
era11 design of the Aero- 
design philosophies and 

in an excellent sounding 
e payloads of the V-2 
were broken up into 

pounds that could be 
ith the state of solid 

ypergolic propellants, which 
ignite on contact with each 
plex ignition system would 
g of valves in the pressure 
1 and oxidizer together for 

the overall design philos- 
performance of the Aerobee 
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lowing form the ideal rocket equation gives the increase in 

here: 

I ,p = specific impulse 

In = natural logarithm 

PF = propellant fraction (dimensionless) 

AV = increase in velocity (ft/sec) 

diction models are used to predict 
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erobee vehicles have accomplished air- 

tainer portion of the rocket is illustrated in 
ically, the sustainer consists of a nose cone an( 

extensions which house the payload, a forward skirt h 
the pressurization system; integral pressurization a 
pellant tanks which form the main body of the roc 
an aft structure which houses the thrust chamber 
ports the fins. Four shrouds are mounted between the for 
ward skirt and aft structure for propellant tank pressuriza 
tion lines, instrumentation lines, and antenna cabling 

quidistant between the shrouds, fore and aft, are two set 
riding lugs which support the rocket between th 

the launch tower. T h e  four-fin configuration of the 
the most obvious difference between it and the 
50. 

cal instrumentation payload is shown i 
tal assembly is 87.8 inches in length a 
75 cubic feet. T h e  cone is attached to the rocket, or pay 

load extension if used, by 16 scre henever called fc 
by greater volume requirements, a 
nose cone is available for use on a 
section of this two 
with a 20" vertex. 
minum cylinder 15 inches in diameter. 
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"P 

AFT STRUCTURE 

FINS 

\ 
ASSEMBLY \ 

TANK 
ASSEMBLY 

I TYPICAL 
PAYLOAD 
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is a corrosive, toxic, non- 
03), water, and dissolved nitr 

is light orange to orange in color. 
) is added to inhibit co 

ca 
e significant characteristics of are: 

(2) NO2 

(3) H F  
(4) HNO, 
(5) Odor 
(6) Hygroscopic 
(7) Specific gravity 
(8) Freezing point 
(9) Normal boiling point 
(10) Approximate maximum decomposition 

pressure at 80•‹F and 10% ullage 

less than 2% 
6%-8% 
0.6% 
Residual (90%c) 
Acrid 
Yes 

-49•‹F 
+152"F 

150 psia 

H,) is a flammable, non-corrosive, toxic, 
ich varies in color from colorlless to brown. 
low in volatility, and is hypergolic with nitri 

significant characteristics are: 

(1) Odor Amine 
(2) Boiling point 364•‹F 
(3) Freezing point 22•‹F 
(4) Flash point (closed cup) 168•‹F 
(5) Ignition temperature 1418•‹F 
(6) Specific gravity 1.002 (68•‹F) 

urfuryl alcohol, also called 2-furancarbinol ( 
, OH), is a flammable, non-corrosive, non- 

varies in color from straw yellow to dark amber. 
th nitric acid. T h e  significant characteris 

(1) Specific gravity 
(2) Hygroscopic 
(3) Boiling point 
(4) Flash point 

1.136 (60•‹F) 
Slightly 
332.6"F-343.4"F 
167•‹F 

thrust structure is o 

e igniter firing cap and diverts the sus 

nd a forward closure ar 
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:losure is drilled for attaching the assembly to the chamber; 
:he aft end of the closure is threaded for attaching the exit 
:one. T h e  closure is heat treated to 

nsile strength and is hydrost 

mtrance section of the nozzle closur 
xessure for aiding propellant ignition and bursts between 
300 and 1200 psig. T h e  entire nozzle assembly is attached 
:o the chamber with twenty-four %-inch diameter bolts. 

are similar to the 
ch fin is attached t 
means of bolts. T h e  holes are so ma- 

a pre-set fin cant of 2.5". T h e  fin cant is 
igure 6 shows outline dimensions an 
f the booster assembly. 

T h e  charge assembly is c osed of two internal-exter- 
nal burning grains, a 
traps, an adjusting ad 
wires. T h e  grain assem 

which are inhibited with glass lamina 
asbestos sheet is cemented to the gla 
nates to preclude ra 
are cemented to the asbestos sheet to allow 
for compression during assembly. T h e  grain 
assemblies are torqued to the center trap as- 
sembly, using the 
compression plates. 
ered by the two gra 
50,000 1b.-sec. 

