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INTRODUCTION

The following is a history of the major electronic
tracking, optical, telemetry, and command systems
used at ETR in support of Apollo-Saturn and its
forerunner vehicles launched under the jurisdiction

- of the Kennedy Space Center and its forerunner
‘organizations,



1. ELECTRONIC TRACKING SYSTEMS

1953 SCR-584 Radar-Mod II: The first Redstone was tracked
by the SCR-584 which was aiready in use at the ETR. This radar is a
modified and rehabilitated World War II system designed to provide
azimuth, elevation and slant range. All data is referenced to targets
of known position, The antenna is of the nutating scan type. Tracking
with the aid of an airborne S-Band (2900 MHz, 10 cm) beacon, Mod II
can provide unambiguous radar line of site coverage to 740 km. This
radar can be used to skin track as well as beacon track. Accuracy is
about 30 meters in range and 3 minutes in angle. (References 1 and 2)

1954 AZUSA: The Redstone began carrying the AZUSA
transponder in 1954, The name AZUSA is a code word originally
applied to the system and is taken from the name of the town, Azusa,
California, near where the system was developed. The position of
the vehicle (transponder) is determined at the AZUSA ground station
by measuring range (R} and two direction cosines (1, m} with respect
to the antenna baselines. The antenna layout of the AZUSA station
consists of two crossed baselines (at right angle) with three antenna
pairs each. The transmitter antenna radiates a CW signal at 5 GHz _
to the vehicle. This signal is offset by 60 MHz in the transponder and
retransmitted to the ground station receiving antennas. The direction
cosine, with respect to a baseline, is obtained from the measurement
of the phase difference between signals received at spaced antenna
pairs along this baseline. The range to the transponder is found by
measuring the phase difference between transmitted and received
signal. For range ambiguity resolution, the transmitted carrier is
modulated with several low frequencies. Accuracy is about 3 meters
in range and 1X10-° in cosine data., AZUSA can track to 1800
kilometers, (References 1 and 2) '

1954 DOVADP: Redstone (RS-3) was the first to make use of
the DOVAP system which was adapted from a similar system in use
at White Sands. DOVAP (Doppler Velocity and Position) is a velocity

_measuring system which can provide three loop distances by velocity
integration, thereby determining a position in space. The system
makes use of the well known Doppler principle wherein the apparent

- frequency of a signal emitted by a moving object varies as the object

moves toward or away from the observer. In practice a transponder
is installed on the missile and excited by a ground {ransmitter. The
transponder receives the reference frequency (36 MHz) plus a Doppler




shift. The transponder retransmits a doubled frequency plus a doubled
Doppler shift which is received by a receiving station on the ground.
By beating against a reference frequency, an audio frequency Doppler
resultant is obtained which is proportional to the rate of change of the
total distance from transmitter to transponder to receiver. This
distance may be found by integration with a suitable tie-in point to
supply the constant of integration. DOVAP is.a range sum or ellipsoid -
system. At any instant of time, the missile lies on an ellipsoid of
which the transmitter and the receiver constitute the foci. If three
receivers are used, then the position of the missile in space may be
found as the point of intersection of the three ellipsoids. Position
accuracy is about 10 meters at 30 kilometers. (References 3 and 4)

1954 BEAT-BEAT (DOVAP): This system hegan to support
the Redstone launches during 1954, The BEAT-BEAT system determines
. the deviation of a missile from a predetermined flight path. It derives '
its name from the fact that the two receivers involved in the system
compare, or beat, two beat frequencies against each other. The system
consists of a pair of DOVAP (which see) receiver stations placed-
symmetrically about the flight line and modified to indicate the angle of
the missile off course in real time. As long as the missile remains
in a plane equidistant from the two stations, the Poppler beat frequency
is exactly the same. When the missile deviates to the left or right,
one beat frequency will increase and the other will decrease. The
difference between these two beats, or the "beat-beat" is an indication
of lateral velocity. The total number of cycles of the difference is
directly proportional to the difference between the slant distances
from the missile to the two stations. The system is designed to detect
angular deviations of about 3 minutes. (Reference 3)

1955 MILS: The Redstone program utilized the Missile Impact
Location System beginning in 1955 to locate the missile impact points
in the Atlantic Ocean target area. The MILS is an underwater sound
detection and location system which uses hydrophones to detect the
sound created by either falling objects impacting on the ocean surface
or underwater explosions of bombs released by an object on impact,
The arrival times of these sounds at a number of known locations in
the ocean are recorded. The geodetic position of the hydrophones
together with the velocity of propagation of sound in the ocean and the
time of arrival of the sound at the hydrophones provide the data required
to determine the location of the impact point. (References 4 and 6)




1956 MICROLOCK: This system was first used with the-
Jupiter C No, 27 on September 20, 1956. The MICROLOCK system
allows a low level signal, varying in frequency, to be acquired and
tracked automatically at line of sight distances of several thousands
of miles. An interferometer antenna system is used to determine
the angular position of the transmitter to an accuracy of 1 mil. The
sensitivity of the MICROLOCK system to low level signals (-150 dbm)
allows the use of a minimum-weight, low-power transmitter in a
missile or satellite vehicle. The missile-borne transmitter consists
of a 108 MHz oscillator that is phase-modulated by telemetering
signals. The oscillator radiates three milliwatts, weighs approximately
one pound, and will operate for several months on battery power. The
heart of the ground station is a phase~locked loop receiver, designed
to detect the beacon signal and to provide automatic tracking of Doppler
shift as the missile or satellite transits the station. The simple phase-
locked-loop is a servo system which locks a voltage-controlled
oscillator (VCO) in phase synchronism with the signal input, in spite
of large amounts of signal noise that might be present. (Reference 8)

1957 EILSSE: The Redstone and Jupiter first used the
Electronic Skyscreen Equipment (ELSSE) during 1957. It was used
to determine angular deviations of the missile from the flight line,
The system consists of two ELSSE receivers placed behind the missile
equidistant on either side of the backward extended flight line, A
phase comparison is made on the signal received from the telemetry
transmitter. If the missile remains on the flight line, the phase-of the
signal received at each ELSSE station is the same. Deviations from
the flight line cause a measurable phase change which is proportional
to the deviation. The output signal from the equipment has a phase
directly related to the phase difference between-the signals from the
two receivers., This signal develops an output which produces an
indication on the recording equipment. Angular deviations can be
measured to about 1,5 minutes, (Reference 5)

1957 UDOP: The Jupiter vehicles began carrying the UDOP
transponder during 1957, UDOP, which means Ultra High Frequency
Doppler, is very similar to the DOVAP system except that the trans-
mitter operates at a frequency of 440 MHz. The higher frequency
results in greater resolution, less ionospheric refraction effects, and
less rocket flame attenuation. As in DOVAP, the target position is at
the intersection of three ellipsoids. (References 1 and 2)
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1958, BEAT-BEAT (Telemetry): This system was used in
support of the Redstone and Jupiter launches and was also used on
Juno II Pioneer I (Jupiter AM-11), It is very similar to the con-
ventional beat-beat Doppler system described previously except that
it uses the telemetry transmitter instead of the DOVAP transponder.

1958 EXTRADOP: This system was used in support of the
Redstone and Jupiter launches and was used on the Juno I Explorers
‘1, I and I, and the Juno IT Pioneer I, Its name is derived from
"extended range Doppler' utilizing as it does, an extended baseline.
EXTRADOP utilizes basic DOVAP techniques but uses a common
coherent, reference frequency for both uprange and downrange .
stations, As the vehicle moves downrange, the distance from the
transponder to the uprange receiver stations becomes very much
greater than the distance between stations, This results in poor
system geometry and dilutes the precision of measurement. Therefore,
additional receivers are also required at downrange locations. However,
if the receivers are not sufficiently near the transmitter for the
reference frequency to be received, no frequency comparison is
possible and therefore, no Doppler shift can be detected. In EXTRADOP
the following situation is utilized. There is submarine cable running
from the launch site to points downrange. From the central timing
generation station a 32 kHz sine wave is propagated down the cable for
synchronization of all downrange timing stations. This signal is used
as the common coherent reference frequency for the EXTRADOP
system and is sent to all downrange receiving stations and converted
to the proper comparison frequency at the stations. This sysiem needs
only one transmitter and has continuous coverage so long as the vehicle
is within line of sight to the transmitter and three or more receiver
stations,

1958 AN/FPS-16 Radar: This radar was in general use on all
programs during 1958 and subsequent years, The AN/FPS-16is a
high precision, C-band (5700 MHz, 5.2 cm) monopulse radar designed
specifically for missile tracking. Monopulse radar differs from
scanning radar in that angle error information is derived on each pulse,
- thus shortening the acquisition time and facilitating missile tracking.
This is accomplished in the monopulse system by employing four horns
in a square and comparing return signals as to phase and/or amplitude
from each horn for each pulse. The radar ground stations determine
the position of the vehicle by measuring range, azimuth angle, and
elevation angle. Range is derived from pulse travel {ime, and angle '
tracking is accomplished by amplitude-comparison. As many as four
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radar stations may track the beacon simultaneously. Accuracy in
range is about 5 meters. Coverage extends to 1800 km. (The
FPQ-6 and TPQ-18 radars are improved versions of the FPS-16,)
(References 2 and 6) _

1958 MINITRACK: This system was used in support of the
Juno I Explorer I launch {(RS-29). MINITRACK is a continuous-wave
radio frequency system which determines angular direction to the
vehicle, It consists of a vehicle-borne beacon, tracked by a world-
wide network of stations arranged such that at least one station is in
 line of sight of the vehicle on each orbit. The MINITRACK beacon
radiates at a frequency of 140 MHz with an output power of 20 milli-
watts. The beacon may be modulated for telemetry purposes. Each
MINTTRACK station bas an antenna pattern on crossed baselines
(similar to AZUSA). A direction cosine with respect to each baseline
is computed from measurement of phase difference in the reception
of radio frequency energy at separated antennas along the baseline.
Each station computes two direction cosines, with respect to its space-
fixed antenna baselines, as a function of time, The vehicle orbit is
computed from angle measurements made at a series of ground .
stations., (Reference 2)

1963 MISTRAM: The first use of MISTRAM by the Saturn
program was on vehicle SA-4., The MISTRAM {Missile Trajectory .
Measurement) system uses an 8000 MHz continuous wave phase
comparison technique to measure range and range differences. A
ceniral station at the vertex of an L-shaped array is connected to
remote stations along the legs by cable, waveguide, and microwave
links. Range is measured by counting the number of wavelengths
traveled by the signal to the vehicle transponder.and back to the
central station. Range difference is measured by counting the difference
of the number of wavelengths traveled by the signals from the vehicle to
each end of the baselines, Vehicle position is then fixed by the range
and range differences. :

An external computer is used to compute trajectory and the rates
at which the range and range differences are varying to determine
velocity., From the range measurement, it will be known that the
vehicle lies on the surface of an imaginary hemisphere whose center
lies at the central station and whose radius is equal to the range., The
range differences between the central station and two remote stations .
define {wo hyperboloids whose intersections with the sphere define the
vehicle's position in space. Accuracy is about 0.5 meter at 110 km,
(References 2 and 5)



1964 GLOTRACK: The Saturn I vehicle began receiving support
from the GLOTRACK system in 1964, GLOTRACK (GLObal TRACKing)
was originally planned as a global tracking system, but changes in
programs restricted the number of ground stations. GLOTRACK uses
the AZUSA iransponder in the vehicle. GLOTRACK ground stations
are equipped with either a transmitter or a receiver or both. Existing
AZUSA stations may be considered as part of GLOTRACK, The trans-
ponder in the vehicle is interrogated by an AZUSA ground station or by
a GLOTRACK transmitter site. The transponder offsets the received
frequency and refransmits the signal to GLOTRACK receiving sites
where the Doppler shift is measured by comparing the received signal
with the transmitter signal (if receiver is located near the transmitter).
or with a local frequency source, The measured Doppler shift provides
the range sum similar to DOVAP, At GLOTRACK stations equipped
with both a transmitter and receiver, the range to the transponder is
measured by phase comparison between the transmitted and received
signals. The AZUSA transponder can also be interrogated by C-band
radars for range and angle determination. Position accuracy of
GLOTRACK is about 30 meters. (Reference 1)

