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Background 

1. X-20 (Dyna-Soar) background encompasses an 
extensive time period from 1957 to date (see 
Figure 1). Active research and development bas 
been accomplished during dusl phase I competition 
batween Boeing and Martin between mid-1958 and 
mid-1959, end during the current Dyna-Sosr program. 
which was placed under contract in May 1960. 

2. It is to be noted that the active R&D has 
been accompanied by considerBble planning end 
study efforts. These studies have examined 
numerous alternate plans for conducting the pro
gram, as well as a large number bf possible alter
nate vehicle configurations. Relationship of the 
X-20A program with other national space programs 
and ~ith the Air Force Space Plan has been 
extens ively examined in various studies. 

3. The initiation of the program in November 
1957. was preceded by approximately 4 years of 
study of methods of extending system performance 
into the high hypersonic speed flight regime by 
exploit ing large rocke t boosters which ~ere under 
development for the ballistic misaile program. 
It ~as f ound that as speed and altitude perfor
mance incressed, that military potential became 
of -inte~es1;l A large number of technicsl problems 
were identified end found to be of such a magni
tude that a research program ~as required for 
their solution. After careful study ~ithin the 
Air Force and NASA, it ~as concluded that the 
various interrelated problems could best be 
solved by a research or "conceptual test vehicle" 
which would be capeble of extending the flight 
capabilities of the X-15 into the high hypersonic 
flight r egime up to orbital speeds. 

4. A Development Directive issued in November 
1957. ~as followed by a compe tition involving 9 
major aircraft companies. From this competition 
a selection was made of The Boeing and Martin 
companies t o further pursus the relative merits 
of each company's proposal. During the Phase I 
competition, both contractors evolved configu
rations of a wing-body type having very similar 
characterist ics and capabilities. The liE/NASA 
evaluation concluded that the Boeing glider design 
and the Martin booster design should be selected 
for further development. 

5. During this period , because of extensive 
NACA interests in a hypersonic flight research 
aircraft, a joint Memorandum of Understand ing was 
prepared to make the program a joint AF/NASA 
program. 

6. A three-step program was devised. Step 
I utilized the Titan I ICBM booster to boost the 
glider from Cape Canaveral down the Atlantic 
Missile Range to velocities of approximately 
18 ,000 ft/sec. While not as high as desired, this 
speed did permit initial investigation of the high 

hypersonic heating regime ~hich occurs between 
18 , 000 and 22,000 ft/ sec. 

7. The sscond stsp of the three-step program 
was planned to utilize the s ame basic glider in 
conjunction with a lerger, but undefined boos t er 
to achieve the orbital velocities necessary for 
complete re-entry tests. Studies were authorized 
to examine all possible candidates for this step 
of the program and to examine possible military 
equipment tests which could be carried on during 
the orbital phase of the flights. 

8. The third step envisioned future use of 
the technology developed by the first two steps 
to develop a ~eapon system. 

9 . Incres sed glider weight a nd safe ty 
considerat i ons r e sulted in a change to the Titan 
II booster in January 1961. This change in 
boo s ters provided a suborbital capability up to 
22,000 ft/sec. 

10. The M/lJSP (Manned Military Space Program) 
study (November 1961) concluded that the best 
elte~native to the current Dyna-Soar program would 
be to adapt the glider and the Titan III booster 
together to achieve orbital flight. A ten shot 
program limited to single orbits was proposed in 
a development plan dated 16 Novembe r 1961, and 
submittad in conjunction with e ~hite Paper which 
outlined Air Force objectives in space, and the 
essentiality of filling the potential critica l 
gap which then existed in the development of 
controllable maneuvering re-entry vehicles with 
man integrated into the system. This program was 
approved in December 1961, and resulted in the 
initietion of the curren t orbital Dyne-Soar pro
gram. 

11. During 1962, two multi-orbit flights were 
edded within the 10 flight program by direction of 
Hq. USAF, and a change was later made to utilize 
the five sesment Titan III booster as a result of 
a change of the standard booster from four to five 
solid segments. 

Objectives 

The objectives of the X-20A Program are as 
stated in Figure 2. The X-20A is a R&D program 
of a military test system to explore and demon
strate maneuvereble re-entry of a piloted orbital 
space vehicle which will effect a controlled 
landing in a conventional manner at a selected 
landing site. The program will gather research 
data in the hypersonic flight regime, will test 
vehicle equipments, will investigate man-mcchine 
capabilities and represents a fundamental building 
block for the attainment of future mi litary pilo
ted space capabilities. 
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X-20 Flight Corridor 

1. Figure 3 illuatratea the wide range of 
altitude, velocity, and flight path control over 
which the X-20 has the capability of gathering 
reeearch data. 

2. The X-20 possesses the capability of 
dynamically flying at any point below the reco
very ceiling, but above the structural limit. 
Controlled equilibrium flight is possible between 
max. Or. and the structural limit line. The 
initial flight shell be in the middle of the 
corridor for which the thermal margins are maxi
mum, with later flights investigat ing the limit 
lines. 

Research Regime 

1. The widely different re-entry durations 
and heat flux rates (Figure 4) for the semi
ballistic capsule a nd the X-20 vehicle illistrate 
the difference in the re-entry hesting problem 
for the two classes of vehicles. The large heat 
flux rates associated with cspsule re-entry dic
tates ablative shields which work well when the 
re-entry duration is of the order of 10 minutes 
or less. The smaller heat flux retes of the 
X-20 vehicle actually result in a greater total 
hest flux beceuse of the longer duration. How
ever, this heat is radiated away into the atmos
phere by the outer skin and only a very small 
percentage (2 to 5%) is absorbad into the 
structure. 

2. The technology associated with high heat 
short duration re-entry is based on past bal
listic missile programs and is well defined. 
Hovever, little of this technology is applicable 
to lifting re-entry vehicles. The X-20 will 
provide the aero thermOdynamic technology asso
ciated with slender re-entry vehicles capable of 
extensive maneuverability at hypersonic speeds. 

3. Eresent day aircraft are exploring only 
a small region of the potential atmospheric 
flight regime. While the X-15 hes greatly 
extended the investigation at the lowest end of 
this corridor, the greater portion remains unex
plored. Aro facilitiea are presently available 
that duplicate the gas enthalpy and denSity 
corresponding to altitudea of about 200,000 feet 
and flight velocities of about 10,000 ft/sec. 
Partial simulation of some of the night para
meters is possible in conventional hypersonic 
wind tunnels and shock tubes. Complete simu
lstion of the ges conditions in the entire corri
dor is poaaible in the neer future only by actual 
flight. The X-20 is a program that will provide 
the vital data required to develop the neoessary 
technology for hypersonic flight. 

Be-entry Research 

1. The ~20 configuration provides many 
features which will contribute to a number of 
technical areas (see Figure 5). One of its 

unique features is the radiation cooled metal 
structure which can evaluate the effects of the 
dissociated, chemically reac t ing gas flows on 
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heet transfer properties , materials, and oxidation 
resistant costings . The ability to f ly in a real 
gas, hi gh enthalpy flow regime for extended time 
periods wi l l add vital new deta-technological 
anchor points - unobtainable from ground facili
ties. 

2. The effectiveness of blended reaction 
and aerodynamic controls to control the vehicle 
over a wide range of angles of attack (0 to 50°), 
densities and Reynolds Numbers will provide 
extensive performance and stability data. The 
extent of '-laminar now over the vehicle surface 
will provide data on tranSitional flows and 
boundary layer stability. Refractory heat shields 
and the ceramic nose cap on the X-20 are compo
nents which could have application to future 
radiation cooled syst ems. The refractory shields 
are eesily replaceable permitting tests of alter
nate designs. The flight program will also 
provide a large emoun t of test data in the areas 
of flutter, aeroelssticity. acoustics and vibra
tion. 