T h e  igniter is design 
cient pressure and heat 
lant grain. T h e  main cha 
gm. of sodium nit 
tained in a circular 
Two squibs, fille 
black powder, ign 
ampere current is 

T h e  firing of an 
plished by remote c 
trates the schematic 
sion system. T h e  fir 
lows: 

ATTACHMENT 
MOUNTING 

HOLES 

SPACER AFT TRAP C E S i U E  

LUG\ ASSEYBLY / NOZZLE 2'""' 

FIRING GRAIN 
CAP ADJUSTING 

ASSEMBLY ADAPTER 
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fter a 200 millisecond delay, the booster igniter is fire 

ves vertically, the regulator is actuate 

ens the pressure regulator va 

the oxidizer diaphragm in the  

fuel diaphragm breaks. T h e  rate of tan 
downstream of the 
at a rate faste 

ike valve cam holds the pintles in a throttle 
sition to meter the flow of the propellants in the  combustion 
chamber. 

hen the chamber pressure reaches 100 psig, t 
pellant start valve actuator releases the cam and pintles and 
the propellants are in a full flow condition (this is 
mately 0.6 second after first booster motion). 

t approximately 2.5 seconds the booster burns out and 
separates from the sustainer. 

Nominal performance characteristics of the 
are as follovvs: 

Liquid-Propulsion System: 

Pressurizing Gas 
Oxidizer to fuel ratio 
Thrust chamber pressure 
Sea level thrust 
Powered duration 
Propellant flow rate 
Nozzle expansion ratio 
Specific impulse 
Total impulse at sea level 

Helium-Grade A 
2.56 to 1 
324.0 psia 
4100 Ib. 
51.5 sec. 
20.71 lb./sec. 
4.6 
198 lb-secllb. 
208,690 1b.-sec. 

Sea level thrust 
Powered duration 
Chamber pressure 
Area throat 
Expansion ratio 

eight flow rate 
Surface-to-Port ratio 
Specific impulse 
Flame temperature 

18,600 Ib. 
2.5 sec. 
1340 psia avg. 
8.50 in.2 
7.9 
104 lb./sec. 
74 
178 Ib-sec/lb. 
2960•‹F 
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FUEL FILL 
DIAPHRAGM ASSY. B0,SS PRESSURE 

LINE 
FUEL SHUTOFF 

REGULATOR 

DUMP 

ELECTRICAL 
RECEPTACLE 

THRUST 
CHAMBER 
ASSEMBLY 

CHECK VALVE O W ~ A R D  I \ BLEED PORT 

ORFICE '& BURST \ 
DIAPHRAGM ASSY. MICROSWITCH 

CAM ACTUATOR LATCH PIN 

/ 
OXIDIZER 

\ 
FUEL 

DIAPHRAGM DIAPHRAGM 
SEALED 

OXIDIZER SHUTOFF 
DRAIN VALVE 

THROTTLED 

DIRECTION OF FLO 

FULL FLOW 

Peak altitude 179 
101.7 

urnout velocity 7,094 
5,260 

Burnout altitude 138,584 

Burnout acceleration 349. 

statute miles with 100 pound payload 
statute miles with 300 pound payload 
ft./sec. with 100 Ib. payload 
ft./sec. with 300 lb. payload 
ft. with 100 lb. payload 
ft. with 300 Ib. payload 
f t . / ~ e c . ~  with 100 lb. payload 
f t . l ~ e c . ~  with 300 Ib. payload 

erformance characteristics are obtained using an ogive nose cone. The  cone- 
cylinder results in an approximate loss of 4% in altitude (launched at sea level). 

Tower Tilt Factor 94.0 statute miles for 4" tower tilt 
Ballistic Factor 5.2 miles/mph ballistic wind 

Payload 100 to 300 
2097.5 

Rocket (empty) 279.1 
Booster (loaded) 520.0 
Booster (expended) 260.0 

28.0 
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Pressure tank 
Fuel Tank 
Oxidizer Tank  
Ullage Space 

Propellant Weights (In Pounds): 

Oxidizer 
Fuel 
Helium 

T h e  Aerobee 150 is only launched from 

lops has the only tow 
vehicle. T h e  launch t 
8) include a launcher 
elevation and in azimuth. 
land are 37" 50' North, 75" 

T h e  Aerobee 150, being launched from the 
igure 9a, is similar in many 

ibed in the previous section. 
that can be noted are that the 

bee 150 has a three-fin sustainer and booster 
nly three shrouds and thr 
configuration has four of 

mon oxidizer and fuel 
propellant start slug, and the orientation of 
tion system in the aft structure differ slightly 
150 configuration. 

ooster fins are preset at an angle of 2.5" 

nose cone are: 

Peak altitude 
Burnout altitude 
Burnout velocity 
Thrust at sea level 
Duration of thrust 

158 statute miles 
132,000 ft. 
6580 fps 

100 Ibs. 
51.8 sec. 

s are launched 

effects on increasing rocket 

sion system ratings: 

Duration 

Diameter 
Thrust coefficient" 
Thrust" 
Total impulse" 
Specific impulse' 

"In vacuum. 

