 
4.2 Variation of Airspeed with Tirne 
4oJ Variation of angle of Pitch with Time 
4.4 Variation of angle of Incidence with Time 

DATE 
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Fig. 4 (Cont' ~) 

4.5 Variation of Flight Path Angle with Time 
4.6 Variation of Rate of Pitch with Time 
4.7 Variation of Normal Acceleration with Time 
4.8 Variation of Longitudinal Acceleration with TiT:e 

Fig. 5 Effect of Temperature 
5.1 Trajectory 
5.2 Variation of Airspeed with Time 
5.3 Variation of Angle of Pitch with Time 
5.4 Variation of Angle of Incidence with Time 
5o5 Variation of Flight Path Angle 
5.6 Variation of Pitch Rate with Time 
5.7 Variation of Normal Accelerp.tion with Time 
5.8 Variation of Longitudinal Acceleration with Time 

Fig. 6 Response to Misalignments causing Maximum Yawing Moment 
6.1 Trajectory 
6.2 Yaw Angle 
6.3 Sideslip Angle 
6.4 Roll Angle 
6.5 Rate of Yaw 
6.6 Rate of Roll 
6.7 Lateral Acceleration 

Fig. 7 Response to Misalignments causing Maximum_Rolling Moment 
7 .1 rrajectory 
7.2 Yaw Angle 
7.J Sideslip Angle 
7 04 Roll Angle 
?.5 Rate of Yaw 
7~6 Rate of Roll 
7.7 Lateral Acceleration 

3. References 

P/wr/98 N.A.E. Low Speed Wind Tunnel Tests 
72/P0.tlER/2 PS-13 Engine Performance 
P/AD/96 Elastic Longitudinal Derivatives 
P/AIJ/97 Elastic Lateral Stability Derivatives 
70/AD/l Effects of Open Canopies, Ramp Bleeds, $tc. 
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4o 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 lb was used as ' 
a starting point. This information was: 

K 2 
X 

K 2 y 

2 = 42.81 ft 

= 21009 ft2 

K 2 = 
§! 

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

kx = 85" = 7 008 ft 

ky = 10503 11 = 8078 ft (see Figo 1) 

ks = 135" = llo28 ft 

Weight of the fully loaded aircraft without boosters = 
76s85.5 lb (238.5 slug) 
Weight of one booster and cradle= .5P500 lb (342 slug) 

It was assumed that the additional mass of the Arrow 2A, 
without the rocketss did not alter the values of the radii 
of gyrationo 

Rearward movement of the cogo due to addition of rockets 
= 15007 11 = lo255 1 

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

Rolling M of I9 A= 238.5 x 42081 + 342 x 7o082 = 
1020100 + 17,150 = 119250 slug ft2 

2 Pitching M of I,B = 2385 x (21009 + lo6) + 342 X 80~8 
= 507000 -t- Z6J50 ., - 'J',/)50 Slug ft 

Yawing M of I, C 2 = 2J85 X (24403 + lo6) + J42 X llo26 
= 586000 + 43500 = 629500 slug ft2 
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4.2 Variation in Mass and ~oments of Inertia with Time 

It was assumed that the weight of rocket fuel was 9,300 lbo 

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

If m is the burning rate in slugs/ seco, then-

Depreciation in roll inertia, 6A = m.x 70082
2 Depreciation in Pitch inertia, D.B = m x 8078 

Depreciation in Yaw inertia, 6C = m x llo282 

These are tabulated below: 

Temp Burning Time Rate of Burning 6A/sec 
slug ft2 

t.B/ sec 
slug ft2 

b.C/sec 
$lug ft2 °F 

-65 

+77 
+120 

4.3 

sec lb/sec slug/sec 

4o55 20'.J-5 63o5 3180 49)0 

J.71 2510 7706 3900 6000 
3.45 2700 83.8 4200 64q0 

Centre of Gravit~ Pos;i.tion as a fraction of MoAoCa 

Leading edge of M.A.C. is at station 435.82 inch 
Combined e.g. is at ~tation 545.67 inch 
Lnan PSrodynamic chord length= 362.6 inches. 

Centre c-:..' '.~T3.Vl t,y is a t .JOJc 

8080 

9860 
10650 

4.lJ. Pitching Moment due to Eng:i,,ne Thrust 

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

For PS-13 Engines: 

kz = 25.07 ft. 

DATE 
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4 .4 (Cont'd) 

= 25.07 X .04-51 + (9.79 - 8.64) X 1/12 X •9990 = l 0 1J0 + 

.096 = 1.226 ft 0 

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

Temp Thrust 

40000 lb 
44000 lb 
45600 lb 

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

4.5 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 
2TR cos 28 r3 = Tgross f 2 

Where TR is the thrust of one booster rocket and Tgross 
is the gross thrust of both engines. 

