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ABSTRACT

The Super Loki Stable Booster Rocket Systems have been developed
to ebtain high altitude temperature, density and wind measurements
by means of small inexpensive rocket systems which have post-burn-
out stable booster trajecteries. These systems can be used at ranges
whera booster wind drift is a safety problem. The expended rocket
booster impacts at a range of about 15,000 feet or 2,46 nautical
miles from the launch site, These systems have been developed to
replace the Super Loki PWN=-10A, PWN-10B and PWN-12A at
launch sites requiring either transporder or falling sphere payloads
and stoble booster impacts,
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1.

SUMMARY

The Super Loki Stable Booster Rocket Systems have been developed to obtain
high altitude temperature, density and wind measurements by means of small
inexpensive rocket systems which have post-burnout stable booster trajectories.
These systems can be used at ranges where booster wind drift is a safety problem,
The expended rocket booster impacts at a range of about 15,000 feet or 2.45
nautical miles from the launch site. These systems have been developed to re-
place the Super Loki PWN-10A, PWN-10B and PWN=-12A at launch sites re-

quiring either transponder, transmitter, or falling sphere payloads and stable
booster impacts,

The stable booster rocket motor has been developed by increasing the fin area
of the standard Super Loki rocket motor, protecting the booster fins from aero-
dynomic heating by special leading edge cuffs and an ablative coating, in-
creasing the motor headcap weight and extending the standard motor length by
ten inches to incorporate additional propellant to make up for the flight per-
formance losses due to these changes.

The stable booster rocket motors have been successfully flight tested with the
2-1/8-inch diometer instrument dart (PWN=10A, PWN=10B) and the 1-5/8-
inch diameter Robin dart (PWIN=12). The dart vehlcles reached apogees of
about 71 km and 106 km respectively,

Reliability of the stable booster trajectories was demonstrated with both the
instrument and Robin dart systems, Booster trajectories were reasonable predic-
table and were demonsirated to eliminate the standard system potential impact
hazard,

A Viper 3A rocket vehicle system has alsc been successfully flight tested in this
progrom, The Viper 3A rocket motor is a scale-up of the Super Loki motor in
both diometer and length. The booster was maintained in a stable trajectory
after burnout and dart separation by protecting the booster fins with special
leading edge cuffs and ablative coating and adding weight to the head end of
the rocket motor by means of a solid headcap. The advantage of this system

is an improvement in altitude performance over both the standard Super Loki
systems or stable booster systems. However, vehicle cost and launch rail diom-
eter increases caused the Air Force to choose the extended length Super Loki
rocket motor over the Viper 3A,
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INTRODUCTION

The U, S, Air Force has requirements for routine direct measurement of atmos-
pheric temperatures, density and wind profiles from the earth surface to an
altitude of 90 km. Balloon-borne raciosondes are used to satisfy these measure~
men! requirements to a ceiling of about 30 km. Rocket systems are required to
extend the measured profiles up to 90 km.

From about 1963 to 1969, the Arcas meteorological rocket was used te conduct
routine temperature and wind soundings to about 60 km. A transmitter instrument
was used with the AN/GMD-1 ground station receiving equipment. Thus, track-
ihg radar was required to obtain space position data, During the mid~1960's, an
AN/DMQ-9 transponder instrument was developed for the Arcas rocket so that
soundings could be made at remote sites witheut the need fer tracking radar. Soon
after this period, the Loki Dart system was developed by the Air Force to replace
the more costly Arcas,

Although the transmitter instrument version of the Loki Dart (PWN-8B) wos immed=-
iately successful, the dart second-stage appeared to be too small to incorporate

the larger transponder instrument, Two programs to develop a transponder instrument
for the small Loki Dart ended in failure., Because of this, it was proposed to scale
the Loki system up in size to make more payload volume available for the transponder
instrument. it was decided that a higher apogee altitude should be achieved than
for either the Arcas or the Loki, and that a larger decelerator should be developed
to achieve reasoncble descent rates at the higher altitudes with the transponder
instrumeni. This new system, the Super Loki, was then developed under a previous
confract.

During the latter 1960, the Viper Robin Dart was developed to obtain falling
sphere density and wind profiles to 100 km. Although this system was operational
for only two years, the Air Force decided to replace it with a smaller and lower
cost Super Loki falling sphere system. For the sake of a unified booster system,
and logistics simplification, the Air Force also decided to develop a Supar Loki
transmitter system by eliminating the ranging receiver from the transponder system.
Thus, three Super Loki Meteorological rocket vehicles have been developed for
altitudes from 20 km to 90 km. The rocket moteor is identical for the three vehicles,
but the second-stage dart diameter has been adapted to the specific paylead and
performance requirements for o number of different systems. The payloads include
the Robin inflatable sphere, a transponder instrument and two kinds of transmitter
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irstruments. A heavy interstoge adapter, as described below, is incorporated

in one of the vehicies to maintain a stable or ballistic trajectory after dart sepur-
ation, This system hod baen developed for particular launch sites where the wind
drift of unctable post-burnout boosters caused safsty problems. This stable booster
devalopment had been limited to the small Datasonde dart vehicle to provide only
temperature and wind soundings where radar is available,

In the use of rocket-dart vehicles, a probiem sometimes exists at a range whose
geography is such that the prevailing winds cause the spent booster te drift back
onto ronge equipment or buildings. A rocket motor designed to be stable follow~
ing its burnout at low altitude will insure a ballistic trajectory to down~range
impact. A simple solution for this problem with the transmitter system was made
by combining the smali dart from the older loki system with a Super Loki motor,
In this system, the motor CG was moved forward by use of a heavy front end
(interstage) while the inzreased performance of the Super Loki motor over the
Loki more than made up for the increased weight.

The present program, reported herein, is the development and flight test of o
stable booster system which can be wed with all of the Super Loki payloads.

The development program goals consist of stabilizing the booster and retaining
dart altitude for (1) the transponder system which requires the largest dart and
(2) the Robin system, A series of design steps and tests, as described in Section
8, was required to develop the stable configuration. It was found that an in-
crease in motor performance by ue of either larger diameter or Jonger motors
was required to make up for the flight performance losses due to the booster
stabilizing modification. Sections 3 through 7, following, describe in detail
the final configurations,
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ROCKET MOTOR DESIGN

3.1 Introduction

The Super Loki rocket motor (SDC P/N 354-15) wos developed fer the U, S, Air
Force by scaling up the Loki motor from a 3.0-inch diometer to a 4,0-inch diom-
ster to provide a significant increase in total impulse, This rocket motor has
been previously standardized for the PWN-10A, -108, -11A, and ~12A meteoro-
legicql rocket systems which are currently in operational use, During the cur-
rent program, the standard Super Loki rocket motor has been modified by provid-
ing larger fins, utilizing thermal protection for the fins, and increasing the
weight of the motor headcap. These changes were made to provide a stable
booster flight after motor burnout and stage separation. Since dart altitude
performance was degraded due to these modifications, the rocket motor length
was extended by ten inches and additional propellant was loaded into the extend-
ed length. This increase in propellant weight and total impulse makes up for the
flight performance losses due to the stability modifications.

