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FOREWORD

This appendix to "Environmental Control Systems Selection for Manned
Space Vehicles'" has been separated from Volume I {unclassified). Certain
pages of this appenaix have been classified because of the possibility of
suggesting or revealing portions of Air Force planning programs ar underlying
concepts. This report, as well as the main report to which it is appended, is
one of a serles on space vehicle thermal and atmospheric control systems,
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This Abstract s olassifisd SpEmwe™
ARSTRACT

Determination of thermal end atmecapheric control requiremants
hecessitate sxamination of realistic menned vehicles. Three veraions
of & manned, orbital, rgentry, bage-point vehicle are devaloped for
tre purpose of providiog tangidle refsrence Fointe for datsrmination
of the thermal and etmospheric centrol requirements o resliustic vehi-
cleg, P¥Preliminary concspts of a manned orbital bese and g manned lupar
vehicle are alsoc outlined. More ccmplete development of the letter two
conceptes ls planned for s later phese of the s4sudy,

In sdditlon to the development of speciflic vehieles, general date
bave beer campiled on the more important aspects of manred spacea vehicle
design, (i.e., flight vehicle power, siructures, effects of :mteoroids,
mission equiprent, and examination <f these genersl 3stm for environmen-
tal requirements),

PUBLICATION REVIEW

The publication of this report dces not comptitute epproval by the
4ir Fcrece of the fipdings or conclusions contsined herein. Tt fs pub-
lizhed only for the exchenge and stimulation of ideas.

FOR THE COMANDER:

Chief, Ernvirommentsl Brarnch
Flight Accessories Lahorastory
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AF¥FENDIL I
MISEICNG, VIHICL Y, AND ZUIRLNT

Az stated in Seciion II of Volume I, the purpose of developing
spevific hypotheticel vehicles is to provide tenginle reference points
for determipation of the thermsl nnd etmospherilc conirol asystem renuire-
ments of reallstic manned space wehiclea, These vehicles serve aeg a
means for (1) idontification of environmentsl fagtors such ag cabin
heat rejecilon, solur end serodynamic heatirg, cabin pressure losses,
and cabin etmospheric contaminetion; (2) establishment of epvirommental
reguirements ¢ craw and equipment; (3) inuegrasion of thermel and
atimoarpheric ccntreol systems into reallstic vehicles; and (4) develop-
ment of trade-off dats useful ir selecting end sizing thermal and

mospheric contrel systems,

The reasons for selectlion of a manned orbitel reeniry vehicle,
nanred ortital base, and manned lunar vehicle for representative inves-~
tigaticn of ewvircnmentel reiquirements for thermsl and atmospheric
control systems are outlined in Volume I. (See Figure 1.} The miscion
of the mantied orbital reentry vehicie hes ueern Ffurther specified as e
globel survellinnce becouse of the milltary value of reconnaissance
relative to other peczlble missions and vehicles and becaure of the
likelihood shet reconnaissence repregents the firet employment of manned
miiitary space vehicles {(Reference 307,

Althourh it is commun practico to develop & few specific wehlcles
6z & practical meons of obtoining generslirzed data, care must be tegken
to 1limii rot only the number of specific vehiclies bhut alse the detall
to which “hese gelercted vehicies are developed, Thus, the erd goal of
the present niudy is to produce realistic date pertinent to the design
c? taermcl anc atmos heriz control systems for menned space vehleles,
Filgure 30 1o o presiminery cheek list for possible interactions hetween
veivleles and ve“‘clv envirenment. This fizure indicatec thet an elabor-
ete mission wrd valiicls optimization of fort is not justified, since many
fagtors which migat be optimized have little significence to the study.
For example, winimizing the weicht of & heat exchanger is of great cig-
nificance to She study, wheress minimlving the weight of the vehicle
itzelf iz significant opiv insefer as il 1 related to thermal radiation
and insaletion, pressure hull integrity, meteoric penetrzsion, ote.