3. . The X-20A prggram will greatly expand 
our t echnol ogy i n t he ar ea of piloted flight ope
ration (Figure 6) from the relstively short ~15 
flights to global re-entry operations. The 
development of s ophisticated re-entry manegement 
and thermal margin displays and adaptive control 
au~entation will enabla the pilot to exercise 
full command of the guidance and control functions 
and obtain significant research on display effec
tivemess and pilot control capabilities. Valuable 
handling quelities criteria will be obtained 
throughout the hypersonic corridor and during 
approach and landing operation. From this tech
nology, i t will be possible to verify ground 
based flight simulation techniques and devslop 
improved simulat ion programs. 

4. Be-entry flight operstions research will 
be provided by particul ar investigations in the 
following areas. 

Abort Techniques 
Energy manegement techniques 
Corridor exploration 
Re-entry camnunications through ionized 

flow 
Transition from reaction to aerodynamic 

controls 

Design Criteria Impact 

The X-20 flight research program will provide 
design criteria (Figure 7) which will be needed 
for the design of efficient future systema. Since 
these criteris are not now available, the X-20A 
hes been conservatively designed. Turbulent flow 
has been uaed to determine heat transfer rates 
and an allowance of 20% hes been added to account 
for roughness, small waves, and jOints in the skin 
surface. Equilibrtum flow has been assumed in the 
leading edge region whi ch results in the highest 
heat transfer. Heat transfer on the wing surface 
may ba reduced as much as 50% if extens ive lami
nar flow is obtained in flight. Reductions in 
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leading edge heat transfer up to 50% may be rea
lized if the dissociated flow is prevented from 
recombining at the wall by the use of e ·non
catalytic. coeting. If the effects of roughness 
prove to be less detrimental than expected, less 
blunt leading edges might be used which could 
increase the lift/drag ratio by 25% with a corres
ponding lateral range increase of 50%, as wsll as 
a peyloed incresse of up to 6000 pounds. 

Be-entry Mansuversbility 

1. Development of cspsbilities for re-entry 
maneuverebility represents a bssic need of the 
nstion and one of the prime objectives of the 
X-20. The ballistic re-entry concept hss now been 
demonstrsted snd has further emphssized the need 
of distance and direction control capabilities 
during re-entry. The Gemini project will provide 
a minimal improvement in these parameters. The 
X-20A project represents the prime national effort 
to provide a system with a high degree of re-entry 
maneuverability. 

2. The payoffs of re-entry maneuverability 
are meny. The prinCiple payoff is the wide choice 
of landing sites available during re-entry from 
orbit, during emergencies, or in the event unfore
seen circumstances require e chsnge in plane 
during the re-entry end epproech phases of the 
flight. Another key sdvsntsge is the elimination 
of extensive time in orbit, waiting for sn oppor
tunity to land at a selected site. The advantages 
of re-entry maneuverability sre discussed in the 
following paragrsphs. 

Be-entry Maneuverability (Distance and Direction 
QQ.u1r.2l) 

1. An illustration of the use of distance 
and direction control during re-entry is shown in 
Figure 8. After re-entering the atmoephere, a 
maneuverable re-entry vehicle such as the X-20A 
is capable of employing aerodynamic lift to very 
its landing point. Normally, a landing to a pre
selected site as shown in the center of the ground 
landing erea ·footprint· would be planned with 
flight at a nominal glider re-entry attituds (anSb 
of attack) snd LiD. By flying st relatively low 
glider angles of attack, it ia possible with the 
X-20 to extsnd range by approximately 3.000 nauti
cal miles over the nominal re-entry path. By 
flying st a high angle of attack, it is possible 
to shorten the landing distance by approximately 
3000 nautical miles, thus providing considerable 
flexibility for landing at an alternate site if 
necessary. It is also posBible to bank the glider 
and perform e gradusl turn in order to land at 
sites as much as 2,000 nautical miles displacement 
from one side of the orbital trsck. 

2. In comparison, a ballistiC re-entry 
vehicle is constrained to a landing essentially 
slong its orbital trsck, controlled in rsnge by 
the timing of the rstro rocket firing. 

--- -- -- - - -~ --

X-20 Maneuver Flexibility 

1. Choice of landing aress avsilsbls as a 
result of the X-20 maneuver flexibility is lshown 
in Figure 9 for a typical orbital flight, with 
the ground track limited to that of a single orbit 
for clsrity. During the orbital flight, ths pilot 
has the option of lending at any sits within the 
broad bend indicated on the chart, whereas a 
ballistic devics could land only along the orbital 
track shown within this bend. 

2. Typical landing footprints ere shown to 
illustrete the size of the lending area available 
to the pilot after a deorbit hss been accomplished. 
Such e footprint is always potentially avsilabla 
to the pilot, with its center some 8000 miles 
ahead of his actual position, snd mey be visua
lized as moving along the orbital track ahead of 
the vehicle end becoming available after deorbit. 
The considereble flexibility such e capability 
provides should be of considersble importsnce to 
operational missions which cannot always be com
pletely preplanned, as well as f acilitating the 
accomplishment of preplsnnad test missions. 

Test Vehicle Equipment and Explore Man's Function 
in Space and Be-entry 

1. One of the objectives of the X-20A program 
is to test the vehicle's equipment and to explore 
the role of the pilot during orbit. 

2. Initially, the more important portions of 
the flight teating effort will necessarily concen
trate in the boost and re-entry aress until 
con!idence and equipment reliability are fully 
established. Hence, the initial flights ere being 
planned as single orbit flights. Even eo, these 
flights provide a ,significant 43 minutes in orbit 
in which to accomplish additional testing of both 
man and macbine. This testing extends to all of 
the vehicle subsystems as well. 

3. Later, multi-orbit flights will eerve to 
extend this testing time when a shift of emphaeis 
to brosder system testing becomes appropriste. 

4. With all elements adequately instrumented 
for research and performance testing, the X-20A 
then provides the meaDS for meeting ite test 
objectives. 

Mission 

Now that the history and the basic program 
objectives hsve been covered, a discussion of our 
present program is in order. First, thet 

Air Launch Program 

The purpose of the air lsunch program is to 
demonstrate low supersonic, transonic and subsonic 
flight and landing capabilities, operation of sub
systems, evaluate the integrsted glider subsystems 
in flight prior to ground launch, and to conduct 
pilot training. One glider is scheduled to accom
plish 20 air launches. Tbe test program is planned 
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to fully explore the lo~ speed portion of the 
flight corridor (70,000 feet altitude and up to 
speeds of approximately Mach 1.4). The glider 
is air launched st an altitude of approximetely 
50,000 feet and at a speed of approximately Mach 
0.8. The accelaration rocket ~ill be used on four 
po~er-air-launches to obtain lo~ supersonic per
formance. 

Ground Launch Progrem 

1. The first phase of the ground launch 
progrem ~ill be a t~o shot unmenned configuration 
utilizing developmental boosters. The next phase 
of the program consists of manned shots of both 
single and multi-orbit configurations. The nature 
of these flights is depicted in Figure 10. 