1.8 sec. 
32.09 lb./sec. 
1000 psia 

8 in. 

16,478 1b.-sec. 
238.8 Ib-secllb. 
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AEROBEE 150 AEROBEE 150A 

F U E L  F I L L  BOSS 

PRESSURE Fl  LL 
EGUlATOR TRIP 

VIEW A - A 

RIC DISCONNECT 

PRESSURE Fl LL 

T h e  high expansion ratio nozzle is used because the mo- flect, releasing the mating thread engagement between thc 
tor operates only at high altitudes; thus optimum expansion sustainer and the third stage, and third stage "fly-away" oc 

ayload volume is nominally 0.9 cubic feet. 
total rocket system performance character 

expected when the rocket is carrying a 60 lb. payload: 

third stage to the sustainer. on sustainer thrust termina- Peak altitude 265 statute miles 
350 sec. 
8770 fps 
144,000 ft. 

tion, a signal ignites the thlr Peak time 
Burnout velocity 

e motor exhaust causes Burnout altitude 
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thrust from a 2.5 
(the same booster 

first character, followed by a decimal, 
robee rocket, thus: 
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Nominal Rated Value at Launching Elevation: 

Characteristic Sea Level 4000 ft. 

Altitude (zenith altitude based on vehicle gross weight of 1447 lb.) - miles 

Velocity (at end of boost period) - ftlsec. 

Velocity (maximum at cessation of sustaining power in normal flight) - ftlsec. 

Time (to trajectory summit) - sec. 

Acceleration (maximum during boost 2% sec. period) - g 

Acceleration (maximum during sustaining period) - g 

Total In~pulse, It (at ground level) - 1b.-sec. 

Thrust, F (at ground level) - lb. 2600 2600 

Instantaneous mixture ratio (steady state static test) 4.35 4.35 

Item Nominal Weight (pounds) 

Sounding rocket total dry weight (including nose assembly) 
Oxidizer at 68•‹F (Sp. Gr. of 1.560) 
Fuel at 68•‹F (Sp. Gr. of 0.785) 
Pressurizing gas (air or nitrogen) 
Total propellant and gas weight 
Total net weight 

Pressure tank 3000 4 0  psig 
Propellant tank 440 *lo psig 
Fuel circuit 430 *lo psig 
Oxidizer circuit 430 *lo psig 
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ENSION IN INCHES 

s i  ' 

I DIA. 

b) ely foll decimal, an identifying 
:WO d er is as is number is peculiar to 
mly one flight. 

t number are the 
, first the instru- 
riment. T h e  list- 

AGENC 

G - Goddard 
N - Other NASA Centers 
U - College or University 
D - DOD 
A - Other Government Agency 
C - Industrial Corporations 
I - International 

EXPERIMENT 

A - Aeronomy 
E - Energetic Particles and Fields 
I - Ionospheric Physics 
S - Solar Physics 
G - Galactic Astronomy 

- Radio Astronomy 
- Biological 
- Special Projects 

T - Test  and Support 

Tables 1, 2, and 3 (following three pages) describe the 
various parameters and characteristics 
sounding rockets utilized in the various 

ncluded are data on performance and physical 
characteristics of each vehicle type. 

T h e  inertial attitude control system 
Aerobee rocket is a ground oriented in 
tern built by the Space-General Gorp 

fornia (formerly the Aerojet-Gene 
vehicle about its ro 

ight portion of the 
are used to establish the inertial reference for vehicle align- 
ment, each containing two degrees of freed 
used for pitch and roll, the other for yaw. 
neuvers are accomplished during flight 
inertial attitude of the free gyros. T h e  system senses this 
change as an err0 d activates the appropriate jet or jets to 
correct the error. e vehicle is directed about its axes by 
eight cold-gas jets; and these jets utilize the residual helium 
in the propellant pressurization system. Two  of the roll jets 
are used to despin the vehicle, after thrust termination. 

Components in the IACS 

T h e  following components are used in the 

ower Supply: T h e  battery r supply consists oi 
ney HR-1 silver cells. T h e  1 silver cell is a sil- 

verlzinc alkaline high-rate discharge battery. 
connected in series, supply 28 volts to the ACS unit wher 
the ACS is on internal power. 

(2) Static Inverter: T h e  static inverter supplies a 26-volt 
400-cps, 2-phase square wave. T h e  frequency is regulatec 
to *0.1% and phase angles to 90" &5%. T h e  inverter sup. 
plies power for the free gyros, the rate gyros, the contro 
unit, and the synchronous timer motor. 

rogrammer: T h e  programmer controls the sequen. 
e of operation by con cting precision voltages 
ssociated relays, to th CS components at a 

determined time. he time increment for each sequence o 
operation is determined by a mot driven timer and it! 

he programmer func 
ed stepping switch. 

