
Neil A. Armstrong, a member of the 
X-15 pilot team, is an aeronautical re- 
search pilot and engineer at the 
NASA Flight Research Center at Ed- 
wards AFB, Calif. A former Naval 
aviator, he holds a B.S. degree in 
aeronautical engineering from Pur- 
due Univ., and has done graduate 
work at the Univ. of Southern Cali- 
fornia. For the past five years at the 
Flight Research Center, he has 
specialized in the operating problems 

' of high-performance research aircraft, 
such as use of a pilot in the launch 
and injection of multistaged orbital 
vehicles and techniques necessary for 
the landing of very low lift to drag 
ratio aircraft. 
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THE LONG-AWAITED first glide flight of the X-15 was successfully 
completed last June and was followed by the first powered flight 

last September. The first X-I5 aircraft is now being operated by the 
NASA Flight Research Center at Edwards AFB, Calif. Two addi- 
tional aircraft are being operated by North American Aviation pend- 
ing completion of the contractor demonstration. The value of this 
t-e of research tool rests in its ability to expose itself to moderately 
high-performance flight regimes repeatedly and reliably. 

The X-15 electronic systems were planned to assure maximum 
utillty and safety with the aircraft and to permit a maximum amount 
of research information to be recorded and presented in its most 
useful form. A review of the functions of the X-15 electroni,c sys- 
tems and their relation to the success of flights may prove valuable 
in the design and specification of future manned systems. 

The X-15 is, in concept, .a self-contained data gatherer. Once 
dropped from its B-52 carrier, it is capable of rocket boost to a high- 
velocity, high-altitude zero-g trajectory of long ,duration, of re-entry 
at a wide range of flight conditions, and of performing a poweroff ap- 
proalch and landing at the home station-Rogers Dry Lake at Ed- 
wards AFB. 

Although inner-loop damping augmentation is provided about all 
three aircraft axes, the vehicle is controlled exclusively by the pilot 
in the conventional fashion. The research measurements are re- 
corded on board :the aircraft on oscillographs. Parameters of inter- 
est include those required for the analysis of aerodynamic and struc- 
tural heating, control at  low dynamic pressure, and exit and re-entry. 

It was deemed advisable to fly the X-15 over an instrumented 
ground range in the interest of flight safety, maximizing data acquisi- 
tion and providing convenience in the general operation. The sub- 
sequent integration of this range (High Rfange) with the airborne 
procedures makes it appropriate to include a brief description of the 
ground range before .discussing flight functions as such. 

High Range is basically a radar space-posi,tioning and communica- 
tions net over the proposed trajectory of the research aircraft, as illus- 
trated on page 43. In addition, i t  includes equipment for telemetry 
monitoring, telemetry recording, and master :timing for data correla- 
tion. As can be seen in the illustration, the range is a series of three 



X-15 Trajectory Over High Range 

s.tations, including the master control at the NASA 
Flight Research Center. The range was located to 
minimize interference with civil airways and pro- 
vide suitable intermediate launching areas to per- 
mit a logical buildup of the flight program to the 
maximum performance flights. The radar equip- 
ment, construoted by the Reeves Instrument Corp., 
is a modification of the AFMTC Model I1 similar 
to that used on the Atlantic Missile Range. These 
automatic angle and range-tracking units operate 
on S-band and have 400-mile ranging-circuit cap- 
ability. The uni.ts are located to provide adequate 
overlap capability and ,omnidirectional tracking 
down to an altitude of 10,000 ft. 

Electronics in Actual Flight 

As to actual flight, some areas which incorporate 
electronics in a primary or secondary manner are 
flight-condition information, aircraft system-per- 
formance information, communications, and naviga- 
tion. 

Quantities of interest to  the pilot, whether or not 
the aircraft is within or outside the sensible atmos- 
phere, include trajectory velocity, vertical velocity, 
altitude, precision pitch attitude (for re-entry), and 
.abtitude about all three axes. 

