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1.0 SUMMARY 

Methods for improving and expanding a particulate sampling system to 

increase its util ity are discussed. Included are refinements in design of 

the system, alternate vehicles used as carriers, trajectories, launching 

methods, tracking systems, and cost-time schedules. 
. . 



2.0 .. INTRODUCTION 
! . 

At  the request of the lawrence Radiation laboratory ( L R L ) ~  University of 

California, the Zimney Corporation has conducted a sixweek study and 

evaluation of an impr&ed ,and expanded airborne particulate sampling sys- : 

tem . Attention i s  directed to the fact that a detailed study i s  impossible in 

the time a.llotted, and this report represents a comprehens,ive survey of the 11 

potential of alternate systems that would perhapi warrant further study. 
. 

Certain vehicles were selected and tia jectories calculated to obtain repre- 
! 

sentative examples. There exists a wide range of vehicles capable of ' ' 

transporting a particulate sampler payload. The vehicles discussed in t h i s  

report are capable, with some variation, of accomplishing the desired 

results . 
The necessity of obtaining particles as early as possible from a cloud formed 

by detonations of nuclear devices, in order to properly evaluate its perform- 

ance, has required the development of a rocket-borne sampling system.. I t  

i s  now desired; to improve the slcl te of th'e art. Because of the various con- 
' ' 

cepts of the task force required to carry on a nuclear testing program, i t  may 

become desirable that the support equipment used for launching the sampling 

vehicle be extremely mobile. 

Methods are discussed relative to improving the efficiency of the sampling 

section, the performance and reliability of the programmer, and the recovery 

system of the vehicle. 

Various surface and air-launched vehicles are discussed. Tra.jectories have 

been included 'td'provide a basis for selection of a system or systems worthy 

of additional study. .- . 

Since support methods are required, surface and air-launching .procedures 

are examined and discussed. 



To properly evaluate the final results obtained from the sampled cloud, 

tracking the vehicle during its f l ight for confirming the traiectory i s  de- 

sirable. A system i s  described for providing spatial coordinates as a 

function of time. 

The selection of a given system i s  a function of i t s  relative availabil ity 

as well as performance. Consequently, cost and time schedules are pre- 

sented for the development of various systems for field applications. 



3.0 PAYLOAD IMPROVEMENT 

3.1 Diffuser and Filter Study 

The function of the diffuser i s  to decelerate the ai r  to a low velocity prior to 

passing through the filter. The. shape of the diffuser must be such as to insure 

swal,lowing of the normal shock wave and to avoid flow separation from the 

walls. 

A detailed design of the diffuser would necessarily be a subiect of a develop- 

mental program, but its principle of operation would be that of a conventional 

supersonic diffuser uti l izing a second throat. Based upon experiments con- 

ducted by R. Heckman of LRL, i t  appears desirable to l imit the Mach Number 

of the flow entering the f i l ter to approximately 0.15. There are indications 

that this condition corresponds to flow between the fi l ter fibers becoming 

" choked" '(M = 1.0)) which means that any attempt a t  increasing the Mach 

Number of the flow entering the fi l ter would only result in increasing the 

pressure.ahead of the f i l ter and the pressure drop through the filter. The ad- 

vantages gained from the standpoint of external drag by such an attempt 

would be offset by the attendant increase in internal drag. 

An approach to the over-all design of the sampling head which appears to be 

deserving of attention is'that of changing the fi l ter to cylindrical in sh,ape 

rather than the pre.viously used circular disc. The diffuser would exhaust into 

one end of this cylinder and the air would flow through the wa l Is  of the cyl- 

inder to be collected in an annular chamber and exhausted in a direction 

parallel to the free stream. Such a scheme could result in substantially in- 

creasing the filtering capacity of the head without an intolerable increase in 

total drag. 

The temperature limitation of the fi l ter i s  a function of the filtering material, 

and i t  i s  a determining factor in  the analysis of the vehicle performance 



parameters. A filtering material whic.h would tolerate higher temperatures 

would allow filtering a't higher free-stream Mach Numbers than possible 

with the present filter, thus simplifying the problem of matching fi l ter 

limitations and vehicle performance. The filtering media actua I ly deter- 

mine the system limitations; therefore, the characteristics should be tho- 

roughly understood before undertaking any extensive design effort. The 

available experimental data cbncerning fi l ter characteristics i s  inadequate. 

A more intensive investigation is' required. 

3.2 Programmer ' 

The mechanical timer as designedand used in the Cleansweep l i  program 

performed satisfactorily; however, modifications are desirable to provide 

greater flexibil i ty for timing functions within the rocket. There are two 

basic types of programmers that may be used: . (1) Electronic and (2) 

Mechanica I. 

Electronic timers offer high reliability, but they are very complex and ex-  

. , pensive. A minimum of one timer must be used fo'r each function desired, 

and each timer should have its own 'separate power supply. Sepamte power 

supplies are desirable since a transient in the battery voltage,arises as a 

result of squib actuation, which causes a variation in the timing of subse- . 

quent functions.. The accuracies of successive times would be degraded to 

become unacceptable in a series of consecutive functions. This could be 

overcome by the use of a voltage regulator; however, this further increases 

the complexity of the system. . 

The mechanical timer used on the previous program permitted adjustment of 

timed functions prior to vehicle assembly only. Thus, time functions were 

fixed several hours prior to launch. 



To obtain greater flexibility, two six-function mechanical timers coupled 

with two rotary switches are recommended. The time functions could 'then 

be set externa I ly, either manually or remotely, without reqliiring disassembly 

of the vehicle. This feature would provide the capability of selecting a 

variety of discrete times a t  any instant prior to rocket firing, depending upon 

whether a manua.1 or remote system were employed. 
' 

' Three methodswhichdo not affect the reliabil ity of the programmer are avail- ' '  

able to enable the checkbut of the vehicle a t  any time prior to launch. These 

three methods are shown in  Figure 1 . The primary' differences between the 

three systems are the methods of protecting the b a t t e ~ ~  power supply in the 

event of squib leads shorting upon actuation (and the method of maintaining 

a short on the squib leads prior to their being fired). 

