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FOREWORD 

This range safety report has been prepared by the 

Lockheed Missiles and Space Division (IÜSD) under 

Air Force Letter Contract AF 04(647)-101. It is 

submitted to comply with the Vandenberg Air Force 

Base requirement that all agencies using the range 

facilities for missile flight operation furnish 

range safety data substantiating the flight arti¬ 

cle's performance capabilities. 

The information in this report is presented in a 

form that will provide rapid reference for future 

operations, thereby permitting a reduction in the 

amount of material to be presented in subsequent 

reports. 

The fifth in a series, this report covers the 

flight of Discoverer satellite vehicle Model 2205 

Serial 1023, and SM-73 booster DM-I8 Serial 179. 
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SUMMARY 

The Range Safety requirements e¡ .ablished by the Vandenberg AFB Range 

Safety Officer are discussed herein, as are the means adopted by LMSD to 

comply with these requirements. In addition, the aerodynamic and 

trajectory data required for range safety evaluation are presented. 

Calculations indicate that the Discoverer/Thor configuration cannot 

execute a trimmed turn; therefore, maximum-rate controlled turns are 

presented to comply with the Vandenberg AFB Range Safety Officer re¬ 

quirements. The maximum-rate controlled turn is the sharpest turn 

that the missile can execute and still remain under control. (Con¬ 

trolled turns could be programmed by gyro drift and/or error in the 

programmer.) 

Because of the nature (cyclic) of a tumbling turn, the maximum velocity 

vector rotation is determined for the first one-half cycle of tumble. 

Further investigation shows that the worst case exists during the first 

20 seconds of flight. 

Information pertaining to the airborne flight termination system is pre¬ 

sented in Section 2. (See Introduction.) 

iii 
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INTRODUCTION 

The discussion and data presented In this report, the fifth In a series, 

have been prepared as aids to the Vandenberg AFB Range Safety Officer in 

establishing the safe operation*1 flight limits for the Discoverer 

flight involving Discoverer satellite vehicle Model 2205 Serial 1023, and 

3M-75 booster DM-18 Serial 179. 

Discoverer vehicle Serial 1023 will be launched with a departure azimuth 

of 175° Saat of Worth. Nominal orbit injection altitude will be 121 statute 

miles, with an eccentricity of 0.01. Vehicle 1023 will be the third 

Discoverer vehicle carrying a recoverable capsule. 

A study was conducted to determine how range, altitude, velocity, and 

flight path angle would be affected by the 7.6° easterly change in de¬ 

parture azimuth (from the previous azimuth of 102.8° to the above-stated 

175°). At the time of 3M-75 burnout, the following differences exist 

in those parameters ♦‘or the two departure azimuths: 

Range 63^ ft 

Altitude 1246 ft 

' elocity 2 ft/sec 

Flight path angle 0.09 deg. 

These differences are considered negligible. Therefore, to avoid delaying 

submittal of this report until new trajectory data are available, the 

trajectory data prepared for the previous flight departure azimuth of 102.80 

is included herein. All other data In this report reflect the new azimuth 

of 175°. 

1 
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SECTION I 

DESCRIPTION OF DISCOVERER/THOR 

The flight article used for the Discoverer Program consists of two stages: 

The Disciverer satellite vehicle and the 8M-75 (Hior) booster. Overall 

dimensions of the Discoverer/Thor combination are shown in Figure 1. 

Figure 2 is an inboard profile of the Thor booster. Propulsion units for 

both stages are liquid bipropellant types, the Discoverer using an 

HtFNA/UDMH combination and the Thor using liquid oxygen and RP-1. Table I 

summarizes the weights at launch. (A plot of weight versus time for the 

boost phase appears in Figure 18.) 

Aerodynamically, both the Discoverer/Thor and the Discoverer sate’lite 

vehicle configurations are unr table in all flight Mach regimes (refer to 

Appendix A). Attitude control in pitch and yaw is obtained by positioning 

the thrust vector of the gimbaled rocket engines. Roll control of the 

Discoverer/Thor combination is obtained by the swiveling of the vernier 

rocket motors during Thor boost and the use of gas Jets on the Discoverer 

satellite after vehicle-booster separation. 

Trajectory control is established by the use of the 8M-75 autopilot and 

programmer for the SM-75 boost phase and the Discoverer guidance and flight 

control system for coast and orbital injection phases. 

The Discoverer satellite vehicle Model 2205 Serial 1023 will be the third 

vehicle in the Discoverer series to carry a recovery capsule. Figure 3 

is an inboard profile of the satellite vehicle, and shows the location of 

the recovery capsule. 
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Two types of recovery capsule units will be utilized in the Discoverer 

Program. Both have an ablative re-entry shell, and contain a retro- 

rocket having a 10-second impulse equal to 7290 lb/sec (±3^). Weights 

of the capsules are 195 and 279 pounds. 

Table I 

DISCOVERER/ TH''d WEIGHT SUMMARY 
(Discoverer Vehicle 1023) 

Discoverer Vehicle - Weight Bnpty 

Propellants 

IRFNA (4,705 11:>) 
UUffl (1,842 lb) 

Discoverer Gross Weight at Launch 
(incl. Adapter) « Thor Payload 

Thor Vehicle 
(incl. Lube Oil, Pressurizing Gas, 
Residual Propellants) 

Thor Propellants (impulse) 
Liquid Oxygen (66,8l8 lb) 

RP-1 (29,697 lb) 

DISCOVERER/THOR GROSS WEIGHT AT LAUNCH 

2,010 lb 

6,547 lb 

8,557 Ifc 

9,324 lb 

96,515 lb 

114,396 lb 
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SECTION 2 

FLIGHT TERMINATION SYSTEM 

DISCOVERER FLIGHT TERMINATION SYSTEM 

The Discoverer flight terraination system is designed to initiate vehicle 

destruction by either of two types of inputs: range safety command 

flight termination or automatic airborne flight termination. 