2. Prime mission of the single orbit flights 
is exploration of the re-entry flight regime and 
demonstration of controlled maneuvering re-entry. 
These flights are launched from Cape Canaveral 
and directed along the Atlantic ~ssile Range, but 
tilted over to a flatter boost trajectory than is 
common for ballistic Isunches, so as to avoid vio
lating the aerodynamic flight recovery ceiling. 
Boost burnout occurs approximately 1,000 miles 
down range ~here the vehicle ie injected into an 
elliptical orbit ~ith an spogee over South Africa 
(altitude approximately 100 nautical miles) and a 
perigee ~ithin the atmosphere (altitude approxi
mately 60 nautical miles) northwest of Australia. 
At this point. advantage is taken of the X-20's 
aerodynamic controllsbility to prevent re-emer
gence and thus initiate re-entry. There follows 
a 7.000 nautical mile hypersonic re-entry approach 
through the PaCific ~ssile Range to Ed~erds AFB 
in CalIfornia. where a horizontal landing is 
effected on the dry lake bed. Nominal re-entry 
time is 50 minutes. All critical action regions 
of the hypersoniC boost and re-entry flight ere 
covered ~ith SHF range instrumentation and data 
collection facilities. 

The Multi-Orbit Flights 

These are very similar to the single orbit 
flights in the launch end rs-entry areas, except 
that the launch azimuth is reduced to allo~ for 
precession of the ground track due to earth rota
tion during the orbital time period. The Titan 
III transtage is retained as part of the orbital 
vehicle to provide propulsion in orbit. Upon 
reaching the apogee, the transtege rocket motors 
are fired briefly to circularize the orbit. 
Thereafter, orbital flight proceeds for three 
orbits to a point over the Indian Oceen ~here the 
glider orientstion is reversed and the transtage 
again fired briefly to effect deorbit. The glider 
orientation is ~urned for re-entry and thereafter, 
re-entry is executed as for t he single orbit 
flights. 

Configuration 

1. The X-20 (Figure 11) consista of a 12.250 
pound glider, of ~hich 1000 pounds is payload, end a 
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5.750 pound transition section. The glider lower 
surface area is 345 square feet. Tbe maximum 
length is 35.3 feet, the maximum height is 8.9 snd 
the maximum ~idth is 20.8 feet. The re-entry and 
landing ~eights of the glider are 12,000 and 
11,700 pounds, respectively. The transition 
section is 15 faet in length end has a maximum 
diameter of 10 faet. It is divided into a 4.7 
foot emergency propulsion section and lQ.3 foot 
mating end multi-orbit equipment section. 

2. The glider is shown mounted on the Air 
Force's Standard Space Launch Vehicle (Titan III). 
This booster will not be discussed here, but ~ill 
be the subject of a seperate paper in another 
section of this symposium. 

3. Figure 12 shows the three compertments 
within the glider which are cooled. The pilot's 
compartment and the equipment compartment are 
both pressurized and cooled end the rear or secon
dary power compertment is provided with heat pro
tection by means of a water wall. 

4. The equipment compartment is designed to 
provide 75 cubic feet of evailabla space and is 
shaped to eaSily accommodate a ~ide variety of 
payloads. It is designed for 1000 pounds payload 
and is currently utilized to housa the test instr~ 
mentation subsystem and portions of ths communi
cations subsystem. It is provided with a 100% 
nitrogen stmosphere pressurized to 10 PSIA, and 
thus is well suited for the test of prototype 
electronic equipment ~h1ch has not nscessarily 
been made explosion-proof. 

5. The secondary power compartment houses 
ths hydrogen tank, oxygen tanks, auxiliary power 
units, end othar equipment required to generase 
end distribute power. Hydrogen is stored super
critically in order to assure expulsion under 
weightleas conditions, and is utilized as a heat 
sink as well as for fuel for the APU's. 
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Technical Developments 

1. This first portion of the presentation 
was to acquaint the unf~iliar with the basic 
Dyna-Soar program. Now we will turn our attention 
to some of the technical areas of interast to 
discuss in more detail. 

2. One of the first important decisions that 
was made in the Dyna-Soar program was to choose,) 
a hot primary structure approach instead of an 
active cooled aluminum sub-structure. These two 
concepts were evaluated in the June 1959 evalua
tion between The Boeing and Martin Companies. 
Although the cooled approach had many desirable 
characteristics including much better volumetric 
efficiency, there wes considerable doubt at the 
time ss to the feasibility of developing a heat 
shield system for the cooled 'structure which could 
effectively restrict heat shorts through attach
ments and hot boundary l syer air leakage to the 
cooled structure. The feasibility and reliability 
of employing extensive coolant tubing throughout 
the glider was also considered a serious problem. 
The feasibility of the hot structures, however, 
had been demonstrated by Boeing during Phase I 
and the inherent reliabil ity of a passive cooling 
system were important factors in the deciSion. 

3. The state-of-the-art has advanced consi
derably in both areas since 1959, and follow-on 
applications of the Dyna-Soar technology may have 
either a hot or cool sub-structure depending on 
the overall system requirements. 

X-20 Structure 

1. The X-20 structure is one which is sub
jected to a severe re-entry environment. Temper
ature varies between 36500f on the nose cap to a 
life environment for the pilot and equipment. 
The vehicle is subjected to dynamic pressures up 
to 860 psf during boost, sonic vibrations of 147 
decibels, maneuver factors between - 19 and + 4g, 
and sink rates up to 8 fps during lsnding. 

2 . The system consists predominantly of 
trusses fabricated from materials selected to 
sustain the thermal environment (see Figure 13). 
The structure is designed to operate in an environ
ment up to l80QoF. It is capable of Withstanding 
at least four maximum condition re-entries. The 
conditions of major concern to the designer are 
thermal grad~ents across the structure and maxi
mum structural temperatures . Accommodation of 
maximum temperatures is primarily a matter of 
material selection. For Dyna-Soar, Rene' 41 
(nickel-base superalloy) has been selected. This 
alloy exhibits the best combination of availa
bility, workability , end strength at elevsted tem
persture. The accommodation of thermal gradients, 
which are as high as 500~ across a structural 
section, is an arrangement and concept problem. 
On Dyna-Soar, the basic approach is use of truss
type construction. Trusses were chosen because 
of their ability to reorient to the thermally 
induced shape wi "' _~lJt causing excessive secondary 
stresses. This principle is demonstrated in 

Figure 14 for a single. three-sided truss. As 
member AB heats to a greater temperature than the 
other ~embers, and hence, elongetes more than the 
other members, the triangle changes shape by 
rotating about the joints. 

3. This accommodation of gradients, which are 
nonlinear , is also best handled by trusses since 
the loads are carriad in discrete members separa
ted by air s paces as opposed to shear webs which 
have continuous shear material between the joints . 
Where thermel gradients are nonlinear, high shear 
stresses can be created by the l arge differences 
in thermal deformation across small distances. 
Where the therma l gradient is linear and the 
structural members are isolated, corrugated shear 
webs function satisfactorily. 

4. The Dyna-Soar glider truss arrangement is 
as shown in Figure 13. Structural details of the 
various truss area s are predicated on the loading 
conditions, thermal environment , space available, 
manufacturing capabilities, and other peculia
rities in the area in question . The fuselage 
mein beams utilize rectangular, round and square 
members, pinned and fixed jointa, joint fittings 
made from forgings andbar stock, and both standard 
and special fasteners . 

5 . The exterior surface consists of Rene' 41 
corrugation-stiffened panels, either uninsulated 
or insulated", depending on the l ocation of the 
panel on the glider . Insulated panels are used 
in all areas ~here the surface temperature exceeds 
2000~ and includes the entire lower surface of 
the glider, the outboard surface of the fin and 
rudder, and a small por t ion of the forward sides 
of the body aft of the nose cap. Uninsulated 
panels are used on the u pper surface of the wing, 
body, and elevon , a nd on the inboard surface of 
the fin and rudder. The configuration, sizes, 
and materials selected for thase panels resulted 
from design considerations that include thermal, 
flutter, sonic, air pressure, and shear "loads, 
fabricability, and maintainability. The insulated 
panel, as shown in Figure 15 consists of a Rane' 
41 corrugated penel with TZM molybdenum or D-36 
columbium alloy heatshields attached with stand
off clips, and Q-felt insulation sandwiched 
between the two. 