The rocket thrust, TRv varies with temperature as shown 
in the table: 

Temp 

143,500 lb 
lJ0,000 lb 
1019500 lb 

DATE 
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4.5 (Cont'd) 

77 5J,944 Thus for balance at OF, fJ = ________ _ 
2 x lJ0000 x .88J0 

5. Longitudinal Response 

5.1 Equations of Motion 

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

w=Z+mgu 
m 

Where the notation is gJ..Ven in figure (2) 

X = Tgross cos¥ - ~ng cos 1.2a. + 2TR cos28° cos6o 

- Wsin e + Lsiot - D coin 

Z = Tgross sin¥ - ~ng sin 1.2a. - 2TR cos28° sin6° 

+ W cose - L cosa. - D sin:i 

-
M = q Sc Cmcg + ~ng £1 + Tgross f2 + 2TR cos28° r3 

DATE 
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(3 

(4' 

(.5 

DATE 
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Where TR is the thrust of one booster rocket 

tiM is an additional moment due to errors in alignment, etc. 

D = Eng 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 
Cog., f3• is such that -2TR cos28° f3 = T f 2 gross 
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5.1 (Cont'd) 

Cm =Cm+ cmh 9£. 
cg ~ 2v 

Values of the coefficients CL, Cn and Cm were obtained 
from P/vtr/96. sheets 1-1~, 2.5 and 8~1 respectively. 

The value of CT!l'q was obtained from sheet 1.8.l of report 
P / AD/98. 

Equations (l, (2, and (3 were used to determine u, w, 
and e. These gave values for Vanda. 

a = tan - 1(;) 

j 2 2' V = w + u 

The trajectory was obt~ined by using the equations 

s = V cos (e - ~) 
0 

h = V sin (e - a) 
6. Lateral Response 

q.l Eguatiorts of Motion 

A step by step analysis which is based on the following 
equations has ;·;<o<?': e"1ployed: 

v=Y+mpw-nrru 
m 

. p = 

. r = 

. 
L + E r 

A 

N + Ep 
C 

The notation is standard and refers to datum line body axes. 
The terms Er and Ep have been assumed to be n~gligible. 
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Y = mg (~ cos 

+ liN 

e + t sine)+ qS(Cy~~ +cyp ~+Cyr~~) 

(14 
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6.1 (Cont'd) 

L = qSb (ClpP + Clp 

N = qSb (C~~ + C~ 

~ + Clr ~) + 6L 

Illi + Cnr rb) + l,N 
2V 2V 

The terms mg ,Jr sine and qS L Cyp ~ + Cyr ~~) have been 
assumed to be negligible. 

The variation of the longitudinal terms with time has 
been assumed tote that obtained for t he 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 (lJ giving the acceleration in 
v, p, and r were used to determine the responses in v, ~. 
J, and ,jr. 

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

X' = u cos e cost + V (sin ~ sin e cos ' - cos ~ sin iv) 
+w (cos sin e cos v ,. sin sin v) 

• I ,jr (sin ~ 
,jr ~ t) y = u cos e sin + V sin e sin + cos cos 

+w (cos sin e sin t - sin ~ cos t) 

These are simplified to: 
o I 

* X = u cos e cos 

• I 
1jr ~ 1i1 y = u cos e sin + V COS cos 

to give the trajectory in plan view 

?. 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 giavity• allow pitching 
moments to be produced which cause the trajectory to vary £rom thQ 

optimum pa"tn. 

(15 

(16 

(17 

(18 

(19 

(20 

DATE 

DATE 
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?ol Misalignment of the rocket thrust axes by fifteen minutes 

of arc and a vertical displacement of the cogo of 1 inch 

Displacement of the t hrust axis from the nominal cogo 
position is 

Pitching 

DATE 

Sent o 
I r:;g 

DATE 

6f3 = ± ~ x ~~~J = + 0872 inch 

Moment=± 2TR (1 + 6f3) ~os280 cos6° 
= + 2 X 1J0000 X loS/~ X o88J0 X 
- • 12 9945 = + 16,600 lb fto 

80 Misalignments in Lateral Plane (Standard Day 77°F) 

Sol Misalignments of rocket booster thrust axes by 0°15' to give 

a yawing moment, + 5% variation of rocket thrusts and cogo 

offset in Y direction to give additive yawing moment 

The care considered is illustrated in figure Jo 

a= 0872 inch 
b = lo872 cos28° = lo654 inch 

= -950 - 3050 = -4000 lb 

= 095 x 2TR l+a cos28° cos6° + 005 x 2TR x bl2 cos6° 
12 

+ Tgross x h = 33800 + 1782 + 3665 = 39,247 lb. fto 

· __ l+a zso 
~L 095 x ZTR lZ cos 

+ Tgross cos'/ x L = 
12 = 

sin6° + 005 x 2TR ~2 sin6° 

3550 + 190 - 165 = 3575 lbo ft. 