3.2 Dacrigtion

The Stable Super Loki rocket motor (SDC P/IN 600-13) shown in Figure 3.1 con-
sists of an aluminum case with internal burning cast-in~case solid propellant., An
aluminum headcap and interstage coupling is located at the forward end of the
rocket motor, A graphite nozzle insert backed by a steel retaining ring is located
at the aft end of the motor. The propellant fuel is a polysulfide polymer with an
ommonium perchlorate oxidizer. The igniter consists of two parallel 1 watt/1
ampere no-fire squibs and an ignition charge of cupric oxide and aluminum powder.,
The igniter which is the some as the original Super Loki igniter is separable from
the rocket motor and is installed at the launch site.

A cross-section view of the Stable Super Loki rocket motor is presented in Figure
3.2. Major design characteristics are presented in Table 3.1, and the propellant
characteristics are presented in Table 3,2, The propellant burning rate and area
ratio curves versus chamber pressure are presented in Figure 3.3. The propellant
is the some as that used in the original Super Loki rocket motor.

3.3 Performance

A summary of the rocket motor performance data is presented in Table 3.3, A
nominal pressure and thrust versus time curve is presented in Figure 3.4, The
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added propsllant waight of tha stabla rocket motor has increased the total impulse

of the standard rocket motor by 16.8 percent. Although the burning time and
chomber pressure of this new design is the same as the standard, the thrust pro-
file is increased (see also Figures 8.3 and 8.4).

3.4  Modifizations

The primary modification to the standard Super Loki rocket motor has been an
increase in motor lsngth and grain length of ten inches. This has increased the
propellant weight from 37,51 pounds to 43.48 pounds. The nozzle throat area
was also increased from 2,326 t¢ = %6 square inches to maintain the standard
chamber pressure profile,

The rocket motor fin area was increased from 0,0 to 31,40 square inches per
panel (four each) to increase the aerodynamic static stebility margin, Thermal
protection of the rocket motor fins was added by incorporating specially insu-
lated leading edge cuffs and an 0,030-inch thickness of an ablative coating
of Thermolag.

The rocket motor headcap weight was increased from 1,438 to 3,180 pounds to
increase the aerodynamic static stability margin,
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FIGURE 3.1 _STABLE SUPEE LOKI ROCKET MOTOR.
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TABLE 3.1
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STABLE SUPER LOK| ROCKET MOTOR DESIGN CHARACTERISITCS
(SDC P/N 600-13)

Length
Diometer

Fin Span

Fin Tip Cherd
Fin Root Chord
Fin Area (each)

Case Weight

Liner Weight

Lined Case Weight -
Propellant Weight

Loaded Case Weight

Headcap and Interstage Weight
Overall Rocket Weight

Igniter

Motor Case Wall

Motor Case Proof Pressure

Motor Case Yield Pressure (minimum)
Motor Case Curst Pressure

Nozzle Throat Area

Storage Temperature Limits
Operational Temperature Limits
Storage Life

Explosive Classification

88.3 in.
4,0 in.
8.0 in,
14,8 in.
16,6 in.
31.4 in. 2 per fin

12,68 Ib.
0.65Ib.
13.33 Ib.
43,48 |b.
56,31 Ib.
3.81 Ib.
60,62 Ib,
0.40 Ib,

0.083 in. 2014-T6 Aluminum
1500 psi
2320 psi
2700 psi

2.666 in,2

-40°F to +140°F
~40°F to +140°F
2 years

ICC Class B
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TABLE 3.2
PROPELLANT CHARACTERISTICS
; Propellant Composition
L;'
Parts by Weight
: Material Purpose (Nominal)
i Polysulfide Polymer, Liquid Fuel and Binder 16,40
4 Quinonedioximine Curing Agent 1.20
3 Sulfur, Fiowers of Curing Catlayst 0.10
5 Diphenylguanidine Curing Accelerator 0.10
E Ammonium Perchlerate (as received) Oxidizer 46.20
g Ammonium Perchlorate (after grinding)  Oxidizer 30,80
Dibutyl Phthalate Plasticizer 2,80
3 Magnesium Oxide Curing Catalyst 0.60

Aluminum Resonance Supressor 1.80

Grain Size Distribution for Ammonium Perchlorate Blend

As received AP retained on:

REQUIREMENTS
Minimum Maximum

Uss 18% 0 0

UsS 50% 3% 11%

USS 100% 50 82

USS 140% 85 98

USS 325% 98 100

Ground AP % Belew:

10 Microns 12 32

20 Microns 40 60

30 Microns 58 78




o

TR T RS ST O L P b ek e

TAFCTY

T LT T o s

XA SO W Ml DR S R

e BT D R T x’}g:.(,u ,:,, Ao irtet b AR SRR S Y R T SO
KIS\ Mo W PRI S e peinsr

3

,f'

‘!

TABLE 3,2
Continued

Ballistic Properties

Temperature coefficient of chamber pressure
Temperature coefficient of burn rate
Pressure axponent

Characteristic exhaust velocity

Ratio of specific heats

Heat of Explesion

Adiabatic Flame Temperature

Physical Preperties

Density

Hardness

Tensil Strength
Elongation

Modulus

Autoignition Temperature

0.308 per deg Kelvin
0.0488 per deg Kelvin
0.435

4702 fps

1.217

1200 cal/g

2784°K

0.062 Ib/in°

70-90 Shore A
200-250 psi maximum
18-45% maximum
2100-2800 psi

275°F
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TABLE 3.3

STABLE SUPER LOKI ROCKET MOTOR PERFORMANCE SUMMARY
(SDC P/N 600-13)

SEA LEVEL FIRING

Average Thrust (Ibf)
Average Chamber Pressure (psia)
Total Impulse (Ibf-sec)
Action Time (sac)

- Maximum Thrust (Ibf)
Maximum Chamber Pressure (psia)
Specific Impulse

4757
1291
9944
2,09
5954
1512
228,7
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4.

ROBIN SYSTEM DESIGN

4,1 Introduction

The Stoble Super Loki Robin Dart vehicle consists of a 1,625-inch diameter dart
second-stage with the Stable Super Loki rocket motor. The dart body is coated
with an ablative material to reduce the effect of rather severs aerodynomic heat-
ing upon the inflatable sphere payload. The sphere inflator contains a percussion
initiated time delay charge to initiate sphere inflation through a two-stage chamber
after deployment from the dart body at an altitude of 106 km, Atmospheric den-

sity and wind data are derived from a precise radar track of the descending in-
flated sphere.

4.2  Vehicle Description

The Super Loki Robin Dart is a two-stage vehicle which consists of the Stable S per
Loki rocket motor as the first or booster stuge and a non-propulsive 1.625-inch
diometer dart second stage. The vehicle configuration is shown in Figure 4,1,

The rocket motor interstage has been designed to accept the larger diameter trans=

ponder darts, Therefore, an interstoge adapter ring is used with the smaller diom-
eter Robin dart.