Range safety command for flight termination will be giver by the Range 

Safety Officer upon recognition of the need for such flight termination. 

The command flight termination signal will initiate a destruct command 

simultaneously in both the Thor booster and the Discoverer vehicle. The 

Thor 28-volt battery power supply is used for initiation of both the 

Discoverer and Thor command flight termination systems duri..0 Thor- 

boost phase. 

Within the Discoverer vehicle, a 1.2-pound shaped charge of composition 

"B" with a 25-grain RDX booster, when activated, will rupture the pro¬ 

pellant tanks, dispersing the oxidizer and fuel overboard. 

An MPS-19 range-safety radar is used to pulse the Discoverer 8-band 

beacon for tracking data. This range safety radar tracking will stop 

at, or prior to, Thor burnout time (approximately 157 seconds from 

launch). This is to forestall the possibility of interference with the 

LMSD Mod II radar commands. 

Operation of the Discoverer automatic flight termination system will be 

initiated by separation of the Discoverer vehicle from the Thor prior to 

programmed separation. (Approximately one and one-half inches of travel 

between the Discoverer and Thor vehicles is required to initiate destruct.) 

LOCKHEED AIRCKAFT CORPORATION 
UN^HSIFIEU ISSUES and SPACE DIVISION 



J IP! ¡I II! I l J¡ 1 ! ¡I 1 

■ 
¡i] li Ji ,y 

UN FI ED LMBD-6104-5 

Por detailed flight termination system information, consult Reference 1. 

Included in that report is a wiring diagram of the Discoverer flight 

termination system which presents extensive detail on design, component 

use, system reliability, and test results. 

THOR FLIGHT TERMINATION SYSTEM 

The Thor flight termination system is designed to operate on a range 

safety flight termination command signal. Upon receiving the command 

signal, primacord which is located longitudinally along the propellant 

tanks and circumferentially about the aft end of the oxidizer tank will be 

detonated. The primacord charges are designed to rip open the tanks and 

mix the fuel and oxidizer, reducing the Thor booster to a nonpropulsive 

condition. Simultaneously with initiation of the flight termination of 

the Thor booster, a voltage will be applied to the Discoverer vehicle, 

initiating flight termination of the vehicle. Reference 2 gives detailed 

information as to the operational characteristics of the Thor flight 

termination system. 

10 
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SECTION 3 
MALFUNCTIONS 

Malfunctions during the Discoverer/Thor boost phase are separated for 

purposes of discussion into the categories of propulsion malfunction, 

flight control malfunction, structural failure, and beacon malfunction. 

Recommencétions appear in this section with regard to the requirement to 

terminate flight as the result of a stated malfunction. It is emphasized 

that the command function for flight termination exists only during the 

Thor boost phase. 

THOR BOOST PHASE 

Propulsion System Malfunction 

The propulsion system for the Thor booster utilizes a bipropellant-type 

rocket motor burning liquid oxygen and RP-1. Malfunctions of the pro¬ 

pulsion system will be indicated by the failure of the Discoverer/Thor 

to attain the estimated velocity and altitude. This type of mad function 

can be associated with a non-optimum fuel-oxidizer mixture, which in 

turn may be attributed to failures in the following functions and com¬ 

ponents: pressurization, valves, regulators, turbine pump, gas generator, 

or propellant-utilization sensing elements. 

A malfunction of this nature, assuming sufficient thrust is supplied by 

the Thor rocket engine to establish the shaping phase of flight (from 10 

seconds after launch), does not warrant missile destruction, as the vehi¬ 

cle would not be deviating in azimuth with the possible associated dangers 

to life and property. Further, valuable experimental flight subsystem 

11 
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d&tA would be secureu, enabling the Contractor to determine the cause 

of the particular failure. 

Plight Control System Malfunction 

With regard to range safety, skyscreen, or radar plotting board appearance, 

a flight control system malfunction will be similar to a rocket motor 

gimbal-type failure: namely, unprograianed pitch and yaw or pitch and yaw 

oscillations. 

This type of subsystem failure, if it is restricted to the pitch plane 

(from 10 seconds after launch), again does not warrant range safety 

destruction. Eccentric behavior in azimuth beyond the turning rate limi¬ 

tations (as established by the Vandenberg AFB Range Safety Officer) does 

require initiation of the destruct command. 

L 
I 

Structural Failure 

Structural failure of the Discoverer/Thor combination will be followed by 

vehicle flight path changes. The magnitude of these deviations will in 

turn depend on the type of structural failure, angle of attack, flight 

Mach number, and "q" (dynamic pressure). The most likely causes of a 

structural failure would be excessively high wind shears at altitude or 

a propulsion or flight control malfunction. 

The critical (minimum safety margin) structural sections are at the twok 

support ring (Missile Station 375) on the Discoverer vehicle, and ths 

forward propellant-guidance section Joint (Missile Station 550) on the 

Thor booster. These critical stations are shown in Figure 1. 

This type of mishap would probably occur in the area of 60 seconds 

( « q maximum) of the Discoverer/Thor boost phase. The physical breakup 

of the vehicle will probably precede the human reaction time (which is 

L 
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about four seconds when using radar plots) so that the Range Safety 

Officer would initiate vehicle flight termination as a matter of standard 

operational procedure. 

: 

ii 
i! 
II 
ï 
I 
T 

i 

E 
l 
E 

Beacon Malfunction 

The Discoverer vehicle carries an S-band pulsed beacon transponder, trans¬ 

mitting on 2850 me and receiving on 2920 me. lhe S-band beacon is used 

for tracking the Discoverer vehicle throughout flight. In addition, a 

received command signal will be used to command the Discoverer rocket 

motor ignition. If this command is not transmitted to the vehicle, a 

programmer will initiate rocket engine ignition. 