(4) Control Unit: he control unit is a solid-state, phase 
and amplitude-semi e device that accepts error and 
tion data for each channel and provides correction signals i1 

the proper sequence of roll, pitch, and yaw. 

yros: T h e  two gyros used are miniature two 
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PARAMETER 

& 

UNIT OF MEASU 

BOOSTER 

2.5KS-18,000 

Nominal thrust (lb.)* 

Thrust duration (sec .) 

I sp (lb-sec/lb) * 

Total impulse (lb./ sec .) 

Thrust coefficient* 

Thrust chamber 
pressure (psia) 

Exhaust velocity (ft./sec.) 

Total propellant flow 
rate, avg . (lb ./ sec .) 

Fuel flow rate,  avg. (lb./sec .) 

Oxidizer flow rate, avg. 
(lb ./sec .) 

Instantaneous mixture 
ratio (avg .) 

Acceleration max. (g) 

Sustainer ignition time 
after launch (sec .) 

Ignition time (sec .) 

Flame temperature (OF) 

t90 Ib. payload. 

**3rd stage only. 

axis non-floating free gyros with synchro and torquer on 
each gimbal axis. T h e  torquers precess the gyro gimbals to 
the desired inertial attitude. T h e  synchros supply gimbal 
position information. T h e  outer gimbal has an unrestricted 
movement range of 360•‹, and the inner gimbal has a useful 
movement range of k80 to 85". T h e  torquers, with 26 volts 
rms applied, are capable of processing their respective gim- 

ate Gyros: Three rate gyros are used in the ACS to 
determine angular velocity. These gyros are mounted in the 
roll, pitch, and yaw axes. Their output signals are combined 
with the respective free gyro position signals (in the pro- 
grammer) to provide damping. 

djust Unit: T h e  remote adjust unit consists 

AEROBEE 

300** 

7664 (vac .) 7664 (vac.) 

1.73 

238.8 

16,478 

1.73 

1000 

- 

32.09 

- 

- 

- 

3 3 . 0 ~  

- 

5 1.5 

of three motor-driven variable transformers remotely con- 
trolled from the ACS console. Each gimbal torquer in the 
roll, pitch, and yaw axes has its own signal transformer. T h e  
local-vertical correction signal, an input to the transformer 

at a given time in the progra 
plied to the gyro torquers. 

alves and Jets: T h e  ACS has a total of seven 
control valves and eight cold-gas jets. T h e  aft structure con- 
tains the pitch and yaw control valves and jets, and the in- 
sert contains the roll control valves and jets. T h e  insert also 
contains the despin control valve which controls one set of 
roll jets. At operating altitude the pitch and yaw jets pro- 
duce five pounds of thrust each, and the roll jets produce 
one pound each. T h e  despin jets produce 20 pounds of 
thrust per pair. 
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BOOSTER 

2.5KS-18,000 

AEROBEE 

Nozzle throat area (in.2) 

Nozzle exit area (in.*) 

r i c~z l e  exit dia. (in.) 

Nozzle area ratio 

r-throat area ratio 

PRESSURE '&INK 

Volume (ft .3) 

Max. work press. (psig) 

Proof pressure (psig) 

OXIDIZER TANK 

Volume, incl. ullage (ft .3 )  

Max. work press. (psig) 

Proof pressure (psig) 

FUEL TAM 

Volume, incl . ullage (f t . ) 
Max. work press. (psig) 

Proof pressure (psig) 

Total length (in.) 

Diameter (in.) 

Another model of the ACS incorporates a roll-stabilized 
Aatform, used to limit the pitch and yaw gyro drift which 
-esults from the rocket roll environment during sustainer 
~urning. T h e  current ACS system orients the rocket to 
within lo of a pre-selected target. Currently under devel- 

ine Attitude Control System ( 
provide greater pointing accuracies than are capable with 
my of the present systems. 

gas despin system designed by Goddard Space 
er personnel has been successfully employed on 

flights requiring a zero or low roll rate during the data col. 
lection period. This attitude contr system, mounted for ar 
Aerobee 150 rocket, is pictured in 
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SUSTAINE R 

eight (lb.) 

Sustainer 

Nose cone 

Oxidizer 

Fuel 

Helium 

Total net weight 

BOOSTER 

Booster motor inerts, w/igniter 

Booster fin assy 

Booster thrust structure 

Booster dry  weight 

Propellant . 

Launch weight 

DIMENSIONS 

Body length (in.) 

Body diameter (in.) 

Dia. thru riding lugs (in.) 

F in diameter (in.) 

Length o. a.  (excl. payload) (in.) 