6. The D-36 and TZM heatshields assemblies 
are protected against oxidation by a disilicide 
coating. Individual parts are precoated prior 
to riveting, and the completed riveted assembly 
is recoated to protect the riveted area and the 
faying surface between the clip flange and the 
shield . 

7. The leading edges are defined as all edgas 
that face into the airstream. Altogether, the 
glider has approxi T.ately 140 run ning feet of 
leading edge construction and about 140 square 
feet of expoaed area. Average transverse spans 
are on the order of 8 inches. The edge radii vary 
from a maximum of 7.5 inches at the nose cap to 
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a minimum of 2,06 inches on the inboard side of the 
elevon . The radii are jointed by faired and tapered 
sections. These sections were selected to be con
sistent with a maximum design short-time tempera
ture of 29000F and an equilibrium temperature of 
2825~ . Nonmetallic leading-edge speCimens have 
been built of graphite, ceramic, and composites . 
Metsllic specimens have been built of forged 
molybdanum and sheet-metal tantalum, columbium and 
molybdenum. Of the metallic specimens, only the 
molybdenum and columbium sheet- metsl have reached 
detail design status. The effort spent on graphit~ 
ceramic and composite designs did not result in 
arrangements which were competitive with sheet
metal designs in terms of joint smoothness, suita
bility for sealing, and applicability to geometry. 
In addition, both the nonmetallic and the forged 
refractory specimens appsar to be hesvier, as shown 
in Figur e 16, TZM molybdenum alloy sheet metal will 
be used for most of the leading edges, and D-36 
columbium alloy for areas where temperatures do not 
exceed 2450~ . 

Nose Cap 

1 . The nose cap of the Dyna-Soar glider is 
required to sustain very high temperatures over a 
much longer period than that of a ballistic ra
entry vehicle . Because of this relatively long 
period at temperature and the desirability of main
taining aerodynamic shspe, the development effort 
has centered around heat-sustaining materials. Two 
structural configurations of different mF. terial 
combinations are being developed. one by the Chanc~ 
Vought Corporation end the other by The Boeing 
Company. This dual effort has been considered 
necessary because this piece of hardware is so 
critical to the successful flight of the vehicle. 

2. The Chance-Vought concept utilizes a 
structural shell of National Carbon RT-0029 
graphite protected by a silicon carbide coating. 
The shell is further protected by an outer cover 
of zir conia tile retained by zirconia pins in such 
a manner that the major thermal stresses in the 
protective cover are relieved by mechanical motion 
between the zirconia tiles. This cap is illus
trated in Figure 17. 

3 . The Boeing nose-cap effort is directed 
toward developing a monolithic shell of zirconia 
reinforced with platinum wire. The forward face 
of the shell is grooved to relieve the thermal 
str ess on the surface. This surface grooving is 
accomplished by inserting a paper honeycomb config
uration into the mold, preSSing, and burning the 
paper out during the firing operation. 

4. The mounting of the nose-cap shell to the 
glider structure has been a joint effort of the 
two companies. The mounting is so arranged that 
the attachment of the two nose-cap shells to the 
support ring differs in only minor details. 

Landing Gear 

The Dyna-Soar landing geer configuration is 
an all- skid, tricycle arrangement utilizing 
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yielding metal (energy strap) shock absorbers. 
Eech of the two main and the single nose gear are 
composed of three major elements: a skid, a 
pivoting support strut, and an energy strap (see 
Figure 18). The main skids ere wire brush types 
to ganerate a high coefficient of fric t i on, and 
the nose skid is hard coated to provide a low coe
fficient of friction. The support struts are 
assembled from mbchined Rene' 41 forgings end are 
de signed to pivot aft under load. This pivoting 
motion causes the energy straps to yield and absorb 
the landing impact energy. 

2. All landing-geer doors are operated mechani
cally by the extension motion of the geer. The 
gear itself is extended at 275 knots by a high
pressure pneumatic sys tem which moves the gear to an 
external position where aerodynamics and gravity 
complete the ex t ension cycle. The major portion 
of this pneumatic systdm, as well as the geer 
itself, will experience a high-temperature soak 
in the 1600~ to 1800~ range. 

3. A test program is presently being conducted 
at Holloman Air Force Base, Track Test Division 
on both the nose and main skids. Asphalt, con
crete, and lakebed surfaces heva been laid down 
in the sled track trough so that 5000-foot s11de
outs can be made to verify the coefficient of 
friction, wear, and bump capability on each type 
surface. A special r ocket sled permits the glider 
to start the slide-outs at the maximum glider 
Isndingvelocity of 220 knots and to coast to a 
full stop in 5000 feet. 

Inteirated Pbwer and Coolina 

1. The operation of Glider Subsystems results 
in s 34HP ,IDesign Requirement for Secondary Bower 
Generation. This total can be broken down into 
the primsry electrical load, such ss guidance, 
communications, flight controls, TIS, cockpit 
displsys and lighte that account for 6.9 EVA, and 
secondary electrical loads associated with enviro~ 
mentsl control equipments and cryogenics supply 
requiring 3.8 EVA. The remsinder can be attri
buted to the 8 .5 GEM, 3000 pai hydreulic load. 
Considering the duty cycle of tha subsystems. the 
total energy dem&nd could vary from approximately 
12 to 80 horsepower-houra. 

2. Figure 19 shows the secondary power gene
ration spectrum derived from initial and projectad 
program requirements superimposed over load ragines 
within which particular energy conversion units 
operate most effectively. Note thst the chemical 
dynamic APU is shown as the most suitable prime 
mover for the X-20A spplication. A cryogenic 
bipropellaot. hydrogen and oxygen, was selected 
on the besis of results comparing many propellant 
combinations. The two moat promising schemes are 
shown in Figure 20. Here hydrezine weight requ1r~ 
mente are approximstely 2 1/4 times that of the 
hydrogen-oxygen unit. On this basis, the hydrogen
oxygen bipropellant combination was selected. The 
operation of electrical and hydraulic equipment, 
combined with the effacts of aerodynamiC, heeting 



results in e total heet load of approximately 
200,000 BTU's. Two approaches were taken to 
dissipate this energy: 

a. Equipment cooling would be accomplished 
by the environmental control system within the 
framework of the 3 compartments. 

b. The major portion of aerodynamically 
generated heat passing through the outer surface 
would be removed by s system mounted to the outer 
face of the compartment walls. 

3. The selection of this propellant combina
tion resulted in the use of hydrogen as heat sink 
for equipment cooling, since a comparison with 
water (see Figure 21) indicates a considerable 
weight s aving and a wide tempereture range to 
accommodate the cooling of equipments having 
different operating temperaturea. The effect of 
adding ammonia to water result» in a wider temp
erature range at low eltitude. 

4. When the implications of Figures 20j and 
21 are resolved in terms of hardware and subsystem 
raquirements, the impact of specific concepts can 
be avaluated. Two of the most promis i ng approa~ 
were selected for comparison: an integrated 
hydrogen-oxygen system utilizing hydrogen-oxygan 
for power generation and hydrogen for cooling, and 
hydrazine power generation units combined with e 
water-ammonia cooling system. 

5. The weight advantegas of an integrated 
hydrogen-oxygen system are shown in Figure 22. 
Although a comparison of re-entry weights shows 
only a amall savings for tha cryogenic systems, 
the growth capability for multi-orbit missions is 
significant. 