The first method i s  a refined version of methods twoand'three combined. I t  

has the advantages of both two and three, as well  as serving'as a source of 

power for a beacon i f  onem: i s  employed. 

In the Cleansweep I !  vehicle, provision,was made in the programmer to remove 

: a " continuity plug" and inseit a test plug and cable for checkout of the elec- 

tronic components and functions of the vehicle. Although this concept increases 

the confidence level of the system, there s t i l l  exists the problem of monitoring 

the system in  the time interval prior to launch. With the programmer changes 

noted above and shown in  Figure 1, a checkout console could be provided that 

w i l  I' permit a continuous monitor of the'internaI condition of the vehicle a t  any 
. . 

t imeup to launch.: Other ddvantages gained from a system checkout of this 

type are (1) remote checkout of the vehicle affording additional protection to 

personnel i n  case bf accidents l actuation of any function, and (2) i n  the event 

i t  i s  desirable to maintain the vehicle in  an inert atmosphere as was done on , 

Dominic, the vehicle may be monitored continuously for long periods in the 

case of unscheduled delay without requiring physical access to the vehicle. 
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I 3.3 Payload Separation and Parachute Deployment 

I * '  

A total of 25 rounds were launched at  Christmas Island during Operation 

Dominic. Three rounds failed to deploy the main parachute. Reasons for 

these failures are unknown. Whether or not the failures were due to sys- 

tem malfunction or some unknown physical phenomena can only be. left  to 

conjecture; however, there exists the possibility that the rockets 'flying 

I through the c loud encountered extremely turbulent conditions. This could 

conceivably result in entanglement of the drogue chute and payload. 

I A study has been made of delaying the opening of the drogue chute until 

approximately .20,000 ft. MSL on the down-leg of the trajectory instead of 

a t  the peak of the traiectory. Based on this study, deployment velocities 

of the order of 1600 ft./sec. could be anticipated. N o  problem should be 

encountered a t  ini t ial  deployment a t  velocities up to 1600 ft./sec. Should 

much greater velocities exist, additional drag devices may be required be- 

fore deployment of the drogue chute to reduce the opening loads. The 

accompanying Figure 2 indicates conditions that exist upon deploying a 

parachute a t  20,000 ft. MSL a t  1600 ft./sec. with a 70-pound payload, 

and a design 30 ft./sec. water entry velocity. 

3.4 Recovery Aids 

On the Cleansweep % I  program, after the payload' entered the.water, i t  was 

necessary to init iate recovery aids to determine the location of the payload. 

Three methods were used to achieve this: ( I )  a recovery transmitter, (2) 
I 

stroboscopic light, and (3) dye marker. Although each of these aids worked 

we1 I, some improvement i s  desired, along with extended useful lifetimes. . 

The recovery transmitter used was chosen primarily because of availabil ity . 
I t  had three drawbacks: (1) vacuum tube construction, rendering a unit sus- 

ceptible to shock and vibration, (2) laige size and weight (5-3/41' x 3-3/81' x 
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1-1/41" and 1.5 Ibs.), and (3) battery pack required for 24-hour operation 

was large and heavy (approximately 6 Ibs.). 

Solid-state transmitters are currently available that overcome these disadvan- 

tages assuming reasonable lead times are available for procurement. The 

strobe light used on the previous program provided a l ight intensity visible 

. for approximately two miles a t  night. Like the beacon, the choice was made 

primarily on the basis of availability. The range of visibil i ty can be increased 

by a factor of '5 by uti l izing a different model a t  the sacrifice 0f.a weight in- 
LC 

crease for the light power supply. The batfery leads for the l ight were located 

on the outside of the flotation bag, while the 1/4 wave recovery antenna was 

located inside. Although antenna patterns were not made, the presence of 

, . the battery leads undoubtedly modified the pattern of the antenna from a nor- 

ma l ly omnidirectional pattern. Antenna pattern measurements should be made 

and perhaps the leads rerouted to obtain an optimum radiation pattern. 

The flotation bag used in Cleansweep 1 1  was approximhte~y 16 inches in  dia- 

meter. I t  was attached to the payload by a 10-foot-long nylon rope. 'The 

strobe light was fastened to the top and the recovery transmitter and power 

supplies were attached to the bottom. Although this proved to work satis- 

factorily, the shape of the bag did not provide for convenient or efficient 

packaging. It i s  recommended that in .any future program, studies should be 

conducted to obtain a more efficient cornfigusation that would require mini- 

mum space while stored, yet offer ! floating . .  characteristics compatible with 

beacon antenna requirements. 



4.0 STUDY OF VEHQCLES AND TRAJECTORlES 

4.1 Trajectory studies were conducted for both ground-1aunched and air-launched 

rocket-prope P led vehic Ies. 

Foui ground-9avnched vehicle. systems were studied; three two-sbge con- 

fi~umkions and one boosted sing 8e-stage e~nafigvraticbaa. 'The latter derives 

i t s  name from the fact tholt' the booster impulse i s  small compared 6 0  the sus- 

ta!ner impulse, and that both motors are 'ignited a t  time of launch. Three 

air-launched single-stage systems were studied, Several mmpling head 

sines and sever* 8 ini t ia l launch ang Oes were investigated. 

The following b b l e  svrnmarizes the conflgura ticsns for which tra jec tories 

were cca lcw lsoted, and pertinent in% tia l conditions. 

( I )  'Two-stage vehicles 

(2) Second-stage ignition ab 20,000 ft. a l t i  tude 

Javelin-Sword ( ' I )  

Viper-Sword ( I )  

Zuni-Archer(3)' 

(3) Boosted single-stage vehicle 

In the case of the air-launched vehicles, it was assumed that. the sampling head * 

was opened a t  launch. For the fwo-stage vehicles, i h  was assumed that the . 

I 

x  

x  

x  

x(2) 

x 

x(2) 

x 

. 

x x x  

x x x  

x x x  

0 

0 

0 

0 

0 
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sampling head was opened at. second stage ignition, which occurred a t  an 

altitude of 30,000 ft. 