8.2 Misalignment of rocket booster thrust axes by 0°15' to give a 

rolling moment~ 5% increase in rocket thrusts and c.go offset 

in Y direction to give additive rolling moment 

It is assumed that the booster rocket9 thrust axes are de­
flected 0°15

1 
in opposite directions in the Z0X plane to give 

a positive rolling memento 
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t,y = 0 

= lo05 x 2TR R sin0°15' -cos6° + lo05 x 2TR x L cos28° sin6° 
12 

= 2,100 + 8,480 = 10,580 lbo ft. 

b.N = 1.05 x 2TR x i2 cos28° cos6° = 20,000 lbo ft. 

Where R is distance between booster rocket nozzle and aircraft 
datum, measured in the Y direction. 

9. Conclusions 

The initial 5 seconqs of flight of the zero length launch has 
been investigatedund~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 Cogo Longitudinal ± .5% MqAoCo 

Lateral ± 1 inch 
Vertical 

Rocket nozzle misalignment: 15 minutes of arc. 

± 1 inch 

Assuming that no corrective action is initiated by the pilot prior 
tot= 3 sees (approx V = 160 knots) then9 at standard temperature 
conditions, the above tolerences will produce the following flight 
envelope: at t = J sees 

Height above ground 5J ft< h < 120 ft 
Angle of pitch +so ' e < +38° 
Angle of incidence +zo <. a. < +16° 
Flight path angle +50 <. y <. +23° v. Pitch rate q < ± 100/sec 
Normal acceleration +o) ( 11 ~ lo4 
Longitudinal acceleration 0 <. Tlx< J.2 
Sideslip angle ~ < ± 70 
Bank angle ~ ( ± 19° 

'v,. Roll rate p ( ± 15°/sec 
Yaw rate r < ± 10°/oec 
Lateral acceleration 11y <± 08 

DATE 
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No allowance has been made for the effect of the damper systemo 

The responses calculated for t he no=misalignment case on hot 
(120°F) and cold (=65°F) days have been used to estimate the following 
envelope which allows for temperature variation as well as cogo 
movement and thrust misalignmento This has been obtained by simple 
addition of two individual responsesg but will be fairly accurateo 

Height above ground 
Angle of pitch 
Angle of incidence 
Flight path angle 
Pitch rate 

At 

Normal acceleration 
Longitudinal acceleration 

t = 3 sees~ 

+18 fto ( h ~ + 124 ft 
+40 < e < +440 

0° < a. < +l9o5° 
..J.i.O ( 't <. +230 

q (. ± 12°/sec 
+o2 4.. I\ ( + lo5 

0 (T\x (t3o6 

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

The thrust line tolerence will be extremely difficult to meet. 
A slight improvement can be obtained by very accurate control of 
cogo 9 by limiting the launchings to one fixed configuration (fuel9 
equipment)9 where cogo position is known to within± 025 inch in_ 
every directiono For the pitching responsesg and for the lateral 
responses where the thrust misalignments produced a yawing momento 
the thrust misalignment of 0°15

1 
is equivalent to a cogo movement 

of 08 incho Thereforeo reduction of the tolerence on cogo movement 
to±. .25 inch will allow the nozzle misalignment to be approximately 
0°30·

1 
0 

For the lateral responses where the thrust misalignmept 
produced a rolling memento the reduction of the tolerence' of the 
Cogo position to . ± 025 inch causes a marked reduction in the out 
of balance moments9 making this an unimportant caseo 

The calcualations do not include effects of structural de­
formations due to application of the high rocket thrustn These 
effects will have to be evaluated accurately and then compensated 
for by geometrical lay-out of the booster rocketso It has also 
been assumed that the geometry is such that the thrust from the 
rocket motor3 balances the engine thrust on a standard temperature dayo 

DATE 
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When allowance is made for temperature variation9 the envelope 
has two critical po~nts o(~9 the height gained after J seconds may 
be as low as 18 feet s and(2fa the incidence may reach as high as 
l9 o5 degrees (CL= 088) 0 It follows that the tolerences laid down 
for cogo position and thrust misalignment cannot be increasedo 

Aerodynamic pitching moment9 lift and drag are insignificant 
for the first two seconds of flight and t herefore use of the 
damper system during the launch will only offer very small im= 
provements at J secondso 

No allowance hA s been made for wind velocity 9 crosswind& or 
velocity gradiento 
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l. smt-1AB? 