Fin cant (min.) 

he "G" reduction 
ion of greater than 

on the timer arm. he operational sequence of the gas despin system is as 
Follows: 

circuit. 

off minus one to three minutes) - 
switch motor is starte he rate switch motor 

unnlng on internal power at rocket liftoff. 
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TANK ASSEMBLY ELECTRICAL HARNESS FOR 
ASSEMBLY OXIDIZER TUBE PITCH AND YAW CONTROL 

+I\- 

oximately thirty thousand "times o 
energizes the automatic where it 

step 5 .  

tely 30 seconds) - icle burnout - approximately 
reduction timer latchi 

en the actuating vehic 
tion. 
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valves in the sustainer rocket propellant lines to shutdown 
che vehicle and trap residual pressurization gas (Helium) in 

rmal Aerobee shutdown may be com- 
obee cutoff receiver after liftoff as a 

backup. 

(8) Despin is initiated about 68 seconds after liftoff when 
a timer switch applies power to the normally closed despin 

). T h e  gas is then allowed 
to flow from the rocket tanks to the control nozzles on the 
skin of the rocket, which will exert an average despin 

torque of approximately .9 ft.-lb. on the vehicle. Despin is 
generally delayed until the vehicle is essentially free of 
aerodynamic forces. 

(9) Despin Completion - T h e  time required for the ve- 
hicle to despin to the desired roll rate will depend on the 
initial and final roll rates and the roll inertia of the rocket. 

enerally, the despin time is between 5 and 25 seconds. 
en the rocket roll rate reaches the rate switch setting, 
rate switch applies electrical power to the normally 

open despin valve, cutting gas flow to the control nozzles. 
T h e  rocket should then remain at nearly the rotational rate 

rque was removed. T h e  rate switch 
1-0313-1) is generally used to allow 

switching rates to be set between 10" and 60" per second. 
On this particular model, switching accuracy is within *lo 
per second of the set rate. Although this accuracy is nor- 
mally desired, other rate switches of similar design have 
been used successfully. 

In addition to the gas despin system, single-wrap and 
three-wrap yo-yo type despin systems ( 
available. These systems despin the rocket much faster 
than the gas system, but have less accurate control over the 
final roll rate. 

ny experiments required accurate orientation of the 
d toward the sun. T o  fulfill s 

University of Colorado and the Ball 
RC), have built solar pointing controls. 

For purposes of illustration, only one solar pointin 
trol (BBRC model SPC-300) will be discussed here. 
there is considerable variation in the BRC models and the 
University of Colorado model, the basic objecti 
ory of operation of the biaxial pointing contro 
mains the same. 

Solar Pointing Control 

Theory of Operation 

T h e  solar pointing control provides high accuracy, biaxial 
orientation of instruments toward the sun from 
sounding rockets. T h e  basic configuration is adap 
use with a broad range of research instrumentation. 
orientation is provided by two servo systems operating in 
the vehicle (azimuth) and transverse (elevation) axes. 
sensing is provided by coarse and fine light sensitive detec- 
tors in each axis. T h e  fine (high resolution) detectors are 
attached directly to the pointed instrument and aligned to 
the desired optical axis. 

T h e  solar pointing control utilizes the stand 
nose cone assembly. T h e  maximum instrume 
termined by the cone diameter between stati 
(distance in inches from the cone tip). Appr 
of the ogive between these points is reserved for the in- 
strument, attached on one side normally at station 
rotating about the elevation axis. 
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requires a cone-cylinder assembly in order to accommodatc 
larger pointed instruments. Instrument space available ir 
this configuration is half of a cylinder approximately 4( 
inches long with a radius of 6.5 inches. 

On either configuration, the skin assembly is unlatchec 
at altitudes greater than 350,000 feet, and raised sufficientl; 
to allow the instrument to rotate about the elevation axis. 
recovery is desired, the instrument is allowed to point unti 
at approximately 350,000 feet on the down leg of the trajec 
tory; the instrument is then locked into the stow position 
the skin assembly is retracted and locked into pos 
atmospheric re-entry. Specifications for the solar 
control are as follovvs: 

Pointing error (from solar center) k10 minutes of arc 
Minimum operating altitude 350,000 feet 
Maximum vehicle spin rate 3 rps 
Length" 87.5 inches 
Maximum diameter 15 inches 
Weight" 133 pounds 
Maximum pointed instrument weight" 40 pounds 
Typical zenith altitude? 
Typical pointing duration? 

140 miles 
320 seconds 

, . - 
1-Average Aerobee 150 performance with typical pointing control payloads. 
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hen recovery of vehicle an d is desired, one 
)asic recovery system is o 

~arachute, a 57-inch diameter 
an electrical actuation system. T h e  

ned in a 10-inch diameter canister 
nounted within a 15-inch diameter magnesium rocket ex- 
.ension. T h e  total length of the recovery system is 
nches. 