The long burn time (38 sec.) of the Arches motor resulted in assuming that 

the sampling head was opened a t  motor burn-out, since this did not occur . 

unti l the vehicle exceeded 30,000 ft. altitude. This restriction was neces- 

sary because of the 1imitatio.a~ inherefit. i n  the computing program that was 

used. The choice of the various motors mentioned above was based upon a 

desire to encompass a reasonable range of tofal impulse; and a past famil iarity 

with the family of motor involved, A final choice of motors would be de- 

pendent on more detailed decisions involving performance, availability, and 

price. The calculated ?ra jectories are presented in graphical form in Appen- 

dix 9.1, Figs. 9 * l O l  through 9.1.15. 

Examination of the plotted frajec'tories brings to the reader's attention the 

large effect of sampling head infake diameter on the altitude and range at- 

tained by the rocket vehicle. $ f  one assumes that a maximum altitude of 

150,000 ft. a t  a range of 300,000 ff.. i s  desirable, i t  i s  evident h a t  the 

Javelin-Viper combination i s  required in the case of the larger sampling 

heads launched from the ground. While the altitude and range attained by 

the air-launched vehicles i s  considerably less than ihat mentioned above, 

the requirements in this regard for an air-launched system may be consider- 

ably less severe than for a ground-launched system. 

The drag data used in the above mentioned fraiectories was based on fl ight 

test data obtained from the Cleansweep 8 $  f l ight best program conducted at 

Point Mugu, California. 'These data were reduced i.o coefficient form. I t  

was assumed that coefficients were valid for a l l  intake and vehicle diameters. 

That is, no scaling correc tiocs were applied and the variation in drag for a 

given intake diameter was varied only with the square of diameter of the 

vehicle. 

-10- 



~ 4.2 Drones 

One of the methods studied us possible carriers for samplers on the subiect 

program was rocket-powered drones. These were of interest particularly on 

specialized cases such QS the problems evolved as a result of attempting to 

sample a small area from a long dixiance, where other means might require 

complex guidance or large quantities of vehicles. I t  was known that two 

manufacturers were presently working on programs 9.0 produce supersonic 
1 .  

drones for the armed forces, and these drones might be available as ' b f f -  

the-shelf hardware. '' 

Northrup-Ventura, Van Nuys, California, formerly known as Radioplane, 

has a rocket-powered drone, the RP78, developed for the Army and Navy 

for use as a target. The veh tcle i s  i n  production, with over 1,000 having 
. . 

been flown. I t  w i l l  attain a speed of M.1.3 a t  70,000 ft., but must be 

air-launched a t  40,000 ff. t.o do this. The vehicle cannot exceed Mach 1 

below 40,000 MSL, and their engineers doubt that the addition of 35 Ibs: 

payload (the' minimum estimated weight for a sampler system) could be 

tolerated. Certainly the drone i s  so marginal in performance that the drag 

offered by the sampler could be prohibitive as far as the RP78 i s  concerned. 

As a result, i t  seems ~ lmos t  certain tha? this drone w u l d  not be acceptable 

as a sampler carrier. 

.Beech Aircraft Corporation, Wichita, Konsos, has developed, under con- 

tract from the A i r  Force ond Navy, a target drone designated as the 

X K D ~ ~ - I / Q - I  2. This vehicle" characferistics are such .as to make i t  worth 

further investigation. The, XKD28 i s  am expend~ble rocket-powered vehi,cle 

of high performance. l t ' i s  air-launched and.weighs a l i t t le  less than 600 Ibs. 

I t  i s  equipped with a self-contained profile programmedos stabilization and 

control system; The vehicle w i l l  fly a heading from which i t  was launched 



with accuracies of 1 part in 50. I t  i s  also capable of holding a preselected 

altitude with less than 100 ft, deviation. The present vehicle has selections 

from 1,000 ft .  MS'L to 70,000 ft. MSL. The propulsion system consists of a 

booster and sustainer using liquid bi-propellant. The Navy F3H aircraft i s  

approved as a launching vehicle a t  this time. 

The most serious problems associated with this vehicle a t  the present ai-e: (1) 

no production status, as the vehicle i s  just finishing its acceptance tests, 

and (2) because of the canard-type control surfaces, a considerable amount 

of redesign appears to be necessary to house the sampler payload. 
, i 

The cost of 10 basic vehicles with beacon for tracking, but less engineering 

for modification for sampl'ing, i s  $34,300.00 each for a total of (10) 

$343,000.00. ~ h k  support equipment required for these vehicles w i l l  cost 

an additional $45,550.00, making a grand total of $388,550.00. Delivery 

would be two in 9 months ARO, and the complete.order of ten within 12 months 

ARO. For production quantities, the price i s  approximately $25,000.00 each, 

based on 100 units in any fiscal year, 

Fig.' 3 i s  a typical trajectory of .the Beech XKD2B-1 vehicle. 

4.3 Methods for Reducing Dispersion 

During the firing of both developments l and operational C leansweep I I vehicles,. 

some random dispersion was observed. The random nature of the dispersion 
't 

leads one to the suspect that mechpnica I or aerodynamic ma la lignments were 

experienced. I t  i s  well known that the sensitivity of a rocket vehicle to aero- 
3 

elastic effects increases as the length-to-diameter ratio increases, and since 

the launch configuration of the Cleansweep II .vehicle was a length-to-diameter' 

ratio of 36.6: 1, i t  i s  quite possible that aeroelastic effects contributed to this 

observed dispersion .. Another factor to consider in the case of the C leansweep I I 

vehicle i s  the alignment and rigidity of the joints connecting first and second 



. . . . , .  . 
.., .--. : . . 

. . 
MACH. .2,0 A T .  . . . .  

$ 3 5,000 FT, 

C 

. , 

A-B bunch at Mach 8 a t  33,000 ft..alf i ivde and accclera'te to'Macfi 1.2 ' .  
. . 

:B-c *. Positive 3 "g ' I  pul I up and 'nega,tive 0 "g " pLsh over to Mach 2'..0 a t  '70,000 ft. 
. . . , . . 

C-3.  Cruise 5.8minutesat Mach 2.0at 70,000 ft. (55 miles); i 

. . .  . 