An investi~ation ha:s been made ot a zero length launching method tor 

the Arrow. 

The method adapt$i consist.a of mounting two JA.TO Type l2l. Unit• un:ier 

the wings, the take-off being accomplished from a ranp support.ing the 

aircrat\ b., meana ot 1 ta wxieroarriage. 

The gmeral oontigurat.ion ot the airoraft; lftathod ot IIIOUDt.1.ng tbe 

booster unit., arrangement ot the raqJs; ani method ot eJectiDC the boosten) 

are shown on the referenced drawings. 

A preliminary study or the dynandc characteristic• ot the la\llJOb baa 

been made by the Aerodynamics Department (Ret. 8-port Ro. 72/S?AB/4,). 1'hi• 

stl.ld.J' i.nclwed ~feet.a or mlalignwmt ot t.hruat. variation ot o.g. poeit.1on, 

and effect• ot tempera.tun. The repor\ 1nd1oatea 1:be 1llport.anoe ot o.g. 

position toleranoe, 1n particular, as well aa boost.er thrust axi.a alignment. 

Th• •n•m aooeptable toleranoe tor the tont111tr 1a ot the order of+ 1 1nob -
aI¥i tor the latter, 15 mi.nut .. ot aro. 

ham1nat1on ot load• am etNuea 1.niloated that some aod1tioat1ona 

would bi NqUired in the Yicinit,' ot the booatar' attaom.a\ point8 to the 

winle but t.heN do not appear to be ot a Mrioua nature. 
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2. DffllOOOCTIOI 

2.1 A requeat has been made tha.t t.he ~any investigate the teaeibility 

oE a .thod or launching the Arrow to tlying speed without. the uee ot 

aey grown run. I t was assumed in this study that the zero lau1.ch 

operation would be required to be looated at any point 1n the country 

an:i would be set. up on a 24 hour "at the r~" basis. 

2.2 The purpose of this report. is to present the result• ot t.hia investi­

gation. The reasons for the equip.nt. Ml.eeted a.Di 1.t.a adapta'\ion to 

the AlTov are discussed. Modifieationa that would be required to the 

aii-traae 8l¥i control• are pointed out. Mention 1• made~ neo.aSU7 

ground ancillary equi-;:iment. F1nall7. the a.nalysia of ~o oharao­

terlstics ana the limitations to thrust and wei&ht toleranoea are 

sun,;n,arized. 

2.J A zero length launah requirea a tbrun, in add.1\1on to that provided 

by the engines. suf'f1oien\ to prmd• an a1rcraft trajeot.orJ' o~ at 

leaat 10• 1n elent1on. Thi• additional thru\ 1IQ8\ alao bi ot .rn.. 
01.ent. magru.tme am duration to enauN .t'lilht. ~ in \IMt •~ 

posaibl• t.1• conaistent with the acoeleraUon \01.-..nou hpoNd 

b7 th4' airtrame and. crew. 

A•..S.na a flight. apeed ot l?O knot8 am a oonata.nt aooelerat.1on ot 

:,Ca duration ot launob t • 170 xl.689 • 2.971 aeoa. 
3 x)2.l6 

distanoe ot launob s • 170 zl.689 c2•971) 
2 
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2.3 (Continued) 

Higher accelerations would produce a launch of roouoe:i duration ard 

distance but are not reco.'"!'f'l8rrled on account uf crew ard airi'r3JQ8 

limita tions. 

The launching ~ibta..T1Ce un::ier Jg acceleration therefore would in:.licate 

t.b.at a thrust booster l";e us,rl which 1s an integral p!l.rt of the air-era.ft, 

though it ;ray be jettisoned at the eoo ot the launch. 

Hence, this investigation c,.-:moerned it.self with the adaptation of 

rocket boosters for the zero-launch oper Htion. 

An :ipproxim:-"'te value for the roOket thrust requ~r«l oan be obtained 

by o~nsidering the forces involved, neglect.ing mo•nta am aerodynamlc 

loads. 

Engine Thrust Asw:rned = 44,000 Ib. = TE 

Gron Weight of Airorart = 88, 200 Ih. 

