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SUMMARY 

This report evaluates from a safety viewpoint the need for Agena command destruct and/or command 

or thermal generator eject-systems "on" the ̂ Nimbus B/SNAP-19 mission. This study was conducted at the 

request of AEC Space Nuclear,Systems, IffTniH-March Sandia was asked to perform a reliability analysis 

of the command and thermally-actuated SNAP-19 generator eject systems which were proposed for this 

mission. As a result of a meeting at the NASA Goddard Space Flight Center on March 31, 1966, the AEC 

requested that Sandia expand the scope of the study to evaluate the improvement in safety, if any, afforded 

by the proposed Agena command destruct, generator thermal eject, and generator command eject systems. 

Because of the urgent need to arrive at a decision relative to use of these systems on the Nimbus B 

mission, the AEC requested that the Sandia study be completed by April 25. It is important to recognize 

that the bulk of the analysis contained in this report was conducted during a 3-week period. In view of this 

extremely short period of time and the lack of detailed information in many areas, it was necessary to make 

many assumptions. These assumptions have been identified, and the limitations on the accuracy of the study 

imposed by them have been evaluated. It is believed, however, that the analyses contained herein do provide 

a reasonable basis for judging the need for the Agena command destruct and generator eject systems. 

The following conclusions and recommendations were reached: 

1. The need for the Agena command destruct capability appears marginal. However, it is 

understood that the Agena burn can be terminated by use of the sequence timer if shroud 

separation is not accomplished. Since this capability can be provided at a small fraction 

of the cost of the Agena command destruct capability and since this capability seems 

desirable, its incorporation is recommended. 

2. Neither the command nor thermal eject systems for separating the SNAP-19 from the 

Nimbus B was found to significantly enhance system safety. On the basis of the informa

tion contained in these studies, a generator eject system does not appear to be required. 

3. For orbital reentry, after Nimbus B separation from Agena, the probability of fuel r e 

lease in the desired area above the fuel melt zone is increased if the Nimbus B is 

tumbling. Therefore, it is desirable that the solar paddles be unfolded prior to orbital 

reentry. (It is understood that solar paddle deployment is accomplished automatically 

by a timer which is initiated by separation of the Nimbus B from the Agena. ) 
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CHAPTER L INTRODUCTION 

At the request of the AEC Division of Space Nuclear Systems, Sandia has made an evaluation of the 

need for an Agena command destruct and/or a generator eject system on the Nimbus B/SNAP-19 mission. 

It must be recognized that much of the information which was needed for this study was not available and 

and that many assumptions had to be made. 

The SNAP-19 is a 30-watt radioisotopic thermoelectric generator fueled with approximately 1500 grams 

of Plutonium dioxide microspheres in the size range of 50 to 250 microns. Two SNAP-19 generators will be 

mounted in tandem on the Nimbus B. The design disposal mode for the SNAP-19 is high-altitude dispersion 

of the fuel. If the configuration and chemical and mechanical properties of the microspheres remain un

changed throughout reentry, the hazard as a result of dispersing this fuel appears to be negligible. There is 

a high degree of confidence that the particles will maintain their physical and chemical integrity provided 

they do not melt. However, the question of whether melting will occur when the microspheres are released 

from the fuel capsule at certain velocity-altitude combinations must be considered. The major hazard re 

sulting from dispersal of microspheres is postulated to occur if the microspheres break up into inhalable 

size particles as a result of aerodynamic forces acting on the molten particles. Particle heating in the 

velocity-altitude region of concern, which is in the free-molecule regime, can be theoretically calculated; 

but, little experimental evidence exists to substantiate the calculations. Breakup phenomenon in this region 

is not understood; however, using the assumption that the Weber number criterion is valid in the region in 

question, velocity-altitude curves for breakup have been computed. 

The need for an Agena command destruct and/or a generator eject system addresses four questions: 

1. Can fuel release at the velocity-altitude combinations which result in melting of the micro

spheres be avoided upon reentry of the Nimbus B/SNAP-19 system or of an ejected SNAP-19 

after an abort? Because of the unknowns relative to molten particle behavior, it is con

sidered desirable to avoid fuel release at these velocity-altitude combinations. However, 

even if the particles melt but do so outside the breakup region predicted by the Weber 

number, it is believed that they will resolidify with essentially unchanged physical and 

chemical properties. This assumption is based upon Mound Laboratory's resubmission 

of microspheres to the plasma torch and upon theoretical analyses by Mound and Sandia. 

However, it must be emphasized that there is little experimental data on the behavior of 

molten particles of PuO at the altitudes of concern and that there are areas in the theoreti

cal analyses where assumptions must be made. 

2. Can fuel release at the velocity-altitude combinations which might result in breakup of the 

microspheres be avoided upon reentry of the Nimbus B/SNAP-19 system or of an ejected 

SNAP-19 after an abort? Since it appears that fallout of inhalable size particles results 

in the greatest hazard, it is considered highly desirable to avoid fuel release at the 

velocity-altitude combinations which might result in particle breakup. It should be 
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emphasized that the breakup phenomenon is not well understood in the free-molecule flow 

regime. Therefore, the accuracy of the velocity-altitude curves defining the breakup 

zone and the estimates of percent mass breaking up into inhalable size particles are 

questionable. 

3. What is the magnitude of the hazard which could result from fallout of inhalable size 

particles ' This hazard is difficult to assess because many assumptions must be made 

(1) in estimating the number of people who might actually inhale and retain such particu

late and (2) in evaluating the harmful effects resulting from retention of such particulate 

in the lung. Any inhalation of radioactive material is undesirable. However, in any use 

of nuclear power supplies In space, a certain probability of some degree of hazard must 

be accepted. 

4. How does the use of an Agena command destruct and/or a generator eject system affect 

the probability of intact land impact? Intact land impact as compared to deep ocean 

impact is less desirable from both a safety and a political viewpoint. However, a pre

vious Sandia study (Reference 1) indicates that intact land impact represents a hazard 

which can be evaluated and which appears to be acceptable; whereas, dispersion in the 

melt zone represents an unknown hazard which may indeed be negligible but which has 

the potential for being much greater than any hazard which can be postulated to result 

from intact land impact. 

As part of this study, Sandia has made estimates of fuel release altitudes by making theoretical analyses of 

the aerodynamic and heating behavior for the following configurations and conditions. 

1. Reentry of the SNAP-19 generator released at 400, 000 feet at various velocities and 

reentry angles. These conditions cover the situation of a generator reentering from 

orbit or ejected during ballistic (as opposed to orbital) reentry. 

2. Reentry of the Agena plus Nimbus B plus generator without shroud at various initial 

conditions covering abort situations during first burn of the Agena prior to obtaining 

orbital velocity. This analysis was designed to determine fuel release altitudes for 

the situation where the generator was not ejected. 

3. ReentiT^ of the Agena plus Nimbus B plus generator plus shroud from orbit. Study 

of this configuration is related to the need for an Agena command destruct or 

thrust termination system. 

4. Reentry of the Nimbus B plus generator from orbit. This analysis is related to the 

need for an eject system once an orbit of any duration is obtained. 

Also in support of this study, reliability analyses were made of the following systems: 

1. Eject System Designs 

a. Command system 

b. Command and thermal sensor systems 



2. Standard Agena Clamshel l Shroud System (Jett ison) 

3. Te l eme t ry Indication of Shroud Status 

4. Agena Command Destruct System 
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CHAPTER II. SYSTEM STUDY 

The Nimbus B is to be launched aboard a Thorad-Agena. The Thorad consists of the standard Thor 

booster plus three solid-booster motors, similar to the XM33, attached to the Thor. Reliability estimates 

for the Thorad were derived from a previous study on the Thor (Reference 2) and from a Sandia study on the 

XM33 used on the Sergeant missile. Reliability estimates on the Agena were taken from References 3 and 4. 

The trajectory (Figure 1) for the Agena/Nimbus B was obtained from Reference 3. For purposes of a prob

ability analysis, this nominal trajectory was divided into the following intervals: 

1. Launch (T ) to T + 351 seconds (this includes 99 seconds of Agena first burn). This time 
o o 

span was determined by the analysis in Appendix A to be the interval during which an abort 

caused by loss of thrust would result in intact impact of the fuel capsule. Impact would 

occur either in the ocean or in the controlled land area of the launch site. An abort shortly 

after launch, resulting in a flight outside the range safety window, coupled with failure to 

destruct the missile could result in intact land impact outside the controlled area. How

ever, the probability of such a sequence of events is estimated to be extremely low. An 

attitude failure during first burn of the Agena is estimated to result in a net thrust equal 

to zero (Reference 3). The shroud is scheduled to separate during this time, but this 

event is studied separately. 

2. T + 351 seconds to T + 479 seconds. This is the time interval during Agena first burn 

where loss of thrust would result in a ballistic reentry and release of the fuel. This is 

essentially equivalent to the total of all failures during this time period, because an 

attitude failure will almost always result in a net thrust of zero. Determination of the 

479-second point is shown in Appendix C. 

3. T + 479 seconds to T + 3240. 21 (second-burn cutoff). This interval includes the 
o o 

final 7 seconds of Agena first burn, the coast period between first and second burn, 

and all of Agena second burn. It is assumed in this study that any failure during 

this interval will place the Nimbus B in a short orbit. 

The reliability of the LV-2D booster (Thor) was estimated by Douglas in Reference 2 to be 0. 93. The 

reliability of the guidance system used with the Thor for the mission studied in Reference 2 was 0. 996. It 

is assumed that a different guidance system will be used in the Nimbus B flight, but the reliability should not 

change sufficiently to significantly affect the reliability of the overall system. The three solid boosters, to 

be used on the Thorad are to be made by Thiokol and are to be similar to the XM33. Sandia received data 

from Thiokol in early 1966 to the effect that, excluding early development models, 152 XM33 engines had 

been statically tested and 410 engines had been flight tested with no failures. Although there were slight 

differences in some of the models included in these tests, the differences are not considered to have been 

significant enough to preclude use of all these data in estimating a failure rate for the XM33. Based on zero 
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failures in 562 tests, the failure rate is'estimated to be 0. 004 at a 90-percent confidence level. The failure 

rate of the Thorad is estimated as follows: 

Reliability of Thor booster (R ) = 0. 93 

Reliability of Thor guidance (R ) = 0. 996 

Reliability of Thor system = R R^ = 0. 926 

Failure rate of Thor system (P ) = 1 - 0. 926 = 0. 074 

Failure rate of one XM33 engine (P ) = 0. 004 

Failure rate due to use of three XM33 engines (P„) = 0. 012 

Failure rate of Thorad (P ) = P + P = 0. 086 

It is recognized that the above is not a complete or accurate analysis and that the estimated failure rate P 

may prove to be too low. Certain failures such as failure of a solid booster to separate from the Thor were 

not considered. However, in this study, relative to the need for an Agena command destruct and/or a 

generator eject system, the failure rate of the Thorad is a second-order term; furthermore, a low Thorad 

failure rate serves to increase the chances for a failure during the Agena and later portions of the flight 

where the potential hazard is greater. Therefore, in this situation, the low Thorad failure rate is conserva

tive. 