TYPICAL TRAJECTOR?' i3EECii X KC 23--'! \!EHIC: LE 

FIGURE 3 

. . 



motors and second-stage motor to the payload. Any attempt at  reducing the 

dispersion due to aeroelastic effec.ts.by reducing .the length -to-diameter 

ratio i s  generally undesirable, since this would be detrimental to the ballis- 

t ic performance of the vehicle. Improvement could possibly be attained by 

re-examining the design methods of fabrication.and assembly of the coupling 

between the first-stage and second-stage roc'ket motors and a lro the connec- 

tion between the payload and the second-stage motor, and taking those steps 

necessary to perhaps obtain. a more rigid connection.at these points. 

Introducing spin about the longitudinal axis of the vehicle i s  a means of re- 

ducing dispersion due to such effects as fin malalignment and thrust malalign- 

ment. Util ization of the spinning technique demands that proper precautions 

be taken to avoid the undesirable effect of rol l  resonance. This condition 

occurs.when the frequency of the rol l  rate i s  the same as the frequency of the 

yaw oscillation. 
. . 

The ammunition dispersion of a rocket vehicle of this type with two stages 

could be held to a one sigma deviation of 20 mils. The over-all dispersion 

w i l l  be considerably greater. In order to properly assess the contribution of 

rocket dispersion, wind effect, aiming accuracy, parachute deployment, 

and parachute drift to over-all dispersion, i t  w i l l  be necessary to carry out 

a rigorous analysis which, in turn, should be supported with a modest test 

program to substantiate the findings. 



" 
Three different types of launching pldtfofms have been investigated on this 

program and are discussed below. 

5.1 ' Land-Based bunchess 

The most desirable meihod for launching rockets i s  from land-based launchers. 

This method provides (1) a stable platfbm for firing, (2) easy method of 

orienting with respect to given iefeience poitat-, and ((3) relatively simple 

logistics requirements. "To types of ground-launch sites can be used; (1) 
I 

manned and (2) remote (unmanned). Of' fhe fwo, the manned. site, of,course, , .' 

offers the simplest method of lauraching rockets. This method can be further 
, . 

broken,down to (1) fixed base and (2) mobile base, and the fixed base launcher 

i s  the least complicated. This fype of launching complex was used a t  Christmas 

Island in  support of the Cleanweep P B  rocket program in the summer of 1962, 

and provided a virtually maintenonce and trouble-free system. One might say ; 

that i f  this system worked so well, why consider other methods; however, the 

big drawback to a fixed-base launcher complex i s  lack of f lexibil i ty. :By 

that, we mean to say the area that. is  intended' to be explored, by a given rocket 

vehicle must, of necessity, be colzfined i o  a re!ai.iv.ely lim ited area, dependent, 

of course, on the performance characteristfcs of ihe rockets. l t  becomes ap- 

parent that to increase flexibility, the first expedient i s  to v f i l i re  a mobile 

launcher. Under certcin conditions, of course, a mobise launcher i s  an absolute 

necessity . 
An alternate method for obbining added f lexibi l i iy is !he t.Jtili+ation of multiple 

fixed-launcher sites. T h i s  has an advantage i f  the tesf location i s  fixed, and i t  

i s  desired to sample more than one area. The limif of the number of sites would 

be influenced by many variables, and i t  i s  conceivable since i t  i s  relatively 

simple that i t  could prove to be most economical. This could only be determined 

by establishing definite mission objec?ives. 



Certainly one should consider a mobile land-based launcher. This type 

launcher could be essentially the same type of launcher used on the fixed 

base, but modified to accept gear adapting i t  to a somewhat rapid movement 

from one proposed site to another. Again, the limitations are the size and 

type of land mass available.within the test area, and the logistics problems 

associated with the movements. In any case, a launcher of this type con- 

c ludes that the .test area would be essentially fixed in  location and the mo- 

bi l i ty  wou.ld only be used for moving the rockets into a more advantageous 

position based on the expected size of the target. 

Consideration must be given to the degree of  mobility desired in  designing 

the launcher. The economics of the over-all objectives influence the pic- 

ture considerably inasmuch as by introducing various types of ground-support 

equipment and intelligent planning, one could possibly more economically 

move launchers from location to location only by requiring firing pads, flat- 

bed trailers, l i ft ing gear, and a power trailer. 

Another' refinemen t of landrlaunch ing involves a remo te-control led launching 

site. The remote-controlled site i s  used when i t  i s  desired, or becomes neces- 

sary, because of the performance of the rocket or the particular nature of the 

sampling, to sample the target from a launching area that i s  considered unsafe 

for personnel occupancy. An example of remote launching sites was the 

Cleansweep I rocket program at  ~ n i k e t o k  atol l  in  1958. There several 

launching sites were activated with a quantity of launchers ranging from 2 to 

8, and the launchers were designed to program in azimuth and elevation from 

preset adjustme nts before the rockets were launched. I t  i s  true that many r 

problems arose with this design. However, from this program much information 

was obtained to justify serious consideration of remote-controlled launchers 

inasmuch as the small additional cost increases the ut i l i ty  of the launcher. 



Not  only can the launcher be located in areas hazardous to personnel, but 

i t  could be adjusted in azimuth and elevcltion just prior to firing i n  the event 

the targeto s movement was not us predicted. 

Summarizing, land-based launchers, fixed or mobile, manned or remote, offer 

greater launching accuracy for reasonable costs a t  the sac~if ice of mobi l i ty . 
5.2 Sea Launching 

Since the Task Forces conducting nuclear, tests have not limited themselves 

to operations in the proximity of land masses, i t  i s  desirable to look a t  other 

means of launching rockets i f  rockets are to continue to be used in  support of 

a l l  types of tests. Thus, consideration must be given .to the use of  a ship as 

the basic launcher support platform. Actually, rocket firing from shipbbardl 

has become commonplace, and a wide variety of methods present themselves 

, in  support of this system. 

The U. S. Navy, as part of their fleet preparedness, have convekted several 

destroyers and cruisers into guided missile ships. Since accuracy in azimuth 

and elevation i s  necessary, the launchers are linked with the shipo s fire control 

, and are gyro-stabilized so that a stable platform for launching i s  presented. 