P.alanoe Vertical. Forces: 

88,200 + 264,6oo sin 10° - 44,ooo sin 17° 25• • Ta sin (( = o 

88,200 + 45,900 - 1J,16o - TR sin«= 0 

Ta sin (( = 120,946 
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2. j ( Continued) 

Balance Hori.sontal. Forces: 

264,6oo coa 10° - 44.ooo cos 17° 25• - Tn oos a.= o 

26o.06o - 42,ooo - TR oos (( = o 
'1' ,..,..s ,~ - 2lq 0'00 ,.R..,... ·.J.. - ,., , • 

tan <1 = .5555 

<1 0 
e 29 2 1 

sin c{ ::: .49.532 

TR = 2~.000 

2.4 Emmi.nation of the airframe structu..-e rweala-1 that 1.t would be 

extre-iiely unlikely tha t. such a sinf.':le thrust couJ.d eoonomi.callJr be 

applied. It was resolved, therefore, to use two rocket. booster■ • 

mounted sym.-netrically to the lower si-::le of the wing. 

2. 5 The economics of choosing an existing booster tor which performance 

and reliability ~re known, lEd. to the seleotion ot JATO Unit 1211 

Type 40.5-1:,0000 X226Al. This booster 1.s used on Snark am the 

oharaoteristios are a• follows;. 

Weight per Booster 

Thrust at 77°F 

at 120°F 

at. .65°F 

Burning Ti,lle at 77°F 

at 120°F 

at -65°F 

• 5,12.5 lbs. 

= 143,.500 I.be. 

• 101,,500 Lbs. 

• J.72 aeoonla 

• 4.55 MOonda 
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2.6 It ehcmld be pointoo out that figures given for .6'!)°F te•l\)er·1ture are 

extrapolated, whereas 1t is reoommen:ied. that the booster be stored 

arxl fired at a mini:nurn environrnent:tl temper-..lture of -20°F. Improved 

propellants may extenJ this temperature to lowf'..r 11.mi ts. 

2. 7 Toa tolerances on thru:,t an::i turn .. out tb.s for tnis boost.er are not 

e1<actly kn0wn a.rrl further inf;:>rns.tion on latest data would be required 

for oonfir1ation. It can be assumed that, as propellants are being 

continuously developed, the t.oh,ranoea would be suf fioient.ly close 

to ,nlnim.ze a...-iverse e!'!eots when using two boosters. 

j.O Di:3 CRE'1'ION OF PtJOSTEt A?PLiCATidN 

'.3.l One JAT'J Un1t. Type 405-1:,0000 X226Al is disposed on each wing, eaob 

r....eing ruo-0.nted bene.ath the '.'lain cox spar, aIXi attached to the vinl 

structure by three struts. The forwaro strut which is rigidly attaohed 

to the booster, is pinned to a -wing fitting at the juncture ot t.he min 

spar arxi rlb no. 4. Two Nl8r struts, each pinned to the booster near 

thtt art end, pick up an fittings at the juncture or the rear apar at 

ri.t:s number 4 and .;. 

The bodies or the JATO units are substantially- parallel t.o the aircraft 

datua whereas the axis oft.he booster nozzles are oriented ao tha.\ the 

thrust line project.ea passes alu10::st. but not quite, through the air­

ora.i'"t. gross cent.re o:f gravity. They meat, o.f oourse, at the plane ot 

symie,try arJJ hmoe lateral oonponents cancel each other. 'l'he 1.nt.el"­

sc-otion on the vertioal ani fore ani art oo..ordinates is suoh as to 

produce the desired trajeotory, this positive mal...al1g,"1111l8Dt. being 

necessary to balance engine thrust lllOments about t.he o.e. 
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3.2 Bat.n boosters must be jett.iaoned at the point. or burn-out. Investi­

gation of jetti:soning by free rele3se showed that. ;,o-.,..erf'ul pitch-up 

aerodyna.uc forces were :' resent, .. nich would cause intorf erenae with 

the af't under surface of the wing and resuJ t in d.a:rage. Hence. 1>>si­

tive downward ejection 0f t he boosters is :orovided. 

Eaoh boost.er strut is loc!<oo into its fitting on the wing by moor..s or 

a hook lever. T'ae three levers are oonnooted to a single operating 

source on the top centre of the rocket by ,i.eans or rods and bellcranks. 

The gas operated Jacks for jettisoning are located in the front. azxl 

rear inner struts. Gas pi pes connect t bese jaO).:s with the sa.• opera­

ting source servicing the r ~.J.ease levers. T'ne operating souroe cons1sta 

of a cartr::J.ge. manifoldoo to a gas jack which operates the rei .... 

levers. At the instant of this release gns is fed to the eject.ion 

jacks which propel the booster downwal -d clear of the wing. It 1• 

proposed to proportion the ejection londs produced by in. Jacka 1n 

such a llltWner that a pit.ohing mo-:l&nt is ar--,plied to the booster durinc 

ejeot1on. forcing the nose down to a position where the f"Ne air stream 

will oause it to haw further negative pitching. 

J.:3 Fi.ring ot the boosters is accomplished s11!1Ultaneously by a pUot•s 

actuating button or switah. 