Water Recovey 

A water recovery system can also be used which, in ad- 
jition to the hardware mentioned above, includes a flotation 

his system is 20 inches in length. 
)f recovering sustainers and portions of payloads have been 
3mployed in the past but these are not described here. 

General Recovery Sequence 

he following general sequence of events occurs when the 
recovery system is flown: 

0th forward and aft initiators are armed by a lanyard trip 
upon initial vehicle motion. 

he actuation box is armed on the upward leg of the tra- 
lectory. 

ayload and sustainer severance is signalled by the range 
r by a timer at approximately 300,000 feet 
wn leg of the trajectory. 

d. T h e  aft initiator is fired, initiating the aft primacord. 

e. T h e  primacord cuts all electrical wiring and plumbing and 
separates the payload from the sustainer. 

he payload tumbles in an approximately flat spin atti- 
, reducing its velocity to approximately 250 feet per 

second. 

g. At approximately 8,000 feet altitude, the actuation box 
fires the forward initiator an 

i. T h e  cover is pulled away from the payload by aerodynamic 
drag, and extracts the pilot chute deployment bag and bri- 

nitial movement of the bag initiates the main parachute 
reefing line cutter timers. 

j. T h e  pilot chute is fille 
during the next 12 seconds. 
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PEAK ALT 

T z 2 9 3 . 4  sec 
H=  186.5 Statute Miles 

. R = 26.1 Statute Miles 
= Y o  V= 333.54 ft/sec 

Tz52.85 sec 

T ~ 5 4 1 . 5 5  sec 
tl = 4000 
R = 46.5 Statute Miles 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 

RANGE ( x  1000 f t )  

k. T h e  reefing line cutters open t 
ute carries it away, 

I. T h e  main chute is by the drag chute and decel- 
escent velocity of 25 feet 

-226 includes payload dimen- 
istics, and flight descriptions for all of 
g rockets launched from 
hts is included herein, and 

further information on addi- 

vehicle to tumble end over end, thereby decelerating 
enough to effect a relatively "soft" impact. On re-entry the 
payload broke apart from the sustainer; nevertheless the 

yload was recovered in relatively good condition. 
compares the expected and actual trajectories; t 

almost coincident, the achie d altitude being 3% greater 
than the predicted altitude. 1 instrumentation performed 
as expected and the gas d in system worked well de- 
spinning the vehicle as desired. igure 21 gives payload 

nsions and characteristics of this rocket and its flight. 
ayload dimensions and flight characteristics data fol 

erobee flights are presented in 
g representative Aerobee 100, 150, 
ghts with low and high spin rates, a 

ight with the cone-cylinder payload extension 
a1 ogive nose cone. 

Figure 
Number(s) Flight Description 

Aerobee 100 near zero roll rate 
Aerobee 100 1.78 rps roll rate 
Aerobee 150 0.18 rps roll rate with fin cant angles 
Aerobee 150 2.0 rps roll rate 
Aerobee 150 cone-cylinder payload extension 
Aerobee 150A 
Aerobee 300 
Aerobee 300A 
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DIMENSIONS IN INCHES 

FLIGHT 4.30 G G  
FIRING DATE 28 MARCH, 1963 
LAUNCH SITE WSMR 
PAYLOAD WT. (LBS.) 126.20 
APOGEE ( ST. MI .  ) 186.30 
TIME TO APOGEE ( SEC. ) 255.00 
CENTER OF GRAVITY ( CAL. ) 10.45 
CENTER OF PRESSURE ( CAL. ) 12.25 
STATIC MARG I N  ( CAL. ) 1.80 
RESTORING MOMENT ( PER DEGREE ) ""0.174 
SUSTAINER BURNOUT TIME ( SEC. ) 53.80 
ROLL RATE AT BURNOUT ( RPS) 1.40 
TIP EJECT (SEC. ) * 
N O .  OF JOINTS 3.00 

* Tip ejected at 200,000 +Feet 

SUSTAINER 

DIMENSIONS I N  INCHES 

FLIGHT 1.03 GP 
FIRING DATE 15 SEPT. 1960 
LAUNCH SITE F C 
PAYLOAD N. iLBS.) 144.75 
APOGEE (ST. MI .  ) 47.30 
TIME TO APOGEE ( SEC. ) 148 .OO 
CENTER OF GRAVITY ( CAL. ) 9.813 
CENTER OF PRESSURE ! CAL. ) 12.20 ( approx . ) 
STATIC MARGIN ( CAL. ) 2.39 ( approx. ) 
RESTORING MOMENT ( PER DEGREE ) - 0.30 (approx. ) 
SUSTAINER BURNOUT TlME ( SEC. ) 41.50 
ROLL RATE AT BURNOUT ( RPS) unknown * 
TIP EJECT ( SEC. ) unknown 
N O .  OF JOINTS 3.00 