' 1964 ODOP: The ODOP iransponder was first carried on the
Saturn I vehicle in 1964, The ODOP (Offset Doppler) tracking system
is essentially the same as the UDOP system (which see), but ODOP
operates at different frequencies. Whereas the UDOP system uses a
transmitter frequency of 450 MHz which is doubled in frequency to
900 MHz, ODOP uses a transmitter frequency of 890 MHz which is -
offset to 960 MHz. The higher transmitter frequency in ODOP is
less affected by ionspheric perturbations, resulting in increased
tracking aceuracy. Moreover, the ODOP geometry is so arranged as
to provide data immediately after liftoff. UDOP does not provide data
until after 100 seconds of flight time, Tracking accuracy is about
1.5 meters. (Reference 1) ,

1964 Radar Altimeter: This device was first carried by the
Saturn I vehicles in 1964, The Saturn high altitude altimeter has been
developed for on-board instrumentation to supply tracking data for
vehicle trajectories not completely covered by earth-based tracking
stations (e.g. over long stretches of ocean). The altimeter determines
range from vehicle to earth by accurate measurement of the time
interval between its transmitted pulse and the return echo. This range
information is digitally encoded and transmitted through the vehicle
telemetry link to ground receiving stations for support of the tracking
function. The heart of the altimeter is a stable crystal oscillator
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which controls the radar pulse repetition rate and supplies timing
intervals for the counting circuit., Transmission of the radar pulse
gates the counter "on' reception asthe return pulse gates the counter
"off". The number of counts between each pulse and its return -
represents a number of timing intervals which is analogous to vehicle
altitude. The altimeter operates at a frequency of 1610 mc. A single
antenna (Model 502) serves both transmitting and receiving functions
and is mounted on the exterior of the instrument unit, (Reference 2)

1967 USB: The Unified S~Band began to support the Saturn IB
launches in 1967, The USB system employs a single carrier frequency
for both tracking information and communications with the spacecraft,
This system employs a variation of the classical radar ranging method
of measuring the round trip propagation time of a signal from a ground
transmitter to a vehicle transponder and back to a ground station. An
S-Band {2102 MHz, 14 cm) carrier, phase modulated by a pseudo-
random code, is radiated to the airborne transponder and retransmitted
to the ground at 2282 MHz where it is received by the same antenna
used for transmitting. A pseudo-random code is a pulse code format
which statistically resembles random noise, but which repeats itself
and therefore can be distinguished from true noise,

If, in a conventional pulsed ranging system, the repetition period
of the pulse is less than the time required for the signal to travel to
the target and return, there will be ambiguity in the range measure-
ment, Since the USB ranging system is designed to be compatible with
the goals of the complete Apollo program, it must provide unambiguous
ranging to lunar distances. At lunar distances, the ambiguity can be
avoided only if the pulse repetition period is greater than 2,6 seconds,

The pseudo-random code uses a pulse repetition rate which is
less than the total pulse transit time; however, the code train does not
repeat itself for 5.4 seconds. As a result, the range information rate
is constant and independent of the measured range without ambiguity.
The ground station is also capable of detecting the Doppler shift in the
carrier frequency and accumulating Doppler cycle counts as a function
of changing range. Given an initialized range by the pseudo-random
code technique, the station can continue to produce updated ranging by
the Doppler technique. Angle information can be obtained directly from
the antenna mount position. :

Figure 1 summarizes the use of these electronic systems as ap-
plied to the various ABMA/NASA programs at KSC from 1953 to present,
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2. OPTICAL TRACKING SYSTEMS

1953 CZR: The first Redstone launch {RS-1) was tracked by
the CZR cameras. These fixed metric (ribbon frame) cameras are
used at AMR to provide vehicle position data of high order accuracy
during the first few seconds after launch. The ribbon frame cameras
record images on strips of film 5.5 inches wide at rates of 30 fps,

60 fps, 90 fps, or 180 fps. Timing is recorded in code along the
edge of the film. The camera is mounted on a three-axis precision
gimbal mount which allows the camera to be centered on a precisely
surveyed camera pad, and oriented in azimuth and elevation so that
the missile will traverse through the field of view of the camera. The
camera is locked in position and started by signal from the remote
sequencer. The angular orientation of the camera is determined by
using surveyed target boards. Two or more cameras photographing
the same point on the vehicle will provide the information required to
determine the position of the vehicle by triangulation.

(References 4, 6 and 7)

1953 Cinetheodolite: These devices were also used to track
the first Redstone (RS-1) launch. The cinetheodolite is a theodolite
‘equipped to record photographically the field of view of the theodolite,
and a coded time of frame exposure simultaneously. Precise surveys
have been performed to locate the geodetic position of each instrument.
The shutters of all theodolites are opened and closed simultaneously
by pulses from a central timing station, The position of the launch
vehicle in space may be found by triangulation using two or more
cinetheodolites. The cinethecdolite has a random error of 9 seconds
of arc with a corresponding systematic error of 21 seconds of arc,

Optimum accuracy acquisition requires that a well-defined point
of track be resolved on the film exposed by each of the cameras. Lack
of a well-defined point of track on the surface of the vehicle will
degrade the metric fixed camera data, Random error (due largely
to reading error and image quality) under average conditions is ap-
proximately 30 seconds of arc., Systematie error (due largely to .
camera orientation) may vary from 139 seconds of arc to 194 seconds
of arc depending on the method of orientation, (References 4, 6 and 7)



1955 Ballistic Cameras: The Redstone program first began
using these cameras on vehicle RS-9 launched at 0151, April 20, 1955,
A ballistic camera is a fixed camera which obtains a vehicle trajectory
by recording a series of images on one photographic plate. Ballistic
cameras are considered to be the most accurate data acquisition
systems for determining vehicle position. The use of ballistic cameras -
is usually restricted to nighttime operations in which the vehicle carries
a flashing light source which records on the photographic plate as a
series of dots. Alternately, the rocket flame may be '"chopped” by a
fast acting shutter which is opened and closed at predetermined times.
The star background is also recorded and the position of the camera
is determined by geodetic survey. The survey of the camera and the
star background provide the information necessary for precise fixing
of the angular and spatial position of the camera. Two or more
cameras photographing the same light sources allow the position of
the light sources to be determined by triangulation, Ballistic cameras
with focal lengths of 115 mm, 210 mm, 300 mm, 600 mm, and
1,000 mm have been used. Angular accuracies of 3 seconds from _
the camera to the vehicle may be obtained, Vehicle reentry trajectories
can also be obtained in the daytime by chopping the image of the
reentry flow. The star background can be photographed on the same
plate either before or after the vehicle data acquisition, :

1957 ROTI: The Recording Optical Tracking Instrument
(ROTI) was first used to support Redstone and Jupiter C launches in
1957, The ROTI is essentially an engineering sequential camera with-
an inherent angle readout capability with the use of auxiliary equipment,
The optical system employs a 24 inch aperature reflecting telescope in
a Newtonian mounting. The focal length is basically 100 inches with
an amplifying system giving a choice of effective focal lengths of 100,
200, 300, 400, or 500 inches, -thus providing long-range photographic
ability with high definition. A Mark 30, 5 inch Naval gun mount provides
support for the instrument which can be operated by remote or local
control, The ROTI can be tracked in elevation and azimuth. Automatic
focus and exposure control are incorporated into the optical sysiem,
The camera portion takes 70 mm film with frame rates of 10, 20, 30,
40 and 60 frames/sec. At the usual running rate of 10 frames/sec,
the exposure time can be varied from 1/30 to 1/800 sec.

(References 6 and 7) :




1958 IGOR: The Intercept Ground Optical Recorder (IGOR)
was used by the Juno I Explorer series during 1958, The IGOR is
somewhat similar to the ROTI in that it is also a two-man operated
engineering sequential camera employing reflecting telescopic optics
in a Newtonian mounting. There is no provision for radar control or
angle readout. The optical system has an 18 inch aperature with a
basic focal length of 90 inches which is variable in steps of 90, 180,
360, or 500 inches. The instrument has automatic focus and exposure
control, Either a 35- or a 70-mm film size camera can be used with
the instrument. Both the IGOR and ROTI are in use at the present
time (1973) in support of NASA launches.,

Figure 2 summarizes the use of these optical tracking systems
on the various ABMA/NASA programs from 1953 to present,
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3. EVOLUTION OF SPACE VEHICLE TELEMETRY

1930: First successful flight of a radio-telemetry equipped
weather balloon was made in Germany. Humidity, temperature and
pressure were telemetered as the balloon rose.

1940's: The early 1940's saw the development of telemetering
systems to transmit information as to the state of flight of remotely
controlled aireraft and to transmit data such as vibration, strains,
flutter, etc,

1947-50: PPM/AM: The V-2 (launched at White Sands) used
Pulse Position Modulation (PPM) to transmit data on an Amplitude
Modulated Carrier (AM). The principal advantage of this type of .
modulation is that the AM transmitter is on only a small fraction of
the time. .

1953 . PAM/FM/FM: The Redstone vehicle used Pulse
Amplitude Modulation (PAM) to frequency modulate (FM) baseband
subcarriers which in turn were used to frequency modulate (FM) an
RF carrier. The PAM data stream was generated by commutating the
output of multiple transducers to a single FM/FM channel. Two
channels per transmitter were usually commutated. Transducers
which generated data that varied too rapidly to commutate were used
to frequency modulate separate subcarrier oscillators. These FM
signals were summed and used to frequency modulate the RF carrier
thus producing an FM/FM signal. The Redstone telemetry transmitter
(AN/DKT) was subsequently used on development flights of Pershing,
Saturn I, and Saturn V vehicles and on the lunar module (LM},

1958 PDM/FM/FM: The earliest Vanguard telemetry
equipment called "MINITRACK" used 48 channels of commutated data
applied as Pulse Duration Modulation {PDM) to frequency modulate
(FM) a sub-carrier which in turn frequency modulated (FM) the RF
carrier,

1959 PCM/FM: The Explorer VI satellite used Pulse Code
Modulation (PCM) to biphase modulate a 1024 Hz signal which in turn
was used to frequency modulate (FM) a UHF carrier. PCM's importance
lies in the fact that the use of binary techniques allows superior noise
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immunity as compared to the previously mentioned systems. This
PCM encoding scheme may be utilized as PCM/AM, PCM/FM,
PCM/PM, PCM/FM/FM, PCM/PSK, etc. PCM encoding is in
general use today, i.e., Saturn V, Titan IHI, Centaur, and nearly
all of the most recent satellites,

1962 PCM: Saturn SA-3 flew the first experimental i
PCM transmitter designed by NASA, Transitional design packages ?
were flown on SA-4, 5 and 6 culminating in the final design first

flown on SA-17, ' '

1964 SS/FM: Single Sideband Frequency Modulation
(SS/FM) was used on the Saturn I development flights to transmit
vibration and other high frequency data. Separate wideband channels
are transposed in frequency to their baseband position. These single
sideband signals are then summed and the composite is used to frequency
modulate an RF carrier. Since the single sideband signals can be spaced
relatively close together, a very large quantity of data can be efficiently
transmitted over their system. For example, the Saturn I system is
capable of transmitting 15 channels of 3 kHz data in a bandwidth of
80 kHz,

1967 Unified S-Band (USB): The Iunar orbiter used an
S-Band (2200-2300 MHz) transponder to down-link telemetry channels
and to transmit television video in the form of vestigial sideband
amplitude modulation of a phase modulation sub-carrier. The USB
could also handle uplinks command data with the same transponder.
Prior to this system the majority of teléemetry transmissions were in
‘the VHF region (200-300 MHz), :




4, . EVOLUTION OF SPACE VEHICLE COMMAND SYSTEMS

Early Range Safety History at Eastern Test Range: The present
site of the Eastern Test Range for flight test of rocket-thrust vehicles
was selected primarily for its favorable safety factor in minimizing
the danger to population centers from malfunctioning guidance systems
aboard vehicles undergoing flight test. From the very first test of
"Bumper 8" in 1950, every flight was made under the mandatory
stipulation that a trajectory outside pre-set guidelines called for the
destruct in flight of the test vehicle. The decision to destroy rested
with the Range Safety Officer, who could close a switch that would
activate a ground radio i‘.]f'ansrmttero

The destruct system technique first incorporated at the ETR was
developed by the Navy and the Air Force, It was a radio remote
control system for experimental pilotless aircraft. The airborne
control system was comprised of an aircraft type radio receiver in the
400 MHz band and a Model KY-55/ARW decoder to sort out commands
from pairs of audio tone modulations. The receiver handled all com-
binations of pairs from ten audio tones, The commands from the ground
provided the stage firing and maneuvering signals for the early model
remotely controlled test vehicles and, when required, the destruct
signal to terminate an erroneocus flight, Each powered stage of a multi-
stage vehicle had its own safety receiver. A powerful transmitter at
Cape Kennedy (then Cape Canaveral) provided the control signals for
the early short flichts. More transmitters were added at downrarnge
islands as the length of the flights was extended,

Many of the early vehicles to undergo flight test were missiles
of aerodynamic type which were launched for horizontal flight, The
Snark was turned around at the end of its planned flight-run to land
back at its starting point on the Skid Strip. - The Snark touched down on
skis instead of wheels, To destruct the Matador, its wings were blown
oif to cause it to fall into the Atlantic. To terminate the flight on other
missiles, simple fuel cutoff sufficed; on others, the fuel tanks were
ruptured by means of exploding primacord. The first conirol frequency
used was 408 MHz. This was raised to 420 MHz for Mercury Redstone,
and finally to 450 MHz for Apollo.
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Chronology of NASA Usage of Range Safety and Other
‘Command Systems at KSC:

1953/Present Range Safety: Unmanned launch vehicles use a
command receiver/decoder (AN/DRW-13) with a frequency range of
405 to 240 MHz. The commands are transmitted by the AN/FRW-2A
transmitter as a combination of audio tones which serve to shutoff
propellants and to activate destruct eircuitry.