4.0 AIRCRAFT A'rrITUDE 

A traj actory 0£ 10 degr E:'les was 0-Jnsi -.iered the miniurum to provide 

!l<lequate clearance for the launch. At the same ti• a minima trajeot.ory 

requires minimum boost thrust an::l reduces the time to controllable flight 

speai. Tan de~.s w.:i.s chosen in cona~Jcrat.ion oJ: theao twv charaut.ertst1os. 
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4.o (Cont.1nued) 

At the period in the launch at which oontrolln.ble night speed is 

reached, '.:>rat the slightly hlgher speed at which burn-out ot the boosters 

occurs. it is desirable t.n:,t the inci~enoe of the a.irora.rt be t..11e normal 

one for t.ha.t speed. This provides a smooth transition from coosted launch 

to nor-:Aal 0limb and obviates a sudden iet-nand on the pilot to co1Teot for 

incidence, at a ti:.oe when ha is probably oorreeting for other deviations. 

Com.bin1ng the trajectory with the inoidenoe gives a 20° attitude 

for the aircraft datum an--1 this a pplies to the st.at.io posi Uon on the rallt)a. 

The airora.rt 1s supported on three rumps, one for eaoh underoa.rr1.age. Dua 

to the 20° datum angle, it is necessary to raise the main underoarriage 

aoove the grourd to avoid interfere?'l08 of the rear of the Jet pipea with 

the grourrl. 

The aircraft is ..iinched up onto the ra..~s, the main wheels are locked 

to prevent roll-baok, run the nose gear then elevated to give the deaired 

datum angle. The noaewhaela must be looked to the ramp during elevation 

an:i subsequently becauee the o.g. normal to the ground passea very close 

to the main gear fulcrum point. 

At the instant ot firing the boosters, all looks between aireraft 

am ramps are released arrl the nose gear .rarnp is quickly lowered to allow 

the rear bott.om !'usel.age to cl0ar on truce-otr. 

5.0 MODIFICATION TO AIRFR,\~-0£ 

Consideration or the react.ions 1n:iuced 1n tho 3ir~ by booster 

th .. -r-ust ard acceleration, an:! the :'ll!lrmer in wh.iOh they are distriblted 

through the main wing torsion box. indicates that no surioua probl­

regarding tho structure exist.a. The :)I"eliminary findings are as follows:-
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5.1 Rib 4 

A redesign is probably necessary to incorporate arlli tional web ;naterlaJ. 

arrl flange material to :iif~'use the fore arrl aft booster t hrust loads 

into the skins ovar a considerable chord..iise length. 1t the rih be 

made capable of d!.stributir..g the lo0d ins s to the skin aver 1.ts whole 

ler1t,-rth, no skin thickening w-ould t~.e necessary. 

5.2 Front Spar 

I.oca1 red.esign likely required to suit booster strut pick-up fitting 

just outboaro of Rib. 4. 

5.3 near Spar 

Local strengthening between rlba 7 a.xxl 4 1n the form ot increased 

web thickness arxi flange sizes is i ndicated to aooOlllnOdat.e local 

m,:,ment. .'.:md differential shear loads a:,")plied by the r&'1r mounting 

points. 
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5.4 Rib 6 

There is a possib111t:y t.~t 111>JU'1cat1on is requii"'«i from the rear 

spar to the centre 59ar an. to provide a l'xua.nce r:,ath for lo;ida from 

rear outboard fitting . 

.5 • .5 Skins 

A possible increase 1n thickness a.ft of the centre spar aft between 

ribs 4 und 6 to accomroooate local differential shears bet.wean the 

aft mounting points. 

5.6 Fuselage S1dewru.ls 

?ossible increase in skin gauge below rib 4 t.o longeron to carry that 

portion of thrust loads which is reacted by fuselage inertias. 

5.7 Deflect1.ons 

Analysis indicates the following wing deneotions wrler launcbinc 

conditions. 

a. forward pick-up point downward de.f'l.ectton • 0.12 1nClb 

b. Rear inboard pick-up point downward defieotion • o.41 inch 

o. Rear out.board pick-up point downward defieot1on • l.80 inah. 

This results 1n a nose up movement of the booster th.rust axis of 

about o.)6 degrees due to w1pg defl.eotion.s onlz• 5offllt angular aove­

ta1t nose outboard w1ll acc~any this defiection an:i will be ot the 

same order. 

Denections of the booster struts and the booster body will be addi­

tior.al to the ar..ove. 
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5.7 (Contlnued) 

It is subnitted t..l-\at those d•fleotions oan be entered tor with regard 

to l!lll-al.1.gnaent cy presetting the booster thrust axes to cancel 

deflections while under thrust loads. 