FLIGHT 1.05 GP 
FIRING DATE 24 SEPT. 1960 
LAUNCH S!TE F C 
PAYLOAD W. (LBS.) 145 .OO 
APOGEE (ST. MI. ) 47.20 
TIME TO APOGEE (SEC. ) 149.20 
CENTER OF GRAVITY ( CAL. ) 9.173 
CENTER OF PRESSURE ( CAL. ) 12.20 ( approx. ) 
STATIC MARGIN ( CAL. ) 3.03 (approx.) 
RESTORING MOMENT ( PER DEGREE) - 0.30 
SUSTAINER BURNOUT TlME ( SEC. ) 39.70 
ROLL RATE AT BURNOUT (RPS) -0.054 
TIP EJECT (SEC. ) 443.00 ( approx . ) 
N O .  OF JOINTS 3.00 

* Set for 0.0 revolutions per second. 
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DIMENSIONS IN INCHES 

FLIGHT 1.13 NP 
FIRING DATE 6 SEPT. 1962 
LAUNCH SITE WSMR 
PAYLOAD WT. ( LBS. ) 158.10 
APOGEE (ST. M I . )  46.00 
TIME TO APOGEE ( SEC. ) 140.40 
CENTER OF GRAVITY ( CAL. ) 10.00 
CENTER OF PRESSURE ( CAL. ) 12.40 
STATIC MARGIN ( CAL. ) 2.40 
RESTORING MOMENT ( PER DEGREE) - 0.29 
SUSTAINER BURNOUT TlME ( SEC. ) 37.40 
ROLL RATE AT BURNOUT (RPS) 1.78 
TIP EJECT (SEC.) unknown 
N O .  OF JOINTS 8.00 

DIMENSIONS IN INCHES 

FLIGHT 4.07 GI 
FIRING DATE 14 SEPT. 1959 
LAUNCH SITE FC 
PAYLOAD WT. (LBS. ) 192.25 
APOGEE (ST. MI . )  141 .OO ( r a d a r  
TIME T O  APOGEE (SEC. ) 250.00 
CENTER OF GRAVITY ( CAL. ) 10.73 
CENTER OF PRESSURE ( CAL. ) 13.25 
STATIC MARGIN ( CAL. 2.52 
RESTORING MOMENT ( PE(I .7ZC;%EE j - 0 . 2 3  
SUSTAINER BURNOUT TlME ! SEC. ) 53-03 
ROLL RATE AT BURNOUT (RPS) 2.00 
TIP EJECT (SEC.) no 

N O .  OF JOINTS 3.00 

- 

FLIGHT 

13.0 

1.8 

SUSTAINER 

DIMENSIONS IN INCHES 4.4 GP 

FIRING DATE 5 OCT. 1960 

LAUNCH SITE FC 
PAYLOAD W. (LBS.) 137.50 
APOGEE (ST. MI.  ) 140.10 
TIME TO APOGEE ( SEC. ) 253.60 
CENTER OF GRAVITY ( CAL. ) 9.03 
CENTER OF PRESSURE (CAL. ) 12.60 
STATIC MARGIN ( CAL. ) 3.56 
RESTORING MOMENT ( PER DEGREE ) -0.360 

SUSTAINER BURNOUT TIME ( SEC. ) 53.00 
ROLL RATE AT BURNOUT (RPS) 0.18 
TIP EJECT (SEC. ) na 
N O .  OF JOINTS 3.00 

* Fin cant: I ,  1.45 min; I[, 0.8 min; and Ill, 1.9 min. 

DIMENSI.ONS I N  INCHES 

FLIGHT 4.2: US 
FIRING DATE 27 NOV. 1902 
LAUNCH SITE WSMR 
PAYLOAD WT. ( LBS. ) 245.00 
APOGEE (ST. M I . )  126.00 
TIME TO APOGEE ( SEC. ) 238.00 
CENTER OF GRAVITY ( CAL. ) 10.58 
CENTER OF PRESSURE (CAL. ) 13.75 
STAT lC MARGIN ( CAL. ) 2.17 
RESTORING MOMENT ( PER DEGREE) -0.33 
SUSTAINER BURNOUT TIME ( SEC. ) 52.80 
ROLL RATE AT BURNOUT ( RPS) 2.00 
TIP EJECT ( SEC. ) no 
N O ,  OF JOINTS 10.00 
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19.0 