In addition, along-range and cross-range velocities 
are required for research data. Conventional pres- 
sure sensors and simple gyroscopes are not used be- 
cause they do not function adequately throughout 
the X-15 mission. Doppler and radio techniques 
were eliminated because of their attitude limitations 
and power and cooling requirements. The inertial- 
platform concept proved ( CONTINUED ON PAGE 76) 

All-attitude-stabilized platform for X-15 inertial system, 
developed and built by Sperry Gyroscope. This unit 
weighs 55 lb, fits in 12  x 18-in. case. 
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ordnance initiafion. 

Aboard the vehicle, EBWs virtual immunity 
to premature initiation makes it possible 
to eliminate elaborate safing mechanisms. 
Weight of multi-stage missiles and space 
vehicles can thus be significantly reduced. 
Of prime economic importance is the versa- 
tility of the Librascope EBW System. For one 
EBW flight firing unit will properly sequence 
and initiate all ordnance components i n  a 
complete missile system. 
Designed and developed by Librascope's 
Sunnyvale Branch, the EBW System utilizes 
the energy produced by the 

energy RF fields. e:' :;@@+ 

Librascope Sunnyvale Branch, 

.*-. 

Send for EB W Brochure to 

670 Argues Ave., Sunnyvale, Calif. 

X 4 5  Operations 

(CONTINUED FROM PAGE 43) 

the most suitable approach for the 
X-15's relatively short flight duration, 
and it was selected for the primary 
cockpit preselltation and data record- 
ing. 

The X-15 inertial flight-data system 
was developed and built by Sperry 
Gyroscope Co. It is composed of a 
stabilizer and computer in the X-15 
and an inflight control panel in the 
B-52. The B-52 controls set initial 
conditions and monitor the stabiliza- 
tion and alignment of the inertial plat- 
form prior to launch. 

The stabilizer consists of three linear 
accelerometers and three integrating 
gyros mounted on a platform which is 
kept perpendicular to the local grav- 
ity vertical under all possible condi- 
tions of attitude and acceleration by 
means of four separate gimbals. The 
servoamplifiers for each axis are tran- 
sistorized and mount directly on the 
gimbal being driven, thus minimizing 
slip-ring requirements. The gimbal 
itself is used as a heat sink for power 
transistors. 

This design approach, which essen- 
tially eliminates gearing on the gimbal 
axes, enhances the performance of the 
platform under vibration. The linear 
accelerometers have a threshold within 

g and an accuracy over life and 
environment without recalibration of 
the order of 10-4 g. Power supplies 
and accessories are contained within 
the stabilizer housing. The case de- 
sign, in addition, serves as a heat ex- 
changer between the internal circulat- 
ing air and the external cooling gas. 

The computer performs all the 
computations necessary to derive alti- 
tude, velocity, and position data in a 
suitable form. It includes the follow- 
ing functions: 

1. Doppler inertial mixing. 
2. Gyro-drift storage. 
3. Acceleration-to-velocity integra- 

4. Velocity-to-position integration. 
5. Earth-rate computations. 
6. Accelerztion corrections (Coriolis 

and centripetal) due to kinetic 
velocities. 

7. Acceleration correctiocs due to 
changes in mass attraction. 

tion. 

The computer is capable of oper- 
ating over -a 720- x 240-mile area. 
The ability to superimpose this space 
over the geographically known High 
Range for every flight considerably 
simplifies the computer requirements. 
The light weight and high accuracy 
of the computer are additionally en- 
hanced by the unit's direct-current 
analog computing concept. All re- 

quired power supplies are packaged: 
within the unit. 

The initial conditions are inserted 
from the control unit in the B-52. 
Along-range and cross-range-velocity 
components are developed from an 
AN/APN-81 Doppler radar, and the 
platform is aligned from an N-1 com- 
pass system. The vertical-velocity 
component is derived from a baromet- 
ric rate-of-climb sensor. Initial posi- 
tion and altitude are inserted man- 
ually. 