6. As a result of this study. the integreted 
cryogenic system waa selected end a hydrogen
oxygen reection control system incorporated by 
including propellant for attitude control in 
tankage common to both systems. This additional 
feature waa short-lived aince analog flight 
simulator studies indicated hydrogen requirements 
for attitude control that exceeded the capability 
of the hydrogen storage system end tenk pressure 
controls. 

7. A schematic of the integrated system ia 
shown in Figure 23- Hydrogen, transported di
rectly from the permenent vacuum insulatad storage 
vessel is utilized in the primary heat exchanger 
to absorb heat from the pressurized compartments 
and a number of aquipments. A secondary loop, 
employing sn aqueous solution of ethylene glycol 
and water as the working fluid, transports heat 
from the compartment atmosphere, hydrauliC oil, 
APU gearbox and controls, and the alt ernator to 
the primary collant. After passing through the 
primary heat exchanger, hydrogen is combined with 
oxygen in the combustion Chamber of the APU to 
drive the hydraulic pump and alternator through 
a 3-stage re-entry turbine. Both cryogens are 
stored above the critical pressure by supplying 
heat to the fluids to maintain a constant 

expulsion pressure and are stirred to prevent 
stratification. When the hydrogen requirement for 
cooling exceed that for power generation, the 
excess i8 exhausted overboard and, if the reverse 
is the case, the additional hydrogen is supplied 
to the prime mover via the heat exchanger by-pass 
line. 

8. Severel problems encountered in the devel
opment of the integrated system are mentioned in 
Table 1. Sa tiafactory design approaches have 
been adapted to solve most, and in many cases, 
operation of revised development hardware has been 
demonstrated. 

Water Wall 

1. Thermal protection f or the X-20 duri ng 
re-entry flight ia provided by a radiation-Qooled 
outer surfece employing coated refactory metals 
or Rene 41. Since this method is not totelly 
effective in preventing the influx of aerodynami
cally generated heat to the vehicle interior, 
additional protection must be included to absorb 
this energy to minimize the effect on the internal 
environmental control system. 

2. Two possible choices are available: 
insulating the compartments with a sufficient 
quantity of material to prevent heat from reaching 
the interior, or combining insulation with a 
cooling system. From a weight standpoint, Figure 
·24}shows that when re-entry times and average 
surface temperatures are considered, the concept 
of insulation and cooling results in the lightest 
waight. 

3. After considering many possible insulat~ 
a light-weight fibrous quartz material, Q-felt, 
was selected as one of the most thermally effectne 
material for application to the X-20. 

4. The selection of a cooling system consid
ered both active and passive types. The passive 
system was selected because it offered more 
inherent reliability, was of simple construction, 
and was readily adapted to a hot structural con
capt that hes few heat shorts to the cooled 
compartments. Also, the weight of the passive 
system was less. 

5. A schematic of the water-wall system is 
shown in Figure 25- The insulation is covered 
with a 2 mil metal foil, that acts as a retention 
sheet. This outer surface is supported by perfo
rated diacs to distribute the load into the cover 
and to provide outlets for outgassing of air from 
the inaulation during boost. 

6. The cooling syatam dissipates the heat 
transferred from the hot outer surfaces by 
utilizing the latent heat of vaporization of an 
expendable coolant. It is an open ended type 
conSisting of an assembly of polyurethane foam 
sections contained by aluminized mylar laminated 
faces. A gel, composed primarily of water, is 
retained within the cellular foam structure from 
the time of system fabrication until evaporated 
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during ~light of the X-20 through the earth's 
etmosphere. 

7. Since the coolant is not circulated, 
successful operetion depends upon the ebility of 
the sys tem to contain a sufficient supply at 
desired locations. The coolant supply will be 
installed during fabricetion of individual panels 
end remains in tact until tha time of use. 

8 . Problema encountered in the developmant 
of this system included difficulties in meeting 
life requirements and developi g 'field' filling 
procedures. As a result, it was decided to factory 
fill the panels and replace them after eech flight. 

Flight Control 

1 . Now I would like to turn our attention 
to the flight control ~ubsystem. The X-20 flight 
control system utilizes the self-adaptive control 
principle as the primary technique for stability 
and control of the glider and the glider plus 
transition configurations. Early self-adaptive 
flight control work was accomplished by the Flight 
Control Laboratory at ASD, Wright-Patterson Air 
Force Base, Oh~o. This work was followed by the 
applicat~on of this development in the X- 15 flight 
control subsystem. The X- 15 self-adeptive flight 
control program is being monitored for application 
of this experience to the X-20 flight control 
development. 

2. Figure No. 26 illustrates the flight 
control subsystem as planned for the X-20 vehicle. 
In the manuel mode of operation, the flight contrcil 
subsystem electronics utilizes signals derived 
from tha pilot's sidestick controls and rudder 
pedals . These controls are provided with dual 
position transducers to provide electrical signals 
for the flight con trol subsystem electronics. 
Electrical signals are se nt to the eervo valves 6f 
the aerod;ynamic and thrust vector controls far ecti
vation of these portions of the system. The thrust 
vactor controls are used only in the event of an 
abort. Electrical signals are also sent to the 
resction control sya~em ror eC~~Te~~Vn of the 
react~on control solenoid valves. Dual and triple 
redundancy is employed throughout the entire flight 
control subsystem. Switching logic is employed 
with monitors for feil sefe operation in event of 
a malfunction of tha dual redundant electronics. 
These monitors provide automatic switching to 
8witch out any malfunctioning channel of operation. 
Automatic operation is provided by signals derived 
from the primer7 guidance system. These signels 
command the correct pitch attitude or angle of 
attack. bank angle and zero sideslip. 

3 . A variety of control, stabilization and 
gsin techniques sre used in the flight control 
system. The automstic mode utilizes the self
adaptive gain control principle. Two manual 
modes are provided. The manual augmented mode 
utilizes the self-adaptive gain control principle. 
Additionally. proviaion is made for pilot selection 
of an appropriate gain. The manusl direct mode 
provides for pilot aelactabla gain adjustment of 
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the controlling element gain. i.e •• aerodymanic 
control and thrust vector controls. The manual 
direct mode provides through threshold switches 
the direct electrical control of the reaction 
control solenoid valves. 

4. Flight control subsystem electronics 
developme nt. analysis and design is essentially 
complete. The functions l requiraments and perfor
mance requirements have been established. Pro
duction flight control subsystem electronics 
mechanization diegrams heve been relaased. The 
first production prototype unit has been fabri
cated and delivered to The Boeing Company for 
installation in the guid&nce and control develop
ment model. This equipment is presently being 
installed in a mock-up wherein all interfacing 
electronic equipment is also installed. Testa 
during this phase will determine equipment 
compatibility. Qualification testing' of tha 
production flight control electronics is planned 
to stsrt approximstely September 1963. 