A summary of the vehicle mass properties is presented in Table 4.1, The vehicle
center-of-gravity versus time is presented in Figure 4.2, and pitch moment~-of-
inertia versus time is presented in Figure 4.3,

The aerodynamic data for the vehicle are presented as follows:

Figure 4.4 Normal Force Coefficient, First Stoge
Figure 4,5 Normal Force Coefficient, Dart
Figure 4.6 Center-of-DCressure, First Stage

Figure 4,7 Center-of-Pressure, Dort

Figure 4.8 Vehicle Drag Coefficient

The Super Loki Robin Dart is stable during two~stage propulsive flight at essentially
a zero degree angle of attack. After dart separation at motor burnout, the dart
coasts to apogee in a stable flight mode ot essentially a zero degree angle of attack
in the sensible atmosphere, After rocket motor burnout and staga separation, the
expended booster remains stab'e and follows a ballistic trajectory to impact,
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Robin Dart:

Weight

: Center-of-Gravity

: Pitch Moment of Inertia

; Booster:

Loaded Weight

Expended Weight

4 Loaded Center-of-Gravity
Expended Center-of-Gravity

Loaded Pitch Moment of Inertia
Expended Pitch Moment of Inertia

Vehicle:

Launch Weight

Burnout Weight

Launch Center-of-Gravity
Burnout Center-of-Gravity
Launch Pitch Moment of Inertia
Expended Pitch Moment of Inertia

Maximum Vehicle Acceleration
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TABLE 4.1

P e S Al e 2 LA

STABLE SUPER LOKI ROBIN DART VEHICLE MASS PROPERTIES

14.15 |b,
26.5 inches {m aft end of dart
0.475 slug=ft

61,05 Ib,

16.12 b,

42,05 inches from aft end of moter
41.38 inches {rom aft end of moter
8.292 slug~ft

3.466 slug-ft2

75.15 b,

30,38 Ib,

54,95 inches from aft end of motor
74,04 inches from aft end of moter
20,558 slug-f

11.824 slug-ft2

183 g
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4.3  Dart Description '

The Super Loki Robin Dart consists of a steel ogive containing lead ballast, a
cylindrical steel tubular body and an aluminum tail section which mates to the
rocket motor interstage and to which are mounted four steel fins for dart aero-
dynamic stabilization, The tail section contains an electrically-initiated 145-
second pyrotechnic delay and a 3.5 gram BKNO3 pelletized payload separation

charge, The body of the dart is coated with 0.075~inch of Thermolag, ablative
coating,

The inflatable sphere payload and inflator assembly are packaged within a set
of split staves within the dart body. The forward end of the staves terminate
at the base of the ogive, and the aft end of the staves terminate at a two-stage
payload ejection piston which is located just forward of the separation charge.

Prior to liftoff, the dort tail is energized and the pyrotechnic delay burns during
upflight of the rocket and dart. Close to apogee, the dart ignites the separation
charge which creates a pressure behind the payload ejection piston. The inner
core of the piston moves forward to strike the firing pin of the inflator delay,
Subsequently, the outer piston is forced forward against the outer steel staves

by meons of three brass shear screws. These screws are sheared, and the entire
payload assembly and the staves are ejected from the dart body at a speed of
about 80 feet per second. Centrifugal force to the vehicle spin forces the staves
to separate from the payload as soon as they leave the constraints of the dart
body. The forward end of the dart tube or body is slightly constricted on the
inner diameter in order to stop the ejection piston within the dart tube. This is
to trap the ejection charge hot exhaust gases and burning particles from damaging
the sphere payload during deployment,

This dart is identical to the standardized PWN=-12A dart and is fully described
in Reference 1,

-24-




INSTRUMENT SYSTEM DESIGN

5.1 Introduction

The Stoble Super Loki Instrument Dart consists of a 2, 125-inch diometer dart
secend-stage with the Stable Super Loki rocket motor, The dart carries a trans-
ponder rocketsonde payload to an altitude of 75 km where it is deployed en a
Starute (balleon-parachute) decelerator. During its descent, the transpender-
sonde telemeters atmospheric temperature and position data, including slant
rangs, to an AN/GMD-4 ground statien receiving set. This system eliminates
the need for radar. In the case of a transinitter sende, it prevides temperature
ond pesitien data (witheut slant range) to an AN/GMD-1 ground set.

5.2  Vehicle Description

The Super Leki Instrument Dart is a two-stage vehicle which consists of the Stable
Super Loki rocket meter as the first or booster stage and a nen-propulsive 2, 125-
inch diameter dart second stage. The vehicle configuration is shewn in Figure

5.‘.

A summary of the vehicle mas preperties is presented in Table 5.1, The vehicie
center-of-gravity versus time is presented in Figure 5.2, and pitch moment-~of-
inertia is presented in Figure 5.3.

The aeredynomic data for the vehicle are presented as follows:

Figure 5.4
Figure §.5
Figure 5.6
Figure 5.7
Figure 5.8

The Super Loki Instrument Dart is stable during the two-stage propulsive flight at
essentially a zero degree angle of attack. After dart separation at motor burnout,
the dart coasts to apogee in a stable flight mode at essentially a zero angle of
ottack in the sensible atmosphure, After rocket motur burnout and stage separation,
the expended boostar remains stable and follows a ballistic trajectory to impact.

5.

CNec V5 Mach Ne., First Stage
CN.g vs. Mach No., Dart

Cp vs. Mach No., First Stage

CP vs. Mach No,, Dart

Vehicle Drag Coefficients
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2.125 DIA,

INSTRUMENT DART
51.84

9.45 in? Per Fin (4 Ea.)

4.000

STABLE SUPER LOKI MOTOR—

880 88

" 31.40in® Per Fin (4 Ea))
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TABLE 5.1

IR IR LR Y T g T T R A AT I T

STABLE SUPER LOK| INSTRUMENTED DART VEHICLE MASS PROPERTIES

Instrumented Dart:

Weight
Center-of-Gravity
Pitch Moment of Inertia

Booster:

Loaded Weight

Expended Welght

Loaded Center-of~Gravity
Expended Center-of=Gravity
Loaded Pitch Moment of lnertia
Expended Pitch Moment of Inertia

Vehicle:

Launch Weight

Burnout Weight

Launch Center-of-Gravity
Burnout Center-of-Gravity
Launch Pitch Moment of Inertia
Burnout Pitch Moment of Inertia

Maximum Vehicle Acceleration

19.00 Lbs,
31.75 inches from aoft end of dart
0,727 slug-ft?

61,05 Lbs.

16.12 Lbs.

42,16 inches from aft end of motor
41,38 inches {ran aft end of motor
8.292 slug-fi2

3.466 slug-ft

79.30 Lbs.

34,37 Lbs,

59.13 inches from aft end of motor
80,89 inches from aft end of motor
25.429 slug-ft2

14,414 slug~ft2

135 ¢
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5.3  Dart Description

R

The instrumented dart for the Super Loki system comsists of a steel cylindrical
body with a steel ogive and an aluminum tail piece. The cylindrical body
contains the payload which is packaged into split steel staves. The ogive is
retained at the forward end of the body with shear screws which are sheared
during payload axpulsion out from the forward end of the dart. The tail piece
contains an electrically-actuated 12-second pyrotechnic time delay and a
small payload ejecticn charge. Four steel fins are roll-pinned into the dart
tail for flight stability. The aft end of the dart tail is boattailed to reduce
aerodynamic drag and to be used to mate the dart to the booster,

The instrument and Starute decelerator are packaged with two sets of split

staves within the dart body. No ablative coating is used on the instrumented

dart, Instead, internal air gaps between the payload staves and the dart wall ‘
are wed to reduce aerodynamic heat transfer to the payload. This configuration »
was used on all development tests herein, Problems more recently found in

production systems, as well as in tests hereunder in Section 8, make use of

ablative coating on the dart exterior probable in the future., The forward end

of the staves assembly terminates ot the base of the ogive, and the aft end

terminates at the payload ejection piston which is located just forward of the

separation charge,
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6.1 Gonorol

sections which follow.