1965/Present  Digital Range Safety Command System (DRSCS):
The DRSCS on hoth the Saturn and Skylab programs required the trans-
mission of an "Address' word and a "Command'' word and the subsequent
decoding of each before the command could be executed. The "Address"
is a 9 character word and the "Command" is a 2 character word. Each
character is made up of two audio-frequency tones, The commands may
be used to arm the destruct circuitry, shutoff propellants, disperse
propeliants, and/or switch the DRSCS off. The system operates in the -
450 MHz region and the same AN/FRW- 2A is ut111zed to transmit
commands as in the unmanned case.

- 1958-63 Mercury Spacecraft Command System: The
Mercury Spacecraft UHF (406-500 MHz) Command System employed
a RF carrier that was frequency shift keyed (FSK) with 20 tones. _
Primary use was for range safety and provided engine cutoff and fuel
dispersion capabilities,

1964-66 Gemini Spacecraft Command System: The
Gemini Spacecraft UHF (406-500 MHz) Command System employed a
RF carrier that was phase shift keyed/frequency modulated (PSK/FM)
with 20 tones. Primary use was to update maneuver thrust calcula-
tions, fuel requirement calculations, and reentry calculations, '

1966/Present Command Uplink: Apollo (Saturn IB) and Skylab
updata command is a UHF (406-500 MHz) carrier FM modulated with 1
and 2 kHz phase shift keying with approx1mately 200 commands (450 for
Skylab) used.

1966/ Present Apollo (Saturn V Vehicle): Launch Vehicle and
Spacecraft Updata Command is an S-Band (2200-2300 MHz) carrier
frequency modulated by a 70 KHz subcarrier in turn phase shift keyed
by 1 and 2 kHz command modulation. S-Band was selected for its higher
overall bandwidth capacity than UHF since other modulation (ranging,-
communications, telemetry and TV} is also applied o the Unified S-Band,

14



| APPENDIX 1
TELEMETRY INSTRUMENTATION DEVELOPMENT

Figure 1 is indicative of technological progress in increasing the
number of measuremenis per telemetry transmitter,

Figure 2 répreséﬂts the number of measurements telemetered per
vehicle type and indicates the increasing complexity and sophistication
that occurred with each new program.

Figure 3 compares the number of measurements for the various
vehicles with the number of telemetry transmitters required to
transmit the data. ‘
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APPENDIX 2
REDSTONE TELEMETRY SYSTEM

The Redstone missiles launched between August 1956 and February 1958
with the exception of those used for the first deep penetration of space
(RS-27) the nosecone recovery tests (RS-34 and RS-40) and Explorer 1
(RS-29 carried two telemeters which transmitied a total of approximately
90 flight measurements. Enclosure #1 is a typical measuring program
for these missiles. Each telemeter weighed approximately 110 pounds
and radiated a frequency modulated (FM) signal of 30 to 35 watts through
an antenna system consisting of 3 antennas spaced 120° apart around

the missile. Each telemeter transmitted 15 FM/FM channels of
"continuous" data and one pulse amplitude modulated/FM/FM (PAM/
FM/FM) channel of time division multiplexed data, Twenty-seven data
channels were time division multiplexed {each data channel was sampled
10 times per second) and transmitted via the PAM/FM/FM channel.

The time division multiplexing was performed by 2 motor-driven
mechanical commutator switch, Redstone missiles RS-27, RS-34,
RS-40 and RS-29 each carried one telemeter of the type described above.
Approximately 45 flight measurements were transmitted. Enclosure #2
is a typical measuring program for these missiles. Enclosure #3 is the
Firing Test Report of the first Redstone Missile (RS-1) launch at the
ETR, ' '
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. ENCLOSURE #1

MEASUREMENT PROGRAM
TYPICAL OF
1956-1957 REDSTONE MISSILES

(TWO TELEMETERS PER MISSILE)

L0



i{h ‘A Funs 7. -J.d

AUCTED WEPLACES GMUD FOnM 0T R, ., i 8 s) o T ArsisRsdatons Arw * ‘Alubacs
s ) MiZASURING PROGRA. Issue No. 2 Shew 1L of 20,
R 5 - | Tofal Meas. Pointe_L.2 92 |
Mi4a0suring  GroupRreoulsion System REDSTONE  MISSILE NO..22 Daia._2l Sept 3955 Nov,.9 Oct, 1956t
} tAEAs. |  TeLewmzTeEn | Mcas, 1 ASURELIENT | RARGE 'ﬂ{'f?rusﬁ“ % |\ coatic |t o nj
no.  [ewarmsLlRzerciczinzecno e S Welrericniace'y] Ul cuanen [
3. (95) e 10/sce /.r":’i/’?jﬁf Poessura, Lir in Friichis Dub.  10=3900 psd 27 1,2 |5 1Prep Unib } Strinlir: Yon
- ' —h MY [ - | See
2 (g5) 1230 10/see |#-2/5k || Pressure, !Liirﬁon’orolled 0-1000 psi 194112 18 | Prop Unit | steinlivel worel
<, ok TR/ . Yoy
3 (61) 172 10/ses VF-Fiin Pree';ura._ug Lox Contairier | 1050 pai 2617 18 |Prop Unit |l S&mipline Yeq
- . - T ,/ Q,'\/ . P - ' _ - SGG
L (3ea) § naa | 10/sse V- sin Pressure, Tdo A Alc Container §  10-50psi 7211 | !Prop Unit || Strteling Notel
‘ : D i :
S : ~, T porund ¥ AT / o !
g (62) |0t | 10fsec . 5/ l Pressure, TcD h,,O.-, Coptaincr 11 0«600 psl |11 5 | Prop Unit ! Stripling Yeg
. ) s ‘ B _ . ‘
6 (63) |p=h 10/sec 14~ /=]l Pressure, LJ“ a‘h Pm.m Tnlet 0=50 psi 1 C Prop Unit i Strinling Yes -
i ‘ ' prdr RIS XS , ad . Sea [z
7 (64%) | 0.0 ° |10/sec’ | 2.7\ Pressure, Tof at Indecto 0-100 pst |7 |1 5 | Prop Unit || Strindircl Yatel ?
fi . ' ] _-v"{"r&‘j(/‘ " .
G (65) |06 10/see }F 2 /27 N Pressure , 418 at Puwwp Inlet 0-50 psi AU ] 5 | Prop Unlt [ Strinlind Yes R
: _.:5‘/ P e ' 121 . See
9 {66) | 0x7 10/s2e L7 f'///.?ﬁ Pressure, ﬁlc at Inieutor .] 1 0=000 psi. 14 5 |Prep Unid Sriplin: Nn‘r-.ala
. . . ° k . _( t,» ': 4 ‘/‘ ) ’,»" . ' S 'y
. . . ) P I (’ j‘ R g g
10 {15b)] n.11 10/ nae |4 572 Pressure, téam at Inlet Turbs .- ] 0:-5(}0 psi & 1 S Prop Unit ! Strindind wers1{®
: I AP AN B 2) ARATT R A oy - . '
8L ‘1a7.92 ] 7,35 XC toewr a5l Pressure, Combusiion Charber |- 0-'3‘}0 nqia 13,2 0.5 | Tail Unid |l Vack WA
g FE T Ao | 2704 Dir ‘( e R
11 (85) | 72-6.}: | 80 cps | -/ RPM of Turbine o,.foon REM 1,2 | Cnt | Prop. Unidli CC Y¥n
E RS Y e T ) P 27 {‘ o
1 (87) IRo.r53{ 13 eps | @7-2 || Flow Rate Lo,: s 10.28 palfsen 11,2 | 0.3 | Center Unil! Stainlind No
_ { = vare 3| 2 AT 4 L7
15 (89) | mr~~xl 11 epa 12 T-2 Flou Ratm Alc < 1025 galfseée’ | 1,2 | 0.3 | Center Uniy Striolin- No
oS s ] S . ) 2 .
232 (1720 :%.~3 1 B ens -4 || Flow Rate Hzoh 0.7 thsfsed ¢ | 1,2 | 1,0 | Prop Unid }rst?_’-_n:l;!ﬁ_d Fo
- G A:-}‘ “ : - _:'/-;l i .
o9 008 10/sce | 2/ ifemerature AL cohol «30° o o800 1 5 Center Unil! Paludon Yes
.{',O u_ﬁq 10/'..9(: . - (—:_ "‘r’ﬁ“-, Upratql“:’ Lﬂ'}f N -1 8“1 0 "\nl ‘i‘a c.’ 1 S GEﬂ’i’GI‘ U“‘-" ‘Pﬂ11‘d'\?‘ ‘{ Ies
(: PAnRS=1. Special Calibratien as follows. - lo calmrahlon fron tan.e-off r.L.nus 6 seconds to take-off plus 3 scconds and |
§ = from take-off plus 100 seconds to irpact. O SN = } ?r{?;u]
2, Subcarricr oscillotor not required ca this channele
3. €0 cps culpub filter required on uip}s chonnels . ReproduCEd — _ .
he 35 eps out puu £31%er required en o chonnels her ava.1ab1e copy. .

Ly c

ETEEY S




m ADG Bh  REPLACLS GuDD FORM YOV - --5 ) ) ATayeRcaatond AFechAle ALODUGSE
. ‘ ' IEASURING ’"“OGRM ) lssue No.2_ Shee 2.0flhem
_ : Total Neas. Points——
Measuring Group_Prop. Systen Cont, REDSTo:-.sE MISSILE NO..22.. Daie.24 Seph, 1956 Roy, 2 Cotobor 19
Meas. TELEMETER NiEas. | 1E ASURZLIENT RANGE FEFLIGHT] %o LGCATICH u o 1?{“’1,”?
.!’- £ 1 Il'/‘ : T Bl ll‘-
No. {CuaiuzL [RessonczREconsE c e ' (i IPERICHACC'Y CHARGE | Emir
. .’r» ""'"-7.*“ ~ " ‘ i
2 502 'n;'.?*r. 110/3ec 1 £2-3 Ténp, Adr to Vib, Cauge 0-3008 ¢_12*h,2 5 | Prop Unit jiPalvian _[Yes
E - - . ';_ JT'—' o~s 4 {.f f . . 9__‘;; . See
17{91) 0-8 | 10/sec ;,'f.a,/{//:ffz Press. Go:abust{on Chamm 0_400‘:;»_@}&;‘/ 1,2 5 { Prop Unit IiSirivlinzilots
I
i |
I
J. |
NIVARAS- 1, See Note 1 Sheet 1.
Reproduced From & DZ.DZ
best available copy.
I____ﬁ




b | MIZASURING © - PROGRAI ) Issue No..2 Shee L.of 0. |
o ' : Total Meas.Pointscl.
Measuring  Group_Esmnlzlon Syntem REDSTONE MISSILE NO._22_ Date, 2 Sept 1956 ___ Ry, 2 Ock1956
MEAS. TELEMETER ) HiEAS. MEASURELIENT A Ranes [ FLicH) % LOCATION It FiekT
| | AZASURELIE b = [ b
__No. _[cuamztfResronszizeenzz o T TT i T GPERcTACEN] R
18 (79) | PeS 10/ans -J.»‘I‘“—.-/?(i-??' (Prang, An Foodgion Gulinfevs 0=3500 puit A4 1.2 1 5 |Prop Unit fi Staripiin-! Yes
E b L ELEAET ‘ 1 : : | ' Sce
192 (h) ) e 10/sea |4 '%I/BR Bursting of Diaph agm Cyl. U e ] 2 e=_|Center Uni;?! co Vet al
E 7] F1u 'z f/} a "‘: / i TP SCB
1ch (10Y Q=33 10/aeca {ﬁ? .-,-,{J’j S8 | Burstine of Dxa‘ahrem Cyls D - — H 2 == | Cepter Unll oo Fatal
‘ : ' 50 g7 51 r REY
£ (3} { P2 10/sec ;?fe?,//;?ﬂ Explosive Scr‘a'.q'ﬁo. 1 ] e 7 9 =w_| Genter Unitl- ce Yes
S / !ujt / .y]\ ’ }' -.
i &2 (g) 03 10/see | A-%, //ER. Fyplosive Scidir Ivoe 2 .  edadmatd . 2 == | Cenber Unii ce Yes
, Eg : ar| |
63 (6) | Pl 10/z20 | 22 &8 )| Bxplonive Séndi No« 3 wemme || 2 |-~ |Center Unitl ec = |Tes
\ o " ,rJ 2;5;/‘ i{ g ;é . See
& (1) 0=2 10/aee A?"?”?Q Explosive Sorew o. N ] weae- 2 =~ | Center Unif|__ccn Notel
o S ; J . ‘ iy
65 (8) | a5 10/see 17 /‘//?/’ Explosive Sorew 110. 9 | mrm—— H o |a |center U!'m! co Yes
' o S DSEIO XY, pi See
6 (9) 1. 07 10/s=2c /?—/jé | Emp1051veCScra& . 6 I (4 2 = | Center Uniy o Tote 1
| 1“

[IVARNS= 1.