For rocket vehicles of not too large size, i t  i s  feasible to also convert the 

5" -38 naval gun into a rocket-launching platform. For the testing program 

in the summer of 1962 in which, a t  the early s)ages of planning, an aircraft 

carrier.was to be used, a, design was evolved that would launch 3 two-stage 

rocket vehicles, Cleansweep I ! ,  from a 5" gun. 

With this background, and in  preparation for evaluating methods of launching 

rockets from shipboard, visits were made to Long Beach Naval Shipyard, and 

Hunter Point, San Francisco, where a guided missile cruiser and a destroyer 

being equipped to launch Azrocss were visited. From these visits, i t  was ap- 

parent that the Navy has a number of ships capable o f  launching rockets of the 



size required for a sampling program. .Modifications would be required to 

use either the Terrier launching system or the Azroc system as presently in-, 

stalled. O f  the two, it seems likely that less modification would be required 

for the Terrier system. The problem 'here, however,. i s  that only a few ships 

are equipped for firing the Terrier rocket, and therefore, a problem might 

arise as to their availability. Cosk for modification of either the system for 

launching Terriers or Azrocs could not be assembled in the time allocated . 

for this report; however, a considerable amount of money could be expended. 

For the short-range outlook, to adapt existing equipment for rocket launch- + 

ing in the shortest possible time and with h e  least amount of dollar expendi- 

tures, the 5" -38 cal. naval gun seems to lend itself acceptably. These guns 

are to be found on destroyers, cruisers and aircraft carriers. The most accept- 

able launching platform from the standpoint of stability, accessibilify and 

space requirements i s  the carrier. These three conditions tend to become 

more acute as the ship's size decreases, to a point that i t  may prove almost 

impossible to assemble a two-stage rocket and payload on its launcher aboard 

a destroyer in  heavy seas. 

5.3 Air  Launch 

A third method available for launching of rocket vehicles i s  by aircraft. This 

method presents severa l unique possibi'li ties, each with its attendant advantages 

as well  as its problems. Although time has not been sufficient to explore in 

detail al  l the phases and attehdant problems associated with a i r  launchings, 

this method presents an attractive means of launching rockets in view of i t s  

mobility. 

For ground and shipboard launching, to obtain the performance required to do 

the sampling job, i t  i s  necessary to use a two-stage vehicle. For a i r  launch- 

ing, it i s  almost certain that a single-stage vehicle can do the job i f  the air- 

craft can get in  close proximity to the target. 
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The Navy, Air  Force, and NASA have a l l  air-launched rocket vehicles 

from aircraft. Some methods have been investigated and w i l l  be discussed. 

The armed forces have what i s  known as a LABS (Low Altitude Bombing 

System). This system was originated by the Navy, and both Navy and Ai r  

Force planes.are equipped with the gear. The LABS gear i s  actually a 

launching system consisting of a computer tied into the aircraft's instruments 

to sense angle of attack, air speed, "goo loading! etc. The accuracy of 

the system depends on how accurately the ai r  speed, gyros, and associated 
I 

f l ight instruments have been calibrated and integrated irato the system, and 

also how well the pi lot  flies the programmed manuever. I t  can be expected 

that for any given LABS gear equipment, the inherent inaccuracies w i l l  ' 

give,a launch error of about 2"; however, i f  the complete system i s  carefully 

calibrated and the pi lot thoroughly'trained to the particular f l ight path de- 

sired, the accuracy w i l l  fal l  well within .lo of error. Normally, the release 

angle i s  preset on the ground before takeoff; however, this can be changed 

while airborne with some deterioration of accuracy, again based on the pre- 

calibration check.' The angle of release of this system can be any angle from 

horizontal to vertical. The release i s  automatic and requires only a minimum 

of monitoring from the pilot. The pi lot  must be given heading and a " pip" 

point to start his equipment and run, and since i t  seems logical to assume a l l  

aircraft w i l l  be under positive control by AOC a t  a l l  times, this does not seem 

to be a particular problem. i t  i s  understood that almost a l l  combat aircraft 

are equipped with the LABS gear; however, the Navy recommends the use of 

the F-4H aircraft. This i s  a two,-place, very high performance aircraft that i s  

i n  fleet service a t  the present time. I t  i s  quite capable of carrying a t  least six 

rocket vehicles of the conceivable size for sampling with enough fuel to 

remain airborne a t  least 1-1/2 hourso I t  can launch a t  Mach .8 and up to 

40,000 ft. MSL. Being t w ~ - ~ l a c e ,  an observer can be placed aboard. 



In launching a number of vehic-les, consideration must be given to the air- 

craft turn-around time for each pass in  the event he does not release in 

sa lvos . 
Both NASA and the Navy have launched Viper-powered rockets from 

F104" for experimental work. For this work, the vehicle was either dropped 

from the aircraft or launched from a rai l  extended below the aircraft a t  

launch time. NASA launched their vehicle from 50-60,000 ft. altitude a t  

speeds of from Mach 1.4 to 1.7 a t  angles of +35 to -t50 degrees from the 

horizon. 

Although not of the same performance as the F4H, the 8-57 - fype aircraft 

certainly could be used as a launching platform. Vehicles weighing 1,600 

pounds and consisting of three stages have been succ'essfully launched from 

a 8-57; therefore, i t  can be assumed that a t  least four sampling rockets 

should be able to be launched from a single aircraft. N o  information i s  

available a t  this writing regarding the altitude and speeds available for 

launching, but i t  seems reasonable to assume 30,000 feet and Mach .75 

could be achieved. 

Although further investigations must certainly be made, another aircraft 

capable of a i r  launching i s  the B-47 A i r  Force bomber. These aircraft should 

be capable of not only carrying and launching any quantity of rockets con- 

ceivable for use in any one test, but have the capability of long range and/or 

long periods of time on station.. Again, the type of task force organized to 

handle the complete test would dictate whether this aircraft should be 

considered. 

For analyzing the cost of a i r  launching, i t  seems that compared to shipboard 

modification, the costs w i l l  be less. For the F-4H, a t  least, the only modifi- 

cation required would be the design of a pylon capable of holding a multiple 



quantity of rocket vehicles. A standard bomb rack' can be uti l ized and 
I 

would be actuated by the LABS gear: It seems conservative to assume modi- 

fication of  this aircraft could be made for $25,000.00 per plane. Costs for 

modifying B-47's could become substantially higher, depending on the amount 

of sophistication desired. I t  seems that for redundancy, assuming six rockets 

are desired to be launched in a single test, a minimum of  four of the F-4H or 

8-57 would be required and two of the 8-47 type. 