6.2  Instrumented System

3 Table 6.1
Figure 6.1

Figure 6.2
s Figure 6.3
3 Figure 6.4
] Figure 6.5
Figure 6.6

6.3 Robin st_tem

Toble 6.2
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6,11
Figure 6,12

R M SRl MR AP L R S Kt g b e d KR N 2

6.

VEH!ICLE PERFORMANCE

A serles of digital computar trajectories has been run for beth the Stable Super
Loki Robin Dart and Instrumented Dart vehicles. The results are presented in the

A serles of Stable Super Loki Instrumented Dart trajecteries has bean run on a
digital computer, and the results are presented as follews:

Nominal Trajectory Summary, 80° QE

Dart Apogee Altitude vi. Apogee Range for
Various QE's

Dart Altitude vs. Range, 80° GE

Dart Altitude vs. Time, 80 QE

Dart Velocity vs. Time, 80° QE

Dart Impact Range vs. QE

Vehicle Roll Rate vs. Time

A serles of Super Loki Robin Dart trajectories has been run on a digital computer,
and the results are presented as follows:

Nominal Trajectory Summary

Dart Apogee Altitude vs. Apogee Range
Dart Altttude vs. Range, 80° QE

Dart Altitude vs. Time

Dart Velocity vs. Time, 80° QE

impact Range vs. Launch Angle
Vehicle Roll Rate vs. Time

n
b OS C i

-36-
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NOMINAL TRAJECTORY SUMMARY
§, SUPER LOK| INSTRUMENTED DART, 80° QE SEA LEVEL LAUMNCH

= BOOSTER DART

s Burnout Altitude (ft) 4,731 4,731
3 Burnout Range (ft) 886 886

Burnout Time (sec) 2,1 2,1
Apogee Altitude (ft) 23,466 232,000
i Apogee Range (ft) 6,465 90,000
g Apogee Time (sec) 32,3 120
i impact Range (ft) 9,75 165,000

Impact Time (sec) 81 245
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§ TABLE 6.2

: NOMINAL TRAJECTORY SUMMARY

SUPER LOK| ROBIN DART, 80° QE SEA LEVEL LAUNCH

STABLE

BOOSTER DART

§ Burnout Altitude (ft) 5,119 5,119

i Burnout Range (ft) 955 955

‘ Burnout Time (sec) 2,1 2,1
Apogee Altitude (ft) 28,000 348,000
Apogee Range (ft) 7,012 125,000
Apogee Time (sec) 30.3 150
impact Range (ft) 11,864 245,000
Impact Time (sec) 85 280
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7.
RANGE SAFETY DATA

7.1 General

The range safety data presented here consist of booster and trajectory data, vehicle
wind-weighting, vehicle impact dispersion estimates and ordnance data. This in-
formation is presented in the sections which follow.

7.2  Booster Trajectory Data

Upon rocket motor burnout and dart stage separation, the expended booster foliows
a stable ballistic trajectory to impact. The expended booster configuration is
shown in Figure 7.1, The normal force coefficient is presented in Figure 7.2,

ond the center-of-pressure is presented in Figure 7,3, The expended booster

drag data are presented in Toble 7.1,

The expended booster trajectory data are presented for both the Robin and Instru-
mented systems as follows:

Figure 7.4 Booster Nominal Trajectory
Figure 7.5 Booster Altitude vs. Time
Figure 7.6 Booster impact Range vs. QE

7.3 Wind-Weighting Data

The wind-weighting data for both of the Super Loki vehicles are presented as
follows:

Figure 7.7 Instrumented Dart Wind-Weighting Data
Figure 7.8 Robin Dart Wind-Weighting Data
Figure 7.9 Booster Wind-Weighting Data

7.4  Vehicle impact Dispersion Data

impact dispersion thres-sigma radii for the instrumented dart and booster are pre-
sented in Toble 7,2, Impact dispersion three-sigma radit for the Robin Dart and
booster are presented in Table 7,3, These data are based upon the dart and booster
having been wind~weighted,
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7.5 Vehicle Ordnance Data

.

The vehicle explosive and electroexplosive ordnance data are presented in
Table 7.4, The rocket motor is shipped os ICC Class B, and the dart tails
are shipped as ICC Class C,
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TABLE 7.1
EXPENDED STABLE SUPER LOKI BOOSTER DRAG COEFFICIENTS
M Cp

0. 0.54
0.5 0.58
0.8 0.63
1.0 1.0
1.5 1.88
2.5 1.3
g 3.0 1.1

6.0 0.83
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IMPACT DISPERSION DATA (THREE SIGMA)

TABLE 7.2

INSTRUMENTED VEHICLE

VEHICLE STAGE DART BOOSTER
80° QE Impact Range 170,679 Feet 9,756 Feat
Maximum Three-Sigma
Impact Dispersion Radius 18,600 Feet 1,700 Feet

TABLE 7.3
IMPACT DISPERSION DATA (THREE SIGMA)
ROBIN VEHICLE

VEHICLE DART BOOSTER
80° QE Impact Range 275,000 Feet 11,864 Feet
Maximum Three-Sigma
impact Dispersion Radius 31,220 Feet 1,700 Feet

~63-




B G°¢ puodss-Gg| ‘uiqoy
901N w8 g puooes-gz| ‘iepuodsunis]
unjo GZ°0 ¥ snuiu-g wn$30404 Aojeq swi] tiim ed1reQ
sdwo 0°¢ sun® GO | duwo | /iom | uousog voyjosodes poojhng ss0Q
: 3 01D
qinbs yooe qinbs yone Jopmay
qinbs yooe uyo G1°0 UG wnuywnjy
sdwo 0°¢ suyo Gl “| dwo |/uom | | epixQ dyidn) swosb g JoyiuB| Jojopy 1920y ;
R} ]
LI
9jpJofipiey ]
wnuowuNy 3
—-- -— - spy|nshjod 1 8yeY {uojjedouy Jojop iexpoy i
9 01D .,
-1V IDONVISISIY NI-ON JdAL LHOI1IM wall w
SOIISIIZ1DOVEIVHD 9INDS TvOIILDI13 IAISONdX3 :

Viva IDNVYNGYO

¥ 89vl




8.

DEVELOPMENT PROGRAM REVIEW

8.1 General

The purpose of this development program has been to provide a stable booster
trajectory for the PWN-10A transponder dart and PWN=12A Robin dart systems
without degrading their altitude performance. A preliminary parametric trade=~

off study indicated that the most efficient way to provide booster stability after
stage separation is to increase the rocket motor fin area. To make up for the dart
altitude loss due to the added drag and weight of the larger fins, the rocket motor
length was extended to provide additional propellant. A small increase in rocket
motor headcap weight was subsequently found to be necessary to assure a completely
reliable stable booster trajectory.

As a backup system, the Viper 3A was flight tested with a relatively heavy ballast
located in the headcap. This system was also successful.

8.2 Rocket Motor Fins

Aerodynamic calculations indicated that the standard Super Loki booster neutral
static stability margin should occur at Mach number 3.0. That is, the expended
booster should be stable at Mach numbers below 3.0 and unstable above. Since
both the PWN-10A and PWN=~12A burnout velocities are above Mach 5.0, the
booster can be expected to go unstable immediately upon burnout and stage sep-
aration.