Failure or intermittent operation of the S-band beacon does not imply the 

loss of the mission; as mentioned above, the beacon is used during the 

Discoverer coast phase as an orbit-engine ignition control, therefore, 

its non-operation, even though it removes the range safety tracking 

function, does not warrant the commanded destruction of the vehicle 

(if skin tracking is maintained). However, space-position data for range 

safety purposes can be obtained from the COTAR system that is to be em¬ 

ployed by the range. 

In reference to radars, it Is desirable that the range safety radar used 

In conjunction with the airborne beacon be shut down at or prior to the 

Thor thrust termination, which occurs at approximately 157 seconds from 

launch. This is to preclude any possibility of an IMSD-transmitted 

command being "dropped out" due to interference from the range safety 

radar. 

DISCOVERER (POST-SEPARATION) FLIGHT PHASE 

Malfunctions that may be encountered during the Discoverer flight phase 

in respect to range safety effects axe limited to the point of orbit 

¿njection (powered Discoverer flight). 

13 
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One# the orbit velocity and attitude have been established, prediction 

of the re-entry of the Discoverer flight into the earth's atmosphere can 

be made only after verification of the orbit and its decay characteristics. 

Whether due to a malfunction or the normal orbital decay, the Discoverer 

will eventually start into a re-entry phase. IXiring re-entry the vehicle 

will tumble because of its aerodynamic instability. The tumbling moments 

produced will probably cause breakup of the vehicle at Station 375 (tank 

support ring). 

Hie velocity of each piece at impact is dependent on the drag imposed 

(drag in turn being a function of angle of attack, Mach number, and 

dynamic pressure) and the weight of each piece. 

The total weight of the Discoverer orbital vehicle, without propellants, 

is approximately l8l8 pounds with a projected area of 20 to 90 square 

feet, depending on the vehicle attitude. The impact velocity can range 

from 100 to 300 ft/sec depending on the type of motion encountered during 

the re-entry pha0e. 

In summary, these measures and velo ities are analogous to those en¬ 

countered in a light-aircraft-type of accident. Actually, the surface 

impact damage for the Discoverer would be less, inasmuch as the glide 

angle is close to 90 degrees while that of a light plane in a glide 

approach is 10 to 30 degrees. 

14 
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SECTION 4 

GENERAL RANGE SAFETY PROBLEMS 

E 
i; 

[1 

11 
11 

THe Discoverer/Thor missile, being aerodynamically unstable, can be ex¬ 

pected to tumble for most conceivable control system malfunctions, thereby 

causing a dangerous condition during the burning phases. If tumbling 

occurs between 40 and 100 seconds from launch, the combined configure*!« 

will most certainly break up at Missile Station U53 (the interconnect 

between the first and second stages) and at Missile Station ïkl (the 

Junction of thn oxidizer and fuel tanka of the firot ata«e) due to the 

high aerodynamic forces experienced in this period. 

For tinea prior to 1« aeconda or after 100 eecond. the vehicle vill hot 

break up in a tunbling condition, becaua. of the low aerodynamic force., 

in addition, becauae tunbling ia a cyclical phencnenon, no large latent 

deviations will be experienced. . 

Becauae of the aerodynamic Inatability of the MecoveWlfcor configuration 

at low angles-of-attack, a trimmed turn in the uaual aenae 1. Inpoaalble 

during povered flight. However, turning ratea have been computed from the 

following general expreeeion aeeuming that the aerodynamic moment i. 

balanced by the thrust moment: 

mVy = T sin (* + «) + Fn COB « " Fx sin « - ">g cos 7 

where: 

y => turning rate, rad/sec 

T » thrust, lb 

a » angle of attack, deg 

« « nozzle gimbal angle, deg 

F « aerodynamic normal force, lb 

F * aerodynamic axial force, lb 
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m • vehicle mas», aluga 

V - vehicle velocity, ft/eec 

t a flight path angle, deg 

(Äia expression describes rocket motion in the vertical plane. 3he 

symbols employed are conventional NASA symbols for motion in the x-y 

plane. The above expression is similar to the equation used to describe 

motion in the horizontal plane, with differences being in the gravity 

term and symbols.) 

It is realized that this rate is an instantaneous rate only and would 

require a peculiar malfunction in order to be attained; however, it is 

believed to represent an outer limit on the rates that can be expected 

from the vehicle. 
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SECTION 5 

TRAJECTORY AND AERODYNAMIC DATA PRESENTATION 

The basic information given in this report was computed or the Remington 

Rand 1103AF high speed digital computer at the IWSD Computer Centei’ 

facility, using input data as given in Appendix A of this report. The 

data that follow satisfy the major requirements of Appendixes C and D 

and are discussed in the same order as requested (i.e., by paragraph and 

item). The following material must be read in conjunction with Appendixes 

C and D. 

PARAGRAPH 3 

Item 3»- X, Y, and Z, the trajectory coordinates in an orthogonal earth- 

fixed coordinate system as defined in Paragraph 4b of Appendix C of this 

report, are tabulated in Appendix B as functions of time. 

Item 3b. X, Ÿ, and Z, the component velocities along the specified 

coordinate system, are tabulated in Appendix B as functions of time. 

Item 3c. The maximum trimmed turning rate of the velocity vector as 

qualified by Paragraph 4d of Appendix C is discussed briefly in Section 4, 

"General Range Safety Problems." Appendix C of Reference 3 contains a 

more complete discussion and the method of calculation. The results of 

the calculations are shown in Figures 4 through 7 both as turning rate 

and angle t’irned through for times of two, four, and six seconds after 

initiation of malfunct on. The rates were computed in the lateral plane; 

however, the change in ? due to gravity was estimated from the nominal 

trajectory and the appropriate corrections made to obtain rates in the 

vertical plane. The gravitational correction is shown in Figure 8. 