5. It is spparent to ,most of you that the 
X- 20 flight control subsystem is a very sophisti
cated development. Now let us turn lour attention 
to the problems it must solve and why ' it must be 
complex. In Figure l27. the stability and control 
problems are shown aa a function of the mission. 
During the boost phase of the mission. the X-20 
stability and control problem is primarily that 
of the potential abort configuration. During the 
boost phase. the aerodynamic controls are l ocked 
qy hydraulic means to fixed positions most 
faborable to the worst abort conditions. The fact 
that the center of gravity is behind the aero
dynamic center of pressure for the abort configu
ration impoaes exacting requirements in the flight 
control subsystem dasign. The self-adaptive flight 
control systam must therefore have suitable 
initial condition gains and be capable of 
adapting to tha optimum gain rather quickly. The 
static instability is sufficiently great that 
stability augmentation must be ralied upon. It 
is questionable whether the pilot could provide 
the necessary damping in the event of stability 
augmentation failure in one or more axes. The 
orbital phase of operation provides problema in 
the area of maintaining the des i red attitude 
accuracy in the automatic mode "in view of fuel 
utilization restrictions. Consequently. trade
offs ara being mEde involving the attitude 
accuracy in the automatic mode. Present indicatuxs 
are that fuel utilization will be satisfactory 
in the manual modes of operation. During re-entry 
both reaction and aerodynamic controls are utilized 
for stability and control. The uae of reaction 
controls is discontinued when the aerodynamic 
pressure increeses to a point where the aero
dynamic controls provide the majority of control 
effectiveness. During this phase of operation 
very low load factor limits are observed in order 
to preclude exceeding the glider temperature lliDit:e. 
Considerable work has been done in this area to 
define acceptabl e handling qualitiea requirements 
at these low dynamic preasures. The hypersonic 
glide regime provides atability and control 
problems in terms of providing satisfactory roll 
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control and high angles of attac k. The funda
mental nature of the probl em is that aerodynamic 
surfaces pr oduce moments about the body axis where 
i t is r equired that a moment be produced about the 
roll stability axis. This problem is f urther 
complicated by the fact that the elevons produce 
rela tively strong yawing moments . Several 
solutions have been found to this problem includWg 
the cross feed of roll commands into the rudder 
surfaces. As shown in Figure 27L the close 
proximity of structural frequencies, self
adsptive limit cycle frequencies, the aerodynamic 
short period and handling quality requirement 
frequencies have required careful attention to 
detail. The aero-servo-elgstic coupling problem 
has resulted in the design of structural coupling 
filtars in the flight control subsystem electro
nics to provide a very high attenuation of any 
structural feedbac k signals to the gyros . 
Additionally, careful attention has been given to 
the design of the self-adaptive limit cycle 
circuitry to preclude t he possibility of struct ural 
mode oscillations reducing the self- adaptive gsin 
unnecessarily . Attention has also been given to 
gust and pilot input frequencies in order to 
preclude undesirsble changes of self-sdaptive 
gein due to these in puts. The basic fundamental s 
of the self- adaptive technique utilized in the 
X- 20 flight control system are re6sonably simple. 
The concept that is employed involves use of a 
high gain control loop preceded by a model or 
filter designed to provide tha char acteristics 
of the desired handling qualities. The assumption 
being that if the loop gain is sufficiently high, 
the outer loop performance will conform to that 
defined by the model . Gein is me i ntained by the 
self-adaptive gain computer . This device utilizea 
signals obtained from the moment producing control 
element, for example, the elevator in the pitch 
axis . The gain computer maintains the necessary 
gain t o keep the pitch rate innerloop on the 
verge of an unstable oscillation. This is accom
plished by virtue of measurement of the elevetor 
deflection. The deflection signsls are passed 
through logic £ilters. through e rectifier to 
obtain the absolute value of motion of the surfac~ 
then through appropriate limiters end shaping 
circuits, and finally to the variable gain 
circui tr" , The l ogic filters are designed for 
frequencies of epproximetely four tenths of a 
cycle per second for the up gain l ogic and four 
cycles per second f or the down gain l ogic . 
Operetionally. this will mean that any oscillatory 
ener gy of the ~levator in the vicinity of four 
tenths of a cycle per second will result in 
increas ing tha gain of tha flight control system . 
Similarly , elevator ectivity in tha vicinity of 
four cycles per second will result in a decrease 
of the flight control system gain . Nominally . a 
very smell amplitude oscillation of the cont r ol 
surface will exist during flight with a frequency 
of approximatel y one to two cycl es per second . 

Guidance 

1. The Dyna-Soer program , at its inception 
presented the first requirement for e full 
navigstion and guidance capability f r om launch 

thru re-entry and thence to landing of a manned 
space vehicle . The configuration r equirements 
were established about a primary system that 
would provide the greatest r el i ability of per
formance at a minimum cost thru employment of 
proven system elements to the greatest extent 
feasible. A reliable simple backup capability 
was to be provided to enable safe re-entry in the 
event of fai lur e of the primary system. 

2. Initially. a guidance configuration was 
established during the boost portion of flight 
by providing guidance and control f r om the glider 
inertial guidance subsystem . Backup was t o be 
provided by an available Radio Guidance System 
in the event of an IGS failure. Upon r eorien
tation of t he program to the Titan III Space 
Launch Vehicle . t he boost guidance configuration 
was revised to control t his port ion of the 
trajectory from the available booster Inertial 
Guidance System. Currently a booster guidance 
backup capability has not been established . 
However. simulation investigations have indicated 
the feasibil ity of the pilot to control the boo
ster, with the aid of proper instrument displays, 
thru the f light control syst em to the point of 
injection within acceptable l i mits . Studies are 
currently underway to determine manner a nd cost 
associated with mechani zation of such a capabilit~ 

3. During orbit and r e - entry , navigation 
and guidance capability will be pr ovided by the 
glider's Inertial Guidance System. The elements 
of this system are shown in Figure 29r This 
system provided by Minneapolis- Honeywell consists 
of three major elements: the inertial platform , 
which is a further refinement of a platform 
initially developed for the NASA (Centaur Program) 
a combined gener al purpose (g.p.) and digital 
differential analyzer computer popul arly known 
as Verdan digital computer employed on the GAM-77 
missile; for the X-20 application . its g . p. 
computation capacity will be increased about four 
fold; and a coupler electronics unit which houses 
the various circuit elements of the sys t em . As 
displayed in Figure 30 , the lOS provides an 
attitude r eference for the automatic flight 
control system as well as the neces sary st eering 
commands to automatically control the glider on 
its path . In addition, the flight instruments 
are also provided thei r sensing input s from the 
IGS to faCil itate pil ot manual control of the 
glider. The key instrument receiv ing these 
inputs (Figure 31) is an instrument known as an 
Energy Managdmeht Display, which .hru overlays 
calibrated for speed and landing destinat i on 
controlled from the- IGS, pr ovides the pilot wi th 
a display showing bank angle and angle of attack 
r elationship with his foot print capab ili ty of 
attaining the desired l anding area. The guidance 
then accomplished during re-entry is maintaining 
the desired angle of attack and bank angle so 
that the vehicle's kinetic and potential energy 
is diSSipated in s uch a manner that the struct
ural and thermal limits are not exceeded and the 
vehicle arrives at t he desired high key point for 
landing with the proper energy f or a l anding. 
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4. The landing phese of flight will commence 
about 100 miles from Edwards with approximately 
a 4000 ft/sec velocity and an altitude of 130,000 
ft. A visual approach, let down and l anding 
will follow. 

5. The glider will employ an Emergency 
He-entry Subsystem as a backup to the Inertial 
Guidance Subsystem. This system will consist 
of an all attitude reference which will operate 
the pilots attitude indicator. In the event of 
an 105 failure, this reference will enable the 
pilot to maintain a safe attitude during tbe 
critical portion of re-entry. 