For this program, the standard Super Loki rocket motor fin areas were increased
from 10 in. 2 each fin (four fins) to 30 in.2 each fin. Calculations indicated that
this increase in fin area should provide a 7.7 percent static morgin at maximum
velocity of the intended system. The added fin area could not be gained by in=-
creasing the fin spon because of the launcher rail constraints. Therefore, the
area increase was gained by increasing the fin chords and reducing the sweep
angle.

An aerodynamic heating analysis indicated that the booster fin temperatures would
rise to an unacceptably high level after stage separation for u stable booster tra-
jectory. The flat plate temperature predictions are shown in Figure 8.1. Leading
edge temperatures are significantly higher. Further heat transfer cclculations in-
dicated that a 0.015-inch coating of ablative material (Thermolag T~230) would
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keep the booster fin panels to an acceptable temperature level. However, special
leading edge cuffs had to be designed, as shown in Figure 8.2, to protect against
the more severe leading edge heating ard erosion.

With the added fin drag and weight, an altitude loss of about 50,000 feet was pre=~
dicted for the PWIN-12A Robin dart. It was also determined that the altitude loss
for the Robin dart would be more severe than for the instrumented dart, Therefore,
it was decided to concentrate all initial efforts on the Robin system.

8.3 Rocket Motor Lengfh Extension

Since the initial flight tests with the stable booster fins indicated an altitude loss
of about 50,000 feet for the Robin dart, the rocket motor length was increased from
78.08 inches to 88,08 inches to accommodate 5,97 pounds of additional propellant.
The nozzle throat diameter was increased by a slight omount to keep the chamber
pressure profile essentially the same as the standard Super Loki rocket motor, A
comparison of the extended length and standard length motor performance is shown
in Figure 8.3. The chamber pressure profiles are shown in Figure 8.4, This

extra length (ten inches) motor is the final stable booster configuration.

8.4 Rocket Motor Headcap Weight

During the second flight test series, which included the extra length rocket motor
and the stable booster fins, it cppeared that the boosters were only marginally
stable. Although stage separations appeared stable, booster apogee altitudes were
low and impact ranges were short. Therefore, to add a slight amount of static
margin to the expended booster, the booster headcap cavities were left solid ex-~
cept for the dart tail port, This added an additional 1,742 pounds to the head-
end of the booster. Subsequent flight tests demonstrated that the booster stability
is reliable within this added head~-end weight.

8.5 Universal Launch Rail Concept

Two different launch rails are required for the standard PWN=-10A and PWN=124
vehicles to accept the different dart fin spans in the helical launch rails, There
has been a desire by the Air Force to consolidate launchers to a single launch rail.
During this program, the dart fin span was increased on the Robin dart so that the
PWN-12A Robin system could be launched from the larger PWN-10A launch rail.
Two Robin systems were launched in this configuration from the larger rails. Al-
though the boosters performed satisfactorily in both cases, the darts suffered a sig-
nificant altitude loss, The dart altitude losses (100,000 feet) were much greater
than could be attributed to an increase in dart drag due to the larger fin spans.

A more probable cause is the increase in bending loads at the dart fin roots during

b7~

e B P

S R AR




NDIS3ad J4400 39d3 SNIAV3I1 SNId 2331.s00d9 28 3dnNdid

9
\_ (]
{ @
{ 0 |
1
,., NOILLYINSNI =34N0O
SoLsS3gsVv
, NOISN2ALX3 Nid

A TSt A e e

12-009 £ S5MA OAS FoA

T - T
"oE “* ‘..,\w n !“,..}-{..t-m

T dw YT

by TR PP I L T R T T T T T T PV I T 3 T S Py N S s R T T A W T 1



BRI S e D e e R S St A R A el A RLAL P R b U AL Eoalid M Sl ) L MM LA A e ATRTERAMNIA TR SO T

: A

i Figure 8.3_SUPER LOK| ROCKET MOTOR PERFORMANCE COMPARISCIM

i 10" X sTD

j Total Impulse (1bf-Sec)9944 8515

8 Average Thrust (Ibf) 4757 4055

4 MaximomThvost (Ibf) 5954 5497
Average Pressure(psia) 1291 1336

; Maximum Pressuve(psia) 1512 1650

7 Action Time (Sec) 2.09 2.10

Specific Impulse (Sec) 228.7 22¢.2

2

. A Prd \

f /53\ (?w/ e g
: - o?& /

v ; *6/ "

0 Syl 8

X 4 ul 9\\?V

; P4

(V]

(@) S

2 4 .6 8 0 12 14 1e 18 20 22 24
TIME - SECONDS

9=




{

]
i
4
[
4

4 < ;
« b
/]
v «§ j
— [ o
..lyl!l\l.\.\\l\.\..il\
l‘lllll‘\ll-ull\
o R m—— — — == w
3 //J\\\\ - e =
M_ ¢ o 2
N N
// @ 9
/ / _ w
\ 3 *8
: \ - S, !
v ) / o % X
W,, \ 3 _
] < /// 0 w_ . |
\ bat Q <
: N o] a |
/ k
O // ® _
_ ki
! b
“ o :
W % NN © ﬁ
3 \i _
@ \ |
/, < ]
4 I
| v 7 - ®
) A -
,_ & i |
ﬁ - ) ) } o) ° ]
: )
H, g , § g ". 8 § § & |

(pisd ) IaNSSIaAd IIANWVHD j




launch caused mechanical bending of the dart fins. This would cause severe
coning of the dart and a high induced drag. This problem may be solved by
] increasing the thickness of the fin panel,

8.6  Viper 3A Vehicle

E The Viper 3A rocket motor was used as a backup for the main Super Loki Stable
Booster program. Since the Viper 3A is a larger rocket motor (4.5~inch diometer)
: it would cost slightly more than the extended length Super Loki. The Vipar 3A
vehicle developed under this progrom was immediately s..ccessful in demonstrating
both extra high dart altitudes and reliable stable bonster performance. “2 only
modifications to the standard Viper 3A rocket motor were an increase in wooster
fin area, thermal protection for the bocster fins and a heavy solid-aluminum head-
cap.

The original Viper 3A Dart is a two-stage sounding rocket vehicle which consists
of a solid-propellant rocket motor as the booster or first stage and a non-propul~
sive dart as the second stoge, The Viper 3A rocket motor is a 4, 5-inch diometer
scaled- up version of the SDC 4,0~inch diometer Super Loki motor. The propel-
lant weight is increased from 37.2 pounds of the standard Super Loki to 57.0
pounds to significantly imprcve performance. The second stage is the same
1.625-inch diometer Robin dart as is being used with the Super Loki motor, A
thirty percent improvement in dart apogee altitude performance over the Super
Loki vehicle is made possihle with the Viper 3A,

Five flight tests of the original Viper 3A dart vehicle had been previowly con-
ducted ot the White Sands Missile Range. All of these flights were successful,
ond design performance of 150 km wes achieved in aach flight. In the standard
configuration, the Viper 3A booster becomes unstable after dart separation as
in the siandard Loki and Super Loki systems,