I 
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TIME OF MALFUNCTION - SECOND 

Fig. 4 Maximum Trimmed Turning Rate of Velocity Vector, 
vs Time of Malfunction - Vertical Plane 
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TIME OF MALFUHCTION - SECOND 

Hg. 5 Maximum Angle Turned Through by Velocity Vector for 2, 4, 6 
Seconds of Maximum Rate Trimmer *.urn, vs Time of Malfunction 
Vertical Plane 
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Fig. 7 Maximum Angle Turned Through by Velocity Vector for 2, 4, 6 Seconda 
of Maximum Trimmed 'Turn, vs Time of Malfunction - Horizontal Plane 

21 
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Tumbling turne were computed in the vertical plane for locked motor global 

angles of two, four, and six degrees. The six-degree global angle repre¬ 

sents the five-degree mechanical stage plue a ne-degree override for a 

total of six degrees maximum travel. From the machine printouts, time to 

tumble, and flight path angle turned through, and average turning rate, 

all for a tumble half-cycle, were obtained for flight in the vertical 

plane. The results of ^he calculations are shown in Figures 9, 10, and 
11. Similar plots for tumbling in the lateral plane, using the gravity 

correction in Figure 8, are shown in Figures 12 and 13« It should be 

noted that the average turning rates (Figures 10 and 12) were obtained 

by dividing the total angle turned through by the time to turn through 

one half-cycle of tumbling. Average turning rates for gimbal angles of 

two, four, and six degrees were found to be essentially the same. 

Item 3d. Speed, V, as a function of time is tabulated in Appendix B 

and plotted in Figures lk and 15. 

Item 3e. Flight path angle, r, of the velocity vector as a function of 

time ;'.s tabulated in Appendix B (for inertial space axes as defined in 

Appendix C, Paragraph kb) and plotted in Figure l6. 

Item 3f. Three-sigma maximum expected deviations in the szinuth piane 

from the intended flight azimuth are shown in Figure 17. Impact points 

for various cutoff times are shown in Table II. 

PARAGRAPH k 

Paragraph k is an explanation of the requirements of Paragraph 3- 

PARAGRAPH 5 

Item 5a. Altitude, h, in feet, is plotted as a function of tire in Figures 

Ik and 15, and Is tabulated in Appendix B. (Altitude is the distance of a 
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UNCgE0fä$IFILD ^610^5 

TIME OF MALFUNCTIOH - SECOND 

Fig. 11 Angle Turned Through by Velocity Vector During 
l80° Tumble, vs Time of Malfunction, for Several 
Nozzle Angles - Vertical Plane 
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TIME OF MALFUNCTION - SECOND 

Fig. 12 Average Turning Rate of Velocity Vector Through l80° Tumble, vs 
Time of Malfunction - Horizontal Plane 
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TIME OF MALFUNCTION - SECOND 

150 

Fig. 13 Angle Turned Through by Velocity Vector During 

180 Tumble, vs Time of Malfunction, for Several 
Nozzle Angles - Horizontal Plane 
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point above the surface of the earth measured along a line from the point 

to the earth's center.) 

Item 5b. Fuel weight and gross weight are plotted as functions of time 

in Figure 18. 

Item 5c. Acceleration, Ax, is plotted In terms of load factor in Figure l6 
2 

and tabulated (in ft/sec ) in Appendix B. 

Item 5d. Range, R, in feet is plotted as a function of time in Figures 14 

and 15, and tabulated in Appendix B. (Range is the distance traveled, 

measured along the surface of the earth.) 

PARAGRAPH 6 

Item 6a. The approximate time delay between activation of firing circuits 

and first motion is 4 seconds. 

Item 6b. The expected impact dispersion contours were determined by root 

sum squaring the individual range errors incurred by each of the sources 

of error listed below. The error sources were assumed to be normally 

distributed and independent. The specific values for a three-sigma level 

eure as follows; 

±2.7° 

±3-5* 

*0.5# 

±2# 

1. gyro drift 

2. inverter voltage change 

3* p.u. penalty 

4. thrust variation 

5. specific impulse variation 

A plot of the booster dispersion contour is shown in Figure 19. 

Item 6c. The following discussion of possible failures of the Discoverer/ 

Thor configuration is Included for satisfaction of /ppendix C requirements. 
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Tbor Boobter Propulsion System. The propulsion system for the 

Thor booster Is composed of the following subsystems: Rocketdyne 8-3 

engine, two vernier engines {1000-pound thrust each), turbine pump (an 

integral part of the engine assembly), gimbal mount, mixture ratio 

control, and engine mount. Each subsystem could result in failure of 

the flight. The following possibilities were reviewed: 

a. Shutdown of Burning. The Thor propulsion system utilizes 
a liquid propellant combination of liquid oxygen and 

JP-4 pump-fed into the combustion chamber of the S-3 

engine. The following are the most likely failures 
resulting in engine shutdown: 

(1) Pimp cavitation, resulting either from vortexing 
at the pump inlet or vapor bubbles in the fuel 

or oxidizer lines (geysering) due to insufficient 

preseure head at the pump inlet 

(2) Pump failure 

(3) Severe shift or failure of the mixture ratio 

control, resulting in quenching of the flame 

(4) Failure of the engine mount, resulting in 

rupture of inlet lines. 

b. Gimbal Mount Malfunction. The gimbal mount consists 
of a pivoted ring attached to the engine mount with 

the aft end of the engine chamber attached to the 
ring and pivoted in a direction perpendicular to that 
of the ring. The following are considered to be the 

most likely failures: 

(1) Freezing of the gimbal due to bearing failure 

(2) Structural failure of the pivots or the ring. 

c. Vernier Engine Malfunction. The vernier engines provide 

roll control during main motor burning. Should the 
verniers shut down during powered flight the vehicle 
could roll, resulting in a loss of pitch/yaw resolution 

and producing an erratic flight. 