Alternate methods of flight-condi- 
tion determination are available to 
the pilot in the event of failure of the 
all-attitude flight system. Attitudes, 
of course, may be observed visually. 
A visual re-entry requires some change 
in technique from standard, but does 
appear feasible. Airspeed and alti- 
tude are presented on pressure-sensing 
instruments in the lower-performance 
flight regimes. Finally, radar data, 
including altitude and trajectory or 
vertical velocity as derived from the 
velocity computer, can be transmitted 
verbally from the High Range stations. 
Data-transmission equipment is uti- 
lized to transmit radar information be- 
tween stations in terms of Cartesian 
coordinates in binary coded form, 
which, when converted to polar co- 
ordinates, will automatically direct 
the next radar on target. The radar 
information is simultaneously recorded 
and plotted at all three stations. 

Radar Contact Maximized 

A bcacon transponder on the X-15 
responds to coded interrogations, max- 
imizing radar-contact probability and 
minimizing interference from other in- 
stallations. Azimuth, elevation, and 
range are recorded at the radar sta- 
tion by means of encoders attached 
directly to the elevation and azimuth 
shafts and range potentiometer. The 
encoder output, in digital form, is 
recorded at a 10-sample-per-sec rate 
on an Ampex FR-114 magnetic tape 
recorder and constitutes the primary 
precise information obtained from the 
radar system. 

Engine, propellant, hydraulic, and 
electrical and other aircraft systems 
are monitored by the pilot primarily 
with cockpit indicators. A comple- 
mentary system uses a standard 90 
x 10 pulse-duration-modulation telem- 
etry system with a capacity of up to 
90 channels of information. Critical 
system parameters are transmitted to 
the ground range in real time. Each 
of the three High Range stations can 
present all of the transmitted quan- 
tities in vertical-bar-graph form on 
oscilloscopes. Forty selected param- 
eters can be presented on calibrated 
meters for more accurate assessment 
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GOODRICH 
HIGH VOLTAGE 

ASTRONAUTICS, INC. 

unusual capabilities for implementing the ex- 
. . . . a new research and engineering team with 

plaration of outer space.. . .through 

ADVANCED PROPULSION 
SYSTEMS 

POWER CONVERSION 
SYSTEMS 

and related areas of space technology and 
research requires for its staff 

PHYSICISTS 
and 

SR. ELECTRICAL 
ENGINEERS 

for creative experimentation in the develop- 
ment of prototype electrical thrust devices 
for space applications. Experience in the 
field of electron, ion, or plasma physics and 
the associated instrumentation and tech- 
niques is required. 

ELECTRICAL ENGINEERS 
For development work on power conver- 
sion for space-initially on high voltage, 
high vacuum electrostatic generators op- 
erating on the variable capacitance princi- 
ple. Several years‘ experience, preferable 
In the high voltage and/or feedback con- 
trol field, is required. High vacuum experi- 
ence an asset. 

Several recent graduates of high caliber 
are also needed. 

MECHANICAL DESIGNERS 
For design and layout of power conversion 

tor components and associated test equip- 
equipment-initially electrostatic genera- 

ment. Several years of experience in the 
design of light weight, high speed rotating 
equipment-aircraft gas turbine or acces- 
sories turbines is required. Knowledge of 
stress analysis helpful. 

. * . b b . * O .  

Employment will be at the modern, fully 
equipped research laboratories of High 
Voltage Engineering Corporation where 
our outstanding technical staff in an ori 
ented environment has produced the world‘! 
most advanced line of particle accelerator: 
and associated devices. 

Kindlysend resume in strictest confidence to 

Mr. Gordon Hamilton, Jr. 

HIGH VOLTAGE 
ENGINEERING CORP, 

MASSACHUSETTS 
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by engineers, Real-time strip-chart 
recording is available directly at the 

demetry stations for as many as 24 
hannels of information. 
All telemetry information is tape- 

:corded directly from the receiver in 
’DM form on an Ampex FR-114 mag- 
etic tape recorder. Data can be re- 
.uced by rephying the tape directly 
hrough the receiving station immedi- 
tely after flight and recording out- 
luts as time-history data on strip- 
hart recorders. The magnetic-tape 
lata can also be reduced automatically 
hrough the use of the Air Force Flight 
rest Center “Project Datum.” This 
ystem will accept a variety of input 
lata tapes and generate output tapes 
:ompatible with IBM 704 or other 
:omputers for automatic processing. 