Communications and Tracking 

1. A reliable communications net is 
essential for the early flights to control and 
gather data from the first exploratory flights. 
At that time , there will be urgent needs for 
flight safety, design verification and/or failure 
analysis data coverage. This coversge entsils 
overflying a chain of interconnected surface 
communications, tracking, and data collection 
range stations positioned along the (Atlantic 
and Pacific) orbital and re-entry track (see 
figure 32) . Many of these stations already exist 
in the Atlantic and Pacific Missile Ranges and 
the NASA Mercury net. A major problem presented 
itaelf in utilizing these range stations and 
existing eqUipment . Experience with the 
preceding ballistic missile and orbiting satellite 
programs had demonatrated that a vehicle re
entering the atmosphere at hypersonic apeeds 
becomes enveloped with a thermelly ionized p~a
shesth configured to the flow field around the 
vehicle, as illustrated in Figure 33. This 
plasma sheath effectively acts as an electrical 
conductor, thus forming a highly reflective and 
abaorptive media about the vehicle, which serves 
to obstruct and black-out conventional t r acking 
radar and radio communications to and from the 
vehicle . A black-out occurs in the region of the 
re-entry hypersonic flight r egime where Dyns
Soar is required to carry out its prime flight
research mission. To solve this problem, advan
tage was taken of concurrent research on the 
interaction of electromagnetic radiations and 
plasma fields and those findings extended. This 
research had demonstrated a distinct frequency 
sensitive behavior for the plasma shesth. In 
fact, it indicated the existence of a window in 
the frequency spectrum above the expected plasma 
resonant frequencies and below the onset of 
absorption by water vapor, oxygen and other 
constituents of the atmosphere (see figure 34). 
for Dyna-Socr lifting re- entry flight conditions, 
a choice of communications frequencies in the 
SHF band in the vicinity of 10 ~C to 15 KMC was 
indicated . 

2 . Other approaches, such as seeding or 
cooling of the plasma adjacent to the affected 
antennas and using special propagation modes 
established by magnetic fields, appeared possib~. 
Another possibility was the use of a thin sha.p 
spike antenna which would not produce a dense 
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shock wave and associated plssma in the vicinity 
of the radiating elements. These latter approa
ches, while sttractive, were still in early 
stsges of development and have not been adequately 
proven for flights similar to those planned for 
Dyna-Soar. The bulk of the available research 
data suggested that greatest confidence would 
result from pursuing the f requency-choice route, 
.. hich was done. 

3. The configuration edopted is ahown on 
Figure 35. The figure illustrates the configu
ration adopted for both the airborne and ground 
(prime) communications subsystems tobe used in 
the launch and re-entry areas. Tbe SHZ ground
to-air link frequency selected was in the region 
of 10.4 KVC. The air-to-ground link frequency 
selected .. as at 13.5 KMC to take best advantage 
of available micro .. ave equipment c0mponents. Not 
specifically identified in Figure 35, but included 
in tbe system are a pair of Similar UHF voice 
communicat ions links and a C-band transponder to 
be compatible witb tbe range station equipments 
existing along the est ablished missile and 
orbiting-satellite ranges in tbe non-re-entry 
regiona. 

4. New SHF equipment for botb glider and 
surface sta tion adaptation is being developed and 
procured. The surface station adsptation equip
ment is self-tracking in botb szimuth and 
elevation. Inclusion of a tone-ranging circuit 
also provides a measurement of slant range; thus 
providing simultaneously for both the needed 
radio communicationa and vebicle position tracking 
in the otber .. is~ blacked-out re-entry region of 
the mission. In addition, a bigber-powered (5 
watt peak) UHF rescue beacon/transceiver is being 
provided to yield grester boming range capability 
for pilot rescue. 

Test Instrumentation Subsystem 

The Test Instrumentation Subsystem of the 
X-20A program encompssses all areas of airborne 
data collection, sign el condit ioning, multi
plexing, translating and record1ng of data in the 
glider. Also included is the necessary ground 
based equipments for demultiplexing, detranslating 
recording/reproducing, formating and data cali
bration up to the point of providing calibrated 
data tapes to tbe various data users for tbe 
required analysis. The X-20A Program Office is 
responsible for the overall manEgement of the 
test instrumentation ar~D of tbe program. However 
since the X-20 is a joint effort between tbe U~AF 
and NASA, a team of inatrumentation specialists 
wes establisbed to provide tbe Program Office 
technical support and recommendations in the area 
of test instrumentation. This teem ia composed 
of member a of the USAF and NASA and is cbaired by 
a NASA member. 

Design ConSiderations 

1. Tbe basic deaign considerations for tbe 
TIS subsystem consisted of tbe number and type of 
sensors to be employed and bandwidth impairment 
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of transmission range. A list of messurements was 
established that included approximat ely 1000 
parameters. Flight safety a.nd failure analysis 
type data received top priority with design vali
dation and basic research data following a close 
second. The majority of the parameters to be 
messured are quasi-static or have a very sle w 
rate-of-change, thus lending themselves to narrow
band digital time division multiplex. However, 
not all the mes surements fall in t o t his category. 
Required are a number of continuous time-history 
parameters best cared for with analog (frequency 
division) multiplex, at the expense of transmis
sion ran ge, i.e., t here are 3 par ameters with 
frequencies from 50 cycl es per second to 10 ,000 
cycles per second (acoustics dat a ). Eleven 
parame ters wi th fre quencies f r om dc to 2000 cycles 
per second (vibration), and 12 parameters of de 
to 1000 cycles per second (flutter). Thus, it is 
seen tha t a combined digital/analog system was 
needed t o care for both classes of da ta. A 
further limita tion was imposed on the instrumen
tation subsystem, that of weight. In the early 
design phase of the program, a payload allocat ion 
was made based on X-15 experience. This allo
cation was 1000 lbs. In the research version of 
the X-20 , the 1000 lbs. is allocated to t he test 
instrumentation subsystem. Approximately helf of 
this weight allocation is used for wiring, tubing, 
racks and envi r onmental control. A majority of 
the parameters to be measured are located in a 
very high temperature environment requir i ng 
special type wire a nd in sulation . Also, tubing 
is used from pressure ports on the X-20 surfaces 
to an environmentally controlled compartment 
where the pressure sensors are installed. This is 
necessitated by the present state-of-the-art 
press ure sensors. 

2, Instrumentation ccnfigurations depicting 
t he locat ions of the various sensors have been 
established, (sea Figure 36). The primary change 
in the instrumentation configuration from flight 
is the type and l ocation of external surfaca 
sensora. One configuration emphasizes external 
surface pressures while another configuration 
emphasizes external surface temperature measure
ments. In all configurations the internal sub
systems measurements remain the same. Thia 
configuration change approach is used t o obtain 
the numerous research maasurements requirad to 
meet program objec t ives within the number of 
flights and weight limitations imposed on the test 
instrumentation subsystem. 

3. On-board recording of t he data is required 
on the X-20 so the validation and research da ta 
can be obtained throughout the flight regime of 
the glider. Telemetry is being used in areas 
of the flight regime where enginaering analySis 
indicatea the glider will be subjected to the 
maximum environmental hazard, such as high 
temperatures, aerodynamic loads, potential flutter 
etc. These areas present the higher probability 
of atructural failure and are instrumented to 
obtain data for failure analyais in the event that 
the mission is not successful. 

. -

Teleme.ry Equipnent ConSidered 

1. A considerable number of different types 
and/or combinations of telemetry equipment were 
considered for use on the X-20A program. A basic 
philoaophy established early in the program was 
that the test instrumentation subsystem design 
was to use 'off -the-shelf' type techniques. We 
did not want to run a research program while we 
were still testing the basic means of obtaining 
da ta. BaSically, we have held to thia philosophy 
in the design of the sys tem. However, there are 
some casea where slight modifications had to be 
made to off-the-shelf techniques to make them 
suitable for our requirements. As an example, the 
use of a video-recorder on-board the glider. To 
provide the bandwidth and channel capabili ty, de
Sign effort was requir ed to achiave tighter phase 
delay compensation and the reduct ion of time-base 
instabilities induced by flutter, wow and tape 
skew. This design effort is underway and tests 
on engi neering models indicate the system will 
operate satiefactorily. 