Under the current program, a ballast-weii 1ted motor headcap~intersiage (4.00
pounds), togsther with larger booster finr, (46,87 in2 per panel) which were
thermally peiiected in the same manner s the Super Loki Stable Booster, i.e.,
special leading edge cuffs and ablative coating, were ued to reliobiy produce

a stable booster flight after burnout and siaging. The Kobin dart apogee achicved
with this stcole hooster Vipar 3A vehicle configuration is about 120 km,

The Viper 3A Stable Boor  vehicle configuration is shown in Figure 8.5, A
detailed detcription is pr.sunted in the Append:ix,
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8.7 Flight Test Results

8.7.1 General

A log of flight test vehicle configurations and iest numbers is presented in Table
8.1 for the entire development program. The flight summary for the Super Loki
1-5/8-inch diameter Robin dart systems is presented in Table 8.2. The flight
summary for the Super Loki 2-1/8-inch diameter instrument dart systems is pre~
sented in Table 8,3. The flight summary for the Viper 3A 1-5/8-inch diameter
Robin dart systems is presented in Table 8.4,

8.7.2  Super Loki Robin Dart Flights (Table 8.2)

The standard length Super Loki rocket motor was flown in the first flight series
with the large booster fins, As expected, the dart altitudes were fower than
the standard system due to heavier and higher drag booster fins. The three
flights with the thermally protected booster fins (E4~1) apparently resuited in
stable booster flights, The flight with the unprotected booster fins (E4-1A) re-
sulted in an unstable booster light, This flight series proved the need for
additionai propulsion capability and thermally protected booster fins.

The extended length Supe: Loki rocket motor was flovwn in the second flight

series with thermally protected booster fins (E4-2). Dart apogees were consistently
120 km, but the boosters did not remuin stable. Evidently the extra length motor
case reduced thr static stability of the expended booster.

A heavy interstage wos used with the extended length motor (E4-3) in the third
series and fourth series to improve booster stability, Dart apogees were about
106 km. Flights 3-16 and 3-17 were launched from the larger dart launch rail
with increased dart fin spans with very low dart apogees. It is probable that the
dart fins yielded and bent due to the launching torque. All boosters for these
two flight series remained stable to impact. Thus, the primary objective of the
progrom to provide a reliably stable booster was achieved.

8.7.3  Super Loki Instrument Dort Flights (Table 8.3)

The extended length Super Loki rocket motors with the thermally protected large
booster fins (F4-1) were flown with the standard 2,125-inch diometer instrument
darts in the third and fourth flight series. Dart apogees were about 71 km except
for one low flight where staging failure is suspected, The boosters remained
stable for all flights which were tracked by radar.
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8.7.4  Viper 3A Robin Dart Flights (Tabie 8.4)

The Viper 3A rocket motor with a heavy interstage and large thermally protected
fins (E4.5-1) were flown with the 1,625-inch diameter Robin darts in the first
flight series. The darts all reached an apogee of about 120 km, and the beoster
remained stable to impact. Unprotected booster fins were used on flight 1-7
(E4.5-1A) which resulted in  late dart separation, extremely low dart apogee

and an unstable booster. This flight verified the need for thermal protection of
the booster fins.
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VIPER 3A STABLE BOOSTER VEHICLE DESCRIPTION

g A




RS Tk Yotk Wl S i i Sl St b it BRI U Jol P B
. S T T 2 A i Y- L M R e A SRR e T *ck You k" S St < B

APPENDIX
TABLE OF CONTENTS

General

Rockst Motor Characteristics
Vehicle Performance
Wind-Effects Data

impact Dispersion Data

Ordnance Data

A-1
A-1
A-1
A=2
A-2
A-2




Y

G A Aot titan o e aR doad S e

APPENDIX

LIST OF FIGURES

Viper 3A Stable Booster Dart Vehicle 1-5/8 Dart/13, 5~Pound
Center-of--Gravity

Viper 3A Stable Booster Dart Vehicle 1-5/8 Dart/13-Pound Pitch
Moment-of-inertia

First Stabe Stability Margin

Second Stage Dart Static Stability Margin

Expended Booster Static Stebility Margin

Viper 3A Dart Apogee Performance

Viper 3A Dart Impact Range

Viper 3A Dart-Nominal Trajectory, 80° QE, S.L. Launch
Viper 3A Stable Booster Apogee Performance

Viper 3A Stable Booster Nominal Trajectory, 80° QE
Viper 3A Stable Booster Impact Range Vs. Launch Angle

1-5/8~Inch Diameter Dart Wind-Weighting Factor, Sum Vs.
Altitude

Viper 3A Stnble Booster Wind~Weighting Factor

54

A-4

A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21

A-22

A-23

A-25

i i



— T T T = e 3 e S S B R A L PR S
R e T L Sote (Lom £ My I I o cRu e R S S I A R G Tl Lciiie D NE T B . * ?
e e - el —FT ST RieES R
R A G PN e . oY LN . v APRET v o
B

o~ 2 7a

< g

APPENDIX

LIST OF TABLES

T ST TS TR B e

1. Vipar 3A Dimensions and Mass Properties A-3
2,  Viper 3A Rocket Motor Data A-6
)" 3.  Viper 3A Thrust and Pressure Vs, Time A-7
" 4,  Viper 3A Propellant Weight Vs, Time A-8
5.  Viper 3A 1-5/8-Inch Diameter Dart First Stage Drag
Coefficients A-9
6.  Viper 3A 1-5/8-Inch Diameter Dart Second Stage Drag
Coefficients A-10
; 7.  Aerodynamic Data for Viper 3A 1-5/8-Inch Diometer Dart,
3 First Stage A-1
4
8.  Aerodynamic Data for Viper 3A 1-5/8-Inch Diameter Dart,
Second Stage A~i2
9.  Expended Booster Normal Force Coefficient and Center-of-
Pressure A-13
10, Viper 3A Booster Wind Effects A-24
11. Impact Dispersion Data A-26
12, Ordnance Data A~27




e d 2t

APPENDIX

LIST OF FIGURES

Viper 3A Stable Booster Dart Vehicle 1-5/8 Dart/13. 5~ Pound
Center-cf-Grovity

Viper 3A Stable Booster Dart Vahicle 1-5/8 Dart/13-Pound Pitch
Moment-of-Inertia

First Stabe Stability Margin

Second Stage Dart Static Stability Margin

Expended Booster Static Stability Margin

Viper 3A Dart Apogee Performance

Viper 3A Cart Iimpact Range

Viper 3A Dart-Nominal Trajectory, 80" QE, S.L. Launch
Viper 3A Stable Booster Apogse Performance

Viper 3A Stable Booster Nominal Trajectory, 80° QE
Viper 3A Stable Booster Impact Range Vs, Launch Angle

1-5/8~Inch Diameter Dart Wind-Weighting Factor, Sum Vs.
Altitude

Viper 3A Stable Booster Wind-Weighting Factos

54

A-4

A-5

A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-2]

A-22

A-23

A-25

PISGF P dta & - e e U




ACHS LR LT S £ 10 (oo

I T O R T

TR S R et ¥

5

L6023 i et £ eRc X Al d MR LGE SR S R

v d e

CEvas e yaot K I TN S oy

APPENDIX

VIPER 3A STABLE BOOSTER VEHICLE DESCRIPTION

General

The Viper 3A Stable Booster vehicle is a two-stage sounding rocket which consists
of a Viper 3A solid-propellant rocket motor as the booster or first stage and a non-
propulsive dart as the second stage. The Viper 3A rocket motor has relatively
large fins which are thermally protected from aerodynamic heating and a heavy
headcap-interstage to maintain booster stability after staging. The second stage

is a 1,625-inch diameter Robin dart, The major dimensivns and mass properties
are listed in Table 1. The vehicle center-of-gravity and pitch moment-of-inertia
versus flight time are shown in Figures 1 and 2,

