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3 1.C  TIKTRODUCTION
i
% Under contrac. with the Sandia Corporation, the Ryan Aeroueutical
3 . L
= Campeny conducved 2 Passe I design study of an external siore config-

uration to be used for the "Lotop" low altitude weapon delivery system.

This system calls for ihe store to fly & looping trajectory following

relesse from the parent aircraft. The oriylnel design objectives

called for the leoop to terminate in a vertically downward flight path

P

3 at least 3000 feet above the leunch sltitude, at least 20 seconds aflter
i iaunch, snd not more then 2500 feet down range from the launch point.

g

The Rysn Model 109C fulfilied these objectives with the following pro-

grems,

1. Launch dowvnvard from parent aircraft by ejector.

By
i :
K3 2. BSeparzte forward of parent aircraft by means of booster
rockels.
et d
,g %. At bcosver burnocut, {store approxim%:ely 30 feet shead
of parent aircraft) consisnt 3 1,2 ~ up elevator applied
el
54 . . 1 (8] o
A L. Wnen fligkt psth ansle reaches 2707, apply O elevator
= and hold for s verticel descent terminal trajectory.
J y
33 -
% Thig progran was developed and studied on en analog cosputor and
B

was found te be relatively insensitive to variations in leunch altitude,

>

ct

enperature and airspeed. For o total of &7 launch conditicns (shown

<

n Table I) ithe aversge horizontel distance from leuuck point to ter-

2594
-

i minel trajectory wns down range approximately £00 feet. The probable

error for the group wes within Z00 feet of this aversge.

Discussicn with opersiinnel persconnel in the Armed Services re-

Eu vealed &8 strong desire to launch over Jhe terget rainer than up range

SR TYT  TER
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from the target. Consequently & study was made to determine the feasi-
bility of uudivying the flight path to ellow launciing over the target.
This report presents the results of that study.

2.0 NETEOD OF APPROACH

Tc wove the termiral trajectory up range, the most obvious approach
would be to use some other elevaior getiing. However, the % 1/2o setting
selected frax the Phase I studies appears to be ax optimum; that ig, for
e family of constant elevator settinzs, 3 1/2c results in the farthest up
rangre terminel trejectory. Hence, other factors remelning the 3ame, no
further improvement can be expecied using constant elevator setiings.

hnother approacn would be tc iniitlate the pull-up sooner, allcowing
less seperation Qletance shead of the parent aircraft, and thus shifvuing
tne entire trajectory up ranse. This, however, would sacrifice separscion
diglance, and, therefore, reduce the safely of the system. Durlng launch

separation, ine time the beoster rockets are burning, the stcere is

o)

an
avtonntically stabilized and trimmed to its launch aititude in space.

Such stabilizaticn +iil compensete for any rocket nisalignments widch sre

likely to be encountered. When the pull-up is ini.iated, the pitch slabilii-

zaticon becuues incperatlve. In the original system, pull-up occurs after
burnout so thet any rocked misalignments have been trismed out duriug the
cperative period of lhe suablilizacion system. However., if puli-up is

et risaligmnents would be untrimmed during

Zeqt e d g et e [ 3
npvigveld oricr oo SUTTIoWS . TCCXKRL T

the latter porilon of the rocket burning tiae and could sffect the entire
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noticed that the flizht path radius decreases during the constant
elevetor meneuver. It is reodily apporent that the terminal tre-
Jectory would move up range 1f the loop were more nearly circuler.
This could be sccomplished by s multi-step elevator program. Beaor-
ing In mind the desire for sizplieity it was declded to see what
could be done with & tvo-step elevator progranm. Using the 3 1/2O
constant elevatcxr traelectories ss a guide, it was decided to modily
by using increased elevator deflecition for the first gqusdrant of the
trajectory and decreased deflection for the geccnd and third quad-
rants. In this menner the flight path would have decreased radius
for the first quadrant and increased rodius for the second and third

quadranie thereby moving the terminal trajectory up range.
3.0 RESULTS

The following programs were investizated on an analog coxputor
end campered for the 27 leunch conditions listed in Table I.

Congtant Elevator Progran

1. Elect downward from parent sireraft.

2. Plre boosier rockets for forward separa<ion from
parent sircraft.

3. At beoster turnout (approximately 300 feet seperation
frou parent aircraft) epply 3 1/2° up elevator and nold.

4. When pitch eng e, 8, equals 280°, (fli.ht pgtb angle,
7, epproximately 2707) reduce elevaior o O and hold

for vertlernl descent terminal irajectory.

Two-Sten Elevator Program

i. Ejlect dowvnward frow porent aircraft.

<. Fire booster rockets for forwerd zeparation from
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perent alrcraft.

3. At booster burioud (approximaéely 300 feet separation
fram parenti eircrafi) apply 4 up elevator and hold.

‘ . o )
L, When pitch engle. 6, equals 1007, (7=90") reduce elevator
o 3 snd neld.

. \ . o e O .
» Whenopitcn en:le, 8, equais 230, (yx270 ) reduce elevator
to 07 and hold for vertical descent terczinal trajectory.

Steps 1 and 2, launch and separation, hed previously beern run
on an IEM Type 070 dizitael computor. tput conditions fram th
digitel computor cons.ituted the input conditiors for the analog which
took over at Step 7. For any given set of launch conditioms both pro-
zrams carpleted the loop in essentially the same emount of iiue, wh;ch
Por all conditiocns was more than 20 seconds. During toe trajectory
studies, tine pitch ansle at which the elevator deflection ie reducéd

1L, ©

O
frow & e

\H

was varied approxiostely 150 either side of the inten@ed
100°. The meximuwm resuliing varistion in terminal trajectory location
wag 100 feev. |
Fiure 1 shows the distrivution of terminal +rajectories for boih
prograns throughout the rance cf launch conditicmns. On the average,
the two-step-elevator trajectories terminated &34 feet up range from
the launch point. The probable error fram this averasge was 175 feet.
The constant elevator trejectories terminsted an averaze 600 feet down
ran;e with a probeble error of 190 feet. Fijures 2 tarough & present
T trajectory profiles from & regpresentative sampling of the launch
conlitions of Table I. For cooparison, toth the constant elevator end
twvo-step elevetor prosgrass are shown in each figure. Figures 2, 5, and

& 11lustrate the elfects of lsunch altiiude for nedium launch Mach No.
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£ cn s Standsrd day. Figures 4, 5, and 6 1llustrate the effecte of

N laurch Hacr MNo. at mediwe launch titude oa e Steslerd day. i

[ . . .

e Fiszures 3 and 7 illustrete the 2 exirexmes in loop size. Firure 3 ¢
P

B corregponds to launch conditions of high altitude., hiph tempera-

ture and hizh Mach YNo., while Figure 7 corresponds to launch can-

gé di:iens of low alwi.ude, low temperature, and low Mach ¥o.

&

% .0 CCNCLUSIOHNS

’ It is concluded thmt the siudy presented herein clearly

=)

?‘3 illustrates the feasibility of uszing = 2-step clevator program uo

m bring sbout an up-range shift of the terminal trajectory. It 1s

2

-{.‘ N - r

s spporent thet the terminal trajectory cen be located anyvhere with- !
¥

% in *the ranze trocketed by the two programs by verylng the elevetor

getiings usad.
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