The scope ¢f this portion of Zne study = further limited tow the
line pericd 199 to 1975. Thus, proiects Mercury and Uyne-loul are con-
3idered Lo he oro lefE, vnile plunetary entry and landing miacions are
. y

rsidered to be posto l‘“f (Wmfﬂrenceu 31 ard 52).
Menu. - pb Ln¢é;;;5"by the authcr on 9 May 1551 for publication as
an AXD Technical Heport,
ST S -k o I, Yol IO -1- 0ZASRM-1047

o A



HEUD MO[g JUSWUOXIAUY 30143 90ed§ pauuBly ‘g6 oandry

L TR [w—m e e —— ]

[ rocmes Garu )=

l e psa ) .|l. g )

i W, Mee! {oeq.00)) _
oL T

1 IE
E

— . [ TG
tad

Faag

— ! o _

- ; T e e '
b b T e
T-. : S _ _ i | ENYEETVRRCCTH |
ﬁ - L2 ST TJ __ _ — S

Loy om vy - ; .

ru-llun.m.HﬁMWu __ . . m$%||!3”,!,.“5£ A _

N S

ASD TR 61-240 Pt [, vel 1




With these limitations in mind, this appendix contains the following: (1)
dctailed development of a global surveillance manned orbital reentry
vehicle; (2) development of likely variations of the orbital reentry vehicle
configuration in order to establish the influence of crew size, mission
equipment, and mission duration on thermal and atmospheric control system
reguirements; (3} preliminary development of the manned orbital base and
lunar landing vehicle; and (4) compilation of general data on the more
important aspects of manned space vehicle design (i.e., flight vehicle power
structures, effect of meteoroids, mission equipment, and examination of
these general data for environmental requirements).

H

Table 23 indicates the status of selected vehicles, estimates the
earliest availability of the required boosters, and summarizes the environ-
mental factors associated with each vehicla.

Primary emphasis to date has been placed on the manned crbital re-
entry vehicle whose mission would be global surveillance. This has been
done inasmuch as such a vehicle is probably of the greatest immediate
military interest and inasmuch as such a vehicle also serves as an excellent
model for thermal and atmospheric control system design studies. Three
variations of this orbital reentry vehicle were developed to establish the
influence of crew size, mission duration, mission equipment, and flight
vehicle power on thermal and atmospheric control systems. These three
subclasses of the manned reentry vehicles were developed in detail
sufficient to accomplish the purposes stated at the beginning of this appendix.

For convenience, the three subclasses of the manned orbital reentry
vehicles have been designated as follows:

Vehicle 1A — Five-man, 6-wcek, full-surveillance version
Vehicle 1B — Two-man, l-week, full-surveillance version
Vehicle 1C —~ Two-man, 12- or 38-hour, partial-surveillance version

All three versions are boosted, winged, orbital configurations with
pilot-controlled reentry trajectory similar in concept to the Dyna-Soar.
The Dyna-Scar-type configuration was selected because it is believed to be
representative of likely future military systems. Vehicles 1A, 1B, and
1C are discussed in detail including analyses of missions, eauipment,
power toad requirements, abort/maneuvering /retro capabiiities, reentries,
and weights.

ASD TR 61-2406 PL I, Voi 1l
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Vehicle 1A: Five Men, § Weeks

Description

As previously noted, Vehicle 14 ig 1 five-man, 6-week version having a

complete complement of equipment {or global surveillance, The configuration

and many of the design details of Vehicle 1A are shown in Figure 93. The
basic character;istics of this version are as follows:

Crew size 5

Gross launch weight 57,825 Ib
Reentry weight 52,000 1b
Wing area 1325 2
Reentry wing loading 39, 2 Ib/ft2
Fuselage overall length 86-1/2 ft

(w/o flight vehicle power unit)

Fuselage diameter 8-1/4 ft
{maximum inside}

Total volume (separate 1500 £t3
on-duty, off-duty, and equip-
ment compartments)

Equipment and crew heat 20 kw (continuous and nearly

rejection steady)

Flight vehicle power Nuclear or solar
turboelectric

Sweep 73 deg

[.eadirg-edge radius 6§ in,

Nose radius 12 in,

Although stored heat sinks are indicated during reentry, sustained orbital
operation requires space radiators for temperature control, The lower
surface of the wing appears to be the most convenient location for the space
radiators, as the puotographic, infrared, apd radar equipment require the
vehicle to orbit in the inverted position (considering the landed attitude as
normal position). The location of the radar antenna and photographic and IR

ASDTRG61-240 Pt I, voi 1 -3~
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windows on the ‘‘top’’ surfaces of the vehicle is indicated by reentry heating
considerations. As presently degigned, Vehicle 1A has a geparate, high-
temperature radiator for the nuclear {or solar) flight vehicle power unit. The
power supply radiator located behind the vehicle proper is covered during
launch and jettisoned before reentry; accordingly, aluminum fins with steel

tube coolant passages are used for this radiator.