Rocket Motor Characteristics

The Viper 3A rocket motor is a scaled-up version of the SDC Super Loki motor
with the characteristics listed in Table 2, The thrust~time and pressure-time
values are listed in Table 3 and the propellant weight-time is listed in Table 4,

Aerodynamic Data

The Viper 3A Dart first stage drag coefficient data are presented in Table 5. The
second stage dart drag coefficient data are presented in Table 6. The normal force
coefficient and center-of-pressurz data are presented in Table 7 for the first stage
and Table 8 for the second stage,

The expended booster normal force coefficient and center-of-pressure data are
presented in Table 9,

The static stability margins for the first stage vehicle and second stage dart are
plotted against flight time in Figures 3 and 4. The static stability margin for the
expended booster is plotted in Figure 5.

Vehicle Performance

The Viper 3A Dart vehicle performance is summarized in Figures 6, 7, und 8,
The launch velocity is 145 fps from the 14-foot helical rail, and the launch spin
rate is 6.80 rps,

The expended booster stage performance is summarized in Figures 9, 10, and 11,

P - AR TP |
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Wind=-tffects Data

The cumulative wind-weighting factors for the dart, together with the unit wind
effect are presented in Figure 12, The booster wind effects data are presented
in Table 10, with the cumulative wind-weighting curve presented in Figure 13.

Impact Dispersion Data

Impact dispersion data for both the dart second stage and the expended stable
booster are presented in Table 11,

Ordnance Data

The Viper 3A Dart vehicle ordnance data are presented for all explosive and
electroexplosive ccmponents in Table 12,
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TABLE 1

VIPER 3A DIMENSIONS AND MASS PROPERTIES

Overall Vehicle Length

Rocket Motor Length

Dart Length

Rocket Motor Diameter

Dart Diameter

Motor Fin Span

Dart Fin Span

Dart Weight

Loaded Motor Weight

Expended Motor Weight

Dart CG From Nose Tip

Loaded Motor CG from NEP

Expended Motor CG from INEP

Dart Pitch Moment-of-Inertia

Loaded Motor Pitch Moment-of-Inertia
Expended Motor Pitch Moment-of-Inertia
Dart Roll Moment-of-Inertia

Loaded Motor Roll Moment-of-Inertia
Expended Motor Roll Moment-of-Inertia
Interstage Ballast Weight

Vehicle Mass Properties

Launch Weight

Burnout Weight

Launch CG Station

Burnout CG Station

Launch Pitch Moment-of-Inertia
Burnout Pitch Moment-of~Inertia
Launch Roll Moment-of=Inertia
Burnout Rol! Moment-of-Inertia

Expended Booster Stage Mass Properties

Booster Stage Weight

Booster Stage CG Station

Booster Stage Pitch Moment-of-Inertia
Booster Stage Roll Moment~of=Inertia

A-3

138.6 in.
96.0 in.
48,2 in,
4,50 in,
1.63 in.
9.50 in.
4.62in,
13.50 Ib.
76.67 Ib.
19.72 b,
22.00 in.
44,15 in.
37.7%1 in.
0.450 slug--ft2
11.486 slug-ft?
4.4%91 slug-ﬂ'2
0.001234 slug-ft2
0.04115 slug-ft2
0.02011 slug-ft2
4.00 Ib,

94,17 lb.

37.22 lb,

78,37 in.

65.68in.

24,758 slug-fr
15,266 slug-ft2
0.04430 slug-ft:%
0.02405 slyq-ft~

23.72 b,

46.54 in.
5,979 slug-ft2
0.02419 slug-ft
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APPENDIX

: TABLE 2

VIPER 3A ROCKET MOTOR DATA

.

:

A
Propellant Weight 56.98 Ib,
Expended Weight (less fins and

interstage) 15.75 Ib.
Total Motor Weight 72.73 Ib.
Throat Area 3.108 ing
Exit Area 15.00 in
Nozzle Discharge Coefficient 0.940
Total Impulse 13058 lb-sec
Specific Impulse 229.2 sec.
Total Time 2,29 sec,
Action Time 2,21 sec.
Average Thrust 5908 Ib,
Maximum Thrust 7410 Ib,
Average Pressure 1395 psi
Exhaust Velocity 4496 fps
A-6 '
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TABLE 3

3

VIPER 3A THRUST ANID PRESSURE VS, TIME

j (SEA LEVEL)

3 TIME THRUST PRESSURE

] (SEC) (LB) (PS1)

0.0000 0.000 0.000

3 0.1000 4424900 1064.097

- 0.2000 4566,790 1014, 552

N 0.3000 4721,795 1004, 880

3 0.4000 4930.645 1009.932

1 0. 5000 5143,495 1022.360

4 0.6000 5368,687 1057. 554

i 0.7000 5602,058 1094, 642
0.8000 5897.233 1146.045
0.9000 6192,407 1197.448
1.0000 6473,346 1246916
1.1000 6702.191 1287.906
1.2000 6866.176 1317.991
1.3000 6986,668 1341,443
1.4000 7078.452 1360, 514
1.5000 7188.784 1377.292
1.6000 7311.772 1392, 504
1.7000 7354,120 1395.605
1.8000 7376.685 1395.605
1.9000 7407.177 1395.605
2.0000 6346.914 1071.227
21000 4031,340 785.171
2.2000 1062.025 214,480

A-7
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VIPER 3A PROPELLANT WEIGHT VS, TIME

PROPELLANT

WEIGHT

(LBS)

)
o

(GRUAZI S L 7o ol S it A S e S b At i

AR N

s POOOOOOO

L] L]
= O VONOCOIEWN—==OOVONCTCLMEBWN~O

NN et ot et et o e ot et = OO
* e o ]

»

56.98
55.99
54.0
51.94
49.80
47.57
45.24
42,80
40,26
37.57
.77
31.85
28,84
25,77
22.65
19.48
16.27
13.02
9.75
6.47
3.43
1.12
0.0
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TABLE 5

VIPER 3A 1-5/8-INCH DIAMETER DART FIRST STAGE DRAG COEFFICIENTS

<

<p

.45
A7
.48
.98
.98
.93
.82
.73
.67
.61
.535
.47
A2
.38
.35
.33
31
.27

it ae ac Sl
-_———O 000

N bho®ng O
—

3
(€]

(6.}

.

o O

DOLOLWOoOWL

.