See noto 1 shest 1,




. . AR R ]
‘ o | JEASURING  * PROGRAMN ) issue No. 2. s 12el Lof o
| : ' ‘ _ ;, ‘ u Total Meas. Points. 2t
Measuring Group_Stmuct Ters . ° REDSTONE MISSILE NO._22.  DgfeZl Scpb 1956 R:;v, 9 Oct. 1956
Mezas. TELEMETER bizas, PG L.h':mJ % | i O
, e} T Ph..asaa ELENT 00 Rrames |||, L LocATioN || ., o [FLICHT
| No  |CuamisL|REerciEzinzesnnm ‘ L Jio PERICIIACCY I Cuaner | frper
7 _' . 4/‘{;! . 1) K .;. ’ le] ‘7} '
.1..9)_‘ P-13 30/3'—,‘:', ;-’/7" ‘;" J.‘-'E"E\""’} T 11 . r_‘:_@"‘.‘."!‘!ﬂ.-':;j‘—.7}'{ st / 0"60 C 2 10213 5 InStI‘g Grp P 1“?’ bahs ! YC-!S
‘ e #31Z= . 7 _ . ; : :
13 22 P=1h 10/see K2-5 Pemm, Ten Sidn T~oc. 1 I 0=500G 3/ 1,2,31. % {Hose Unit ![Paludan |Yes
' ‘ c”mffr.z:/k G FEEE A4S g . . I - —
~L3——. | ~Pulf— | 30fs0n L O PR W T !/—@-:;CGQE—' 2SS Hipna i 2 Jf Brledans—Tes?
‘ 1 ¥ RIE e . | o a1 l ,
2y 295 P=16 | 10Qfsec | A7 -& &e“?np‘mop Sicin : l o-s00% |3 1,2,31 5 1aft Unid  HPalpdan [Yes
- . ' i l‘.ﬁ : : : . o 1
234 0-13 -1 10/sec | =7 7 Tge;-; 2 Flema Shield ! 0-1200 ¢ 12%11,2 5 ITaid Uniifc.j Paludan |Yes
L ‘ . ":’t,.', 15 o 0 _
211 0.1 e logooe  PMi2 {5 et Unit |Paludan |Yes
- "!e R o ‘ |
2o 013 o-900%  PBHi2 | 5 |7ei1 Unig ||Paludan |Yes
1 oh3a 0-15 | Honsing Now! | 0:900% 1>M32 |5 |7ai1 Unts lPeluden |ves
. . 3 Z-E ' _ _f'. B By ‘ a
2hly - 0217 Yi10fec {2/ Jem, Anterpa Sumport Fin 1. I 0-000% | 11,2 | 8 |7ai1 Unit il Paludan | ves
: o = Al . = = - : -
- 12y SRR . . & _
21 " 0=18 10/ase 1m=% __Te: Ade Podder Ho, N / p300% 177 1,21 5 17441 Undy f1Paluden  1Yes
) | &2 s F e o 2 _ ‘
25 _ 0=19 | 10/sse |A===2 ,_mg;,g Fin lio, I Alppar Poimt, /. 10a300¢  |P¥v o | 5 17231 Uit l|Peindan |Yes
- SV | e o -
‘ NE= I | P o o ' .
26 020 10/500 1A= TM Fin Mo W Lewar Poinh 7.} 0=300 C 372 1,2 5 i17ai1 Uis ilPadodan | Yes
' oo . C:_"L | Ry . _.-’{ 0 34 - ,1 \ &
396 - | o= 10/s8c |oom=T Tern, Frd Frome qmn , .1 0x900 C. 1,2 S 17ad) Urds HTAVeddn | Ves |
A ‘ ) C: -~é§' HIA F’"" Fay. T i o }’ ] | -
11 P=17 | 10/sas |~ "'e*m;J\ ® Trng Mo h ] 0=-5'00‘0 o 11,2,3 5__1Afs Unie  UPoledan | Ves
297 P-18 | 30/see |77 Je - Inside APLUSIG 0 ¢ Geber Doy 425 1,2,31.5  [AfE Unis . HPs%vdsy | Yeq
e Tyt 5T R : . , b LA .
v 4/“? /,’:’"_/f /g;/g'r'c_ zfi_':;-r:‘-f"" 4 oo / DY S X Y ot £ Soos? - w2800 3/ 2,5 = ) N Rt I A /!’)6-5
LIAnis ;/ ~E

; - s et
s e T gz s fe Al A s S ST

2y

-
T PN ST, LT YL SO e



NEASURING

Measuring Group._Struct Press, and Vib,

PROGRA! )

Issue No.2 _

" TAreyikedstons 'ﬁ’r'i'uni_i. Al

Shee LS. ofln_

Total Meas. Poin?sll

nw.
ahanos )

02\5 -

REDSTONE MISSILE NO..22.  Daie 2h Sept 1956 oo, o oob, 1054
Meas. |  TELEmETER | wiza ” MEASURENENT i - aneg PieFeIeH % L ocaTios Jl I F'LQB};
No. [CHANNEL [RECPONZZIRECORD FEASEREMERT il VR Perioagety CUARGE | Aatim
72 P-11 10/cec | 7p-2 Press. Inst. Compartrent, /1018 psia 1,2.3] 5  |ATE Unih l*lﬁ'i”.'r*}n'l_ nol Fos
73 P22 10/sec | 2T Press, in Tajil Sﬂc’oion f 0=15 psia 34 1.2 g Tail Uni‘b ' Strinlirs| Yog
; L3 , . J-:Oﬁ“—JF-} ;c PA ];u L ’/, - 30 l
"1180(h39)i 12 ‘3»5' 190 eps | < ) ibration Air Rudder No. < {45 g's 100eps]1,2 5 17231 Unst llpoma Xo
’3 . ’ — ﬂfn}r ‘ﬁffj N ‘!"1/! ..'/_J ,-— r// "D 5 .
139(180)| 112-52,5 | 790 cps li~— 4 a 1bra.1on Aix Vane IIo. X .1 5 ghs 100?')5 3 S 1ASH Und2 | Dorns N
i | ©
| |
— -
,," .
DIUARNS-




-

REFLACES GMDD FakW 101

Aroy-Redetono Arae:

Alabuma

Subcarner oscillator not required on this channel.

A

IEASURING PROGRA! ) Issue No. 2 Shee. Je ot vo_
- To?csl Mcas. Points L , |
Measuring Group Flight Hechanics REDSTOHE MISSILE NO. ._2.2.__ Dete, 2% Sept 1955 f2v, 9 0ot 1956
e — o r -
MeAs. {  TELEMETER LiEAs, L ASURELLENT f - 2 FLIGHT Yo LGcATIoN ol __D.NH
" MEASURENE 4 Rapes |4 . ! SLiCHT
No.  |CHANMEL |RESTCNSE RECCRIER - o fPERIHACCY C i cuaneg [ene
K NN / )\' ALt o .
> — FI=253~ | 8%ops~ T Anr}v—-c’r-fx ‘::c“—u bl Z'{ 318 e e L | Homa—Vrris— | Mo s
N W aowesiae SRR ALY o -
30— | (Z=31-063 | ho—ens— AngYe o Rt ot o i Yeps3i-5= | Hepo-Undd- || 3acts Yon
4 &~ ' b } .
370 D7.1.3:] 20 eps |2 || Anele of Atiack = PitehciContra | f10° *h,2,315 | Noze Unit LI-‘{ack Yes
3 7o G =9 : L 0 30 |
371 G2~ a,,a' 1 ens J———-—f:ﬂ— Anp'le of Attzack - Yaw  Conirg . Iﬁ 10 "11,2.31 5 Neose Unit i Mack Yes
/a—-‘ : l o . : )\. e} b
3683 MiwB2.5 | 790 ens | &=/ || Loeal. Angle of fttack - Loc No! £l 1°01,2,3] 2 | Aft Unib  |f izl Jes
; L4 N7 = b
. 7 . ) . .
36L 3.0 { U5 cos | a2 |l Local Ancle of Attock ~ Loe Hou/ | 10° A2y 2 3] 2 Aft Unit " Mack Te.n
385 p-23 | 10/s2e | €3 || Loced fngle of Mttack - oo No./ £10° 261 2,312 | Afo Uit || ack | yeq
/2 2} VollniT : 0=15 and 1 ‘
185 L3-1ho5 | .5 ¥C |ewrsg)|| Pitot Pre'ssur-e. 0110 psia Y4 11,2,3] 0.3 | Nose Unit | wack Mo
O ) ' LA DRI 1 0=3 and N ) S o '
186 K1-10,51 10,5 ¥C |Zew wrzall Stabie Pressure 7 | 0=15 psia J511,2,3] 03 | Hose Unit | Hack il
' _ st S 11 7
Li(hla) | P-10 10/see {2-F il Acce 161:'3'1“10‘1 of Missile Longbed. | A1 4o /2 gfal 3 |5 | Inotw. Gr.ll Mack Yo
. ' C:,... (’, f( le g . _/ . a_‘—ﬂ .
a(la) | =20 10/sec | &7 4~ || Aceslerati m/z\f Hisgile Longt, | 0,8 10 «115042,3 |5 | Instr, Gr, | Mack Yes
S £
38 0-2 - 110/sec | A-2 || Anzulay Velogity - Piteh L L4 20%fsen 2$13,2,31 5 | Instr. Ge.ll Domaz, | Yes
39 é-’ .? 25 ¢ns | £—-B ;&ngular Velocity - Yauw L4 100’/9,% ~11,2,31 5 Tostre Cxail Femmad_ | Yes
10 01-0,96 W cos | <-4 || Aneular Veloeity = Roll £ 10% /e 174 1152,3| 5 | Instr. Gr.f Demai | Yes
oh(227) El-]..? 25 eps | Ao 5 Seeed Co*ﬁ'"ﬂt" {7 112.3 | Cnd | Instr, Orol Gyrn Seol Fo
. . . o Vi '/ - )
77(77a) | P-12 10/sec |- 5 Ll Aoclerdt uion of Nissile - Yaw | | £1,2 gts 51,2 | s Inst, Cr. |l Mack Yea
i / P//;-’ =':“:,‘,' 1 . anl
| 772(77) | P-12 10/5zc B -57 Acceleraticn of Iirsile = Yaw { {46 g's 243 15 | Instr. Gr. ek Yes
nIAnSe 1. Range chanses &b separation - Thio gauzes uscd. :
24



: 1"C_-"‘C)