The probability analysis of the Agena for the Nimbus B is based on studies performed relative to the 

SNAP-lOA mission (References 3 and 4). It is recognized that there are differences (e. g., guidance sys

tems) between the Agena on the SNAP-lOA and on the Nimbus B; however, the basic Agena is the same, and 

it is believed that the major factors in the failure probability, viz. , the ignition system and propulsion sys

tem failure rates, will remain unchanged. It is assumed that the failure rates for other systems on this 

Agena will not be significantly different from those on the SNAP-lOA Agena. 

The probability analysis is as follows: 

Failure to separate Thorad from Agena plus attitude failure at Agena first burn ignition 

(P^) = 0.0069 o 

First burn ignition failure (P ) = 0. 016 

Premature thrust termination during the 222-second Agena first burn of the SNAP-lOA 

flight = 0. 0163 

Failure of attitude control during 222-second Agena first burn of the SNAP-lOA flight 

(assumed to result in approximately zero thrust) = 0. 00231 

Premature thrust termination and/or attitude control failure during 234-second Agena 

first burn of Nimbus B flight (P„) 

2 34 
P = | - ~ (0. 0163 + 0. 00231) = 0. 0196 



Probabil i ty of p r e m a t u r e th rus t te rminat ion during f i rs t 99 seconds of Agena f i rs t burn (P ) 

Pg = 2II-(0.0196) = 0.0083 

Probabil i ty of Agena fai lure p r io r to T + 351 seconds (P ) 

P„ = P , + P„ + P„ = 0. 0069 + 0. 016 + 0. 0083 = 0. 031 
9 5 b o 

Probabi l i ty of Agena fai lure between T + 351 and T + 479 ( P , Q) 

^10 = | | | < 0 - 0 1 9 6 ) = O-Oll 

Probabi l i ty of Agena fai lure between T + 479 and T + 486 (P ) (the las t seven seconds of 

Agena f i rs t burn) , _ . 

Probabi l i ty of p r e m a t u r e Agena th rus t t e rmina t ion and /o r attitude control 

fai lure ( P . 9^ 

^12 " 2I4 ^°-°^^^^ " 0.0006 

Probabi l i ty that p r e m a t u r e sequence t i m e r s ignal cuts off the Agena 

engine (P .g ) 

P^3 = 0.001 

11 1 ^ xo 

Probabil i ty of fai lure to r e s t a r t Agena engine for second burn (P , >̂) 

P = 0 . 032 (Reference 4) 
J,TC 

Probabil i ty of Agena fai lure during the seven seconds of Agena second burn (P ) 

(assuming re l iabi l i ty of the propulsion sys t em and the attitude control sys tem is 

s im i l a r for f i rs t and second burn) 

P , , = ; ^ e c o n d Agena second burn _ __ ^^ ^^^^ 
15 234 second Agena f i rs t burn 

Probabil i ty of failure after T + 4 79 (P ,^ ) 
O lb 

P,,. = P, 1 + Pi^ + Pi= = 0. 0016 + 0. 032 + 0. 0006 = 0. 0342 
16 11 14 15 



The probabi l i t ies on the previous page do not allow for the fact that te rmina t ion of the flight due to 

fai lure at a given point will preclude fai lures at l a t e r t imes in the sequence of events . To allow for this 

considerat ion, the following adjustments of the per t inent probabi l i t ies a r e m a d e . (The t e r m F will be used 

to denote the adjusted fai lure probabi l i ty . ) 

Fg = Pg(l - P^) = (0. 031) (1 - 0. 086) = 0. 028 

F , _ = P , _ ( l - P . ) ( l - P_)(l - P . „ ) = (0. 0342)(1 - 0. 086)(1 - 0, 031)(1 - 0.011) = 0.030 
16 16 4 9 10 

The probabil i ty of intact impact of the fuel capsule (F _) is es t imated to be the probabil i ty of a fai lure 

p r io r to T + 351. 
o 

F , „ = P , + F„ = 0. 086 + 0. 028 = 0. 114 
17 4 9 

Since intact r een t ry during this in terval will r esu l t in impact in e i ther a controlled land a r e a o r an ocean 

a r e a , the nuc lear hazard in the event of fai lure F „ should be negligible. The probabil i ty of land impact 

outside a controlled a r e a is assumed to be negligible. In Reference 6, re la t ive to the SNAP-lOA miss ion , 

the probabil i ty of land impact outside the l imit line was es t imated to be 7. 9 5 x 1 0 . Fa i lu re during the 

Agena f i rs t burn portion of this in terva l would always resu l t in intact impact in the deep ocean a r e a ; t h e r e 

fore , such a fai lure would in no way necess i t a te an Agena des t ruc t o r an eject sy s t em. 

The fai lure r a t e F (failure between T + 351 and T + 479) r e p r e s e n t s the probabil i ty of a ba l l i s t ic 

r een t ry which would r e su l t in r e l e a s e and d ispers ion of the fuel. The consequences of an abor t during this 

in terval a r e i l lus t ra ted in Figure 2. The information contained thereon indicates that : 

1. An abort between 351 and approximately 453 seconds (F ) will r esu l t in fuel r e l e a s e in 
1 o 

the theore t ica l b reakup zone. 

F - 1 ° ^ F 
18 128 10 

1 n? 
^ 1 8 = 1 2 8 (0-010) = 0.008 

2. An abor t between approximately 453 and 474 seconds (F .q ) will r e su l t in fuel r e l e a s e in 

the mel t zone but not in the breakup zone. (The t ime of leaving the mel t zone was assumed 

to be slightly g r e a t e r than the 472 seconds of point A . ) 

F - ^ F 
19 128 10 

F = 0.0016 
JL y 
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3. An abort b&tween approximately 474 and 479 seconds i^^fJ will result in fuel release above 

the melt zone. 

F = - ^ (F ) = 0. 0004 20 128 ^ lO' 

The hazards associated with these situations are discussed in Chapter III. Since failures during these 

intervals are predicted to result in zero thrust, addition of an Agena command destruct system would 

accomplish nothing. Some small probability does exist of a control system failure which would not result 

in zero thrust; however, consideration of such a failure could at most result in a negligibly small increase 

in the already existing probability of fuel release in the breakup zone. Also, Figure 2 indicates that, if 

the generator is ejected, the fuel release point does not differ significantly from the release point that would 

result if the generator remained attached to the Nimbus B plus Agena. Therefore, the addition of a genera

tor eject system would accomplish nothing relative to aborts during this interval. 

The points shown in Figure 2 relative to Agena plus Nimbus B ballistic reentry are not believed to be 

significantly in error . However, several simplifying assumptions were made, some of which tend to cancel 

each other. None of the assumptions create large er rors , but the tendency is to predict slightly high release 

altitudes. The possible effect of refining these assumptions would be to lower slightly the fuel release points 

and thereby slightly increase the interval during which an abort would result in fuel release in the breakup 

zone. Since a large majority of the aborts in this interval already result in fuel release in the breakup zone, 

this effect would not be significant. 

The failure rate F (failure after T + 479) represents the probability of the mission ending in a 

short-lived orbit. In a short-lived orbit, the expected configuration at reentry would be the Nimbus B by 

itself. Point C on Figure 2 is the expected fuel release point for orbital reentry of this configuration. Since 

this point is above the melt zone, it is of minimum safety concern. There were assumptions and limitations 

relative to this analysis as follows: 

1. This analysis assumed that the Nimbus B was tumbling. If the paddles are unfolded, 

tumbling will be initiated at an altitude of approximately 350, 000 feet for all paddle 

incidence angles except in the range of -80 to -120 degrees, and therefore the 

assumption of tumbling should not induce much error . If the paddle incidence angle 

is in the range of -80 to -120 degrees or if the paddles are folded, it is possible that 

the Nimbus B would reenter sensory ring first with a very low initial pitch rate. 

These situations were not analyzed by Sandia; but, based on previous Martin studies 

(References 7 and 8), the possible results of these situations include intact reentry 

of the fuel capsule and fuel release in the breakup zone. It is difficult to assess the 

probability of the Nimbus B reentering stably with the sensory ring first, but it is 

believed to be small. This probability is decreased by unfolding the paddles prior 

to reentry. As noted above and discussed in Appendix A, having the paddles un

folded results in a high probability of the vehicle configuration being unstable upon 

reentry and of fuel release being above the melt zone. Since the probability of the 

Nimbus B being placed in a'short orbit and then reentering sensory ring first is at 

most a second-order event, it does not appear that this possibility would add 



significantly to the already existing probability, F = 0. 008, of fuel release in the 
l o 

breakup zone. 

2. An Agena attitude control failure during the flight could conceivably cause a situation 

where the fuel release point would be lower than point C in Figure 2; however, as noted 

above, the probability of this type of failure has been estimated to be negligible (Ref

erence 4). Again, such a low failure probability could not add significantly to the al

ready existing probability of fuel release in the breakup zone. 

3. Point C on Figure 2 was obtained by assuming reentry from zero degree latitude 

which is a nominal case. Reentry from other latitudes could result in shorter r e 

entry ranges and less heating per altitude increment. Therefore, for som.e cases, 

point C might be lowered slightly but should still remain above the melt zone. 

4. Because of complexities in analyzing a finned generator, the generator was assumed 

to be without fins. It is expected that analysis of a finned generator would result in 

point C being lowered slightly, but point C should still remain above the melt zone. 

5. There is some probability that the Agena will not separate from the Nimbus B. The 

fuel release point for reentry from orbit in this configuration is not shown in 

Figure 2; however, such a point would be higher than point B, fuel release point 

for the shroud on configuration, or point A^, fuel release point for the same con-
0 

figuration but from suborbital conditions. 

An evaluation of the effects of the above assumptions and limitations indicates that reentry from short 

orbit will not result in a significant probability of fuel release in the melt zone or the breakup zone. Con

sequently, there appears to be essentially no basis for requiring an eject system relative to reentry from 

short orbit. 