As pointed out elsewh.01,e, th& p:r-oblem 0£ thrust mal-ali e;n:110nt is 

alleviated to so:oo degree by maintaining a Vf3:"'./ close tolerance on a 

staniard o.g. posi t1on for the air-era.rt.. 

6.0 Gfr:Jl.il-ID SUPPORT i::;.:.UIP ,£i.\"T 

i-!initllUZ!l groun::l support equipment. will inoludo the following:. 

6.1 >~in gear an:i nose gear ra~:S1 together with tie downs, winohing gear 

arrl nose elevating s.rrl release gear. 

t .2 Temperi;;ture control or boost.ers, t1Sissiles am radar. 'Ibis t1JA7 be 

noo~H.shed by a unit heater supplying controlled te~rature air 

to the units, or by .i'>1lrt"ounding the aircrart with an insulated hangar, 

the air and O)ntenta of the hangar being maintained at the requir«l 

temperature by means or a heating unit and oont.rols. 

6. J Equipment for hruxlling the boost.er units on the base, oapable ot 

raising them to a position for coupling to the aircraft. Alao required 

are booster alignment tools for alignil'li! the booster thrust to within 

requl.red toleranoee. 

G.4 Groum starting equipment tor the main 8llg1naa. 

6.S Grourxi crew am flight crew quarters. 
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6.6 An 1nsulated hangar for the aircraft. Th1a is required to b9 as 

small aIXi as light as possible and be or prefabricated oonstruotion. 

It wst be possible to transport. the p::inela of w-hioh it is assembled 

to the site by whs.tevar transport ls speoifieJ for this operation. 

Volume an:i su.ri'ace area must be a miniraura to keep the environmental 

heating or cooling load as low as possible. It is not considered 

possible to n.rire" the aircraft out of the hangar wen though both 

en:is be open. The energies of engine eflux and bo,.,ster efnux would 

be snf f1cient to demolish a lii~~t structure. Hence, it is proposed 

to move the hn.ngar stde.,ays out of the rfa:m:tg"• zone. This requirea 

that :me side be removed, which oan be done by folding the side acoordlan 

fashion am moving it sideways with the hangar. Provision would be 

necessary to remove any ancillary ~uipment can~ined in the hangar 

at the sa.'.le time, either sideways with the hangar or to 808l9 otb• 

protected area. 

6.7 It ls presumed that raoil1t1es exist for fuell.1.n& the aircraft, or 

woold be provided. This doea not necessarily 1.JWolve the launching 

procedure un:"ler di.scussion. 

7.0 WEIGh'T ANALYSlS 

Weight or Arrow 2A w1 th Jrop tank 

Les• Weight of drop t.ank am fuel 

?lus 2 -J Aro Boosters 

P1us Booster Strut:J and Gear 

Total Grosa Wei@t 

81,000 

4,2.50 

76,750 

10,2.5() 

1,000 

200 

88.200 u, •. 
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8.0 DYNAMIC CHARACT11U3TICS 

A preliminary 1nvestig:lti ,:m ~-us bf:sen done f:,r th.? zero-length launch, 

the results are :iesoribed. in Avro Report No. 72/Stab/45 • 

. ~.l In this r eport, t he trajectory an:l. t.Lne hist0ries 0£ the incidence, 

pitch ang1e, ac,~eler a tions , spoc<l, yawing a.rid rolling moments, rates 

of y-:;.w an::i roll etc. have been worked out for standard ooa:litiona 

ani for non-starrlard corditions. The latter include e.ftects of 

tel!Jpera.ture, of mal-alignnient of t.~...rust axes arrl moveioont.s of centre 

0£ gravity. E!.f ects of pilot control or damping S'.rstem were not 

considered. 

8 .2 Although the final <lesig;n may differ in geometry, weight, eto. from 

that assumed in the analysis, and hence, the rosponsee vUl d1ttW', 

the acceptable tolerances of boost. alignment an:l e.g. posit.ion esti­

,ng,t\':ld in the re~>ort give a represent.at.iv• range of values to be 

oocpect.ed arrl ~hanze their 1:tportanoe. 

8.3 This investigation irdicat.4ild that the :r;aXiJmlm aoceptable tolerancu or 

e.g. positions am booster thrust anl..aligJwnt. shov.l.d bea 

8.:}.l Aircraft. Oontr. of Gravity 

Longitu:iinal 

Lateral 

Vertical 

+ o. ,%, a. A.C.- + 1.8 inch - -
::, 1.0 inch 

:!: 1.3 inch 

8.3.2 Booster t.~rugt axes mral-alignment: 15 minut~s ot a.ro. 
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8.4 These t.oleranoee produce deviations in the flight envelope a.a shown 

on Figures 1. 2, :3. an:i 4. Further det.ails may be fouai 1n Avro 

Report 72/STAB/45. 