- L T e ol T st WY, MlauBge
EASURING PROGRAM ) Issue No..2_ Sheet. of 0.
. - Total Meas. Points <t -
iWeasuring  Group.Stletiny Contdel fvst  REDSTONE MISSILE NO. 22 Date.2L_Sent 1956 Rey 2 Oct. 1956
| MeAs. TELEMETER | Mizas. 4f‘-ASb NENT b RAtcE PYAFLICHT] % LocAT] IN _on
Y Sl - GE / e I : iGE
No. CHAM\EL RESFORETNECORDN, : S o % PERICTIACC'Y, eAicd CHARGE rft":ifﬂ;
. 1 l £ / 0"’100 "G . Dir .
h3(226) I"-" .’-’,,3 35 eps 170 . & T‘?'I'tin'f Pregran Lav 3 i 11 /Stﬁ]’} 4 M,2,3 oy | Inst. Gr. [IGyro. Scel o
| & : . IS R 1= :
206(h3) | ¥2-2.3 | 38 e | B2-c Tnput to Step Hotor / =—== " .2,301cms | Inste Gr Gyro. iec‘ No
I e Dir etwor
227(9h} m1.1,7. 125 coa | 0.5 Trpub to Sten Sutieh i A 1.2,30ars 4 Instre Gr.ilSeciion | 1o
S o q Dowhs
Lh Pel 10/.143 L5 (‘vro Pitch Position w Hinug Pr 14 15° - 11,2,3) ¢ o Irstr, Gr, imSec Yes
: S o ' . —-Deowps
Lhe Pm3_ 10/aze_ | £~ ¢ G‘mo Yoy Positnm . mf 15° ~ 11,231 5 | Instr. Gr-"GVTO Sec | Yes
/ - ‘ s _.-'-/ . e ’ D hs
L6 AT 41“5 '7 20 eos | A -7 Gyro Roll Position 5 £ 10° </ 11,2,3! 5 4 Instr, Gr. }Gyro Sec Yes
o . ) b FAA W) , s o
218(200) 0.t 10/see 1€~ | Deflection Jat Voro Vo, 1 £ 27° >"h,e |5 | Tail Unit Beitran | Yes
219(201} 0.3 10/see | -7 il Deflee tion Jet ‘}e oy 2 1 £27° Yihye |5 | Tail Unit Beltran_ | Yes
220(202) p.4 10fsec | 2~ F || porlection Jnt Vara Mo, 3 | £27° M2 15 | Taid Unit Beitren | ves
- . = A i W T ) T ‘ B 7‘53'.- .
221(203) P=7 10f0 &7 ]},_flecm o‘*}x Jﬁr. Vova Mo, . b . é 2'_?2 i 1,2 5 Tail Unit fBeliran Yes
‘ f"','/.f : "‘“ ) 3 -~ . '
200(218) o-% 10fke | ¢ || Dagiecii on fiv Tore lin, 1L 25270 713 1’5 | ARt Unit |lpelirven Yeg
. . - _ "'. oy ‘(‘;p-.{" (—’/ ’ - v - ° : .
201(219% 0.5 - 10fzee | & -7 Do 'u:nﬁ on Aip Vane No, @ | | / 27? ‘13 5 | Aft Unit  !Bedtran | Yes
JR— R i’j" G r’ | oty
202{220} p-% 0/see | 27 & H Defleaticn A‘h* Yoo Nou 3 L 27° 13 5_ | A%t Undt  {Beltran | Yes
203(221) p=7  [10/se | <77 || peflection Asr Vers Bo, ) 14 27°5 "1 15 LA Unit “Be tran | Yog
Iy S| 29975 to 4} 30 o
78 T=3.9 | &0 cps | LTo- 7 E:mfngpﬂgv_hf InverfﬂLNo 1 i 100,25 ¢ps 1€ 1,2,3] 483 | Instr. Cr. Dm'_ﬂ o
84 P=8 10/ace | A7 S~ i nm-‘r- K rec-"- A'ﬂ" 'F‘o“-‘ ‘ p '3:" 5 _ 0«3500 psi 26 1,2.3 5 | Aft Unit lTStrrolizw Yes
z 1 1. pinie]
185 (11) | 12-5.h | €9 cos A/ l Ton Jeb C-ger tion In and I, 02£=0n 1 3 e | ATE Unis ”5+r-;nh,,_,!_ Yo
[ZUARNS- S . _ ) @.
== Hrss o PV . s Frsg = 37977, S; i
Fraor T @D “’3'"' on= ,Z.?,Rc'_fr!_‘ < 7
___;_'f/.f,.',,,_,/‘ REp-= Ciic.‘ e +:‘:{:f Z_‘f‘-'& R




REPLACES GuDD FoHM 101

Measuriﬁg . GTOUp Stearinz Control Cont’

J\SJR.NG

PROGRAY )

issue N

0.2~

T Army- Redatone Aresnr’.

Sheel

Totul Meas. Points L7t

AL nh nn e

...of 20

REDSTONE MISSILE NO.22__  Dofe. 2k Sept 1996 _Ray, 2 Oct. 1956
MEAS. TELEMETER MEAS, & o, e {FLIGHY % _ I U |
No. CHA;“'PLI'? ESp c:zz;.\;-:r.‘c*.a:“ MEASUREHERT _ ’ RANGE g;‘PEmcn-.&cc'Y LocaTion CHARGE F(“'Fﬂﬁ:
37(1,) *ouﬁ‘/":;\f- 11 cD]s-) BR-Z. !l Ton Jet Oper a‘tllé;‘a lI?Iif ond Iy} loOff -lOn 71 3 |~ |aft Unit JStripling] Mo
89(15) 1;3‘/;; L 11 cpi) 3-3 _Iop_iaﬁ_aﬁxﬁf”ﬂ g z_anLIITL | Off - On 7713 | ew | At ums Stripiing | ta
91(17) 545' | 20/8ee_|A 11186, J,Im_JEﬁ_QpﬁrmL_Lﬂi_:niﬂ - lofp = on |31 oe | pet Uit fsurspring rots 2
Sla L’-? 10/sce /7| Yoltege Servo n}*:_&t?"ﬁ' L 1 0=30 Volts i '1,233 _5 Instr, Gr,|Nowns ' Yexn
79(18) Peb 10/s2¢ .ﬁTfEEZggJQQEQH on” \¥;?ZQ;EL1 L _l;i, £ 10 MKG e 3" 5 | Aft Unit pBeltran Yeg
172(232) ;1:0;§5V“ 8 CDS$)¥11~4L Dive Praze Ccngro Switeh Poinbl- Off = On ‘;? 3.: ~= | Hose Unit fack Yo
4,83 df'( 35 110 cps Lk o8 :L,s= 212,15,19, ?2,26. . 10=8 ey [2901,2315 | Aft Unit Ezmﬁi No
18Y ,,,,:10 5 160 eps | £22-7 lics 2,@,9,11 15, ?,0,23,21 | . 0-$ VDO [#301,2.315 | Aft Unit g::}t?gi No
4,85 sy 1330 g ez ve || €53,7,20,20 517,21 21,28 f Tous v 123l2,3 |5 | aet Unit [seorien | 1o
486 &1-—-50!4 180 eps | w2 m,h}lm,lﬁ,ases . 1.0=5 v 23h,5.3 15 Afy Unit gg?hgi Yo,
B s
|
I |
|

RENARKS- 3,

2
3-_

60 cps output filter required on this channel.
See nots 1 shoeed L.

35 cps cutpub {ilter required onihis ckr«ngl,

R




o ""“:"’“'”"’" . " = Arny-kcda:on; Arsepr” “Ainbaua .
EASURING  PROGRAM ) jssueNo.2_ . Sheet. —of 30
| | - " Toial daus. Points i, |
Measuring * Group _Simnls . REDSTONE MISSILE NO._22__ Daie 2l Sent 1956 Ney, .2 O3ts 1956
MEAS. TELEVETER MeAs. Measu R ! aelFLIGN] % | - v jon
. AEASURELIENS LA ANGE |(fe H e
NO. |CHANNEL [RESFoNEE RTconeTr o ‘T | ; %% |iblpemcriacey] -OCATION cHanes | G
5 , Gl B s ' _ See |
£o(2)  10=22 10/sec | 4- 2 /LR Cutoff Siema) * ¥ . ol me= @] 1 | == |Instr. Gr. ||Fichtner | Notel
95(1) D~ 110/sec 14 77PK, Il Emercency Cutoff e wem 1% 2 | ee |Instr, Cr. Fichtner [Yes
APon® T . ' | . '
L61 R2~22 ' 1330 cos | << *_,’LL’* Daisy Flash Pulses ",-’ ' | - 3] 1,2,3] == 1AL% Unig Dowms 1o
I
1 !i_
il
. | |
| - |

\CUARKS- 1, See note 1 sheet 1, - . | |
2. Separation signal may bs observed fronm switehing over measurements 218 to 200, 219 to 201, 220 to 202 ang
221 to 203. Scporaiion point moy be cbhserved on those channels vhich are discernected from the telenzter .
at separation. Takeoff signal nay be cbserved on those chamnels vhich ars switched with recorder transfor = -
Measurement nos. 1, L, 18, 84 =nd 194, 25 :




Avny-Rodetons Arsenni, Alslema

A a . . B . .
AEASURING P ROGRAN, She. D_of 0.
o | Issue No._2°
Measurements Recorded in Blockhouse REDSTONE  MISSILE NO.22_ Date 2l Sent 1954 _Rev. 2 Jcts 1956
MEAS. MEAS. T R o IN ' R '
, Y | AR
NO. IRECORDER EASUREMENT ANGE CHARGE EMARKS
A ] Press, Air in Pressure Bottlsp 0-35C0 pai | Stripling | Same gaupe used for Meas.fl
B Press. Top Lox Container . 0-50 psi Flring 1ab
c Press. Tep Ale Conteiner 0-30 psl__ | Firing Tab
D Press, Expulsion Cylinders 0-3500 psi | Stripline Same gauge used for Meas, #18
E Tank Press, Alr £or Top Jets 03500 rsl | Stripling | Same ganps used for Meag. 282
_F Press. Lox Topping Device 0-50 ped Firing lab
G Tern. Insir. Compartment 0-60° @ Paludan Same probe used for Meas, 2104 :
H Terp, H,0, 18° 100% |Firine 1ab
X Measuring Voltage 0-5 volts | ®iring lab .

C'FE’AL HOTES~ Le Straight charnels are dengted by center frequenty in KC and also by Ietiers A thru W and K,

channel A of telemeter no, 1 and A2 tafers to channel A of telemster no. 2.
shannel P is included in telonater no. 2.
shannels,
2e TFlight period no, 1 = {ake~off to prepulsion cut-off.
3, Measurements no. 43, Lk,

impact.

The center frequency of both O and P. is

Both O ard P are commutated and samp

30 KC.

Al reiers to

Channel O is included in telerster no, 1 end
les are given at the rate of 10/sec on béth

No. 2 = Propulsion cut-off to Sﬂparatlcn. No. 3 = separation to
5 and 46 are preserted at central control on LINK Mo. 1 (218.5) IT

LAty o e R,




ENCLOSURE #2

MEASUREMENT PROGRAM
TYPICAL OF
SCIENTIFIC REDSTONE LAUNCHES
(RS-27, RS-29, RS-34, RS-40)

(ONE TELEMETER PER VEHICLE)

I



Locl X

i e, ‘E; R B N . : Armyrvdninne Ars- \;"1. alubumo
A o QL“: 1 (C_t LE \ NED TU«\JE\; PROSNA issue No. L Shey -1 _of ._C_
" | . | Total Meos. Points 42
Megsuring . Group._Pron. System REDSTONE MISSILE NO._LO_ Date_8 Hov 1936 Rev,
- ‘ 3 T y o ) Ty
MEAS. |  TELCMETER | MEAS. || ~ ) VoAl fiAFLIGHT] Yo e Lon
) - — o MEASUREMERT ¢ 2 RANGE [pi] - .| LocaTion FLIGHT
NO.  JCHANIZLRESFCITIRECORDEL) , Lyl - [PERICTACCY CHARGE | CaLin
11(95) Q=1 = lQ[seu) 47 W Press hir in Press Eottles 03500 psi i g Prep Unit [Stripling|Yes
25l Jn?i?S 7,35 XC 1. Press, Combustion Chanmber ?“  =360 pgis 1 0.5 Tail Unitli Mack Yo
. £ i i Dir
11(5k) | k~10.5 {160 cus -/ RPM ¢f Turbine ; 0=5000 RPM’“‘ 1 icnt | Prop Unit [Btriplinglua
¥ 2o~ 2) ' . _
W (55) | B=0,73 |11 eps (/-2 Flowrate Lox 0=25 paJ/sen 1 10:3 | cent, UnifStripling|le
. y L .
15(3LT7) [ G=3e0 ()5 epg [~ 3 || Flow Rate Alc uQE,GaJ/se& 1 0.3 | Centn UnifStriplinelllo
232 A~Q056 |8 cps |/ F1 ow: Bate Hg 09 Qw7 lbs/ser 1 15,0 | Prop lnit |Stripling|to
B _;i g . .
60 02 10/sec_ |7~/ Terp. Lox at Purp Iniet -185%%0 “lTG? 1 | g | Cent. UniiPaluden |Yas
/(:r 2 -/ - / /’7/{‘ L "'...2— s _F; WEALE .é;"’-l-*' ) ":"3*"/ e 3 o -2 ,4-"'. J’ b s o - Lo i = ‘_':;-—_{r’,-‘_;f‘-‘//f'{, Sy

!