Additionally, the protection which an eject system might provide against the small probability of fuel 

release in the breakup zone upon reentry from orbit must be weighed against the hazard resulting from pre

mature ejection. The probability of a premature ejection which resulted in fuel release in the breakup zone 

could be as great as the small probability against which the eject system was to protect. Also, a nonsafety 

consideration is the fact that a premature ejection terminates the Nimbus B mission. 

In Appendix B, it is estimated that the probability of failure to jettison the shroud is approximately 

0. 003. Barring a second failure, the Agena plus Nimbus B plus shroud will be placed in orbit. Point B in 

Figure 2 is the estimated point of fuel release for reentry from orbit in this configuration. The assumptions 

and limitations in this analysis are the same as (1), relative to tumbling only, (2), (3), and (4) of the above 

discussion on reentry of the Nimbus B from orbit. Since point B is close to the melt zone, it is possible that 

the errors induced by these assumptions and limitations are such that the actual fuel release point could be 

in the melt zone. It does not appear probable that fuel release could occur in the breakup zone. In view of 

the possibility of fuel release in the melt zone, it is recommended that the Agena burn be terminated in the 

event of failure of the shroud to separate. Since the useful mission flight cannot be accomplished in the event 

of shroud separation failure, it seems preferable to terminate the flight immediately (with resulting deep-

ocean impact) rather than to place a useless system in orbit. It is understood that Agena thrust termination 



can be accomplished by using the sequence timer to deliver the appropriate signal through the shroud con

nector at some time shortly after scheduled shroud separation. Actually, the need for this capability may 

be somewhat questionable since the orbit life obtained (Appendix C) resulting from failure of the shroud to 

separate is predicted to be 60 years. Because of the unpredictability of future advances in technology, it 

does not seem reasonable to try to evaluate hazards this far in the future. An Agena thrust termination 

capability would, of course, protect against the possible hazards resulting from second-order failure which 

might preclude the predicted 60-year orbit being attained. 

The above suggestion that the sequence timer thrust termination capability be included is in part based 

upon the ease and small expense with which it can be implemented. In effect, it accomplishes Agena destruct 

in the most likely case where Agena destruct might be desired. The only other situation where Agena 

destruct might be desired would be an attitude control failure not resulting in a net thrust of zero. This 

situation, as noted earlier in this study, could only result in a negligible increase in the already existing 

probability of fuel release in the breakup zone. 

- 8 
Excluding the estimated 7. 95 x 10 probability of intact land impact outside the control limits in the 

launch phase (assumed from Reference 6), the probability of intact land impact is dependent upon reentry 

of the Nimbus B sensory ring first. This probability is not estimated herein, but it is believed to be small, 

because it is dependent on second-order events. A generator eject system would offer protection against 

this possibility; however, from a safety point of view, intact land impact does not appear to be an unaccept

able situation (see Chapter III). Since this probability does appear to be low, it seems questionable whether 

safety or possibly political considerations would deem an eject system desirable. 

17-18 
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CHAPTER III. HAZARD ANALYSIS 

Two SNAP-19 generators will contain approximately 36, 000 curies of Pu-238 in the form of PuO 

microspheres in the size range of 50 to 250 microns diameter. The design disposal mode for the SNAP-19 

is high-altitude dispersion of the microspheres. PuO microspheres in an "as produced" condition appear 

to have properties which make this disposal mode acceptable. The properties include (1) high chemical 

stability and low solubility which should minimize, if not preclude, any hazard from water supply contamina

tion or food chain uptake; (2) high mechanical strength which should minimize the probability of breakup into 

inhalable sizes once the particles are deposited into the earth surface environment; and (3) essentially no 

loose contamination, which should preclude any inhalation hazard from the microspheres in the "as produced" 

condition. Provided the microspheres do not melt, there is no reason to believe these properties will change 

during reentry. Therefore, release of the microspheres at points above the stable particle melt curve shown 

in Figure 2 would appear to result in a negligible hazard. 

If the microspheres are released in the melt zone shown in Figure 2, but above the breakup zone (based 

on Weber number criterion), there is still no reason to expect that their form after resolidifying will be 

different from the original form. Mound Laboratory reports that microspheres have been resubjected to the 

heat of the plasma torch in an effort to simulate some of the conditions of reentry; this process does not 

appear to affect adversely the stability of the microspheres (References 9 and 10). However, if melting 

occurs during reentry, there is undoubtedly a greater chance that the properties will change. This situation 

involves more unknowns than the nonmelt case, but there is still no reason to expect that fuel released in the 

melt zone above the breakup zone could result in more than a negligible hazard. 

The situation involving the most unknowns and potentially the greatest hazard is release of the fuel in 

the breakup zone illustrated in Figure 2. The greatest hazard occurs when the microspheres break up into 

inhalable size particles which are estimated to be less than 10 microns in diameter. The breakup curves 

have been calculated by using the Weber number criterion as a basis and by assuming a surface tension value 

of 500 dynes/cm. The criterion, based upon Weber number breakup work done in the continuum and near 

continuum flow regimes, was extended to the low Reynolds number, free-molecule flow, regime by lowering 

the critical Weber number from 6. 0 found for zirconium metal in continuum and near continuum to 3. 3 for 

Plutonium dioxide in free-molecule flow. Recent measurements of surface tension of 525 dynes/cm ± 15% 

by Mound Laboratory indicate that the value assumed for surface tension is valid, but there is no experi

mental evidence to support the application of the Weber number criterion to the low Reynolds number regime 

into which the microspheres are released. By utilizing this extension of the work performed by Dr. J. L. 

Beal at Cornell Aeronautical Laboratory and also his work performed relative to size distribution of zirconium 

particles following Weber number breakup of larger particles (Reference 10), the percent of the mass which 

can be assumed to be in particulate less than 10 microns in diameter after breakup (Weber criterion) has 

been estimated to be a maximum of about 5 percent. This value appears to be good if the breakup zone in

cludes particles smaller than about 130 microns. Lesser values are predicted for higher fuel release points. 
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This figure was based on an assumed initial size distribution of microspheres as shown in Reference 12. 

No size distribution of the particulate comprising the 5 percent of the mass has been attempted. 

In Reference 1, an estimate was made of the direct radiation hazard which would result from random 

impact occurring after reentry of a SNAP-27 generator. Since the type of fuel in the SNAP-27 is the same 

as that in the SNAP-19 and the quantities of fuel on two SNAP-19's and one SNAP-27 are approximately the 

same, the hazard analysis in Reference 1 should be applicable to random intact reentry of two SNAP-19 

generators. If intact reentry of the two SNAP-19 generators on the Nimbus B is assumed, the probability of 

which is believed to be very small; the probability P_ of someone receiving an injurious radiation dose of 

1 rem/week or greater is estimated as follows: 

P D = ^ L ^ ^ F ' ^ P B 

where 

P is the probability of land impact; 

P_ is the probability of discovery; and 

P is the probability that, given discovery, a person spends a large portion of his time 

within 20 feet of the capsule. 

By using the values from Reference 1, 

P = 0. 26 X 0. 3 X 0. 002 = 1. 56 x lO'* 

The direct radiation hazard is believed to be the major safety consideration for the situation of land impact. 



CHAPTER IV. AGENA COMMAND DESTRUCT SYSTEM AND THERMAL SENSOR 
AND COMMAND GENERATOR EJECT SYSTEMS 

The following sections discuss the designs, capabilities, and limitations of the Agena destruct system 

and the thermal sensor and command generator eject systems. A reliability analysis of these systems is 

included in Appendix B. 

Agena Command Destruct System 

The purpose of an Agena command destruct system would be to terminate thrust in the event safety 

considerations indicated such action to be desirable. A command destruct system for the Agena does exist 

and has been used at the Eastern Test Range but not at the Western Test Range (WTR). Implementation of 

this system at WTR was estimated to cost approximately $ 5, 000, 000. This cost would provide a system 

having a capability, extending through about 50 percent of Agena first burn, of destructing the Agena from 

WTR. To further extend this capability would require a downrange ship with decision making ability. NASA 

indicated that due to cost and complexity there was no possibility of obtaining this extended capability. 

The two areas where Agena command destruct might be of use are (1) in the event the shroud fails to 

separate and (2) in the low probability event that an attitude control failure does not result in zero thrust. 

These possibilities were discussed in Chapter II. One problem relative to the use of an Agena command 

destruct was the reliability of indications of shroud status. In Appendix B, the reliability of telemetry 

Indication was estimated to be 0. 989. Also from Appendix B, the reliability of the Agena command destruct 

system was estimated to be 0. 97. 

Eject Systems 

Basic Eject System -- The basic eject system was designed by The Martin Company. The generator 

compresses a spring and is held in place by a bolt and a separation nut. The nut is actuated by a gas-

generating power cartridge. The electrical connections to the generator are through a spring-loaded, pin-

actuated, quick-disconnect plug. Sandia has evaluated the system and is of the opinion that it is simple and 

functional. The only possible problem would appear to be the possibility of vacuum welding since there are 

over 20 square inches of contact area. In the early part of the mission, this problem can be overcome by 

the use of proper lubricants; however, after approximately 1 year, the lubricant will sublime or dissociate, 

and the probability of vacuum welding would become quite high. 

Thermal Sensor System -- Martin has developed a system to passively eject the generator, upon r e 

entry. The system consists of pairs of thermal sensors positioned at five locations on the spacecraft. The 

closure of any pair of sensors would allow power to be supplied to a logic circuit which would in turn initiate 

the power cartridge. 

On this system there are problem areas which are difficult to assess, e. g., the temperature-time 

history at various locations on the spacecraft for different conditions of reentry. The many unknowns inhere 



in such a situation make any analysis rather questionable. Another difficulty with the thermal sensor system 

is the fairly high premature probability of 0, 002. 

If used, it is anticipated that the thermal sensor system would serve as the primary eject capability 

during the preorbital portion of the flight and as a backup capability after orbit had been achieved. The 

failure rate of the thermal sensor eject system has been estimated in Appendix B to be 0, 006 (5-day life). 

Command Eject System -- A command eject system has been developed by NASA. Its use during the 

suborbital portion of the flight would be limited by the WTR tracking capability. The reliability of the com

mand eject system has been estimated in Appendix B to be 0. 994 for a 5-day life and 0. 946 for a 90-day life. 

Reliabilities for the command system used with the thermal sensor system have been estimated to be 0. 994 

for a 5-day life and 0. 991 for a 90-day life. 



CHAPTER V. CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions are drawn from this study: 

1. The probability of an abort prior to T +351 seconds is estimated to be 0. 114. An abort 

during this interval will result in a high probability of intact impact of the fuel capsule in 

a controlled land area or in the ocean. The hazard for such an event is believed to be 

negligible. 