68.8 DIMENSIONS IN INCHES 

FLIGHT 4.09 GA 
i l R l N G  DATE 29 APR. 1960 

9.4 

SUSTAINER 

LAUNCH SITE 
PAY LOAD WT. ( LBS. ) 
APOGEE (ST. MI.  ) 
TIME TO APOGEE ( SEC. ) 
CENTER OF GRAVITY ( CAL. ) 
CENTER OF PRESSURE ( CAL. ) 
STATIC MARGIN ( CAL. ) 
RESTORING MOMENT ( PER DEGREE) 
SUSTAINER BURNOUT TIME ( SEC. ) 
ROLL RATE AT BURNOUT ( RPS) 
TIP EJECT (SEC. ) 
N O .  OF JOINTS 

WI 
167.50 
154.00 
258.00 

10.30 
13.90 
3.60 

-0.4608 
50.50 
2.10 

unknown 
4.00 

FLIGHT 
FIRING DATE 
LAUNCH SITE 
PAYLOAD WEIGHT, 2ND STAGE ( Ibs)  
PAYLOAD WEIGHT, 3RD STAGE ( Ibs) 
APOGEE (statute miles) 
TIME TO APOGEE (seconds) 
CENTER OF GRAVITY, SUSTAINER BURNOUT 

( calculated) 
CENTER OF PRESSURE, SUSTAINER BURNOUT 

( calculated ) 
STATIC MARGIN, SUSTAINER BURNOUT 

( calculated) 
RESTORING MOMENT, SUSTAINER BURNOUT 

( per degree) 
CENTER OF GRAVITY, 3RD STAGE IGNIT ION 

( calculated) 
CENTER OF PRESSURE, 3RD STAGE IGNIT ION 

( calculated ) 
STATIC MARGIN, 3RD STAGE IGNIT ION 

( calculated) 
RESTORING MOMENT, 3RD STAGE I G N  ITION 

( per degree) 
SUSTAINER BURNOUT ( seconds) 
THIRD STAGE BURNOUT ( seconds) 
ROLL RATE AT BURNOUT, SUSTAINER ( rps) 
ROLL RATE AT BURNOUT, 3RD STAGE ( rps) 
PROBE EJECT ( seconds) 
NUMBER OF JOINTS 
THIRD STAGE LENGTH ( in. ) 
PAYLOAD HOUSING LENGTH X ( in. ) 

6.01 UI 
16 MAR. 1960 

FC 
245.00 
65.50 

205.00 
UNKNOWN 

10.733 

13.77 

3.04 

- 0.341 

9.20 

10.70 

1 .SO 

- 0.0540 

50.70 
54.00 (est. 

1 .40n 
unknown 
80.00 
7.00 

120.00 
68.88 

*AT 50 seconds 

6.02 UI  
15 JUN. 1960 

F C 
261.50 
64.75 

195.00 
307.00 

11.11 

54.20 
) 56.80 

1.00* 
unknown 
75.00 
7 .OO 

120.00 
69.88 
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FLIGHT 
FIRING DATE 

VITY, SUSTAINER BURNOUT 
( calculated) 

CENTER OF PRESSURE, SUSTAINER BURNOUT 

N, SUSTAINER BURNOUT 

MENT, SUSTAINER BURNOUT 

CENTER OF GRAVITY, 3RD STAGE IGNITION 
( calculated) 

CENTER OF PRESSURE, 3RD STAGE IGNITION 
( calc 

STATIC N, 3RD STAGE IGNITION 
( calc 

RESTORI ENT, 3RD STAGE IGNITION 
( per degree) 

SUSTAINER BURNOUT ( seconds) 
THIRD STAGE BURNOUT (seconds) 
ROLL RATE AT BURNOUT, SUSTAINER (rps) 
ROLL RATE AT BURNOUT, 3RD STAGE (rps) 
PROBE EJECT ( seconds) 
NUMBER OF JOINTS 
THIRD STAGE LENGTH ( in. ) 
PAYLOAD HOUSING LENGTH X ( in. ) 

6.03 U1 
3 AUG. 1960 

WI 
200.30 
55.50 

258.00 
370.00 
10.75 

Topic 

Aerobee instrument packages 
T h e  following pages contain additional photographs of Aerobee 100 (Junior) 

various phases of the soun ing rocket program of the God- Aerobee 300A 

Figure Number 

enter. T h e  topics covered are listed at Aerobee 150 launch operations 

right, along with the num Aerobee 150A launch operations 
Nose cone recovery at Fort Churchill 35 
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NET PAYLOAD ( pounds) 

AEROBEE 150, 
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L OGIVENOSE 
ALTIT' '-- 

TIME ( seconds) 

TlME ( seconds) 
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0 160 180 200 220 240 260 280 300 320 

N E T  PAY LOAD ( pounds ) 

N E T  PAYLOAD = 170 LBS 

OGlVE NOSE 

I 
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TIME (seconds) 

29 INCHES FROM NOSE CONE T I P  

0.090" FIBER GLASS 
LOSE CONE FLIGHT 4 . 5 8 ~ 1  
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