_Bnt;_"-u,inxs- 1.

2.

3 n

Subcarrier Oscillator not requir d cn this channel,
60 cps filter required.

35 cps- filter required,

A

74 HHMNYYTANAT




-

- Y - - - ' A ' TR TR
ke o gk, 1 Cet 56 ' MEASURING PROGRA.  Issue ilo. L. She. 2_of T
- Total Megs. Poinis .
Meosuring Group. Struct. Temp. REDSTONE MISSILE NO..L0_  Dofe. 8 Nov 1956 Rey, L(L/10/457)
MAEAS. TELENMETER MEAS. ' S EIFLIGHT] % ) IN ON
S MEASUREMENT T RANGE | (1 .| LOCATION FLIGHT
NO. CHA!\:I:;LJNESFO,{CT: RECTADZE - M [PERICDACCY CHARGE | CALI
| & 5 ; -
. A i o] e
1277 03 10/sec | -2 Terp. Inst. Cormt. Skin ‘ 0=300 ¢ |2 1 ¢ |Instr. Gr,|l Paludan [Yes
278 oh - Vi0/see | 7 _'I‘me‘ Inst. Compt, Skin e '_ 0-300°C ] g _lInstr, Gr.l Polndan |Yes
3 L E o 0 : .
279 0=5 10/sec | -7 Temp. Inst. Compt. Skin . ¥ | 0~300¢C 1 5. |Insty, Gr, || Faludan |Yes
A ) v , A
280 0=b 10/sec - Tem. Inst. Comot, Skin b o-300c "1 1 |5 |instr, Gr,|{Paludan |Yes
"23) 07 10/sec |2 % Temm. Flame Shield I~ | oaeooe 71 3 15 U7a3] Upit || Paludan |Yes
, - T oAy - L
” - - 5 o B ) ~ a O !
386 0-8 10/sec _Ter. End Frame Skin. [ 1 0-3007¢ “1 ] 5 _|Tail Dnit || Paludan |Yes
‘ NP g | et E: | .
213 [ae) 10/sec | Temn. Rudder Drive Housing nt;_ i 0-9_9000 e g |Tail Unit || Paludan !Yes
o LG a5 . - ?' ' o 5
1212 0=10  [10/seb A7 Temg‘_, Rudder Drive Housing £ 0-900 ¢ 3 a 5 |Tail lnit || Paludan Yes
7 ‘ ey WEE ‘ be S . s |
2L Qu11  {10/sec | 7% || femp, Ant SupportFin 1 -} | 0.900% 1 |5 |Tail Unit || palndan |Yes
L . '
5 |
| ;
|
| !
: i !
w |
|
i
, f_
REMARKS - ;
J G




" ABIA PO ok, 1

i el -

l&i 56

\ NMiEASURING

PROGRA

Issue o, 1

Srnge

Keddtane Avmened, Aubonn

Sheet 2of _ 8. |
) _ ' Total Meas. Points — o
Meagsuring Group_Struct Vib and Press  RECSTONE MISSILE No._LC Dote & lov 1956 Revy, 1(5/22/57)
MEAS. TELEMETER MEAS. ME ASUREMENT L R AL IDR'}:"FLIGHT %o L OGATION IN FL?NHT
. - o et rL . a
No. |CannzL|ReEsroEiRECORDIR SUREHE |t WS PERICDIACC'Y CHARGE | Sa1nl
A VES : i Vibration, busc o,. pta‘hionaﬁ*.j-”-‘_' )
7 150 H=52,5 19790 cps | .- Lauwncher - Pitch o - ' T +1g 100 cns 1 10 {NMose Unii W Dovuns ilo
e L Vibraticn, Basze of Rotatlom '.'.-:-' el
“1_L51 N-70 1050eps | <7~ Launcher = Yoy v op+le 100 eps 1 10 [Hose Iinit [ Dowms | Ho
1yl 2 0-15_ |10/sec Press. Inst. Compartment ‘ 0-38_psia . " | 1 5. iInstr. Gr. I5tripling| Yes
:
5
: i
|
'1 1
! !
l _J
REMARKS- ;

v d




I

Measuring Group Elighi Fechapics

A ) WO 9L, 1 Cet 56

) MEASURING

PROGR:

REDSTONE = MISSILE

NO. Lo

Army=Fedetone Aruwcnoel,

Issue No, .1t -
Total Meas. Points —__
Dafe_ 8 Nev. 1956 Rey, 1{L/10/57)

She

Aluboma

~hoof L8]

MEAS. TELEMETER | MEas. MEASUREMENT l RANGE vifu FLiskt % | geaion | N S8
No. C.HANNtaL RECFCHIERECORDER: L ‘ A IPERIGDIACC'Y CHARGE cmaﬁ
d 16 LQ%J"’ . 110/sec =~ 3 WAngular Velocity - Pitch I *10%/sec ::'53 i 5 Inst, Gr. {Downs Yes
g 29 Hm:%% . ‘ 60‘ chs :""*""r Anpular Velaeity - Yay { “ ._,ELIQE,ZSQGME 1 5 Inst, Gr. |Downs Yes
e Lo I»‘fh B0 cps | A7=Z || Anaular Velocity - Roll ‘ 1* 109/sec ' 1 5 Inst. Gr. [Downs Yes
(9{seh lo17  |10/sec | =/ Naccel, of Missile - Longt. +1 to+6 wis |1 |5 |rnst. or. ack Yes
(1“); 7528 0=18" 10/sec -2 | Accel. of Missile o Yau » 16 g's ": 1 5 Inst. Gr, IMack Yes
(1j‘“ 527 =19: 10/sec a2 Accel. of Missile = Pitch E 1P gts 5 1 5 Instf.l Gr.. IMack Yes
| '
: I
i
L
. |
i ,
REMARKS-




as '_1 "._. L _1 v 5 ~ . n e . ﬁ‘\ . .,. ] -u ) Srnystedstune -l:'.n'--n.Jlr,‘ -‘lhbuma‘
ABLA SOl 9l 1 (ot 56 NMEASURING PROGRAM  issue No._i_ Sheet 5_of 2.
o Total Meas.Points.__ :
Measuring Group_Siserinz Control REDSTOME MISSILE NO..l8.  Dafe_l i 1974 Rey, 1(5/22/57)
MEAS. TELEMETER MEas, ' ' L { ‘ PG IFLIGHT % I O
. PO e . MEASUREMENT ! RANGE | For «| LOCATION FLIGHT
. NO.  CHARNEL {RESPUNI I RECORDER , ; 7 7PERIGTACCY CHARGE | Gatim
H L4 N T :
g 536226 1 Fo2,3 | 35 ems| S o | Tiltine Proesrem = 15¥-3 mee (P2} 7 em iInst, Cr, fl Mweller |He
. A o . H H
R e . ! .
122600 | F=2.3 I5_ens Input to Step Moter i === [{ i e 1Tpat, Gr, % lusller (No
b ¥ - : 3 - o - . i 1 ’ H See
(1)1 Lh C=0,96 | Wy eps| Z 2% || Gyro Pitch Position-Minus Pr~. | +18% i+ | 3 15 Iinst, Cr. |l 1melier | Totsl
1 4 - ' : § o ' See
(1)L L5 D=1.3 | 20 cps -7 I Gyro Yaw Position + 15 i 1 15 lInst, Gr. ¥ 3mailen |Hotall
. Lt - . ) ij o . -
Lé Be}.?:9 25 eps| ~~  } Gyro Roll Position :: +15 4 1 | 5 lInst, Gr. | tueller |Yes
i 0=20"_| 10/sec Deflaction of Jeh Yane 3 1 {+27° "1 3 1S |7aid unit || Beltran |Yes
LA 5% | 10fsee) £ o5 Il Defloction of Jet Vene 2 | | 4 270 i‘ 1| 5. {Tail Unit_J| Beltran j¥es
ih L: . B y ! - % ’ 7
49 0w22 | T0feze| £ || Deflection of Jet Tane 3 L 4 27 ! ¢ |Tail Unit jl Beliran [Yes
S Do = i -
. : ~ . ) F 0 H :
50 0=23 10/sec |7 - Deflection of Jet Vane + 27 | 1 S |Tail Unit,_|i Beltran |Yes
1227(9h) i pamo_ - | 330 cpg - Tmput bo Step Switch ‘ coe i 1 ee |Tnst, Gr, || Fichtner! Mo
s o Lo b ‘
9L(227) ] R~22 330 epd - Il Sneed Contacts mew P71 1} oee iTInst. Gr, || Fichtner| No
: 7
i a
[ ;
|
REMARZS= . . . . . ‘
—renemn 1. o calidbration from take-off mimis 6 sec. to take-off plus 3 sec., and from take-nff Dlus 100 sec,




AH,

YOIl 9k, 1 vet 56

Army-cedatons Ars L

Aluboma =

7 7

. Y . :
MEASURING PROGRAW. ' Issue o, X Shee, 6 _of _8_
: : Total Meas. Points_____
Measuring Group_Cluster Unit REDSTONE MISSILE NO._%%_  pgte_0 Nov 1956 Rev,___
‘Meas | Teteweren Mass. MEASUREMENT - RANGE mr‘(f’?flmem % LOCATION N FL?@IHT
. P 3 VIE REN e N .
NO.  |CHANGZL [REcreoncE "EZCORL IR ) i . A~ PERIODACC'Y CHARGE | calIr
: co2 R N oy Dir |
32} Lelho5  ]220 eps| Sn- /7 |l 59 of Retobional. Taim 0-7500 RPM ‘| 1 |Cnt |Top Unit__ Btripling] Wo
. ' A SR | - )
326 _j0=26 10/see | ‘-7 Battery Voltage DC Motor Sup; 21-31 Volts 1 5 {Inst, Gr, || Downs Yes
325 0=25 10/sec | Z- /2 ||_Current, DC Drive Motor No, 1 0-300_amys 1 5 {Inst, Gr, .}l Douns ¥es, |
L8 j0-27 10/sec | ~-// || _Current DC Drive Mobor No, 275 | 0-300 arps | 1| 8 |Tnst. Gr. | Dowms Yes
!
N
1
REMARKS~




Varyin A _ ; ‘\‘l Army-Fvdutnne Are '-.1, Alubawu =
K WOE 9L, 2 (et 56 ' MZASURING PROGRA.."  lssue No, 1. Shee. 7 of 8
_ \ ' Total Meas. Points ..
Measuring Group..Signals REDSTONE MISSILE NO._40_.  Dafe_8 Nov 1956 Rev,
MEAS. TELEMETER | MEAS. ME ASUREMENT LA RANGE e AFLIGHT % Cocarion | FL(I)G};
No. [CHamneL [RzsrciniRecornm ' i ' riPERIcIlACE'Y " LcHareE | GaLim
‘l-" !j :! d )
sli(11) 1K<10.5 160 cps) vao-f Take-off ——— “1 1 —=— | Inst, Gr, | Fichtnse! No
- 2 D | 1 |
oo(1))) BfO.?S S 11 eps | Fe- s Cutoff & g !/ 1 -~ | Inst. Gr. || Fichtrner! Yo
95(1) Oﬂl. ' 10/sec ﬁ'h/gﬁu Enmergency Cutoff '%ﬂ L ;; 1 — Inst, Gr, § Fichtner!l Yes
7 N , | i L
307(25) 16=340 18 eps |22 || Tenition Signal of Cluster . eee 191 4 | o | Inst. Gr. | Fichtner| g

REMARKS- 1,

60 cps filter required on this channel,
2, Separaticn of Cluster Unit may be cbserved on meas. nos. 32L,

F L

325 and L}8.




A

 PROGRA...