2. The probability of an abort between T + 351 and T + 453 seconds is estimated to be 

0. 008. An abort during this interval will result in ballistic reentry of the Agena plus 

Nimbus B and release of the fuel in the predicted breakup zone. The hazard from such 

an event cannot be realistically assessed because of the lack of knowledge of fuel behavior 

under these conditions. Use of an Agena command destruct and/or generator eject system 

would not alleviate this potential problem area. 

3. The probability of an abort between T + 453 and T + 474 seconds is estimated to be 

0. 0016. An abort during this interval will probably result in ballistic reentry of the 

Agena plus Nimbus B and release of the fuel in the melt zone outside the predicted break

up zone. When melting of the fuel occurs, there are unknowns relative to behavior of 

the fuel which make assessment of the hazard difficult; however, the best information 

available indicates that the hazard appears to be insignificant. 

4. The probability of an abort between T +4 74 and T +4 79 seconds is estimated to be 

0. 0004. An abort during this interval will probably result in ballistic reentry of the 

Agena plus Nimbus B and release of the fuel above the melt zone. The hazard from 

such an event is believed to be negligible. 

5. The probability of an abort or a failure between T +4 79 seconds and the end of 

powered flight is estimated to be 0. 03. Such a failure would place the Nimbus B in 

a short orbit. Reentry from orbit is expected to result in fuel release above the 

melt zone. The hazard from such an event is believed to be negligible. 

6. The probability of the shroud failing to separate is estimated to be 0. 003. A Sandia 

predicted trajectory indicates that such a failure would result in the Agena plus 

Nimbus B plus shroud being placed in approximately a 60-year orbit. Reentry of 

this system from orbit is expected to result in fuel release above the melt zone 

though release in the melt zone is conceivable. The hazard from even immediate 

reentry of this configuration from orbit appears to be insignificant. 



7. The probability of intact land impact outside a controlled area is expected to be very low. 

Should such an event occur, the probability of someone being injured is estimated to be 

1. 56 X lO"*. 

In summary, incorporation of a generator eject system on the Nimbus B/SNAP-19 mission does not 

appear to provide a significant improvement in safety. Although the hazard of reentry from short orbit in 

the case of failure to eject the shroud appears to be insignificant, the ease and low cost of incorporation 

and the undesirability of placing a useless system in orbit would seem to make implementation of sequence 

timer thrust termination desirable. The low probability of a hazard would not appear to justify inclusion of 

the more costly Agena command destruct. 

For orbital reentry, after Numbus B separation from Agena, the probability of fuel release in the 

desired area above the fuel melt zone is increased if the Nimbus B is tumbling. Therefore, it is desirable 

that the solar paddles be unfolded prior to orbital reentry. (It is understood that solar paddle deployment 

is accomplished automatically by a timer which is initiated by separation of the Nimbus B from the Agena. ) 
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AEROTHERMODYNAMIC ANALYSIS OF THE AGENA/NIMBUS B / 
SNAP-19/HEAT SHIELD SPACE SYSTEM 

Introduction 

An aerothermodynamic analysis of the Agena/Nimbus B/SNAP-19/Heat Shield space system was con

ducted to aid in evaluating the need for proposed Agena command destruct or SNAP-19 generator eject 

systems. The study provides fuel exposure altitudes resulting from reentry of a series of selected con

figurations in their appropriate trajectories. The configurations and trajectories selected represent con

ditions which are descriptive of orbital decay or of probable aborts or failure modes that may occur prior 

to injection of the spacecraft into a proper orbit. In addition, a parametric study to determine fuel exposure 

altitudes resulting from reentry of the SNAP-19 generator alone was completed. The generator-alone studies 

represent fuel exposure altitudes resulting from reentry of an ejected generator. Comparison of fuel exposure 

altitudes for the various conditions studied provides an indication of the advantages or disadvantages provided 

by eject systems. 

Analysis 

The aerothermodynamic analysis was conducted in four major phases described below. 

1. Phase I of the analysis disctisses reentry of a SNAP-19 generator alone (randomly tumbling) 

from an altitude of 400, 000 feet for flight path angles of 0, -10, and -45 degrees and velocities 

from 14, 000 to 26, 000 feet per second. For these initial conditions, the study provides a 

series of fuel exposure altitudes and fuel velocities at the exposure altitudes. This calcu

lation, which defines a network of points (fuel exposure altitudes) for an ejected generator, 

is the basis for comparison with other predicted fuel release altitudes. 

2. Phase II of the analysis discusses reentry of the Agena with the Nimbus B (paddles folded) 

attached. Initial trajectory conditions were selected from the mission profile for five 

velocities during Agena first burn. The resultant reentry velocities at 400, 000 feet are 

in the range between 14, 100 and 25, 200 feet per second and hence produce ballistic 

trajectories that would result from Agena thrust termination prior to attainment of a 

proper orbit. In this phase of the study, the Agena/Spacecraft system was assumed 

to tumble, and the roll orientation was selected to provide maximum heating to the gen

erator. Aerodynamic coefficients for this configuration were calculated to provide 

some insight into the probable orientation history during reentry. 



3. Phase III of the analysis discusses reentry of the Agena/Nimbus B/Heat Shield combination 

from orbital decay. In this failure mode, the spacecraft is contained within the exit heat 

shield as the result of failure of the heat shield to eject early in the mission. The thermal 

analysis considers the Agena to be spinning and tumbling in the trajectory. For this con

dition, release of the spacecraft and subsequent release of fuel from the Nimbus B/SNAP-l!) 

are examined. The aerodynamic coefficients for this configuration were calculated and 

used in a 6-degree-of-freedom trajectory program to provide some insight into probable 

vehicle motion history during reentry. 

4. Phase IV of the analysis discusses reentry of the Nimbus B/SNAP-19 from orbital decay. 

The thermal analysis was based on tumbling of the spacecraft in a plane perpendicular to 

the solar paddle axis (paddles extended). Disassembly of the spacecraft, removal of the 

fuel capsule, and subsequent release of fuel are examined. The aerodynamic coefficients 

of several configurations were calculated to provide some insight into the probable orienta

tion history during reentry. 

Discussion of Assumptions and Results 

At the start of the aerothermodynamic analysis, several assumptions were made which are common to 

the entire study. These assumptions lend a degree of consistency to the study which provides a basis for 

comparison of results obtained in Phases I, II, III, and IV. A description of the general assumptions and 

approach to the problem follows. 

Aerodynamic coefficients for all configurations analyzed were calculated for hypersonic continuum flow 

by using Sandia Corporation's SIRNETCO computer program and by using hand calculations for some geomet

ric segments. The program uses modified Newtonian theory and is run on a CDC 3600 computer. Whenever 

possible, calculated coefficients were compared with those presented in References A-1 and A-2. In all 

cases, the comparisons showed the calculations to be in agreement. 

Sandia Corporation's TTA trajectory program and the CDC 3600 computer were used to make trajectory 

computations. Three-degree-of-freedom (point mass) trajectories were run for all configurations with an 

average drag coefficient corresponding to the tumbling mode as the configurations would tumble or oscillate 

through a wide angle of attack range for high angular rates at the start of reentry. The effects of initial 

angular rates on the reentry altitude of several configurations are presented in References A-2 and A-3. A 

6-degree-of-freedom trajectory was used to investigate the angle of attack history of one configuration 

(Phase III) for one set of angular rates. This trajectory was then used for comparison with other configura

tions in the total study. Six-degree-of-freedom trajectories were not run for all configurations with several 

sets of initial conditions since the limited time available did not permit generating these trajectories and the 

corresponding thermal analyses. 

Assumptions used in the thermal analyses generally allowed the predicted fuel exposure to occur at the 

high end of a possible fuel exposure altitude range. For example, roll orientation of the Agena/Nimbus B/ 

SNAP-19 combination was selected to provide minimum shielding of the generator by the solar paddles in the 

folded position, fins were neglected in generator analyses, and in tandem generator/Nimbus B configurations 



the uppermost generator only was studied. Although these assumptions tend to increase the predicted gen

erator disassembly altitudes, they do not have a significant effect on the final fuel release conditions. This 

is the result of the combination of the generator being made of low-melting temperature and low-emissivity 

material and of the fuel capsule being made of high-melting temperature and higher emissivity material 

coupled with shallow reentry angle trajectories. Even if lower heating rates were assumed for the generator, 

it would still have melted early in the heat pulse where heating rates are low and are increasing slow enough 

that the fuel capsule could re-radiate almost all the incoming convective heating. The capsules do not fail 

until the heating rates become higher than the equilibrium heat flux at failure temperature. Therefore, the 

capsule disassembly point is primarily heating rate dependent, and any minor heating assumptions which 

pertain only to the generator do not change the fuel release conditions appreciably. For these same reasons, 

it was expected that ejection of the generator above 400, 000 feet would only have a small effect on fuel release 

conditions. In addition, internal heat generation was not included in the energy balances, and it was assumed 

that no incoming heat was transferred to the fuel. Heating rates were calculated as required in free-molecule 

and continuum flow regimes for each configuration analyzed. In the thermal analyses, internal temperatures 

of metal components were determined by use of an iterative computational procedure which utilizes an energy 

balance including aerodynamic convective heating, re-radiation, and equivalent heat sinks. For materials 

such as the heat shield, the thermal analysis was conducted by using the Sandia Corporation HERMAN pro

gram. This program utilizes a nodal analysis and the CDC 3600 computer to solve more complex internal 

conduction problems. 

Phase I Results 

Phase I of the study provides fuel exposure altitudes resulting from reentry of a randomly tumbling 

tandem generator for a series of selected reentry conditions. The trajectories used in Phase I were calcu

lated using the point mass option of the TTA trajectory program with the 1962 U, S. Standard Atmosphere, 

Initial conditions which were held constant in the parametric study are: 

Geodetic Latitude = 0, 0 degree 

Geodetic Longitude = 0. 0 degree 

Altitude (geodetic) = 400, 000 feet 

Earth Relative Heading = 102.79 degrees (clockwise from east) 

Earth relative velocities from 14, 000 to 26, 000 feet per second were considered for reentry angles of 0, -10, 

and -45 degrees to provide a total of 21 trajectories in the parametric study. Ballistic parameters for the 
2 2 

tandem generators and the fuel capsule were 62.4 lb/ft and 60. 8 lb/ft , respectively. Due to the closeness 

of the ballistic parameter, common trajectories were used in the thermal analysis of the generator and fuel 

capsule. The hypersonic ballistic parameters, based on continuum flow, were derived for the randomly 

tumbling configurations according to the methods of References A-4 and A-5. For the conditions used in 

Phase I, the trajectory with initial conditions of 26, 000 feet per second at -0 degree reentry angle would r e 

main in orbit. This trajectory was replaced by an orbital decay trajectory using an inertial velocity of 

25, 704 feet per second and an inertial reentry angle of -0. 1200 degree (26, 092 and -0, 1 IB-degree earth 

relative) to complete the study. References A-3 and A-6 show this orbital decay trajectory to be both 

"typical" and "probable." 