Radiator damage by meteoroids is treated later in thig appendix, This
analysis (Figure 111) indicates that the preasure side of the wing, made of
0.035-inch-thick columbium, will provide an 82-percent probability of no
penetration of the radiator coolant passages during a §-week mission. This
probability can be increased to about 99 percent by trebling the thickness of
the columbium or, more economically, by providing a larger sectionalized
radiator. Loss of one set of coolant passages will have a smaller effect than
might at first be supposed, as the Inoperative areas will serve as increased
fin area for adjacent operating passages. It should be noted that the estimated
effect of meteoroids is based upon relatively meager data with respect to both
impingement rate and effect, Furthermore, design difficulties in installing
the radiator tubing inboard on the wing skin may require installation of, say,
aluminum tubing on the outside surface of the columbium wing,

The cabin wall has particular significance to thermal and atmospheric
control. The construction of the wall is indicated in a detailed blowup of a
typical section in Figure 93. This construction ig basically similar to cases
1V and V considered later in the general section on structures. The outer-
most portion of the wall is « columbium heat shield. Thisg heat shield is
mounted on, and insulated from, a nickel honeycomb sandwich structure,
Additional insulatior. is placed between the sandwich structure and the cabin's
inner surface, which must not exceed 130°F during reentry unless ventilated
sults are to be used {Appendix C).

Both the inner surface of the cabin wall and the inner surface of the
sandwich structure are pressure hulls independently capable of withstanding
a pressure differential of 20 psi (ultimate), Not shown in Figure 83 are thc
frame supports between the two pressure hulls. Principal potential sources
of leakage are (1} unperfeet structure, and {2) puncture of the pressure hull 23
meteoroids.

The practical leakage of cabin atmosphere due to imperfect structure
musi be beld to something like 5 lb/day for missions lasting for 8 weeks, The
magnitude of the problem may be judged from the present performance of the
X-15 cabin, which leaks 1440 lb/day at 3.5 psi. Poor hatch sealing is
responsible for a loss of 540 1b/day. It should be noted here that the X-15
and some concepts of Dyna -Soar can tolerate considerable leakage becauge of
the short duratsu.. fthe design mission. The design leakage rate of the

Mercury capsule indicates that a loss of 5 Ib/day at 15 psi should be achiev-
ahle {Appendix A),

ASIDTR 61-240 Pr I, vol I -7-
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vehicle, if taken mn two increments, migat permit a change from a low circular
orbit to a somewhat hizher circular orbit, Similarly, the retro capability
might be used to lower the altitude in increments prior to reentry {with
additional fuel required). The eccentricity will normally approximate zero to
alleviate stabilization and image motion compensation problems. However,

an orbit with a 106-mile perigee and a 400-mile apogee over the northern-
most latitudes would require less launch and retro energy than a 400-mile
circular orbit and would increase slightly the time over the USSR and China.
An inclination near §3-1/2 degrees would keep apogee in the same latitude,
since the major axis does not roiate at this inclination.

As far as environmental fartors are concorned, the Van Allen radiation
belt impeses constraints, especialiy in view of Explorer VII evidence, {or
relationship between the radiation belt and auroral activity. Otherwise,
changes ir the orbit appear to affect only the relative orientation of the

vebicle radiator relative to the sun, the time in sunlight, and terrestrial
reflection and radiation.

Accordingly, no elaborate orbital analysis has been made, but only the
range of orbits is indicated. A typical orbit is considered to be at an altitude
of 300 nautical miles, circular, and ai an inclination of 70 degrees, Typical
variations are inclinations of from 60 to 90 degrees, altitudes from 100 to

400 nautical miles (efther circular or eccentric), and wintertime and summer-
time missions,

An cptimum crew size cannot be selected at present, Crews of from 2to
b men have been studied. A wide variety of crew sizes and work cycles
appears reasonable. In addition to obvious demands upon the environmental
control system, the crew size has a bearing on the type and amount of equip-
ment and the degree of automation. The work cycle affects equipment utili-
zation and heat rejection by both the equipment and crew. For the sake of
being specific, a 24-hour day, with three men on duty during the busiest 8-
to 10-hour period, has tentatively beer selected as the work cycle for this
hypothetical mission. Although total sleeping time would not be reduced, it
1s assumed here that it would be more efficient, and psychologically better
to werk more than 1/3 of the time in orbit, considering that no time is con-
sumed in going to and from duty stations and that the crew would be well
occupied with intelligence processing as well as intelligence collection.