' ' FUtM 93, 1 uet 56 ' )

Army-Reodutonsé Ar- sal, Alabsgs -

MEASURING

R
Wy oL b

Sh:c:f.._g_of-i_
. - Issue No._1__
Measurements Recorded in Blockhouse REDSTONE  MISSILE NO. LO_ Date. 8 lov 1956 Rey.
MEAS. MEAs. M . R IN ' '
NO. IRECORDER EASUREMENT ANGE CHARGE REMARKS
A - Press. Air in Press. Hottles 0=3500 psi Stripling | Same pauge used for MEeaS. NQ. 1
B - Press, Top Lox Container 050 psi Firing Lab
F Press. Lox Toppine Device (=50 14 Firine Lab
I P o Thermocouple probe B-GHM 663658 used with
G Tenp. Inst. Lorpartment S ] 0=60"C Paludan Temp, Adapter 1h. Not on Flight,
| ..o O
H Term. H202 7110 -100°¢ Firing Lah
K Measuring Voltage ;| 0«5 Volts Firing Lab
v RPM of Rotational Launcher Q=7500 RPM Stripling | Same Inst. used for Meas, no. 32l
Vibration, Base of Rotational , -
BB Launcher = Pitch . tlg 100 cps | Dowms Same Inst. used for Meas. no, LEO
: Vibration, Base of Rotational | =
oo Launcher - Yaw :Ig 100 eps | nawme Same Inst. used for meas. no. 1,51

CIKERAL MOTES-— 1.

Straight channels are denoted by center frequency in KC
Channel "Q" is corrmtated and samples given
Commitated channel P is not used,

2« Flight Perlod 1 - Take-pff to Cluster Igniticn.

30 Kc.

T7

LABT rrrmy

and also by letters A thru N and R,
at the rate of 10/sec. Center frequency of O is




- ENCLOSURE #3

- FIRING TEST REPORT
MISSILE NO, RS-1-
15 OCT 1953

INCLUDING THE MEASURING PROGRAM

'L./O



ENCLOSURE #3

P 0O
e
Poncibvand
— iy e L p .
S‘ \,.Jd..; a aiha v..‘.-n.-GI\
_,"'._,,_,_-‘.‘-‘_" ‘/pa/.. hwu
i

EYSSILS FYRING LADORATORY .
CUILTD LISSTS ISVILOPLENT DIVISICH

TTRTIG T2ST ERRPORT. IMTESTIR MO, RS-1

15 Cotobar 1953

ais ropors conleins a swmmary of the firing act*vi.._..e.: conducted
ty Rodotczo Argenal porscomel In preparztion and firing of REDSTODR Illz-
cilo to, DE-1. Tho missile was fired ol ATUIC, Cape Camvem.:., Florica,
o GUSY Lo, 20 August 1953, : .

By

cireular flame shield of the dented design with 4 graphite

- —— - &Y, - -
1oslg was mowntod at dhoe exiaoust nozzle,

d.:;:."..:{_::
. Uanu-
Dro—dine ‘-“o Tile . ‘ facturer
5-01=55000 ISTi-f£-14, Redstone Missile Ags‘j RSA
J-‘;._-JSOOJ. A Booster Agct - RSA
J=I=55002 AL Pover Tads Aua g : R3g
C=CU=52005 G Centor Toil Assiy REA
G=CI=55004 1 Todl Uodid Assd RISEN
JwCZ-55005 A Top Aesty RS4
.'.-'—»‘_.-_35335 £1  Iosc-Unlt Ass® . R34
A2Undit Assiy ' ' o RsA
Instommont Group - Assiy RSA
TAL 75-220 {001) RES
g e missile was protecied from heat by a sendwich Tyme.
e 8% 7 sheed asbestos. between sheet metal. Thls insweior
d oll espozed narvs of ike pissile aft enc:, ineluding tke servemotor
z 51

2., UISSIIE LQUIPLENT SPECIFICATIONS
The following equipmoni was installed in the missile:
Toelenetering: Raymowrd Rosen, l6-chaznel.
Gyros; Waldorf-Ferns Company
-- Pitch Gyro = E-165
Yaw=Roll Gyro ~ X-158
Integrator: #038 (A. Oit Kempien).

Comnand Receivers: ARN-59 with K¥-55 Decoders (two each).

.'u (". o ne ', q.,, ‘._.

g lf

S’"CU":ZTV *\”‘ORM TION

Ul




o o Ty
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i N de ~ md -

AT TTTITGS Te A sy e g v .
S;‘.«\- ave 4 4 Ai‘\-'VAuc'.JiA.ON

FIXING TEST RER0RT, YISSILE N0, RS-1

Radar Eccconss DPN-17 {two).

Pre-flight Coolers Blower circulaicd air over déry ice (RSa
Design and Fabrication). :

Decompoacer Screen FPack: Silver=plated sereon activated with
otoosiun permanganate,

Expulsion Tube Assembly: Drawing Xo. G 63117 (two cylinders
with alr storage).

Helium High Pressure System.
Rudder Drive {eluxzinum casting),

3. QBJECTIVES

R’S-1 was leuwnched for the purpose of testing:

a., The power plant.1
t. The miésile stfgctura.

" C. quster control szystem,
d, Aection of missile at low take-off acceleraticn.‘
8. Oporation of roll control sysitem after bﬁt-off.

f.' Automstie sepsration.

4. 1TASURING PROGRAM

Tollowing i a list of all flipght measurcnents used onm iissils Fo.
AS-Ll. Tor delsllid information regarding these messuwrsments, sao Measur-
ing Program (IEDSTONE Lissile Instrumentation Systex 2).

GEOUP ) LASURESENT i RANCEH j
Press, HZ, in Pressure Bottlea ‘0-3C00 psig
Propuision | - Press. HE bontrolled ' © 0=d000-psig
Unis ‘Presa. Top LOX Container | ' 0-50 psid
Press, Top Ale. Conﬁainer Q030 psid-
(Cont'a)
. .
Qe

o A I
SECURITY INFORIIATION
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FIRING "MS“" HEPORT "‘f:ISSiLE NG, h3-1
ToGrouz 1 _LTASURENENT rocs
Press. Tap Poroxide Containor 0~-6C0 psig
Press. LOX at LOX Pump Inlet - 0=50 psid -~
Press. LOX st Injector 0-400 psig
Press.lAlc. punp Inlet - 0-5O‘psid-—4
Pro- ‘Press. Ale., st Injector- 0-400 psig |
sulsicn Press. Steam at Iniet Tuctine 0-6G0 psig
Unit hP¥ of Turbine 0-5000 R
Pressure of Lxhaust Steam 0-30 psid -
Position Main \LOX. Valve 0-90°
Flow.hate L0X 0-25 gal/sec
Flow LRate Alc. 0-25 gai/sec
Pressure Comtustlon Chamber O;AOO psig
Skin vemperature Locailion #1 26Q°-700°K
Skin-Temper&ture Locstion #2 2600-700%%
Skin Temperature Location #3 260°-7C0°%
. Skin Teaperature Fin #4 - Upper Polnt 260%-5500%
tructure Skin Temperature Fin #4 - Lower Point 2600-550°K
Tempera~ Temperature of Jet Vane Eracke 26007500
tures Temperature of Flame Shield Betweén Finli & 2| 260014000
Temperature of Flame Shiela Detween Fin 3 & 41 26009-14000%
Tempersture of Ena <rauo Belween Pinl & 2 2600-1080CK
Temperature of End Frame Between Finm 3 & 4 2600-1000%K
Temperature of Antenna Cover 2600-14000K
1

3

?_‘__,,,..-e - 'nf:’.'

o RN TR
SECULIT:

~ 7

AN

:

\
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S | PRASIRTTE . RANED
j ;
; Vitzoilon Instruz=ont Cazng, Leaog, % S02«1Z0 c¢oz
Vikratlon Imctiusmcat Soizd, Plich & 33-150 coa
Structure Vitratlon Thrust Frozb Lovos, & 2507-12C0 cxnc
Vitzzo- Vikrgtion Thrust Frame Fiten & 25072-1200 cps
ticns Viteotion Sooster Pin 74 - ¢ 5z-80 epa
Vitration Scrvozoter 1 - Loogt. & 2507-1200 cpa
Vitration Sexvozotor 1 - Ls : % 250z-1200 ens
- ‘ .
Forca Loteral Forco - Adr Veone 42 & 1200 ko
Angle of Attaek Pitch L7
Aagular Voloeity Piteh & 5%z0c”
Flight inguler Accoloration Piteh & 209/gec
.y - .4 i LY L S T s'.o..
ochanics anfeo o8 Attack Yow [
Angalar Velocity, Roll & 5%/ cae
Lcceleration Dooster Leazt, - 1.1to+5,.4 =
Tilting Progran ¢-120°
Gyro Pitch Position - linus Program £ 100
Ftocri a Gyro Yaw Position £ 10°
Conirol Gyro Roll Position £ 10° i
i
Daflection Jet Vane #1 4 27° 1o & 340
o ., 0
Deflection Jet Vane #2 2 27% 10 £ 52
{Cont'd}

cwv"-' S, gy
u.n...d\_,lx sl

SECURITY INTFGIMATION
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FIRING 7557 KEPORT, HISSILE NO, KHS-1

LEASURELTNT

LARNGE

GRCUP

if

Steering

Contreld

Deflection Jet Vone #3
Teflection Jet Vane #4
Voltage Servo Battery,
Totsl Torque‘Servombtor #1

Torgue Alir Vane #1

£.279 to

i

4 29° Lo &

Q=42 Volts
+ 60 iz

& 60 okg

Signals

. Toke off Sigral
Speéd Tontacts '
Cut off Signals
Ezergency Cut off Signsl

Separation Signal

Tele-

metering

Zero Heasuring Voltage
Zero Measuring Volisge
{+) Measuring Voltage

{+) Measuring Volitege

Standard Voliage {(+)
(=) Neasuring Voltsge (Tel.)

{+) Yeusuring Voltage

N~/

AT et ate i

F U e A ey n

SECURITY INI'OLGMIATION
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SECURITY INTOILIATION

PIRING TEST RSPORT, MISSILE XD, [S-1

5. TFLIGHT SAFETY rROAVISICHS )

: Flirht scfety 1s defined as all ssfety messures 1o be’ua?cn relativa
to the missile when in flight. The AFNTC Flight Safety. Ozfico: had tha '
- &ole responsitility over the missile curi ﬂg fl‘gﬁu. .

The {l4ght salfeiy system was bﬂSEu on a group of ground stations Toxr
optical end' radar tracking of the missile, as well as rezl-time presents-
tion of some attitude data via telemeter. For termination of flight en

energency separation, two separaite command recelvers and transmitter sys-'

tens were proviced, ror furtiher details, see
a. Missile Test Request No. 305.
b. Dange Safety Plan, REDSTOWNE, dated 7 August 1953,
¢. Flight Safetly RELSTONE, Gdted 14 August 1953,

6, CLINATIC LATA

The lsunch time observetion for Cape Canaveral, 0937 EST, 20 Augusi

1953; 3

Cloudiness: 2/10 low clouds bases 3,000 feet snd tops esti-
wmated at 6,000 feet.

7/10 middle clouds bases 15,000 feet. ‘
*5/10 high clouds et 30,000 feet.
Visitility: 10 niles,
tation Pressure: 1013.7 wbs (29.935 in..).
Teaperature: 83°7 ) '
Relative Huxmidity: €02

Dew Polnt: 76%

Vind;: N &t 7 knots.-

C‘,___, i ‘Tu -‘-‘\-J

‘... T e -

SECURITY INT ”O'L.ZAT;ON
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VERTOT

Redstona T
Radstone R

Redstone ;

4

Reds tone

-

[

XTV-1

RS~27)

. CC-14

R;

(O]

in

-2

)

P
LU 4

e CC-15

cc-22

ENCLOSURE #3
LAUNCH HISTORY 1953 - 1972

LITTORT TIME /DoE

0937 Aug. 20, 1953
1620 Jan. 27, 1954

1228 May 5, 1954

0904 Aug, 18, 1954

4310 Nov. 17, 1954

1512 Feb. 29, 1955
0151 April 20, 1955
2324 May 24, 1955
1912 Aug. 30, 1955
6051 Sept. 21, 1955
1946 Dec. 5, 1955

1935 March 14, 1955

1121 May 15, 1956 .

0247 " July 19, 1956

0326 Aug. 8, ‘1956

0146 Sept. 20, 1956 .

0405 Oct. 18, 1956

N
>y

Ui,

210

Ger. 30, 1655.