The thermal analysis in Phase 1, based on the trajectories described on the preceding page, showed 

that the generators and fuel capsule failed when the sides of the cylinders melted. An iterative method was 

used to compute internal temperatures. This method utilizes an energy balance which includes aerodynamic 

convective heating, re-radiation,\ and equivalent heat sinks. Except for orbital decay trajectories, continuum 

heating rates were used throughout the analysis. For the orbital decay case, free-moieculc heatinf; rales 

were sufficient to fail the generator walls and raise the fuel capsule walls to a temperature of 2623 1(. The 

fuel capsules then entered the continuum flow regime and failed at an altitude of 292, 300 feet. Mns vV( rt; 

neglected in the thermal analysis since sufficient data are not available to treat finned cylinders at this timt;. 

The presence of fins would reduce the ballistic parameter compared to the unfinned configuration, probably 

reduce generator heating rates, and finally lower the fuel exposure altitude slightly. It is f';lt that the effect 

of fins on lowering the fuel exposure altitude will be generally small and essentially insignificant for orbital 

decay trajectories. The altitudes, velocities, and flight path angles at capsule release (generator failure) 

and fuel release (capsule failure) as predicted in the Phase I analysis are given in Tables A-I and A-II, 

respectively. The data describing full exposure altitudes from Table A-II are presented graphically in 

Figure A-1. 

Phase 11 Results 

Phase II of the analysis predicts fuel exposure altitudes for a series of ballistic trajectories resulting 

from thrust termination of the Agena during first burn. In order to study the range of trajectories prior to 

orbit where burnup of the capsule might occur, initial conditions were selected from the "Castor II" Thorad 

trajectory to provide reentry velocities at 400, 000 feet in the range from 14, 000 to 25, 000 ft/sec. Data 

selected from "Castor II" are given in Table A-III. 

The configurations considered in Phase II included the Agena with Nimbus B (paddles folded) attached. 

Aerodynamic analysis of this configuration shows it to be slightly stable at angles of attack near 180 degrees. 

It will, therefore, rotate through 180 degrees and establish an initial pitch rate shortly after thrust termina

tion. Comparison of the aerodynamic characteristics of this configuration and that of Phase III (6-degree-of-

freedom trajectory) indicates that large angular oscillations in pitch will be realized. The hypersonic 

continuum drag coefficient was therefore based on tumbling in the pitch or yaw plane using a reference area 
2 

of 19. 63 ft . Ballistic parameters for each trajectory were obtained by using the appropriate weight from 

Table A-III. These physical characteristics along with Castor II data provide the initial trajectory conditions 

at 400, 000 feet (Table A-IV) for use in the thermal analysis. 

In the Phase II thermal analysis, the Nimbus B was assumed to be attached to the Agena, heat shield 

removed and paddles folded. A roll orientation was selected to allow maximum heating to the generator for 

vehicle tumbling in the plane of the solar paddle (folded) axis. In this configuration and orientation, the tower 

had a negligible effect on the generator heating rates. For these trajectories, heating in free-molecule and 

continuum flow regimes was calculated for the generator, and failure of the generator is predicted as shown 

in Table A-V. By using initial conditions for fuel capsule trajectories based on Table A-V and fuel capsule 

aerodynamic characteristics identical to those of Phase I, capsule failure (fuel exposure) altitudes were de

termined as shown in Table A-VI. 



TABLE A-I 

SNAP-19 Safety Analysis - Phase I 
Fuel Capsule Release 

Capsule Release 
Conditions 

Altitude 

Velocity 

Flight Path Angle 

Altitude 

Velocity 

Flight Path Angle 

Altitude 

Velocity 

Flight Path Angle 

Initial Reentry Angle 

•10 

- 1 0 

•10 

-45" 

-45 

-45" 

Initial Velocity 
14,000 
f t / s ec 

146,953 

12,935 

-13 , 59 

16, 000 
ft / s ec 

177,326 

15,648 

-10 .42 

18,000 
f t / s e c 

203,243 

17,918 

- 7 . 9 7 

20,000 
f t / sec 

225,648 

20,031 

- 5 . 9 8 

22,000 
f t / sec 

248, 629 

22, 089 

- 4 . 2 1 

24, 000 
f t / sec 

275, 575 

24, 107 

-2 .50 

26,000 
f t / s ec 

26,092 
f t / sec 

129,708 158,752 175,093 193,634 206,063 211,790 219,028 

12,167 15,389 17,654 19,883 21,961 23,962 25,982 

-17.26 -14 .72 -13.12 -11 .91 -11.07 -10.46 -9 .98 

65,550 93,977 117,360 129,272 134.252 144,513 160,278 

4 ,177 11.762 16,352 18,945 21,041 23.349 25,696 

-47 .96 -46 ,38 -45 ,82 -45 .50 -45.29 -45.12 -45 .00 

Altitude 

Velocity 

Flight Path Angle 

-0.118 

-0.118 

- 0 . 118 

339, 000 

26, 100 

-0 .010 



TABLE A-II 

SNAP-19 Safety Analysis - Phase I 
F^iel Release 

Initial Velocity 
Fuel Release 

Conditions 

Altitude 

Velocity 

Flight Path Angle 

Altitude 

Velocity 

Flight Path Angle 

Altitude 

Velocity 

Flight Path Angle 

Altitude 

Velocity 

Flight Path Angle 

Initial Reentry Angle 

0° 

0 ° 

0 ° 

-10° 

-10° 

-10° 

-45° 

-45° 

-4 5° 

-0 .118° 

-0 .118° 

-0 .118° 

14.000 
f t / sec 

N. R. 

N. R. 

N. R. 

16,000 
f t / sec 

120,000 

11, 100 

-12. 3 

N. R. 

N. R. 

18,000 
f t / sec 

154,000 

16,000 

-9 . 1 

127,000 

14, 300 

-13 . 9 

N. R. 

20,000 
f t / sec 

182, 000 

19, 100 

-6 . 8 

146, 000 

17,900 

-12.4 

N. R. 

22,000 
f t / sec 

209,000 

21,600 

- 4 . 8 

163,000 

20, 700 

- 1 1 . 3 

97, 000 

13,800 

-45 .4 

24,000 
f t / sec 

240,000 

23,900 

-2 .9 

175, 000 

23, 100 

-10.6 

102,000 

19, 000 

-4 5. 2 

26.000 
f t / s ec 

189, 000 

25,300 

-10. 0 

117,000 

23,000 

45 . 0 

26, 092 
f t / s ec 

292,300 

25,400 

-0 . 397 

N. R. Indicates no r e l e a s e of fuel from fuel capsule . 
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TABLE A-III 

P a r a m e t e r Case 1 Case 2 

Flight T ime , seconds 285.314 364.021 

Weight, pounds 14,741 10,399 

Velocity, Ear th Relative, fps 13,917.26 17,068.42 

Altitude (geodetic), feet 469 ,978 .9 533,012.2 

Reentry angle, degrees *6.406 -0.756 
(angle between ear th re la t ive 
velocity vector and surface 
of ear th) 

Ea r th Relative Heading Angle 104. 533 104. 309 

Geodetic Lat i tude, degrees 30. 501 27. 360 

Geodetic Longitude, degrees 121.929 122.848 

=!This condition was run as -6 .406 in the t r a j ec to ry calculation. 

• 

Case 3 

413.213 

7,685 

19,903. 24 

529, 162. 5 

-0 . 639 

104. 106 

25. 004 

123. 509 

Case 4 

452. 567 

5,514 

23, 010. 82 

517, 544. 0 

-0 .475 

103.913 

22.813 

124. 104 

Case 5 

472. 244 

4 ,428 

25, 051. 28 

514, 734.5 

-0 . 100 

103. 806 

21. 582 

124.430 



Thrus t Terminat ion 
(sec) 

285 

364 

413 

453 

472 

TABLE A -IV 

V 
o 

(f t /sec) 

14. 100 

17,300 

21. 100 

23,200 

25,200 

o 
(deg) 

-9 ,4 

- 7 . 2 

- 5 . 1 

- 3 . 1 

- 1 . 5 

Thrus t Te rmina t ion 
(sec) 

285 

364 

413 

453 

472 

TABLE A-V 

Gen. Fa i lu re Alt . 
(ft) 

117,900 

160,900 

192,500 

230, 600 

265, 200 

Gen. Fa i lu re Vel, 
(ft/ 

12, 

16, 

19, 

23, 

25, 

sec) 

700 

800 

800 

100 

200 

Thrus t Termina t ion 
(sec) 

285 

364 

413 

453 

472 

TABLE A-VI 

Cap. Fa i lu re Alt. 
(ft) 

c a ] 

116.600 

157.000 

201.000 

239.000 

Cap. Fa i lu re Vel. 
( f t /sec) 

c a p s u l e i n t a c t 

11.800 

18. 100 

22.500 

24.900 
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The data from Figure A-1 may be used to obtain fuel exposure altitudes resulting from reentry of a 

generator alone (ejected) for the same initial reentry conditions of Phase II. Results of Phase II and com

parison with Phase I data are shown in Figure A-2. It is seen that for the reentry conditions of iniase H, 

ejection of the generator provides a negligible effect on fuel exposure altitude compared to the nun- jfct ca;c. 

For Phases II and III of this analysis, aerodynamic data descriptive of configurations including the 

Agena and Nimbus B spacecraft were not available from Lockheed. It was necessary therefore to '-alcil.it.f 

axial force, normal force, and moment coefficients for four possible Nimbus B/Agena configuration:, rx-

pected during reentry. The only center of gravity and moment of inertia data on Nimbus B/Apena confifur-jj-

tions available from Lockheed corresponded to the end of Agena second burn (nominal and continuation to fuel 

depletion). It was necessary therefore to calculate center of gravity data for the five cases studied in Pha'.e 

II. Center of gravity data as a function of mission time were obtained by using fuel weight and fuel < fnt'T 

of gravity data from the SNAPSHOT mission added to the center of gravity data for the Nimbus B mission at 

the end of Agena second burn. (The weight of the Agena plus fuel was used with the Castor II trajectory to 

define the mission time at which a certain fueled configuration existed. ) Center of gravity data were obtained 

by employing known CG versus time data from the SNAPSHOT mission and relating these results to the con

figuration used in Phase II. A graph of resultant CG versus mission time is available in the Phase II aero

dynamic data books along with the aerodynamic coefficients calculated throughout the study. The aerodynamic 

analysis was required in each phase of the study in order to gain some insight into the time history of ex

pected motions and to verify either large angular displacements or tumbling motions as used in the thermal 

analyses. 