Structure. The over-all airframe of the Discoverer/Thor 

missile provides aerodynamic and structural continuity between the Thor 

booster and the Discoverer vehicle. Failure of the structure would result 
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priaarily from excessive aerodynamic loading. Such loading would normally 

be from external environment exceeding the design limits or from control 

system malfunctions inducing a large angle of attack. As mentioned 

previously, the vehicle would break up at the interconnect section be¬ 

tween the Thor and the Discoverer, and at the Junction of the fuel and 

oxidizer tanks of the Thor. 

Flight Control System. The flight control system of the Thor 

booster consists of two major subsystems: The autopilot and the hydraulic 

syf ton. 

a. Autopilot. Failures in the autopilot can be grouped 
into three main categories: 

(1) Failure of the reference gyros 

(2) Failure of the pitch rate prograamer 

(3) Failure of the gain system. 

Failure of the pitch reference during booster flight 

would result in a hard-over nozzle deflection, tianbling 
the vehicle (during the pitch-over program only). 
Iobb of yaw reference would result in drift of the 
missile yaw attitude and eventual loss of control of 
the vehicle. Loss of roll reference would result in 
slow roll rates and subsequent loss of pltch/yaw 
resolution, producing an erratic flight path. 

Failure of the rate programmer would cause the vehicle 
to try to fly a constant attitude orientation. If this 
occurred prior to 100 seconds, it would result in 

tumbling the vehicle, due to large aerodynamic forces. 
After 100 seconds, this failure would result in the 
vehicle flying to excessive altitudes. If the rate 
programmer malfunctions by commanding high rates, 
the nozzle will gimbal to a hard-^ver position, 

resulting in eventual tumbli^s uf the vehicle. 
Although there is no programming in yaw or roll, 
if the autopilot failed to sense a yaw rate the 

vehicle would eventually tumble: Failure to sense 

a roll rate would have the same effect as loss of roll 
reference. 
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Complète fellure of the gain systems would result In 

the rocket engine not gimballng and a subsequent 
drifting and tumbling of the vehicle due to Its aero¬ 

dynamic Instability. 

b« Hydraulic System. The types of failure that could 
occur.in tie hydraulic system are classified in three 
main groupât 

(1) DC position pickoff failure 

(2) DC power amplifier failure 

(3) Hydraulic and actuators system failure. 

Lose of either the do position pickoff or the do power 

amplifier would result in a hard-over nozzle and 

tumbling of the vehicle. 

Item 6d. The- expected behavior of the missile after a flight termination 

la aa follows: 

a* Tha Thor propellant tanks will be split longitudinally 
by prlmacord. In addition, a circumferential line of 

prlaacord at the aft end of the oxidizer tank will 
separate the tank bulkhead from the tank. 

b. The destruct charge at the base of the Discoverer 
propel,Lent tanks will be Ignited from the Thor destruct 
system, fiince the tanks will be filled, the hydro- 
dynamic shock through the liquii will in all probabili¬ 

ty rupture the tanks. 

c. The vehicle will, therefore, be separated into the 

following major places: 

Thor engine assembly 3500 lb 

dhor oxidizer tank sections 900 lb 

Four helium tanks, 62 pounds each 248 Jb 

Thor fuel tank sactions 700 lb 

Adapter and Interconnect assembly l40 lb 

Discoverer propulsion and control 

assembly 700 lb 

Recovery capsule 195 lb 
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TSie paincipal effect of the flight termination explosion 1b the breaking 

open of the propellant tanks to permit rapid dvmplng of their contents. 

Cutting of the aft bulkhead of the Thor permits the liquid oxygen to 

dump through the motor section. Also, the longitudinal splitting of the 

tanks permits some discharge through the gaps. The rupturing of the 

Discoverer tanks permits the propellants to dump through the engine 

section of that stage. 

The flight termination explosion will have a negligible effect on the 

velocity of the heavy pieces of the exploded vehicle. The heavy frag* 

ments (l/2 to 5 pounds) will acquire a velocity normal to the flight 

path of approximately 100 ft/sec. The lighter fragments (less than 

1/2 pound) will acquire velocities up to approximate!' 1000 ft/sec also 

normal to the flight path. 

Estimates of drag coefficient of the pieces going the minimum and maxi* 

mum distances are given in Figures 20 and 21. It should be noted that 

these estimates are merely approximationsj however, they are believed 

to be conservative. 

Item 6e. The Thor airframe will most certainly break up in the re¬ 

entry environment, probably somewhere between 200,000 and 100,000 feet 

altitude. First breakup should occur at the Junction of the fuel and 

oxidizer tanks (MS 747), with additional breakups between the engine 

section and the oxidizer tank, and between the fuel tank and the adapter 

section. It is possible that these four sections will maintain their 

structural integrity until Impact, although the tank and adapter sections 

will flatten out. 

Item 6f. Drag coefficient, 0^, for the satellite vehicle is plotted 

versus Mach number in Figure 22. 
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ESTIMATE BASED OH TUMBUHO BLÜHT | 
CYLINDER WITH A 2.5 FINENESS RATIOI 

TMSD-6104-5 

Fig. SO Two-Sigma upper Estimate of Drag Coefficient for Piece of Vehicle 
Going Shortest Distance 

Fig. 21 Two-Sigma Lower Estimate of Drag Coefficient for Piece of Vehicle 
Going Maximum Distance 
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MACH NUMBER 

Fig. 22 Drag Coefficient vs Mach Number 
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Item.Table II gives the geodetic longitude and latitude, dovnrange 

distance, X and Z coordinates, and time of Impact for premature thrust 

termination of the Thor booster. 