I t  should be noted in the case of mov,ing platforms such as a ship and aircraft 

that errors no longer are limited to ammunition launching and wind effects, 

but, in addition, one must include position error aswell .  ~ l t h o u ~ h  ihe air- 

craft i s  firing over considerably shortened ranges, i t  i s  more dif f icult  to control 

the point in space for release; hence its total dispersion cannot be defined in 

the conventional manner, I t  i s  thought, however, that i n  view o f  the rela- 

tively short range, the total absolute error for a i r  launching w i l l  be less than 

long-range rocket launch from sea level. , 



. . ,  .. . 
6.0 TRACKING SYSTEMS 

In order that the point of penetration and the trajectory through the cloud 

be known, radar .tracking of the payload isdesirable. For a single vehicle, 

tracking i s  a. relatively simple matter. When position information i s  de- 

sired on more than one vehicle at  the same time, the problem becomes very 

complex i f  high resolution and accuracy are required. 

Since single-vehicle tracking can be done with a single modified SCR-584 

radar orsimilar set, this w i l l  not be discussed in detail. The only require- 
/ 

ment i s  the incorporation of an lo SOo band transponder in  the vehicle. The 

transponder i s  necessary since the vehicle presents a very smal l reflecting 

target, and greatly enhances the possibility of obtaining consistent tracking. 

For multiple tracking, two methods are available6 (1) A single antenna .in 

which the transmitted beam i s  electronically swept across the antenna, both 

vertically and horizontally, somewhat in  the manner of a television screen. 

Thus, a portion of the sky i s  completely scanned. This scanning takes place 

a t  a high rate, and virtually a constant track i s  made. . This system i s  actually 

s t i l l  i n  the development phase, although sufficient tests have been made to 

prove the design concept. Very high accuracy can be realized ut i l iz ing this 

concept, but there are several drawbacks: (a) the system i s  laige ih  size and 

heavy in weight; e.g., the antenna structure i s  in  the neighborhood of 

30' x 60" (b) the time for delivery would be 1 - 2 years minimum; (c) 4 - 8 

personnel would be required for operation; (d) the cost would be approximately : 

3.5 - 5 mil l ion dollars. (2) A two-antenna method which scans a portion of 

the sky in approximately 1 - 2 seconds. In this system, one antenna scans hori- 

.zontal ly and the other scans vertically. Normally, these motions are not dis- 

played simultaneously; therefore, the elevation and distance are first displayed on 

the indicator, followed by the azimuth and distance. The Gi l f i l lan  Company in 



Los Angeles manufactures a ground control approach radar which works on 

this principle and i t  appears to be adaptable to tracking multiple targets. 

For this purpose, i t  would be desirable to. modify the set. These modifica- 

tions would be: (a) extend the range of the present equipment from 40 miles 

to 60 miles; (b) add two more indicator scopes, one to display azimuth and 

range, and the other elevation and range. These. two scopes would be 

photographed with a frame-by-frame camera. The display furnished with 

the unit would be retained for monitoring; (c) prov.ide sync pulses for the 

cameras; (d) since the set i s  designed for an elevation search of 0" to 30° 

and an azimuth search of plus or minus 15', provide means to search p'lus 
. . 

or minus 15' from variable mean elevation angles from 0' to 90". 

This set, however, has several limitations when used for mu.ltiple missile 

tracking. The resoluticn i s  such that i f  several vehicles are launched on 

the same trajectory and the azimuth-e.levation-slant range spread is ,  sma.1 I, 

individual targets w i l l  not be evident on the radar indicator. This result 
. . 

w i l l  be experienced i f  the vehicles have less than approximate.ly a l o  angular 

spacing and small slant range differences when observed from the radar site. . .. 

The radar display w i l l  show a :large spot which .wi l l  represent a group of ve- 

hicles. However, differences of greater than 1 ' in angular spacing w i l l  be 

shown as separate targets regardless of range. Separate targets w i l l  generally 

be evident i f  the targets are 500 feet apart. 

In operation where one antenna i s  scanning horizontally, its beam width i s  

3.5'. This means that i f  the target i s  out of this angle, ' i t  w i l l  not be seen. 

However, the verti:ca l antenna. w i l  l see the target i f  it i s  directed ii.1 approxi- 

mately the right direction k 1.25'. In either case, whichever antenna sees the 

target, the other antenna i s  servoed to that position by the operator. This 

makes i t  desirable to launch a l l  vehicles a t  very short intervals (At ) .  The 



radar can then be positioned to the correct " point i n  space" and the operator 

w i l l  manual ly  servo the antennas as necessary to keep the targets positioned on 

the indicator. 

In general, i t  i s  fe l t  that i f  the vehicle can be tracked through second-stage 

ignition, the trajectory can be fairly wel l  established. In the past operation, 

no vehicle tracking was done; however, tracking of the radar reflective main 

parachute-was accomplished. This would give impact data for recovery people 

to use. The radar set mentioned above has a t  present a 40-mile range, which 

can be extended to 60 miles. For long-range trajectories, the parachute may 

be below the radar horizon when deployed a t  10,000 ft. MSL, so tracking of 

the parachute to impact may not be done regardless of the range capabilities 

of the radar set due to ground effects. 

A sbrvey was made of radar beacons to augment the tracking capability of 

the radar. Generally speaking, the available beacons are awkward to package 

in  the Cleansweep vehicle. Accordingly, requests were made to two companies 

which have a very good history of beacon reliabil i ty to propose modifications 

to their beacons for incorporation in the Cleansweep vehicle. 

The beacons require 24-32 VDC a t  .5 ampere max. This power would be 

derived from the battery pack in the programmer. Also, a simple on-off 

switching would be provided as we1 l as external power for checkout. 