Phase III Results 

In Phase III of the study, a fuel exposure altitude resulting from reentry of the Agena with heat shield 

attached was predicted. In the study, it is assumed that the Nimbus B is ejected and remains inside the heat 

shield until failure of the heat shield allows the spacecraft to fall free and continue in its own trajectory. The 

orbital decay trajectory employs the same initial conditions described in Phase I, and a ballistic parameter 

based on an average drag coefficient for the tumbling mode was used to generate the trajectory on which the 

thermal analysis was based. The same procedures described in Phase II were used to calculate aerodynamic 

coefficients. Results of these calculations are available in the aerodynamic data notebook. A six-degree-of-

freedom trajectory was calculated for the Phase III initial configuration to verify the tumbling mode used in 

the Phase III thermal analysis. This trajectory also forms the basis for comparison with other configurations 

in the study with which a judgment of their probable motion may be made. This judgment is based on com

parison of pitching moment, static margin, initial pitching rates, and vehicle physical characteristics. It is 

known that sufficiently high initial pitch rates will cause tumbling as described in Reference A-3. In Refer

ence A-3, pitch rates up to 2. 0 radians/sec are discussed with the conclusion that rates from 0 to 0. 1 

radian/sec do not cause tumbling, and rates from 0. 1 to 2. 0 radians/sec cause tumbling of the SNAP-lOA/ 

Agena combination. Since the lower pitch rates are more probable (0. 825), an initial rate of 0. 1 radian/sec 

was applied to the configurations of Phase III. Results of the 6-degree-of-freedom trajectory calculation 

show the vehicle to be oscillating to approximately ±50 degrees through a stable trim point near 180 degrees 

at 270, 000 feet altitude. That is, the heat shield is describing an arc of 260 degrees but not through the 
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Note: Fuel is not released when V < 16, 500 ft/sec 
o ' 

10,000 15,000 20,000 

Fuel particle release velocity (feet per second) 

25,000 

Figure A-2. Phase I and II Comparison 



stagnation region. Examination of the heat shield showed the structure to be most vulnerable to thermal 

failure at a section 117 inches from the nose. At this location, the phenolic fiberglass is l/lO-inch-thick, 

and the support structure consists of two longitudinal aluminum channel sections. Free-molecule heating 

to this section of the heat shield was applied to an altitude of 355, 000 feet, and continuum rates were applied 

at lower altitudes. According to the analysis of Reference A-3, the Agena is subject to thermal failure in s 

range of altitudes from 290. 000 to 275. 000 feet for the initial pitch rates used in the Phase III study. 

Mechanical failure may be expected at 248. 000 feet. The structural integrity of the heat shield was examined 

at an average predicted Agena failure altitude of 270, 000 feet for the trajectory used in Phase III of this 

analysis. Results of this study showed the phenolic fiberglass to be between 800 and 1300 F at the stations 

analyzed. The pyrolysis temperature of fiberglass is 800 F (mid-range for low heating rates). Therefore, 

the heat shield has been charred throughout its thickness at this time. In addition, the aluminam channel 

support temperature was between 710 and 785 F which results in over 90-percent loss of ultimate strength. 

Under these conditions, the heat shield was assumed to fail and release the Nimbus B (paddles folded) at 

270, 000 feet. 

Aerodynamic coefficients for various configurations of the Nimbus B were obtained from Reference A-2 

and checked with the Sandia SIRNETCO computer program. These coefficients were used in calculating 

pertinent trajectories for the tumbling Nimbus B after its release from the heat shield. Since exposure 

occurs at a relatively low altitude and high velocity, the heating rates are high, radiation losses are low, 

and rapid burnup of the system results. Failure of the Nimbus B support tubing 4. 5 seconds after exposure 

results in removal of the paddles and tower. The generator was computed to melt at 263, 000 feet; the melt

ing exposed the fuel capsules. The fuel was released from the capsules at 252, 000 feet altitude. Results 

of Phase III are shown in Figure A-3. 

Phase IV Results 

Phase IV of the study predicts a fuel exposure altitude resulting from orbital decay of the Nimbus B 

with paddles extended. The orbital decay trajectory initial conditions were identical to those used in earlier 

phases of this study. Aerodynamic coefficients for the Nimbus B with paddles folded and with paddles off 

were calculated and compared with coefficients presented in References A-1 and A-2. Reference A-2 shows 

that for the paddles-extended case, tumbling of the Nimbus B is encountered in a range of altitudes near 

350, 000 feet for most solar paddle incidence angles. The thermal analysis in Phase IV, therefore, was 

based on tumbling in a plane perpendicular to the extended paddle axis. For this condition, the Nimbus B 

struts were shown to fail at 350, 000 feet in free-molecule flow when an equilibrium heat flux based on a 

temperature of 1500 R was reached. Generator failure and fuel capsule exposure occurred at an altitude of 

337, 600 feet. Although the Nimbus B (sensory ring) was in continuum flow at this time, the smaller fuel 

capsule again enters free-molecule flow when released from the generator. A capsule wall temperature of 

2573 R was reached at the end of free-moleculer heating (300,000 feet). In the continuum flow regime, con

vective heating rates did not exceed the radiation heat flux by a large amount so that the resultant tempera

ture rise of the capsule was slow. Fuel was released at an altitude of 291, 000 feet. Results of Phase IV of 

the study are shown in Figure A-3. For cases where tumbling may not be expected, it has been predicted 
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by The Martin Company in Reference A-1 that the sensory ring would not burn away completely. For ex

ample, the Martin analysis indicates that 13. 1 percent of the sensory subsystem (neglecting the fiberglass/ 

mylar cover) is burned away at an altitude of 54, 000 feet. With this amount of protection to the generator, 

it is apparent that fuel would not be released from the capsule at any time during reentry. Vehicle stable 

configurations with the sensory ring forward are possible when the solar paddles are extended and the paddie 

incidence angle is in the range of -80 to -120 degrees. Almost perfect shielding of the generator is pro

vided when the paddles are at an incidence angle of -90 degrees. Stable vehicle altitudes with the sensory 

ring forward are also predicted for the paddles folded case when decaying from orbit. Reference A-2 shows 

the generator to be completely shadowed during the trajectory for zero initial pitch rates and to be almost 

completely shadowed for initial rates of ±0. 05 rad/sec. For this particular case, again it appears that fuel 

would not be exposed during the trajectory. The results of Phase IV combined with References A-1 and A-2 

indicate that for the possible configurations studied in Phase IV, fuel exposure will be a rather strong function 

of initial pitching rates. For example, stable configurations with low initial pitching rates will not release 

fuel during the trajectory. Stable configurations with high initial pitching rates could oscillate with sufficient 

amplitude to allow heating and a subsequent change to an unstable configuration. When this occurs and when 

fuel is released as a result of this change depends upon the initial pitching rate experienced by the vehicle. 
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April 21 , 1966 
F i l e Index No, 4-7 

To: J , D, Appel - 9319 

From: ti. E. Butler - 2152 
J 

Re: Reliability Analysis of Nimbus B/SNAP I9 Subsystems 

The reliability of four systems of the Nimbus B/SNAP design has been 
analyzed as you requested, A summary of the predictions for these four 
systems, as analyzed in the four parts of this report, follows: 

Predicted Probability 

Dud Premature Reliability 

PART I 

SNAP 19 Eject System Designs 

Thermal Svitch and Command 
Eject Design 

a. 5 day life 
b. 90 day life 
c. Launch to Nimbus 

separation, given 
command capability 

d. Launch to Nimbus 
separation, given that 
command signal trans
mission is impractical 

Command Eject (Only) Design 

a. 5 day life 
b. 90 day life 
c. Launch to Nimbus 

separation 

.004 

.007 

.004 

.006 

.006 

.05̂ + 

.016* 

.002 

.002 

.002 

.002 

<.0001 
<. 0001 
<.0001 

.99^ 

.991 

.99^ 

.992 

.99^ 

. 9 ^ 

.984 

•̂ Dependence upon a single command station during launch introduces a 
-failure mode which can be neglected after orbit is achieved and re
dundant command stations are available to transmit ejection signals. 
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To: J. D, Appel - 9319 -2-

PART II 

Standard Agena Clamshell 
Shroud System (jettison) 

PART III 

Telemetry Indication of 
Shroud Status 

PART IV 

Agena Command Destruct System 

Predicted Probability 

Dud Reliability 

.003 

,011 

.03 

.997 

.989 

.97 

«eNFIDENTlA^ 45 



QONftDENH* COPY U i i t ^ ' i N n L ^ c i N P i ^ f r COPY 

To: J, D. Appel - 9319 - 3 -

PART I 

Analysis of SNAP I9 Eject System Designs 

Rel'erenccG; 

1. Unci, Drawing 452A1500037, Martin Company, Passive Eject 
Circuit Schematic, March 2, I966 

2. Unci. Report, MND-3169-76, Martin Company, Design and 
Functional Testing of SNAP-I9 Eject System, October I965 

3. Unci. Preliminary Drawings, NASA, 

a, RTG Command Eject System Power, 
b. RTG Command Eject Logic, Jan, I8, I966 

4. Unci. Memo, S. Weiland - NASA to The Record, subject: 
Nimbus "B" RTG Safety System Design, March 23, I966 

b. SDI Report, LMSC-B002762A Seigler Corp., Flight Hazard 
Analysis for SNAP Payload, June I963 (U) 

6. Unci, Report, Tech. Report I886 Operations Research 
Incorporated, Reliability Assessment of Nimbus Spacecraft, 
Nov. 1962. 