The calculations {which Include drag force, using the drag coefficient 

for the total configuration) assume the vehicle to remain Intact after 

engine shutdown. The launch pad was assumed to be located at 34° 45' 

21.84" North latitude and 120° 37' 36.46" We^t longitude. An initial 

launch azimuth of 175° East of North was assumed 

The Discoverer satellite vehicle does not 

tion system} however, estimates of lateral 

the following initial conditions: 

Ignition time from launch 

Vehicle pitch attitude 

Vehicle yaw attitude 

Vehicle burning time 

carry a command flight termina- 

dispersion were made assuming 

I67, 279 seconds 

20°, 40°, 6o° 

10°, K5°, 90°, 135° 

119 seconds 

The vehicle was assumed to maintain a constant attitude during burning. 

Table II shows the Impact points. 

It should be noted that since the Discoverer vehicle is a satellite it 

Is potentially capable of Impacting almost anywhere on the surface of 

the earth. This, of course, arises fiom the fact that the vehicle has 

only a finite lifetime, even on orbit. Accurate predictions of impact 

zones for deorbiting vehicles are impossible due to the extreme un¬ 

certainty of the values of air density at very high altitudes. 

Item 6h. Discoverer vehicle 1023 will not be launched under the wind 

conditions described in Appendix 7, Paragraph 6h. 

Item 61 • B*0««1 on a minimum propellant-utilization penalty, the maximum 

possible burning time Is I59.26I seconds, with a corresponding maximum 

range of 5,665,000 feet. 
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Booster 
Shutdown 

Time 

(sec) 

20 

28 

36 

44 

52 

60 

68 

76 

84 

92 

100 

108 

116 

124 

132 

l4o 

148 

Table II 

IMPACT POINTS FOR PREMATURE BOOSTER MOTOR SHUTDOWN 

Flight 
Time 
From Total 
Launch Range 
(sec) (ft) 

42.2 352 

63.3 2,511 

82.9 8,4o4 

105.7 21,134 

126.9 41,963 

149.8 75,034 

171.4 125,015 

194.1 200,924 

215.8 304,660 

238.2 436,921 

262.7 609,648 

286.6 822,760 

3^2.5 1,100,882 

341.1 1,461,370 

jr3.i 1,921,543 

411.7 2,555,373 

462.2 3,465,756 

Impact Impact 
atitude Longitude 

(•N) (°W) 

34.755 120.625 

34.749 120.624 

34.733 120.623 

34.698 120.619 

34.641 120.614 

34.551 120.605 

34.414 120.592 

34.206 120.572 

33.922 ±20.547 

33.560 120.513 

33.087 120.472 

32.504 120. *22 

31.743 120.359 

30.756 120.2OI 

29.496 120.185 

27.760 I2O.O58 

25.267 119-888 

X z 
(ft) (ft) 

352 0 

2,511 0 

8,275 0 

20,860 0 

41,720 219 

74,089 467 

123,359 886 

198,165 1,591 

300,657 2,690 

431,191 4,252 

601,611 6,474 

811,882 9,504 

1,086,005 13,715 

1,441,026 1.9,615 

1,893,767 27,744 

2,515,942 39,665 

3,405,313 58,210 
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lhe Ihor boosters utilised in the Discoverer program are programmed for 

operation to fuel exhaustion; therefore, a programmed fuel cutoff will 

not occur in advance of fuel exhaustion. 

IUSD-6104-5 

A tabulation of range, altitude, and velocity as functions of time, 

from launch to booster impact, is presented in Appendix B. 
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APPENDIX A 

INPUT DATA USED FOR CALCULATION OF 
DISCOVERER/THOR RANGE SAFETY 

TRAJECTORIES 

Uiis appendix gives the input data used in the RRIIO3AF digital computer 

for trajectory calculations. 

The aerodynamic coefficients used in the calculations for the nominal 

trajectory were obtained from wind tunnel tests conducted at the NASA 

Ames Unitary wind tunnel facility and are shown graphically in Figures A-l 

through A-6» A check of the normal force coefficient, C_, Indicated that 

it was reasonably linear over angles of attack up to about eight degrees. 

Therefore, was computed from the following equation: 

C, « a 
N 

0 

where 

C„ * normal force coefficient 

Cw * normal force coefficient slope 

a • angle of attack 

Tumbling turns were computed using high angle-of-attack dat* The equa¬ 

tions used are as follows; 

X, ■CP 

Fx « Cl SR CD cos 01 

0 

A-l 
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Fig. A- Axial Force Coefficient vs Mach Number - Discoverer/Thor 
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Fig. A-4 Damping in Pitch vs Mach Number - Discoverer/Thor 
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Fig. A-6 Normal Force Coefficient per Radian vs Mach Number 
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wh*r« 

A-6 

A-2 

9.77 • Ratio of proJ®ctod body area to reference area 

'Jroee flow drag coefficienta; see Figure A-7 

75I.I » Body Biatlon where croee-flow drag acte 

Axial force 

Reference area 

Angle of attack 

f(H) 3ee Figure 

f(M) See Figure 

® Bln2 a c 
D 
a* 

The Thor thrust curve 1b presented both as a function of time for this 

particular flight and as a function of altitude In Figures A-6 and A-9* 

The control gains and pitch rate are given In Table A-I, and tha piten 

program is shown In Figure A-10. 

Weight plotted as a function of time Is shown on Figure l8 In the main 
body of the text. Center of gravity and moments of inertia as a function 

of time are shown on Figures A-5 and A-11. 

Thble A-I lists the basic parameters used in the calculations. 
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Table A-I 

DISCOVERER/THOR BASIC PARAMETERS 

Große weight 

Thor main motor burnout weight 

Thor vernier motor burnout weight 

Reference area, SR 

Reference length, d 

Initial c.g. position* 

Main motor burnout c.g. position* 

Vernier motor burnout c.g. position* 

Exit plane position* 

Main motor throat position* 

Projected Body Area, SB 

Body length, 1 

Cross-flow center-of-presaure position* 

Initial pitch moment of inerti\ 

Final pitch moment of Inertia 

Initial yaw moment of inertia 

Final yaw moment of inertia 

Sea-level specific Impulse 

Vacuum specific Impulse 

Maximum glmbal deflection angle 

Maximum glmbal deflection rate 

Autopilot pitch attitude gain 

Autopilot pitch rate gain 

Autopilot yaw attitude gain 

Autopilot yaw rate gain 

* Discoverer nose at Missile Station sVf (inches) 

llk,k62 lb 

17,301 lb 

17,307 lb 

50.25 ft2 

8 ft 

ÖÖ3 in. 