I t  i s  fel t  that trajectory information can be obtained from a fairly simple, 

low-cost radar set, in  conjunction with a radar beacon. I t  should be realized, 

however, that the information gathered w i l l  not be of the accuracy provided 

by a high-resolution missile tracking system such as a modified SCR-584 or 

FPS-16 radar, but would give fairly,good results on point of cloud penetra- 

tion and deviation of a vehicle from its calculated trajectory i f  this occurs. 



7.0 GUIDANCE SYSTEMS 

7.1 For long range; and smal l targets, the use o f  unguided ball ist ic missiles must 

be careful ly analyzed and the introduction of a .guided missile may be 

feasible under such circumstances i n  spite of the higher coits and longer 

lead times required. I t  must be kept i n  mind that the economics o f  both 

systems must be compared as we1 l as their performances. 

The above situation happens in  the case of a high yield detonation being 

considerably lower than expected. For this worst casenn the target i s  of 

a small enough size and a t  a large enough distance to prompt the investi- 

gation of some means of guiding the sampling payload through the cloud. 

In view of the complexities associated with the design, testing and suc- 

cessful use of  a new guidance system, i t  was deemed most feasible to attempt . 

to either ut i l ize an existing operational guidance system or to make minor 

modifications to such a pdckage to adapt i t  to this specific 

The g.uidance systems considered were chosen primarily because o f  space 

and' weight requirements to insure that a vehicle o f  reasonable size could ' , 

be used. These ini t ia l'considerations def ini tely ruled out such things as 

inertial guidance systems and auto p i lo t  systems. :In addition, the above 

types were rejec ted because of exceptional ly high costs. The systems con- 
I 

sidered were Sidewinder, Shrike, and Falcon.. 
< 

7.2 The Sidewinder guidance package has size and .weight requirements com- 

patible with the type o f  vehicle and payload contemplated for use on this 

program. The basic seeker head consists of a single cooled .infrared detector, 

scanning a conical surface in  front o f  the vehicle, which i s  a t  the apex of 

this cone. The guidance package itself i s  thus a nu1 l seeklag type and i s  not 

appropriate to our needs for the fol lowing reasons. The cloud i s  a t  best a 

poor infrared source, due to the rapid ini t ia l .  expansion. O t i s  also possible : 

that an overexpansion does occur, resulting i n  a cloud temperature below the 
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ambient temperature, I f  another type of detector i s  used, such as a gamma 

detector, the electronics is  s t i l l  not applicable because o f  the size and 

distribution o f  the target. A nul l  seeker looking a t  a large annular target 

w i l l  become confused very easily, and cannot make and execute a simple 

guidance command. The Sidewinder system also flies on an intercept course, 

and since the target i n  our case would be sta tiomary, also adds to confusionDo 

I i n  the guidance system. I f  a decision was made, i t  would very probably be 

tb guide the vehicle to the center o f  the cloud, which i s  not the area i t  i s  

desired to sample. Therefore, the only portions of the Sidewinder system 

I that could be used are the control mechanism and servo system. A com- 

pletely new electronics package, including target sensor,'would need to be 

designed and developed; the resulting program and its associated cost are 

not readily justifiable for the present program. 

I '  - 
7 .3  The Shrike system was basically the same control surfaces and mechanisms as 

Sidewinder except for some minor changes i n  structural strength and size. 

The sensing head of Shrike consists o f  four interwoven spital antennas. 

Phase comparisons are made b e k e e n  these antennas of an S-band signal re- 

ceived from a remote location to guide the vehicle to the target transmitter. 

Due to the problems o f  accurately locating a high-powered radiating source 

below the cloud and the fact that this system i s  s t i l l  i n  the development 

phase, this system was not considered feasible. 

7.4  The Falcon system basically differs i n  that i t  flies a coll ision course, which 

more fits the requirements. As i n  the case of the Sidewinder, the detector 

would have to be changed to a gamma.detector. In order that a certain area 

of the cloud were to be penetrated, the detector could be electrically offset 

from the missile axis immediately prior to launching. ~h is ' i vou ld  consist of 

determining the cloud size optically, and converting this into the desired angle 

o f  penetration from the straight l ine penetration. This " errorD0 signal would 

-25- 



< '  

then be put into the guidance system by means o f  an externally available 

switch. Some problems would probably arise from integrating the system 

into the Cleansweep payload. These would mostly be mechanical, as the 

Falcon missile i s  greater i n  diameter and adds approximately 30 pounds i n  

weight. 

I t  i s  also remotely possible that a Falcon system could be ut i l ized i n  an 

"as is "  condition electrically, by using an infrared laser beam to i l lumi- 

nate the desired point o f  penetration. However, to do this would require 

laser development, and any clouds between the launch point and the target 

would absorb the infrared radiation and render the system useless. Also, 

since the properties o f  the cloud are not accurately known, there i s  a 

possibility of absorption rather than reflection. 

The most logical method of detecting the target i s  to use some inherent 

property for detection. This i s  l imited to either visual or radiation 

detection. 

To detect the cloud visibly would require a television system or a large array 

of photocells with a rather complicated electronic system in either case. 

For the radiation detection system, a study w i l l  have to be made o f  the gamma 

ray radiation intensity as a function of range, altitude, and time. Assuming 

a f ie ld adequate to detect, two meth.qds are possible to provide a signal out 

o f  the detection system tornpatible wifh the Falcon type o f  guidance system. 

(1) A col limated detector spun a t  a high rate which i s  set of f  the missile axis 

a t  several degrees. (If the detector were offset 6O, a f ield o f  view of slightly 

more than 6' would be required.) The missile would correct its course for 

maximum signal out o f  the detector. A t  a predetermined time (before pene- 

tration into the cloud) when the vehicle was on course toward the center of  

the cloud, an error signal would be fed to the guidance to direct the vehicle 

to a.particular point of penetration. As soon as the vehicle moved to this 



new position, the fins would I0 lockupo0 (at zero position), the guidance 

would be turned of f  a t  this point, and the normal vehicle sequence con- 

tinued; i .e., nose (detector ejection, etc.). (2) Four detector; mounted 

slightly of f  axis would be sampled electronically. This signal would be the 
r 

same as i n  the aforementioned method; however, the mechanical problems 

associated.with spinning the detector a t  high speed (approximately 600 tps) 

wou Id be e I im ina ted . 
By combining components and assembl ies of the. fa Icon and Sidewinder, a 

re1 iable system could be developed. However, considerable time and money 

for development would be required. 