Introduction 

An eject mechanism has been developed by Martin Co. for SNAP I9 use on 
IJlnbuG "B", A redundant electro-explosive device initiates the ejection. 
An explosive nut is broken apart, releasing a spring which pushes the RTG 
(radioisotopic thermoelectric generator) away from the spacecraft, 

A command eject system to provide the signal to actuate the ejection 
mechanism has been developed by NASA (National Aeronautics and Space 
Administration), The Martin Co, has developed a passive (thermal switch) 
eject circuit as a backup signal in addition to the command eject system. 
The reliability of both proposed designs is analyzed in this report. 
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Description of System 

The Thermal Switch and Command Eject design is defined by References 1 
and 2, The Command Eject (only) design is described by References 3 
and 4. Figures 1.1 and 1.2 are simplified schematics of these designs, 
A series of commands transmitted to the command system can cause ejection 
operation any time after launch. The eject receivers (utilizing unen-
coded commands) are the primary receiving system from launch until the 
spacecraft separates from the Agena because the encoded commands are used 
by Nimbus spacecraft for operational commanding and are inhibited during 
this period. During orbit the encoded command system (command receivers, 
clocks, and logic circuit) are the primary receiving system with backup 
by the eject receivers (unencoded). A relay logic circuit utilizes the 
series of three unencoded commands or two encoded commands to fire the 
explosive power cartridges which actuate the separation nut, releasing the 
springs which push the RTG away from the spacecraft, A lanyard releases 
a quick disconnect plug to separate the electric harness leading from the 
generator to the spacecraft. 

The passive ejection system utilizes the heat generated by re-entry of 
the spacecraft to operate thermal switches. Pairs of series switches will 
be positioned at five locations on the spacecraft. The closure of any 
pair of series switches will close relays in the logic circuit to fire the 
explosive power cartridges, as above. 

Assumptions 

In this analysis it was assumed that: 

1. The command eject system required life after launch is three 
months; the thermal switch system required life is two months 
after launch. 

2. Reliability of the ground transmitter need not be considered 
during orbit because several transmitters and transmitting 
stations are available for use; however, it must be consider
ed during launch when only one station is available. 

3. The listed dud and premature events are statistically 
independent events. 

4. Tlie Nimbus re-entry attitude will cause only two thermal switches 
to be at a satellite hot spot, all other thermal switches will 
not experience temperatures required for switch closure. 
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Analysis 

Dud and premature equations are presented below for both the combined 
design (incorporating both command eject and thermal switches) and the 
command design (incorporating only command eject as a signal source), 
lliese designs are evaluated for a five day life (i.e., launch to time of 
command eject signal) and for a 90 day life. 

Thermal Switch and Command Eject Design 

Dud Equation - During Orbit 

Q^ is the probability of failure of the Thermal Switch and Command eject 

system. 

QL, « B + (B + C ) (T^ + T^ + D, + D^) + R + W^ + N + E + K 
M X c o 1 2 1 2 

« .004 for five day l i f e 
^ .007 for 90 day l i f e 

Dud Equation - Launch to Separation from Agena 

Assuming that transmission/reception of an eject command signal wi l l be 
possible :•* 

Q - « B + (B + C, + X) (T^ + T^ + D, + D^) + R + W^ + N + E + K 

ml x c 1 ^ 1 2 1 2 

w .004 

Note that command transmitter failure is included in this dud 
equation. This evaluation assumes that an abort will result in 
aerodynamic heating of the thermal switches, and that the battery 
failure rate during launch is approximately equal to the five day 
failure rate. 

•'••Command transmission within range of the vehicle during the last half of 
-Agena first burn will be possible only if the down range ship is equipped 
with a command capability. 
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Assuming that thermal switches only can signal ejection during the launch 
period, i.e., the transmission/reception of command signals will be im
practical due to the range between transmitter and spacecraft. 

Q̂ ,, « B + T, + T^ + D, + D^ + R + W^ + N + E + K SI X 1 2 1 2 

« .006 

Premature Equation 

RTG Ti is the probability of premature ejection of the R'J 

1^ « (c')^ + 2c'd' + 5(t')^ + 2(r^) + 2W' + n' 

.002 

Reliability 

P is the reliability of the Thermal Switch Command Eject System 

P^ « 1 - (Q + n ) 
M ram 

« .99h during launch to separation from Agena, 
given effective command transmission 

« .992 during launch to separation from Agena, 
given that command transmission is not 
effective 

« .99h at five days 
Si .991 at 90 days 
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B 
c 

B 

' 1 

^ l ' ^ 2 

d ' 

E 

K 

N 

R 

T T 
^ 1 ' 2 

Event Description 

Failure of the power supply subsystem to supply 
sufficient power for command system operation. 

Failure of the power supply subsystem to supply 
sufficient power to the bridge wires. 

Failure of the command system during orbit to 
provide the signals required for relay logic 
circuit operation. 

Failure of both eject receivers during launch. 

Premature command system operation so as to 
cause both relay 17 and relay 20 to close. 

Failure of the isolating diode by opening in 
the thermal switch output circuit (includes 
the R-G network in series with diodes). 

Failure of an isolating diode by shorting. 

Failure of the compression springs or housing 
so as to prevent RTG ejection for any reason 
including space vacuum welding. 

Failui'e of the quick disconnect plug. 

Failure of the separation nut, given proper 
operation of at least one power cartridge. 

Premature release of compression springs due to 
holding failure of the separation nut. 

Failure of relay logic circuit. 

Premature closure, or short across, one set of 
relay contacts. 

Closure failure of one bimetallic thermal switch 
given adequate temperature. 

Premature closure of one bimetallic thermal 
s\;itch. 

Allowable 
Probability 

.002 for 5 days 

.Ob for 90 days 

.0001 for 5 days 

.003 for 90 days 

negligible for 
5 days 

.0001 for 90 days 

.0001 

n e g l i g i b l e 

. 0 0 0 1 

. 0 0 0 1 

n e g l i g i b l e 

. 0 0 1 

. 0 0 1 

n e g l i g i b l e 

. 002 

n e g l i g i b l e 

. 0 0 1 

.02-'<-

'^•Fvent 1:' ivas e v a l u a t e d b y M a r t i n Co. i n R e f e r e n c e 2 . 
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Symbol Event Description 

W Failure of one power cartridge, given a signal 
of 5 amperes (min.) to its bridge wire. 

v' Premature initiation of a power cartridge 
due to induced currents or short circuits. 

X Failure of the ground command transmitter to 
operate properly during the period from launch 
to separation from Agena. 

Allowable 
Probability 

.001 

n e g l i g i b l e 

.01 

ComBiand Ejec t Design 

Dud Equation - During Orbi t 

Q_, i s the p r o b a b i l i t y of f a i l u r e of the Command Ejec t des ign . 
G 

Q^ w B + C -t-R + W ^ + N + E + K 
G C o 

R3 .006 for f ive day l i f e 
w .054 for 90 day l i f e 

Dud Equation - Launch t o Separa t ion from Agena 

"Gl 
B + C , + R + Ŵ  + N + E + K + X 

c 1 

;« .016 

This evaluation assumes that transmission/reception of an eject 
command signal will be possible. See discussion under evaluation 

Premature Probability 

It is predicted that the probability (TT ) of inadvertent ejection of the 
G 

RTG due to malfunction of the command system can be less than .0001 
provided attention is given to connector pin/signal assignments to avoid 
the operation of logic relays as a result of pin to pin shorts. The three 
unencoded commands must be given in sequence to arm the pyrotechnic 

•d@GNFIDENTIAL. 53 



COPY jCONFIDENTIAfc COPY 

To: J. D. Appel - 9319 -11-

clrcult, and given m a different sequence to fire the cartridges. The 
two encoded commands require a similar sequence. A reset command will 
be transmitted once in each orbit to "safe" the logic relay circuit. Any 
ascending and descending frequency sweep will automatically reset the 
logic relays to the safe position. 

Reliability 

P̂  is the reliability of the Command Eject design 
G 

^G - 1 - (^ •*• "G^ 

.984 during launch to separation from Agena 
,994 at five days 
.946 at 90 days 

Discussion 

it is recommended that only one bridge wire be used in each of the pyro
technic power cartridges. The cartridge manufacturer (Hi-Shear Corp.) 
recommends a 4.5 to 5.0 ampere firing current for reliable operation. Ttie 
use of four bridge wires would thus place a 20 ampere requirement upon the 
spacecraft power supply subsystem. Since the initiation of either power 
cartridge will actuate the separation nut, the use of only one bridge wire 
per cartridge will improve reliability by reducing the current requirement. 

The event probability predictions were obtained from studies published by 
the responsible agencies - if available; otherwise reliability predictions 
were obtained from Sandia Corporation reliability engineers based upon 
evaluations of similc'"r components. For example, References 6,5; and 2 were 
reviewed to obtain predictions for the command system, command transmitter, 
and premature closure of thermal switch. 

The power supply subsystem has great effect upon the reliability at 90 
days for the NASA design. This effect results from a relatively high 
failure rate predicted in Reference 6. The reference defined success for 
"the power supply as the maintenance of - 24.5 v d.c. on the regulated bus. 
It was assumed that only half of these failures would reduce the voltage 
sufficiently to prevent operation of the command receiver - clock-logic 
system. 
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The ground command transmitter has great effect upon the reliability during 
launch to Nimbus/Agena separation because only one ground station is within 
range and has the capability of transmitting the signals required for RTG 
ejection. 

The on board command receiver - clock system makes great use of redundancy, 
so that its reliability is predicted to be quite high. 
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PART II 

Reliability of the Standard Agena Clamshell Shroud System 

References: 

1. Unci, drawing 1B13657 - Douglas Aircrafi: Co., Standard Agena 
Clamshell Shroud, Sept. I965 

2. Unci, drawing 1B14130 - Douglas Aircraft Co., Wiring Diagram 
DA-101 Shroud, July I965 

3. Unci, specification drawing 1B14504 - Douglas Aircraft Co., 
Explosive Cutter Assembly, Sept. I965 

4. Unci, specification drawing 1B11469 - Douglas Aircraft Co., 
Separation Bolt Assembly, April I965 

5. Unci, specification drawing IO676I - Lockheed Missile and 
Space Division, Pyrotechnic Pressure Squib, Feb. 1964 

(j. Unci, report, Reliability Analysis - Standard Agena Clamshell 
Shroud, Douglas Aircraft Co., Oct, I965 

I. GDI report, LMSC/A635662, Lockheed Co., SS-OIB Reliability 
EGtlmate Report, April 1964 (u) 
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System Description 

The Standard Agena Clamshell Shroud System, model DA-101 as described 
in References 1 and 2, is constructed in two segments with a nose cap 
attached to one of the halves. Shroud dimensions are: 225 inches 
long, 65 inches diameter. Three retaining straps and a nose bolt re
strain the shroud. Edch strap is held by two explosive bolts while the 
nose cap is restrained by a bolt which may be cut by either of two 
explosive bolt cutters. Ten seconds after Agena ignition i.e., 262.3 
seconds after lift off, a signal controlled by the Agena D-tiner initiates 
the explosive bolts and explosive bolt cutters releasing the shroud halves. 