: .• 5 C,:>tnbining the responses due to ;:; t::o P,etr1o mal-alignment w1 th t hose 

due to the maximum te:nperature range, will produce resrxm.aes which 

are oo:newhat wider in spread t ban for each on& separately. A very 

rough estimate may be ::1nde by CQf.'Jbiniug thein addiUvezy as shown in 

the above rarerence. 

,''3 .6 The booster thrust alignment tolerance :,f 15 ,urn1tes will be diffi­

cult. to mec...:.t.. This ali;t,r---nent. is aggravated so-.what. ~ ran:iom gas 

mal-alignment of the booster. a quantity unpredict.abl.e except, by 

statistics. 

B.7 Report 72/';1rA8/45 shows that tor pitching am yawing resporuie• pro.. 

duce::l by thrust crnl-al.ignment, a thrust :nal..alignmant ot 15 -.m.nute• 

is equ~valent to a o.g. -,v..mt of o.8 inch. Henae. a tighter 

toleranoe on o.g. movement would all ow an increase in tbruat i'aal­

alignnent., e.g. H' the tolerance on o. g. 1• t'iXed at + 0.2.5 lnab, -
t hrust mal-allgnment ma., be increased to auproXiroately + o0 JO' ... -

8.8 A oonaideration of the :respona1::-s shows up two critical. point.a, .. 

a. Arter '.3 secorxis, height gained by be as low u 18 n.. 
b. Incidence may be 19.5° 

These in:iicate the signifioance ot i~'1l-al.ignrnent am the e .. g. position. 

3 .9 Figure 3 shows that at 2 sec.::m:is i"roui zero, the a1r speed ia 108 

~n:::>ts rurl at thr-..-:,,e sec -nds. l t is 165 knot.a. Hence. up to 2 1'9eoonds, 

cont. ,·ols will \;e ineffective and f'rom 2 to J secon:~3. control will 
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2 .• 9 ( Contblued) 

increase rapi~. This allows the pilot to corroot to a great extent 

tor the deviations caloulate:l, starting at approximately the 2 secorrl 

poi nt. ilanoe. it is submitted that the calculated sr.velope of res­

ponses • as shown ,:)n t.he graphs, may be uniifi tsd fror.11 a divergent trem 

to a oonvergir.g value anl by the time burn.-out occurs, norr:-.al attitude 

and climb will be attained.. 

9. 0 C'JM~WSI'.)?JS 

The COlmlents outlined in the previous section are aon£irr.¥,d. to a 

certain extent. by Reference l, where an F-100D a1'.r'.''lane was launohed by 

the a.id of a single booster of similar size as that proposed tor the 

Arrow. Du.ring the simulator training progranrne, quote •It waa learned., 

f,:;ir instance, that boost.er t.h..t<USt. misalignments up to 1.5 1.nebe• 1n arw­

i:.rection cottld be safely harrll.ed." 

11Proper control techniques ware developed on the slrtl1l~tor tor hard. 

ling r !ltes ot change of control effeotivenese that. take pl.aoe dur1.ng the 

l'.lunch. niring the t1rst. two seoon.is all controls are relatively 1nettect1ve, 

but by the time booster burn-out 00".!urs, they are very etteot1ve 1n::1Nd. 

Thus, too great a pitch oontrol correction early in the boosted portions 

of the launch could ver:, ea.s117 result in an over-control oondition a 

second or two later." 

From his descriptions of the actual. launch, quote, "For '1le normal 

launch, from the v,ey firBt i,hot, it was evident that ZEL acoelerationa 

.foroea do not. have the 5\lr!)rise effect that identical force. e:q,erienoed 

on t.he steam ea tapul t have. (note:- Z !i1. re1'era t.o zero 1aunob) . W1 th 

/EL, I felt that. I was nying the air'.")lane of£ the launcher with no 

apparent. tine reqw.red for recover y from the initial jolt.•. 
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10. REl'mlmCES 

1. Making Uke a Missile. A.W. Blaokl:urn 

From Flying Safety, Sep\ember 1958 • o. ~·, .A,F, 

2. Height arrl Balanoe Problems of "Zero-langth" Launchin&, 

w.J. Gri.ffey, Project Weight Engineer - G.L. r.fartin Co. -

I1ay 1954. 

3. Zero kngth Launch - 72,/S!AB/45 

D.L. Martin - Avro Aircraft Li:irl.ted 

4. Artillery arrl .Aircraft. Rocket.a - CIT-VM..l. W.A. Fowl_. 
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