Some rocket exploration o f  nuclear clouds has been made since 1956; however, 

there ii st i l l  a lack of basic knowledge of the characteristics.of clouds that 

would a id the systems designer. A program to measure these characteristics 

would provide much valuable data, 



. . 

8.0 COST ANALYSIS 

The systems that appeared feaiible were further' analyzed to provide re la tive 

costs of one system with respect to the other. The costs presented herein 
. ' 

. , 

are based on assumed mean direct labor rates of  $5.50 per hour for a l l 

engineering and $3.25 for a l l manufacturing. A hypothetical corpora tion 

was assumed with an overhead of 125 percent for engineering and manu- 

facturing labor, an overhead of 20 percent for general and administrative 

expense. Ten percent of the tota I cost was added as the hypothetical fee. 

These values are typical for the aerospace industry and could be used for 

budgeting purposes, 

( I  . 
The systems control and the scope of the program for each system were 

determined by mutual agreement between Zimney and LRL'personnel. 
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8 . 1  Clednsweep II Hecid with Sword Motor - Air Launch, 4 and 20 Units 

4 Units 20 Un i ts 

Engineering Labor 3600 hrs85.50 $19,800.00 5600hrs.$5.50 $30,800.80 

Engineering 'O/H 125% $24,750 i 00 . . 1.25% $38,500.00 
I . , 

. . 

ManufacturingLabor 120Qhrs.$3.25 $ 3,900.00"6000hrr.6.25 $19,500.00 

Manufacturing O/H 125% $ 4,875.00' 125% $24,375.00 

Field ~abor  480 hrs. $5.50 $ 2,640.00 1700hrs..$5.50 $ 9,350.00 

O/H 125% $ 3,300.00 ,. 125% $11,687.50 

Purchased Paits, Materials, etc . 

Sub Total 

To ta l Cost 

Fee 30% 

Total Estimated Cost 

1. Engineering includes adapting vehicle to aircraft and liaison required to 

qualify system for air launch. 

2. Ref. Fig. ,9.2.3, Time Schedule 



8.2 New Diffuser & Head Development 

Engineering Labor 2000 hrs. $5.50 

Engineering O/H 1 25% 

Manufacturing Labor 1000 hrs. $3.25 
. . 

Manufacturing O/H' ' 1 25% 

Purchased Parts, Materials, etc. 

' , . :  Sub Total 

G & A 20% 

To ta l Cost 

Fee or Profit 10% 

Total Estimated Cost 

1. Includes: 

(a) Complete engineering and analysis of diffuser study 
. . 

.(b) Wind tunnel tests 

(c) Correlating data 

2. ..Ref. Fig. .9.2.2, Time Schedule 



8.4 w z h  Single-Stage Vehicle (Sword) with New Diffuser Design -#Air  Launched 

Elements of Cost Payload Rocket Vehicle .Engineering Total 8.>4 
I - 

Engineering Labor 

Engineering O/H 

9000 hrs. 86.50 $49,560.00 $49,500; 00 

1 25% $61,875.00 $51;875.00 , 

.4000hrs. $3.25 $13,000.00 750hrs.$3.25 $2,437.50 Manufacturing Labor $15,437.50 

, Manufacturing O/H 125% ' $16,250.00 125% $3,0~6: 88 $19,296,88 

$89,000.00 $30,060.00 $119,000.00 Purchased Park & Materials 

$118,250.00 $35,484.38 $1.1i,375.00 $265,109638 I Sub Total 

Totalcost . 

Fee or Profit 10% 

Total Estimated Cost $1 56,090.00 $46,830.39 $147,015.00 $349,944.39 

1 . Includes adapting vehicle to aircraft and liaison required to qualify system for air  launch. 

2. Ref. Fig.,9/2/1, Timeschedule 



8.3 'a edch Two-Stage Vehicles wiper-Javelin I l l )  with New biffuser Design - Surface Launched 

Elements of Cost Payload Rocket Vehicle ' Engineering Total 8.3 
. - .- . .- 

. . -  

Engineering Labor 

Engineering O/H 

9000 hrs . $5.50 $49,500.00 $49,500.00 

1 25% $61,875.00 $61,875.00 

Manufacturing Labor 4000hrs0$3.25 $13,000.00 2000hrs.$3.25 $6,500.00 $1 9,500.00' 

Manufacturing O/H 
I 

1 25% $1 6,250.00 $8;.125.00 . $24,375.00 

Purchased Parts & Materials $89,000.00 $57,000.00 $1 46; 000 .'00 

Total Cost 

Fee or Profit 10% $ 14,190.00 . $ 8,595.00 $13,365.00 $ 36,150.00 

Total ~stimat6d~Cost $156,090.00 $94,545.00 $137,015.00 $397,6!50.00 

Note: Above does not include Launcher Design and Fabricution. 

Ref. FJg.. 9.2.4, Timeschedule 



8.5 Guidance System 

N o  cost and time scale estima tes are given for guidance system. Because 

of the complications in  a system of this type, considerable time and effort 

must be made to present a meaningful estimate. I t  can be stated, however, 

that a program of this type w i l l  extend considerably longer than 12 months 

and cost greater than one mil l ion dol lan for development. 



9.0 APPENDIX 

9.1 7i.a jec tories 

9.2 Time Schedules 
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-EST IMATED SCHEDULE - 

CLEANSWEEP II t SWORD 

////A//////-/ // / / A  

FLIGHT TEST 



DESIGN 

W l N D  TUNNEL 

FABRICAT ION 

W l N D  TUNNEL 

TESTING 

FUNCTIONAL 

TESTING 

Dl F F U S E R  DEVELOPMENT _. 

2 
, . 

3 MONTHS 1 4 . ' 5  





- ESTIMATED SCHEDULE - 
I 

I SURFACE LAUNCHED VEH ICLE (LAND & SEA) 

MONTHS I 2 3 4 5 6 

D E S I G N  

T E S T I N G  

EVALUAT ION 

PRODUCTION 
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