Four separation spring thrusters at the base of each shroud half cause 
it to rotate about two hinges located at the base. The hinges are de
signed to permit a shroud half to disengage from the Agena Vehicle after 
it has rotated 45 degrees. 

Figures 2.1, 2.2, 2.3, and 2.4 show the electrical schematic, the shroud, 
explosive bolt installation, and details of the hinge assembly. 

BOLT A3 
EXPL. 
BOLT A5 

EXPL. 
CUTTEP 

^ Al 4 

FIGURE 2 .1 Simplified Schematic Clamshell Shroud System 
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UAlOl SHROUD 

STANDARD AGE.NA CLAMSHELL SHROUD SYSTEM 

2/5" 

A 

_i 

A 
65* 

FIGURE 2. 2 
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DA 101 

EXPLOSIVE BOLT INSTALLATION 

I i [ C T H i r A 
gUICK DISCONNICT 

tXPLOSIVE BOLT 

[L fCTRK,AL 
WIRING 

FIGURE 2. 3 
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DA-lOl SHROUD HINGE 

IINCACrO POSITION 

— FORWARD 

FIGURE 2.4 
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Analysis 

Q̂ , is the probability of failure to jettison the clamshell shroud, 
s 

Q « B + 3{\)^ + X^^ + 1 + 2T^(3X^ + X^) + 2H + 2H 

^ .0033 '- .003 

The event symbols in the equation are defined and evaluated below. 

TABLE I 

Symbol Event Description 

B Failure of the Agena pyrotechnic battery to 
supply the 32 amperes minimum required for 
proper operation of the I6 pyrotechnic squibs. 

H Dual-hinge failure for any reason, so as to 
prevent 45° rotation of a shroud half. 

U Spring Thruster (set of four) failure such 
that proper thrust is not applied to a 
shroud half. 

Predicted 
Probability 

.003 

,00005 

. 00001 

T D-timer fails to provide any signals to the .0001 
shroud system, given proper timer signals at 
time of Agena ignition. 

T^ D-timer, single channel failure so that no .001 
signal is applied to one half of the shroud 
pyrotechnic devices. 

X Explosive separation bolt assembly (1B11469) .005 
failure, including connector and wiring opens. 

X Explosive cutter assembly (l3l4504) failure, .001 
including connector opens. 

'The probabilities for the above events were obtained as follows: 

The cutter assembly and separation bolt design reliability 
goals were given in References 3 and 4. Acceptance testing 
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was designed to demonstrate the achievement of those goals. 
Reference 7 was the source of predictions for the D-timer and 
pyrotechni-c battery. Reference 6 predicts very high reli
ability for the spring thrusters and dual-hinges. These 
estimates are considered to be reasonable by Sandia Corporation 
reliability engineers who examined these designs. 

Reference 5 specifies that the pyrotechnic squib shall withstand 
altitudes to 250,000 feetj however they are operated at approx
imately, 430,000 feet in this application. It is recoimnended that 
the qualification requirement be reviewed to assure testing at 
the use altitude. 
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PABT I I I 

R e l i a b i l i t y of Telemetry I n d i c a t i o n of Shroud S t a t u s 

References : 

1. Unci. Report NIM57E, Pre l iminary Launch Vehicle System 
Requirements and R e s t r a i n t s - Nimbus B, Nov. I965 

2 . Unci. Report , IWSC-A703716, Snapshot System Safe ty Review, 
J u l y 1964 

3 . Unci. Report , Conf igura t ion Review - Contrac t AF04(695)-136, 
Feb. 1963 

Desc r ip t ion of System 

The Agena SSOIB for the Snapshot launch used t h r e e t e l e m e t r y l i n k s . I t 
i s expected t h a t Link I w i l l be used t o monitor the Agena performance dur
ing a s c e n t , i nc lud ing shroud s e p a r a t i o n (Reference 1, page 2 - 8 ) . Te l e 
metry Link I , see Figure 3 . 1 block diagram, c o n s i s t s of: 

S ignal cond i t i one r Type XVIII 
Sub-mul t ip lexer PAM, 128 channel . Type IV 
Mul t i p l exe r , PAM, I6 channel . Type VI 
Transmi t t e r , 10 w a t t . Type V 
Antenna, Ascent 
Mul t icoupler 
RF switch 

The ground stations which are capable of monitoring the shroud separation 
are Western Test Range and the down range ship. 

-^^• "^ -M S I G N A L 
N !̂ rs 

TYPE XVIII 
t 

^i iSUB-

iTYPE IV 

I 

TYPE VI 
PAM 

ITs. 
T^ PE V ^— 
ic NVAT r 

M U L T I -
CCoPLEP SWITCH 

L L 
ANTENNA 

FIGURE 3.1 Ascent Telemetry System 
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Analys is 

Q, Is the p r o b a b i l i t y of f a i l u r e t o t r an smi t shroud s epa ra t i on t e l eme t ry 

s i g n a l s . 

Q.^, ;i:;C-t-M + M + X - f - M - 1 - S ^ + A 
T s c r f 

fe- .011 

References 2 and 3 evaluated the 90 day reliability of telemetry Link II 
which was used on the Agena vehicle in the Snapshot launch. The events 
anu predicted probabilities below were derived from those analyses. 

Predicted 
oyinb oi 

A 
C 

'̂ s 
M 
M 
c 

r̂f 
X 

Event Description 

Antenna failure 
Signal conditioner failure 
PAM submultlplexer failure 

PAM control multiplexer failure 
Multicoupler falliire 

RF switch failure 

Transmitter failure 

Probability 

.0005 

.0001 

.001 

.003 

.0005 

.001 

.005 

The above predicted probabilities are based upon the assumption that the 
launch to shroud separation unreliability will be approximately one-fifth 
of that predicted for a ninety day period. Since the environmental stresses 
of acceleration, vibration, and shock occur during vehicle burn periods it 
LJ believed reasonable to assume that component failure rates per unit of 
time will be higher during launch than those following achievement of orbit. 

Conclusion 

Reliability of the telemetry i.ndications of shroud separation is expected 
to be .989 (i.e., 1 - %) 
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PART IV 

Analysis of Agena Command Destruct System 

References: 

1. SDI Report mSC-B002762-A, Seigler Corp., Flight Hazard Analysis 
for SNAP Payload (u), June I963 

2. Unci. Memorandum, S. Weiland - NASA (GSFC) to the Record, Nimbus 
"B" RTG Safety System Design, 23 March I966 

Description of System 

Reference 2 proposes the use of an Agena destruct system to improve safety. 
It states that a reasonable safety system to assure that the RTG will not 
constitute a nuclear safety hazard will require "an Agena destruct cap
ability from lift-off through shroud separation and at least 50^ of Agena 
first burn". An optional Agena equipment package is available, which 
satisfies this requirement. The package - called a command destmct 
module - has not previously been used on vehicles launched from the Western 
Test R ngc. It replaces the Agena "self-destruct system" which provides 
destruct capability from lift-off through separation from the booster 
vehicle, and extends the destruct capability into the Agena first burn period. 

The command destruct module is actuated by a command signal from the 
Range Safety Officer. During booster vehicle burn, it is electrically 
connected with the booster destruct system to provide the capability of 
simultaneous destruction of both vehicles by a ground command signal. The 
module consists principally of a shaped explosive charge, a dual-squib 
destruct charge initiator, auxiliary destruct batteries, and a destruct 
receiver and antenna. The shaped charge is positioned so that its explosive 
force is directed to penetrate and rupture the Agena propellant tanks. 

Analysis 

Reference 1 listed the following test history: 

Command/destruct transmitter 0 failiures during 70 launches 

Agena flight safety system 1 failure in 45 flights 
(destruct module) 

Control communications - between .OOOO9 failure prob-
missile flight safety officer ability based upon eval-
and the command transmitter uation of the parts which 

are contained in this 
subsystem 
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Thesc data support the following predictions: 

.01 probability of failure of the command/destruct transmitter 
,022 probability of failure of the Agena destruct module 
.00009 probability of failure of the ground control communications 

The resulting probability (Q^) that the connnand destruct system will fall 

to abort the vehicle upon command is approximately .03. 

Q^ ^.03 

Tlic .03 dud prediction seems to be rather high, however, it is based upon 
data currently available at Sandia Corporation. If desired, Lockheed 
Û ssile and Space Co. (Sunnyvale, Calif.) will be contacted to determine 
how to obtain information about tests performed on this system from June 
1963 to date. 

it is belJevcd that the probability of premature actuation of the destruct 
system is small, resulting in a reliability prediction of approximately .97 
for the Agena command destruct system. 
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FLIGHT MECHANICS STUDIES 

Two flight mechanics studies were made relative to the Agena/Nimbus B/SNAP-19. The first evaluated 

the effect of shroud separation on orbit lifetime, and the second determined the time at which orbit is attained. 

Effect of Shroud Separation on Orbit Lifetime 

In order to answer the question of what happens to orbit lifetime of the Agena/Nimbus B if the ascent 

shroud is not jettisoned, a computer simulation of the ascent trajectory with and without shroud separation 

was done with the Sandia TTA digital trajectory program. 

The nominal trajectory was in close agreement with the Castor 11 trajectory print-out furnished by 

Lockheed Missile and Space Company. * The separation-failure trajectory differed as follows: first Agena 

burn was 9 seconds longer, second Agena burn was 3 seconds shorter (due to fuel depletion), and perigee 

altitude was 350 nautical miles instead of 600. By using a ballistic parameter of 14 Ib/sq ft (estimated for 

a random tumbling Agena/Nimbus in the free-molecule regime) and Billik's lifetime chart, t orbit lifetime 

was estimated to be 60 years. 

Time of Orbit Attainment 

At trajectory time t = 4 79. 59, the state of the Agena/Nimbus B was read (actually linearly interpolated) 

from the Castor II trajectory print-out. These position and velocity vectors were used as initial conditions 

for a TTA free-flight trajectory in the 1962 U. S. Standard Atmosphere. With a ballistic parameter of 12. 5 

Ib/sq ft (estimated to be the side-on free-molecule value), the vehicle impacted (no reentry destruction was 

assumed) in the Beaufort Sea. With a W/C A of 76 Ib/sq ft (estimated to be a head-on value), the satellite 

flew in orbit with a first perigee of 352, 000 feet. Therefore the time at which orbit is obtained is estimated 

to be approximately 479 seconds. 

':=LMSC/A792838A, February 28, 1966. 

'Design Guide to Orbital Flight. 
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