The servodriven helical telemetry 
mtennae are normally controlled auto- 
natically by synchro data from the 
:racking radar. 

Air-to-ground communication is pri- 
marily by UHF units designed and 
2onstructed specifically for the X-15 
by Collins Radio Co. The system is 
composed of a main transmitter-re- 
ceiver which provides amplitude-mod- 
ulated radio-telephone communica- 
tions on any 20 of 1750 channels in the 
225.0 to 399.9 mc band. A separate 
guard receiver continuously monitors 
a frequency which provides antenna 
switching for space diversity. An 
auxi1,iary receiver operates on any 20 
of 200 channels in the 265.0 to 284.9 
mc band. 

Ground-communication equipment 
is standard military UHF (GRC-27). 
High Range includes a network that 
insures positive contact between every 
ground station and any aircraft flying 
over the range. Each of the three sta- 
tions contains two transmitters and re- 
ceivers (primary and standby) and a 
special communications amplifier and 
switching unit. The keying of any 
transmitter causes, by means of land- 
line connections, the keying of trans- 
mitters at the &her two stations. The 
same output is thus transmitted from 
all stations simultaneously. Receivers 
similarly place their inputs on the land 
line such that simultaneous reception at 
all stations is assured. Each station’s 
transmitter frequency differs slightly 
from the others to prevent an unde- 
sirable audio-beat frequency. Any 
aud,ible frequencies produced as a re- 
sult of these offsets are eliminated by 
the audio-frequency response of the 
airborne receivers. 

An HF communications net is used 
by the rescue and support aircraft for 
air-to-air and air-to-ground communi- 
cation. An additional rangewide in- 
tercommunication system is installed 
for administrative-control purposes. 

Navigation in the X-15 is primarily 

visual. Each X-15 pilot has been fly- 
ing over the High Range repeatedly 
for several years during its construc- 
tion and checkout, and has become in- 
timately familiar with its geography 
and topography. Navigation augmen- 
tation is provided by an automatic di- 
rection-finding feature incorporated 
within the airborne communications 
equipment. Both the main auxiliary 
X-15 radio receivers are capable of re- 
ceiving RF signals from an X-15- 
mounted ADF antenna, amplifying 
and demodulating them, and deliver- 
ing the resulting low-frequency-modu- 
lation components to the direction 
finder and amplifier equipment. 

Emergency Information 

Secondary emergency-navigation in- 
formation can be given to the X-15 
pilot by the radar space-positioning 
network. Electronic Associates Type 
205J plotting boards are installed at 
each station for monitoring trajectory 
data. Each local plotting board has 
a selectable input either local or in- 
coming radar data from a remote sta- 
tion (parallax corrected) to be plotted. 
The master station includes an addi- 
tional plotting board which produces 
a complete plot of the research flight 
by sequential acceptance of data from 
the various tracking radars. 

Also, for any combination of speed 
and altitude, plotting-board overlays 
are available that show a plan form 
of the gliding capability of the X-15 
together with some indication of the 
technique required to achieve any de- 
sired landing area within the plan-form 
area. This information is expected to 
be invaluable in the event of an engine 
burnout or other deviation from the 
planned trajectory which would re- 
quire a landing at one of the several 
up-range, emergency dry-lake sites. 
Other useful services normally pro- 
vided by this facility include B-52 
course alignment prior to launch and 
vectoring information for escort air- 
craft rendezvous. 

We can see in the X-15 program cer- 
tain truisms for advanced flight. An 
automated system is improved by min- 
imizing deviations from its predicted 
norm. A manned system, conversely, 
thrives on its flexibility. The pilot is 
pleased most when he is presented 
the greatest number of alternatives 
with the fewest number of switches. 

The X-15 operation illustrates, in 
many cases, the selection of alternative 
methods rath,er than redundant SYS- 
tems. Failure of particular compo- 
nents will not necessarily cause flight 
failure or compromise primary re- 
search objectives. This philosophy is 
expected to show substantial profit 
when the research results are tallied. 

+ +  
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