65^ In. 

653 in. 

1,109 in. 

1,090 in. 

491 in? 

78.2 ft 

751 in. 

782,000 slug-ft2 

39^,000 slug-ft2 

782,000 slug-ft2 

59^,000 slug-ft2 

' 249 sec 

269 sec 

+ 5 deg 

30 deg/sec 

2.25 

0.75 

2.25 

O.75 
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SUBJECT: Trajactory and, Aerodynamic Data 

TO: Comande. In Chief 
Strategic Air Conmand 

Offutt Air Force Base, Nebraska 

1. The trajectory and aerodynamic data Hated in this letter are 

required to provide wlasile flight safety criteria for all peacetime 

launches from this base. This letter Is Intended to be a complete state¬ 

ment of such data requirements, however additional Information may be 

required from time to time. It Is necessary that upon request, the 
Director of Intelligence, 1st Missile Division, be provided their data 

for specific missile trajectories. 

2. The information itemised below Is required for each missile flight 

or group of similar flights. A lead time of 30 days is desired. If this 

information is not provided at least three weeks prior to a proposed missile 
launching, the range safety calculations cannot be made In time to meet 

the scheduled launch date. Much of the Information requested below, parti¬ 

cularly in paragraph 6, will not change from missile to missile. In these 

cases, this information need not be resupplied provided reference is made 

to this fact. 

3. Prom launch through shutdown (or burnout) of the final stage 

(including vernier stage), the following are required: (See paragraph k 
for details) 

a. X, Y, Z, vs time 

b. X, Y, Z, vs time 

c. Maximua turning rate of velocity vector vs time 

d. Speed vs time 

e. Path angle of velocity vector vs time 

f. Maximum expacted lateral deviations from the Intended flight 

direction. 

4. This paragraph gives additional details ralatlve to tha require¬ 

ments of paragraph 3 above: 
OFFICIAL USB OWLY 
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a. Itema 3» through 3f »re required for the nominal trajectory 
only* 

b. Items 3»> 3*>» »nd 3« n>uet be referenced to an orthogonal, 
earth-fixed, coordinate system with origin at the launching pad, the X and 
Z axis lying in the plane tangent to the ellipsoid at the launching pad, and 
the Y axis perpendicular to the tangent plane. The azimuth of the positive 
X axis should coincide with the launch azimuth, the azimuth of the positive 
Z axis should be 90* greater than the azimuth of the ponitive X axis, and 
the positive Y axis should be up. 

0. Three copies of the tabulated printout containing Items 3a, 3b, 
3d, and 3« are required. Values must be printed out at even one or two 
second intervals and also at the time corresponding to termination of thrust 
for each stage. Time "0.0 sec" must correspond to first motion of the first 
stage and all times in the printout must be referenced to this. 

d. Item 3e is required in order to provide a means of determining 
at any time during powered flight the maximum angle through which the veloci¬ 
ty vector can turn in various time intervals at two, four, and six seconds. 
It should be assuned that the missile has behaved normally up to the point 
of the malfunction which produces the maximum rate turn. Turning rate 
data are required at two second iacervais beginning at twenty seconds. 
From twenty seconds to 110 seconds both pitch turn rates and lateral turn 
rates are desired. After 110 esconda until the end of powered flight, only 
lateral turn rates are required. They should be provided in one of the two 
following formst (l) tabulated data which give the maximum total angle 
through which the velocity vector can turn in two, four, and six second 
intervals, (if supplied in this form the times at which data are supplied 
must coincide with times et which the trajectory data (Items 3» and jh) 
are printed out.) (2) tuning rate graphs which give directly the total 
angle during the specified time Intervals or which can he integrated under 
to give these values. In arriving at maximum turning rates, both trlnmed 
turn«» and tumbling turns which can result from erratic glmballlng of the 
rocket englne(s) should be considered up to the point of a structural failure 
which would Impose a condition of zero thrust. It is believed that the 
turning rates used may be a compromise between the trimmed turn rates and 
the mean tuning rates achieved during the time for the missile to tumble 
through 100*. However, if the maximum rate trimmed turn for a period of 
four or six seconds is virtually impossible, turning rates for these cases 
may be based on some more likely type malfunction. Maximum turning rate 
information is required during the latter part of powered flight which will 
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be applicable for time délaya up to ten or twenty seconda. Thla la required 
to eetimate the time beyond which no destruct action need be taken by the 
Range Safety Officer provided the i-lasile has behaved norm illy up to tola 
point. A complete explanation of how maximum turning ratea were calculated 
including all assumptions made la also required. 

e. The information requested in paragraph 3f is to provide the 
capability of ascertaining whether a normal missile experiencing a three 
sigma deviation will violate Range Safety destruct criteria. For comparison 
with Impact prediction destruct criteria, a locus of predicted impact 
points (specifying latitude and longitude for premature cut-off times) at 
four to eight second intervala beginning at thirty seconda after liftoff 
is necessary. 