Reconnaissance Eguipment

The design intention is to provide a full complement of equipment for
global surveillance. The following reconnaissance eguipment is included in
Vehicles 1A and "M (1) side~looking radar, ELINT, infrared scanner, high-
resolution cameras, low-resolution cameras, photographic processing

ASDTR 61-240 Pt I, voi I -9-
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equipment, and data processing equipmuent. Provision is also made for com-
munications, guidance, and sensing equipment (Table 24).

In general, electronic equipment operates well in the temperature range
from 0°F to 160°F, except that transistors luse reliability above 100°F.
Proper cooling of transistors, divdes, resistors, and capacitors may become
4 large problem for densely packaged electronics, as equipment becomes in-
creasingly more miniaturized. The thermal aspects of electronic equipment

are treated more thoroughly in the general equipment section later in this
appendix.

Photographic surveillance is effected by means of a 48-inch focal length
for mapping and a 96-inch focal length for detailed investigation (7 feet static
and perhaps 40 feet practical resolution at 300 nautical miles). If we assume
a 9-inch film format along the direction of travel, then an allotment of 300
negatives per day would allow an average of 15 minutes of 100 percent overlap
mapping per day. The detail camera has been allotted 200 9 x 9-inch negatives
per day or 50 18 x 18-inch negatives per day. For high-re:olution reconnais-
sance information, on the order of 5 feet, the temperature variation muast be
maintained to less than approximately 1°F. The tenperature gradient is
critical and temperature variations across the lens must be held to a fraciion
of a degree {Reference 34),

The temperature regulation for infrared equipment must b maintained
withir approximately 1 degree,

The amount of film or other Tecording media required for the electronic
cquipment has not been determined, although it is estimated that ft w1 be
comparaple to the film used for photographic surveillance. It might also be
will to investigate reusable film for possible savings in weight and for the
conséguent change in the environment required for storing, using, and proc-
essing such film.

The genera] environmental control aspects of electronic and photographic
equipment are eonsidered later in this appendix.

Mission Power Requirements and Flight Vehicle Power
A preliminary operaticus analysis indicates the following equipment

power requirements, computed on the basis of the peak and standby power
values found in Table 24.

ASD TR 61-240 Pt I, Vel II - 10-
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Intelligence gathering -- 14,1 kw

On: Radar, IR, ELINT, photo, guidance and attitude sensing,
communications receiver

Standby: Data processing, transmitter

Nighttime operation would be perhaps 0.3 kw less with photo off,

Intell.gence processing -- 13.3 kw

On: Data processing, guidance and attitude sensing, partial
ELINT, communications receiver

Standby: Radar, IR, photo, iransmitter
Intelligence digsemination -- 13.8 kw

Adds to intelligence processing requirements 0. 5 kw for
transmitter

Since the power requirements are nearly cqual for the foregoing three
functions, it would probably not be worthwhile to provide a power storage
capability for the purpose of coping with wnusual demands upon the power
generator or the environmenta’ control system. A more thorough operations
analysis ruight indicate a grealer variation of peak loads, in which case the
duration of each requirerient would be important. A preliminary analysis of
a 300-mile, 70-degree inclination orbit indicates that 20 percent of the time
is spent collecting data, 70 percent of the time is speat processing only, and
10 percent of the time is spent processing and disseminating. In order to
illusirate the thermal and atmospheric control prrblems which might arise if
the power dissipation duty cycle involved larger fluctuations, large fluctua-
tions might be arbitrarily assumed even though the are not indicated by the
operations analysis,

The total power requirement during the orbital phase of this specific
migsion is as follows:

Peak equipment requirement: 14,1 kw
Crew requirements (100-200 watts/man): 1.0 kw