2105 Nov. 13, 1956.

0824 Nov. 29, 1956

222% . Dec. 18, 1956 -

2037 Jan. 18, 1957

- OA\

L&)

o

[=)Y



Redsroane CC
T
WWUDITST

Redstone CC-35 -

(Juniter &)

Redstona CC-37
(Supicer &)

Jupiter-0 RTV-3

Foado e am kl &
\naastone RS-4y

Jupifer AM-2

.
em ahat™

Raedstone O0-33
{Jupiter &)
Bedstone O0-39
(Juj: er iy

Jupiter AM-3

Redstone 41
(Jupizer &)

R P I )
WUDLUET AM-an

Redstone CC-42
(Jupiter &)

Jupiter AM-4

3

R

LIFTOCF TIME/DATE

1657

0312

2002
1512

0255

13069

0130

2317

0159

2007

2352
'*-‘

. 2111

1637

1907

2024

Mareh 1, 1957

March 14, 1957

Mareh 27, 1957
April 26, 1957

May 15, 1957

'May 31, 1957

June 26 1957
July 12, 1957

July 25, 1957

Aug. 8, 1957

Aug. 28, 1957

'Sept. 10, 1957

Oct. 2, 1957

Oct. 22, 1957

Oct. 30, 1957

Nov. 26, 1957

Dec, 10, 1957

Dec. 18, 1957

Jan, 14, 1958

=g
o

fa}

o

. 263

2063

268 -



Redotone CC-46
"

Redstone CC-43

Juno I Explorer Il
(Redsrone XS-26)
Juro I Explorer III
(Redstone RS-2&)

Tow in o apn
Redsione ..-.\J\J?.

Juno I Exslorer 1V

T o mmm T LA L
(Recstone .\D""—r—.-)

- [ = ir - -
nacstone 51 MOvanga
T o e S e T e ATl
Abmerallon nartlacs

Juno I Zuplorer V

"(Redstone RS-47)

© Jupiter AM-7

Juno 1 Zeacon

{(Redstone RS-49)

Redstone CC-37
{Last R&D firing)

- .

LITTOFF TIMZ/DATE

2053 Jam. 31, 1958

1954 TFeb. 11, 1958
1500 Feb. 27, 1958

1328 Merch 5, 1958
1238 March 26, 1958

1865 May 16, 1958
0005 M=y 18, 1S58
2059 June 11, 1958
223 'June 24, 1958
0405 July 17, 1958

1000 July 26, 1953

2347 July

e
a4,
{Johnston Islan

1533
time)

ot

2327 Aug. 11, 2958
(Jonmston Islané time)

0117 Aug. 24, 1658

1815 Aug. 27, 1958
1300, Sept. 17, 1958
2249 Oct. 9, 1958

2221 Oct. 22, 1958

[

1943 Nov. 5, 1958

19

PAD

204

‘o

264



T e
:.A.IxI'u.uh'J
——

Jung 1T Plonecer I3

im0 v = am : T
- {Juplter LM-11)

Jupiter Cix-22

-
i A

Juno II Pioneer IV

(Jupiter AM-14)

Jupiter AM-15

T T a — e
CUNO LI LNDLOTED

S g e LT A
AWJUDLCeT As~Ll0)

Jupiter AM-24

Juno II Exvlorer

(Supiter AM-19A)

Jupiter CM-31

Jupiter CM-33

Vil

; Monkey "Old Relizble™)

o

0358

1910
G049

0011

1934

2030

2028

1031

2200

Dee. 6, 1958
Dec. 13, 1958

Jan. 1, 1959
Feb. 27, 1959

March 4, 1959

April 3, 1959
May 6, 1959
May 14, 1959

May 28, 1659

July 9, 1959

" July 16, 1959

July 21, 1959

0865

ey

Luz. 4, 1959

Aug. 14, 1959

Auz. 26, 1959
Sept. 16, 1959
Sept. 30, 1959

Oct. 13, 1959

Oct. 21, 1959

1938 Nov. 4, 1959

264



JUQitEI’ FROL
Pershing 105

Redstone =U CC-2020

Raedstone CC-2023

2

Persning Z05
Redscone CC-2037

'Jupi:er 1ST C-217

Juno II Explorer VIII
(Jupiter AM-19D)
Zershing 208

Pershing 267
xafcuryfRedstone MR-1A

Peprshing 203

1905

1903

1948

1342°

1115

1910

Nov. 18, 1959
Dec., 9, 1959

Dec. 16, 1959.
Jan._25, 1960

Feb. 4, 1960

Feb., 26, 1960
March 21, 1960

March 23, 1950 .

“April 20, 1960

May 10, 1960

June 9, 1960

June 30, 1960

Adug. 9, 1960

Aug. 28, 1960

Oct. 5, 1960

Oct. 19, 1960

Nov. 3, 1960

Nov., 16, 1930

Nov. 11, 1960

“Dec. 12, 1960

Dec. 19, 1960

Jan. 5, 1961

30A



Mercury-Redstone MR-2
{Chimp "Ham'')

Pershing 210

Juno IT Huplorer .
(Jupiter AM=197)

'&&GL‘.’. / S‘:"“D:"‘ ‘d)

Juno IT Explorer
(Jupicer AM-16G;

Redsione CC-Z043

Mercury-Redstone MR-&
{(Liberty ell 7 Grissom)

Atlas-Agena 1 Ranger I

Satumn C-~1 Sa-

.2100

21GC0

1448

2120

G720

1619

0504

1006

areh 2, 1961

March 8, 198l

" March 15, 1961

March 24, 1961

April &, 1961

April 22, 1961

April 27, 1961
May 5, 1961

May 16, 1961

May 17, 1961

May 24, 1961

June 27, 1961

July 21, 1961

cAug. 4, 1961

Aug. 23, 1961

Oct. 27, 1961

L&

268
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VIHIOIE

[

RV

Juniter (CTL) Cu-U15

L R, he N ]

Ltlss=Agena Renger

Saturan C-1 SA-2

{Project Hizhwater)
i

Saturmm C-1 SA4-3
{Proiect Highwater)

Sezurn I S&-9
(Pegesus I
Szturn T Si-8
{Pegasus 1)

- T & 0
bl e S.“."'.-U

Sagur
(Pegasus III)

Saturn IB AS~201

-

e e e

ger IV

53

-7

LI¥TOFT TI ::/Qtr
0312 Yov. 13, 15561 -

- 1737

S1122-

0537

-3

G235

" 6800

1112

Dec. 6, 1961
Jan. 26, 1962

April 18, 1962

April 23, 1962

April 25, 1962

May 8, 1962

July 22, 1962

Aug. 1, 1962
TAug. 27, 1962

Oct. 18,1962

Nov. 16, 1962

 Jan. 22, 1963

March 28, 1963 .

Jan. 29, 1964

Sept. 18, 19564

Feb. 16, 1965

May 25, 1955

July 30, 1965

Feb. 26, 1966

373

373

34
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L R e T i L T T S - S -C..ﬁ
T ey T I
SLoUTh A AS=202

Saturn V AS-501
(Apoilo L}

Saturn V AS5-502
(Apolio &)
Sarura 1D AS-205
{ipoile 7 Schirra-Eisele-Cunningham)
Saturn V AS-503

{Apolio & Borwman-Lovell-Anders)

urn ¥ AS-504
polic o cDivict-Scoti~Schweikart)

ran-Young-Staiford)

Yo dmuear Y7 A DGO

Szturn V AS-586

FEE T A e dm e LR T I B
Laploiled Lo AT 5._..O."S“n.L\..‘...ﬂ"\..OJ.LlnS

T A T Mo T e |

LPOLLT L4 uu...-‘..,..-\..o-s.c.‘ Bt_c. iy

Saturn V A5-307
P
\:‘

Saturn V AS-539
(Apollo 14 Shepard-Roosa~-Mitchell)

Sdtu“ﬂ V A3-510

. - — H ~
\..Jv....v -5 Scoti-Wopdezn-Izw .)

Saturn Vv AS-511
(&pollo 16 Voung-Xatiingly-Duks)

Saturn V AS-512
ev

‘(Apollo 17 Cernan~-Eva SCHmltu)

-8~

LITTOFT TINE/DATT

Lo n il

G953

1316

. L&

0706

1748

- 0700

0741

1100

1249

Coz2

1122

1603

Suly 5, 1986

Aug. 25, 1966

Nov. 9, 1567

Jan. 22, 1968

April 4,_19?8
ogt. 11, 1958
Dee, 21, 1968
March 9, 1989

May 18, 1969

EDT July 16, 1969

Nov., 14, 1969
Apxil T1, 1970

Jan. 31, 1971

0935 EDT July 26, 1971

1254

i

April 16, 1972

0033 Dac. 7, 197Z
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Coneral

a. AlL 1ifcofif times and dates are local times and dates at the
launch site.

b.  All liltoff times ave Eastern Standard Time (using the 24-hour
clock; unless otherwise noted.

¢. All launchings were from launch complexes on Cape Canavcral/Capc
Kennedy (AFMTIC/CXAFS) unless otherwise noted.

Redstone Missile Nomenclature

&. Missile numbering indicated whether they were built at Redstone
Arsenal (R8~1, etc.) or by Caxysler at the Michigan Misszile
Plant (CC-13, etc.).

. Some Redstomes carried Jupiter missile components for flight
testing. Thaese missiles wera given the added name of "Jupiter
A"
Tron PRI, - L7 N ) 5 ~ = T r;.'c

€. ~rrocuction missiles were numberéd CC-Z00G and un: & few of thesa
seilgcted Zow Engincering User (qualificaticn) testing were desig-
rnated "Radscone ZULM

d. DMigsile numbers were nainted on the sides of the early Redstones,

using the following letter-coding:

HUNTSVILEHX

12345068789¢0
Thus, "I would indicate Redstone missile number 10 {or RS-10).
This izgeev-coding is visible in many photos of launching 53, zuad
aids in identificatiom.

sunizter C and Juno I

2. Jupiter C was a thres-stace reentry test vehicle (RTV), carrying

scale-model Jupiter nose cones for payl oads. The Jupiter C did
~not heve orbital capability. X
"

S & four-st satellite launch vehicle, cabry gz 2 scilen-
ad in its fourih stage.. The spent fourth stage casing
ioad were injected into orbit, forming tha sateilite.

c. Tne first stages of both the Jupiter € and Juno I vehicles were

elongated, modified Redstones. Therefore, the numbers of the Red-
stones so modified are given in parentheses in the Table.

59
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d. Jupiter C znd Juno I vehicles were 1deﬁt1cal in excernal appoect-
cnee; hemce the popular (public affairs) teadency to lump them
21l together as Jupiter C's. However, this is technically and
aistoricaily inaceurate.

Jupiter Missile ¥omen ?;:ure

2. Jupiter missile numbering indicated whether they were built at

ABMA (AM-I, etc., for Army missile) or at the Michigan Missile
Plant (CM-21, etc., for Chrysler missile).

Jupiter missiles used to train NATO missile crews were designated
as "CTL'" for '""Combat Training Launch."

¢. Jupiter CM-217 was a test of the operational Jupiter weapons sys-
tea lounching ecuipmenc. Hemce the designation "LETY Zor 'Launch
Systems Test."

d. Two Jupiter missiles (AM-13 znd AM~18) carried primates as secondery
nayloads in their nose conas., These preludes to man-in-space ware
casignated as Bio-Flights T and II. w

Juno I1

a. Juno II space launch vehicles were composed of modified Jupiters
for the first staze, with Juno I upper stages. The number of the
Jupiter missile used in the modification is given in parentheses
in the Tabie. o

17 tember 1582, ¥SFC had managemeni reswon-
10D/ .aC¢ launch respomsibility, for Agena ---
z cemb 62 for Centaur. Therefore, Agena and
C ntaur m15810n iaunched during this period have been inciuced

Szturn Vahicle Womenclature

zturn C-1 wos designated Satuwzn I om February 7, 1963.

il
e Saturn ID vehicle was renamed the Uprated Saturn I on June 5,
1966. On January 15, 1968, the name was changed back to Satumm IB.

Saturn C-1 apd Saturn I vehicles SA-l through SA-5, and Uprated
Saturn I vehicle SA 203, were used in Launch Vchlcle Development

missions.

[ 472 . :
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§ through SA-10 had boilerplate toollo
s. {(Pogasus spacecrait werde St
2
o

il
Apolios during the nowered fligac
bl

their missions.)
Sartuzn I3 AS-201 and 4S-204, and Uprated Saturn I AS-202,
payioads were unmanned but fully instrumented Apolilo space-

cvaft. Sarurn IB AS-205's payload was the.first manned
mission {(Apollo 7) in Project Apollo.

Saturn V vehicles AS-50L through AS-512 were all flown on
maiastream Project Apollo missiens.

On Apri

tracoy

, Dr. Ceorge E. Mueller, Associate Adminie-
Space Flight, NASA, officially designated
in which azstronzuts Grissom, White, and Chafiee lost
11lo 1. 4¢ che same time, he announced that
the forthcoming Saturn V (48-501) flight would be called
4pollo &4, and that future Lpcllo missions would be numbered
in the seguence in wnich they ocecurred. Thus, there have
en zny missions olficially cesignated as Apollo 2

PO T
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N
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