5. The following additional items are required to cover the period freo 
launch through shutdown of the final stage. For item 5b relatively crude 
information is adequate, and may be furnished in graph fora if more conven¬ 
ient. Item 5d is range along the earth's surface from the pad to a point 
directly beneath the missile. Item 5a is altitude above the earth's 
surface. Items 5*> 5c, and 5d below, should be Included in the computer 
printout described in paragraph 4c. 

a. Altitude vs time 

b. Fuel weights vs time and gross weight vs time 

c. Acceleration vs time 

d. Range vs time 

6. The following data are also required for each ulsslle flight or 
group of similar flights: 

a. Approximate time delay between activation of firing circuits 
and first motion. 

b. For a normal missile flight, estimate of impact dispersion for 
each re-entry body giving range standard deviation, deflection standard 
deviation (or probable errors), and mean point of Impact. Asswptlons made 
relative to the factors causing the devlatione should be stated. 

c. Brief, general discussion of typical failures which may occur 
during flight such ns a hard over rocket engine(s), failures which lead to 
premature shutdown of booster or missile engine, failure of thn programmer, 
shifting of platform reference, structural failures, expected or possible 
missile behavior for those failures, and an estimate of the probability of 
their occurrences. Any other information considered pertinent with respect 
to critical portions of flight, missile stability characteristics, struc¬ 
tural and/or g limits. 

OFFICIAL USE ONLY 

A F R I9O-I6 

C-3 

LOCKHEED /»:»CRAFT CORPORA' 
HNClSÔâÂÎFIED 

MISTIES mi SPACE DIVISION 





uncí^khed IMSD-6104-5 

OFFICIAL USE OMLÏ 

A F R 190-16 

h. Maximum expected trajectory déviations during the first fifty 
to seventy seconda of flight due to effects of (l) a thirty, forty-five and 
sixty knot head wind and (2) a thirty, forty-five and sixty knot side wind. 
If other factors (e.g. gyro drift) add significantly to the deviations 
caused by wind, the effects of these factors should be included also. Tills 
information is required in order to determine whether a normal missile ex¬ 
periencing a severe wind condition will violate Range Safety destruet 
criteria in the launch area. It is required in the form of tabulated X, Y, 
Z position information using the same reference system described in paragraph 
4b. It is quite likely that this information need be provided for only one 
typical trajectory for each missile. 

i. Maximum possible burning time and the maximum possible range of 
nose cone and tankage if all fuel is expended. 

7. For some flights a prograamed fuel cutoff may be scheduled well 
in advance of fuel exhaustion. In such cases, If the cutoff mechanism 
fails to function at the normal cutoff time, the Range Safety Officer may 
be unable to allow the flight to continue unless the proper destruct cri¬ 
teria have been provided beyond the normal cutoff point. Any such destruct 
criteria must be based primarily on items 3» through 3® *“d 6g. 

8. A tabulation of down range distance, altitude and velocity versus 
time, from first missile motion to nose cone Impact, is required. In the 
event the computer printout outlined In paragraph 4c i »ove continues to 
impact time, this tabulation is not required. If tabular data is provided, 
intervals of thirty seconds of time are adequate. 

FOR THE CCtWAJHER: 

cys tos 
SAC MIKE 
D/Safety, 1st MD 
70UIS 

JOHN M. BARKAN, JR. 
Captain, UBAF 
Chief, Correspondence Bi 
Mall and Message Divisit 
Directorate of Admlnleti 
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£tt.r, 392 ABC, H, Cfd 20 Bov 54, SubJ: 'n-Jeotor, »„od^l, 

«-1. «d . w, !... iS J'Io ZZZ XZZ TkZZt, 
*. Ta persona standing In open 

b. Collapse 13" brick *all 

c. Derail a railroad car 

d. Capsize or rupture the sides of a ship of "Liberty" specifications. 

“T- * 
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Letter, 392 ABC, Dl, dated 20 Nov 58, SubJ: 
Data, added paragraph 6j. 

Trajectory end Aerodyne-nic 

6j. During the early part of the launch a total failure, that la, 
failure of the guidance eyetern and/or the propulsion system, my occur 
such that the missile may xapact at any of the 36O degrees about the 
launch pad. An estimai? is required of the Impact distribution about 
the launch pad If such a failure occurs within the first Uo seconds after 
lift off. Ihis infomation is necessary in determining hit probabilities 
and the area about the pad which must be cleared of ships, railroad cars, 
working groups, etc. Hie assumptions, method and data used to determine 
the impact distribution should be provided also. 

Incl 2 
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RESULTS OF RANGE SAFETY MEETING HELD AT 
VANDENBERG AFB ON 3 FEBRUARY 1959 

With the concurrence of the WS-117L Project Office AFBMD, a meeting was 

held at the Vandenberg AFB Instrumentation Control Center between IMSD 

and the cognizant SAC Range Safety personnel for the purpose of clarify¬ 

ing questions concerning the IMSD Report 610U-I, "W8-II7L Range Safety 

Report, Program IIA Fligho Number One." In addition, a discussion was 

held regarding the requirements outlined in AFR 19O-I6 (DI to Commander 

in Chief, Strategic Air Command, Offutt Air Force Base, Nebraska, entitled, 

"Trajectory and Aerodynamic Data," dated 20 November 1958). 

It was resolved that the requirements outlined in AFR 190-I6 (included 

in this report as Appendic C) did not significantly differ from criteria 

previously used by IMSD and, therefore, would be used in the future with 

the following exceptions: 

1* Item 6d. It was agreed that the Range Safety personnel would determine 

the points of impact of fragments due to destruct (O + 40 seconds of 

flight) from data and formulas supplied by IMSD. Also, IMSD Is to supply 

information concerning fragment weight, size, and velocity. 

2- Item 6.1. This item was resolved so that IMSD would provide the Range 

Safety group with data or formulas to enable them to estimate the impact 

distribution about tie launch pad for failures occurring within the first 

40 seconds after liftoff. 

3- Enclosure 1. To comply with the agreement made with the Range Safety 

personnel, IMSD would provide the necessar;- formulas to enable the Range 

Safety group to determine the lethality of mrious missile fragments 

(resulting from a command destruct of "wet" and "dry" missiles). 
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