Refrigeration: 5.0 kw

ASD TR 61-240 Pt T, veill -13-
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Alternate Flight Vehicle Power Systems for Vehicle 1A
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Hardware weight 60 1b
Fuel 220
Tank ---  {charged to on-board
prepulsion)
Misc o0
350 1b
TABLE 23

REENTRY POWER REQUIREMENTS FOR VEHICLE 1A

Duratinn Power Energy
Function (sec) {kew) {kw-~br)
Comm & nav )
Environmental control } 0-5130 2.7 3.8
Refrigeration for above)
Aerodynamic control 700-5100 40 {normat 24,3
peaks)
74 {unusual 22.5
peals}
11 (minimum) 3.5
Approach and landing 5100-5150 58 0.8
Total 55,0

If the solar power unit is used for orbital power, then the LiH heat stor-
age power supply can be used to increase further the reliability of essentjal
power gupply during reentry. Also, the total reentry power demands on the
chemical unit might be reduced by perhaps 20 percent. However, this ar-
rangement would require housing the LiH unit within the reeniry part of the
vehicle and would increase the reentry weight by perhaps 1000 pounds.

The auxiliary power requirements during launch can be quite high due to
large aerodvnamic control forces. However, it is assumed that the power is
available {rom the booster during this period. Launch phase power for the
environmental control system, flight instruments, and cther systems which
are essential immediately after launch can be supplied by the reentry phase
ftight vehicle power unit,

ASD TR $1-240 Pt I, Vol I -17-
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Recntry

Reentry is initiated by a velocity decrement of 500 ft/sec. Before retro
tiring, the vehicle is traveling about 24, 800 ft/sec at 300 nrutical miles.
After retro thrust, the vehicle travels another 2800 nactical miles (47.3
degrees range angle) in about 70C seconds, at which time aerodynamic forces
become appreciable. The initial conditions for atmogpheric reentry are

velocity, 26,150 ft/sec; angle to the horizontal, 1.75 degrees; and altitude,
300000 it

Two trajectorics have been selected for the analysis of the external heat
load and heat transfer. Each of these trajectories has been computed for
wing loading (W/S) of 30 and 40 1b/#t2,

The first trajectory assumes constant maximum 1ift coefficient, Cy = 0.7,
at a constant angle of attack of 51 degrees. Reentry time and distance are
relatively short at the expense of rather high skin temperatures. (See
Figures 95 and 96.) Preliminary single-point skin and leading-edge tempera-
tures for the 40 Ib/ft2 wing loading trajectory are only about 2 to 3 percent
higher than those corresponding to a wing Ioading of 30,

The second trajectory assumes a constant maximum lift coefficiont,
Cy, = 0.7, until the temperature has passed its first maximum. A! that time,
the trajectory assumes 2 C1. = 0.15 at a constant angle of attack of 14 de-
grees, corresponding to maximum L/D. (See Figures 97 and 98.) This
reentry operation will keep skin temperatures low at the expense of a longer
duration reentry and rather high leading-edge temperatures of about 4100° F.
Recent jet plasma tests indicate that a combination beryllium cxide-graphite
leading edge will endure such temperature without distortion through ablation
or rupture because of thermal strain. :

The accelerations encountered at speeds greater than about Mach 1 are
low — the maximum drag acceleration being about 1 g, and the maximum
accelerations normal to the flight path being of the order of 0. 8 g.

Using the two trujectories corresponding to 2 wing loading of 30 lb/ftz, an
dpproximate integration of the velocity time history of the C. = 0,7 frajectory
yields a range of about 5000 nautical miles for the aerodynal}hc portion, while
the combination Cp = 0.7 and Cy, = 0.15 trajectory yields a range of about
9800 nautical miles, If the vehicle is kept at maximum L/D from the start,
it is likely to skip out of the atmosphere. The indicated range maneuverability

of 4800 nawical miles along the ﬂi%it path can be {urther increased hy using
negative iift ot appropriate times (References 35, 36, 37),

Weight Summary

Table 26 presents a preliminary weight summary which should be re-
garded as a welght allotment, rather than a refined estimate.