\lo"U'i.UI#
*

2
Drag Reference Arec =0.116 ft
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: TABLE 6

VIPER 3A 1-5/8-INCH DIAMETER DART SECOND STAGE DRAG COEFFICIENTS

b«
0
o

[ 0.0 .35
0.9 .35

: 1.0 5753
3 1.5 .5758
4 1.75 .4887
5 2.0 .4321
2,25 .3933
2.5 .3656
1 2.75 .3451
3 3.0 .3294
y 3.5 .3076
3 4,0 .2935
4.5 2839
: 5.0 .2768
] 6.0 .2678
‘ 7.0 .2623
r 99.0

.2623

2

E Drag Reference Area = 0,0107 ft
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APPENDIX
TABLE 9 é‘J
EXPENDED BOOSTER NORMAL FORCE COEFFICIENT

AND CENTER-OF-PRESSURE

CN X CpP
MACH NOC, (PER RAD) (IN STA)
1.2 72,96 90.92
1.5 44,62 89.04
2.0 38.77 88.31
2.5 23.45 84.68
3.0 19.62 82.88
3.5 17.06 81.24
4,0 15.21 79.70
4,5 13.81 78.27
5.0 12.71 76.92
5.5 11.83 75.65
2

Refarence area = 15,90 in.

A=13




T s T WU T T T T AN AN T T e
PR OVIF RIS G RIN T T AT T RS AL S et AR Ty L M R LA L I I 2 Ot WO 4 Y s o 6o g e G B 2

] APPENDIX

A1

32

Pt Tabic s e E LN i)

R oA b

26

22

STanC STABILITY MARSIN  (INCHES )

20

18

O o.s 1.0 1.5 2.0 2.5
FLIGHT TIME - SECONDS

FIGURE 3 FIRST STAGE STABILITY MAEGIN

A-14




STATIC STABILITY MARGSIN (INCHES)

12

1"

10

APPENDIX

@) 5 1C 1S 20 25 30

FLIGHT TIME (SEcONDS)

FIGURE 4 SECOND STAGE DAET STATIC STABILITY MARSIN




AT AT

STATIC STABILITY MARGIV (INCHES)

APPENDIX

55 ,

50

45

40

25

20
2 4 e 8 10 12 14

FLIGHT TIME (SECONDS)

FIGURE S EXPENDED BOOSTER STATIC STABILITY MARGIA: _

A-16




AFOGEE ALTITUDE ((1000 FT)

APPENDIX

400

3
0

§

0\
")

0
o

370

365
S50

75 100 125 1£0 175
APOGEE RANGE (1000 FT)

FIGURE © VIPER IlTA DART APOSEE PERFORMAMCE

A-17




b

WA AR

LA T Nt AT e

XMy

.44

AR T e Tt g by

SRR ATTe Y

b

APPENDIX

R R ANEME SIS AL IR A S

IR B Lart>

8 3 S

500

450

350

M

1504

1 Bk ;
I 14
T mlun'.w‘.-
+ A8
1] 43 w
b= 444 %
! 7 —
N .40 H llx.ul.m. s A
N A - I3 11} (\
11T T il W
; 11 1o W U
i il B g
T - T AN
7T i1 1&.1 et
121
% —+H 3 W m ©
~ =T T —
== I
N I O
3 ] 3
- el B2 T -t 4 E A
1510 ] 2
P4 10 «q m
y 4 et it o © g
p 4 M T T : ] ]
v Fi- i DR . w
AT it ot B uirkion . o
1 \ | ' g
y.a o S e >
y, 1 : _1_} A _ [N qA M ) i “.
T ™
i | t e T _TM; —4—- E
T i 1 i RIS
1 1 | L 2
= i I - 9
| ; - R ] . (%
§ 1 1 1 RN | [
o)
Q
4




Caa ‘bl ol 7

Y e

L A Ty o Frrah T ne SO S.

Rort £ah- il L]

ATl S SN L

Cax e A% Aodul Al L e

APPENDIX

350

300

’b—

g

a
0

,—‘

ALTITUDE (1000 FT )

jpennt

100

1

o ¥
o 50

100 150

200

RANGE (1,000 FT)

250

FIGURE 8 VIPER TMA DAERT - NOMINAL TRAJECTORY, 80O°QR.E.,S.L.LAONCH

A-19




SONVANIOIA TG 33500V @glisoods J1avisS VIO 2A3dIA e 32a09ld

(1d 0OOLl) IOV =IZIDoAV

=4 1] o 6 = L ) s ' 4 € :
£ ]

T

>
g
m ;
s M ]
w :
3
= c m
Q
Z g &
: i m <
1 a
% < ~\
“ - 0
« o
: 0
ht
. _ o 7]
; 43 ~
i
L hd

LS {

4
r
Ak T e ST 9 b Y <
~ o Sominid s S PPN AL £ . B2AREAA by i gy IR C AT IS PR R e R z i b ies ol i s




HONOVT TS 3®.08 ‘ARAQALDOAMVALIVNINWON DT lsoosa S18VVILS VI JI3JIA Of 320914

(saneo3sS) 3SWIL 1HOINHA

(o] o8 OL o9 os ot og o2 ot m

XION3ddVv




O TR TR TS

i caan o> e B Dot an rguis

APPENDIX
2o
18 17%
A
1e .
14-
N\
o)
S 12
U
G \
2
g 1o
g
p
8
&
4
76 78 8o 8z 84 86 88
LAUNCH ANGLE -Q.E. (DEGREES)
FIGURE 11 VIPER TIA STABLE BOOSTER IMPACT RANGE VS. LAUNCH ANGLE

A-22




b aciiae st oUENG S

r. e Sl it ot cahat V6L

ks i

PP T S S N S, S C1

s

o WAL

TR TEL €A W TR Ie GULS APPSO i calinis

21 320914
1334 - IAOLLLY
000'001L 0000l ool 00 o‘_o
\
L
4
V. >
\\
\ 3
-
vy O
€
Bop/by 00042 L3343 L HIHPOOVT m
%/Pap €29001 [ T =
sd3 /44 089 UoEHHAI| A Linn £
/ Ea
. / a5
/ S R R4
w_ N
/
— 1
3
X
| | _ »
IJAOLI LY "'SA WS
" SOIOV- ONILHDISM ANIM LAva 2313WVI 8451 21 3301
m
€68 . © 5§ v+ 2 Co0'0I68 L = G + € 2 OO0Ol6B L 2 S5 ¢ € 2 oo|68 L% s + € 2 or
Q00001
VIANIDAAYW




St o St M i k)

IR FERIRY L Y Y L TR ST

BERTRES L0 4 g o - Al

APPENDIX
TABLE 10

FITTYTSIR, LRIV YT TR

VIPER 3A BOOSTER WIND EFFECTS

Clchalov Pttt A Lt 2R Ot AR S5 R

Flight Time

97.0 Sec.

Unit Wind Drift Effect

99.0 Ft/fps

Tower Tilt Effect

1273 Ft/Deg.

Tower Tilt Correction Factor

0.0706 Deg/fps

Wind Weighting Factors:

ALTITUDE FLIGHT
LAYER TIME WIND WEIGHTING
(FT) (SEC) FACTOR CUMULATIVE
0~ 5,000 7.5 0.0789 0.0789
5,000 ~ 10,000 8.0 0.0842 0.1631
10,000 - 15,000 8.5 0.0895 0.2526
15,000—- 20,000 9.0 0,0947 0.3473
20,000 - 25,000 10.0 0.1053 0.4526
25,000 ~ 30,000 13.5 0.1421 0.5947
30,000 - 35,000 38,5 0.4053 1.0000
95.0 1.0000
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TABLE 11

IMPACT DISPERSION DATA

VEHICLE STAGE DART BOOSTER
80° QE Impact Range 282,290 Ft. 13,604 Ft.
Maximum Three-Sigma ‘

Impact Dispersion Radius 28,000 Ft, 2,000 Ft,

T
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