2. FWFM and PDWFWFI~ telematry subsystems 
ware considered. Due to the larga number of 
measurements, the bandwidth of high frequency 
re sponse parameters re quire excessive tr~nsmitter 
power and exceeded the weight limitations allowed 
and wa s removed from further consideration. 

3. From time t o time throughout the 
existe nce of the program, an all POM/FM t e lemetry 
subsystam Beemed attractive. In the early phases 
of the program, the PCWFM system was considered 
to be beyond the state-of-the-art due to the high 
bit rate required. Also, there was reluctance on 
the part of some da ta users to accept the l ow-rate 
sampled data as sufficient f or analysiS purposes. 
At this early point in the program, a decision was 
made to incorporate the present system, a hybrid 
PCMVFWFM telemetry squipment, into the X-20A. 
The hybrid PCWFWFM system uses a frequency 
translation technique. The high frequency 
analogue paramdters are fed into standard tela
metry voltage controlled oscillators. The outputs 
of the oscillators are then grouped according to 
frequency and translated to a higher frequency. 

4. There are 42 of these high frequency 
response channels that are grouped and transleted 
to six different frequency bands. These six 
frequency bsnds and the PCM (144,000 bits per sec) 
are then mixed in three combinations. 

5. All date maasured on the glider is 
combined into the largest bandwidth for on-board 
recording only (aee Figure 37). Two abbreviated 
combinations are separatad out for sequential 
telemetering to the surface data collection 
stations in the terminal and mid-course regions 
of the mission. In the terminal ara es, the acou
etic noise measurements are omitted and the 
vibration da ta anelyzed on-board into Simpler 
power spectral density data for transmission to 
the ground along with the remainder of the complex 
and called the wide band case (see Figure 38). In 
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the mid-course regions (beyond the two terminal 
flutter inducing regions) all the flutter dete is 
omitted and a single slant-range measuring a 
signal channel substituted to form the third, or 
narrow-band combination. This conserves band
width and extends data transmission to e maximum 
in the regions where range is a prime consideratiak 

Summary and Conclusions 

1. The mejor program milestones are shown 
in Figure 39. Ninety percent drawing release 
is scheduled for Sepember 1963. The first eir 
l aunch is scheduled for January 1965; the initial 
unmanned ground leunch in November 1965; the first 
manned ground launch in May 1966; and the fina l 
flight in September 1967. 

2. Significant progress has been made on 
the program to dete. The development effor t 
is esentially completed. Production drawings are 
be ing rele6sed to the manufacturing shops and the 
quelification test program has begun. The problems 
to come should not be in the development or state
of-the-art area, but rather in the hardware and 
integration of the various system elements. 
Though we have not yet reached the flight test 
part of the program, a significant step forward 
has been made in the specific areas which have 
been covered as well as in innumerable other 
technol ogicel fields. It is our view that the 
lifting r e- entry technology , which is being 
developed by the X-20. is filling an important 
gap in th~countryl s overell research end develop
ment effort which will in turn provide e sound 
technologica l base for the design and development 
of future systems in the National Sp&ce Program. 
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PROBLEM AREA 

INTEGRATION OF H2-02 
REACTION CONTROL 

POSITIVE EXPULSION 
OF CRYOGENS 

STRATIFICATION OF 
CRYOGEN IN STORAGE 
TANK 

HEAT LEAK TO CRYO-
GENIC SYSTEMS 

CONCLUSION 

INTEGRATION NOT 
PRACTICAL 

SOLUTION NOT WITH IN 
X-20 TIME PERIOD 

POSITIVE APPROACH 
TO BE TAKEN 

USE EFFECTIVE 
INSULATION 

ACTION 

IN DEPENDENT H2-02 SYSTEM 
BEING PROCURED 

SUPERCRITICAL STORAGE 
SELECTED (EXCEPT FOR N2) 
WITH HEAT ADDITION 

FORCE CIRCULATION ADOPTED 
USING CENTRIFICAL BLOWERS 

PERMANENT VACUUM JACKETED 
TANK AND LINES SELECTED AND 
DEVELOPMENT COMPLETED 

GLYCOL -WATER FREEZING DEVELOP A DESIGN TO RECIRCULATION OF WARMED H2 
TO HEAT EXCHANGE INLET 
SELECTED AND DEMONSTRATED 

LANNING 
STUDY 

DE~ I DIR 

R&D 
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IN PRIMARY HEAT 
EXCHANGER 

APU HIGH SPEED 
ASSEMBLY FAILURES 

ZERO G LUBRICATION 
OF APU GEAR BOX 

DEVELOPMENT OF 4 
LIGHT WEIGHT H2 TANK 

ELIMINATE THE POSSIBILITY 
OF FREEZING 

CHANGE NATURAL FREQ. 
OF TURBINE BLADES 

SELECT POSITIVE SOLUTION 

TH IN OUTER SHELL NOT PRAC
TICAL FOR THIS APPLICATION 

Table I. Major Problem Areas 
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MARTIN 

REV I SED DEVELOPMENT PLAN 
SUCCESSFUL TO DATE 

FORCED FEED LUBRICATION 
SELECTED & DEVELOPMENT 
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Figure I. Dyna-Soar Background 
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• PROVIDE PILOTED, MANEUVERABLE GLIDERS AND ASSOCIATED SUPPORT EQUIPMENT 
FOR THE CONDUCT OF FLIGHT TESTING IN THE HYPERSON IC AND ORBITAL FLIGHT 
REGIME TO INCLUDE: 

GATHERING OF RESEARCH DATA TO SOLVE DESIGN PROBLEMS OF CONTROLLED, 
LIFTING RE-ENTRY FROM ORBITAL FLIGHT 

DEMONSTRATE PILOTED, MANEUVERING RE-ENTRY AND EFFECT A CONVENTIONAL 
LANDING AT A PRESELECTED LANDING SITE 

THE TESTING OF VEH I CLE EQU I PMENTS AND EXPLORATION OF MI LlTARY MAN'S 
FUNCTIONS IN SPACE 

FOLLOWING SUCCESSFUL ORBITAL DEMONSTRATION, TO PROVIDE THE 
CAPAB I LlTY FOR QU ICK EXPLO ITATION OF TECHNOLOG ICAL ADVANCES 
THROUGH FUTURE TESTS 

• EXPLORE THE POTENTIAL OF MAN TO ACCOMPLISH MILITARY FUNCTIONS IN SPACE 

Figure 2. Program Objectives 
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Figure 5. Re-Entry Research 
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REQU I REMENTS FOR RESEARCH 
TECHNOLOGY 

AEROTHERMODYNAM I CS 

MATERIALS 

PERFORMANCE 

STABILITY 

STRUCTURE 

DYNAMICS 

X-20 FEATURES 
& TESTS 

FULL SCALE METAL STRUCTURE 
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Figure 6. Re-Entry Research 
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Figure 7. Design Criteria Impact 
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Figure 9. X-20 Maneuver Flexibility 
1100 Launch From CCMTC 

33 



34 

SINGLE ORBIT MULTI ORBIT 

I 

1 
\ 

Figure 10. Mission Profiles 
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PILOT'S COMPARTMENT 
EQUIPMENT 
COMPARTMENT 

Figure 12. Inboard Profile 

Figure 13. X-20 Truss Structure 

SECONDARY POWER 
COMPARTMENT 
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Figure 14. Thermal Reorientation for a Single Three-Sided Truss 
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Figure 16. Comparative Weights of Leading Edge Specimens 
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Figure 32. Single Orbit 
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Figure 33. Hypersonic Re-Entry Communications 
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