ASIY TR 61-240 Pt I, voi Ll d -18-
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TABLE 26

WEIGHT SUMMARY FOR VEHICLE 1A

Structure: 26, 300 1b
Wing 11, 60O
Vertical tail 2,700
Fuselage 7,550
Landing gear 1,500
Engine section 150
Surface controls 2,500
Power plant: 6,380 1b
Rockets 2,750
Rocket controls 100
Fuel system -, 000
Flight vehicle power 2, 200
System {nuclear)
Reeniry APY 330
Fixed equipment: 18,1750 1b
Instruments 500
Hydraulics 500
Electrical 780
Electronics {6400 plus
structure) 8, 000
Furnishings 1, 7560
T & A gystem 4,550
¥ood and HoQ
TNata return capsules 600
Auxiliary gear 100
Weight empty 49,430 b
Crew, fuel, and other: 8,385 1b
Crew (5 men) 1, 500
Fuel (abort/maneuver 5,470
& retrg)
Trapped fuel 400
Fuel (attitude control) 500
Qil 25
Miscellaneous 500
Launch gross welght 57,826 1b
Orbital weight (2770 for maneuver) 55, 050 (if all maneuvering
fuel used)
Reentry welght (2700 for retro,
350 for attitude
control) 52,000 1b

. ASDTR 61-240 Pt I, VolII




Vehicle 1B: Twoc men, Cne Week

The size of the basic vehicle and the duration of the mission have been
varied in order to illustrate possible crossover points for changes in {light
vehicle power systems, environmental control systems, and other subsystems.
The different versions have purposely been kept similar in configuration in
order to {acilitate comparison of any critical parameters. Accordingly, in
what follows only the differences between the smaller vehicles and the basic
five-man, 6-week version will be mentioned.

Description

The configuration of the two-man, l-week version of the global surveil-
lance vehicle is shown in Figure 99, A full complement of reconnaissance
equipment is included. Characteristics of this version are as follows:

Crew size 2
Gross launch weight 46,430 1b
Reentry weight 42,000 1b
Wing area 9156 ft
Reentry wing loading 46 1o/t 2
Fuselage length (W/O flight vehicle
power unit) 61-3/4 ft
Fusclage width {maximum inside) 8-1/4 1t
Fuselage height (maximum inside) 7-1/2 ft
Total volume {separable crew and
equipment compartments) 1200 ft3
Equipment and crew heat rejection 20 kw (continuous and
nearly steady)
Flight vehicle power Nuclear or solar turbo-
electric

In the two-man version, there arc only two separable compartments:
The flight deck and the equipment area
An advanced version of Saturn is required to boost 46, 000 pounds into

orbit. Such a weight could be handled by the C-2 configuratinn, the first
copy of which is planned for late 1965 (Reference 33).

Orbital Mission Analysis and Selected Qrbit

Orbital consiicrations remain unchanged.

ASD TR B1-240 Pt I, Voi II -95.
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The reduction of the crew from five to twoe necessitates increased auto-
mation, which is reflected in the slightly,&ﬂgher welight allowance for equip-
ment. Because of the automation!] the tWd-man work cycle will probably have
no great effect on equipment utilization and power requirements.

Reconnaissance Equipment

Excepl for increased automation, the equipnient remains basically simi-
lar to that outlined in Table 24.

M:ssion Power Requirements and Flight Vehicle Power

Since the equipment remains unchanged, only about 400 to 600 watts are
soved by the reduction in crew size. Moreover, at least 600 wats are required
for the increased automation.

For a 1-week mission, either the nuclear SNAP-8 unit or the ‘‘sunflower”
solar collector unit is appropriate. If the duration of the mission is reduced
to about 4 days, an LHp-LOX turboelectric system becomes competitive for
flight vehicie power. In either instance, an LH,-L0X turboelcctric unit is a
possibility for flight vehicle power during reentry. This unit must supply
about 69 kilowatt-hours of energy during reentry.

The weight of this version of the global surveillance vehicle has been
computed on the basis of the heavier SNAP-8 unit for orbital power supply;
and the heavier hydrazine turboelectric unit for reentry power supply.

Abort, Maneuvering, and Retro Capability

The total fuel requirements {or this version are as follows:

Fuel Consumption -~ 185, 000-1b thrust at Igy = 315 sec --- 585 1b/sec
Abort or Mancuver ~- AV = 500 ft/sec at 4.1 g for 3.8 sec -- 2220 1b

Retro Thrust -- AV = 500 fi/sec at 4.2 g for 3.7 sec -- 2160 1b

Reentry

Trajectories have been computed for wing loadings of 30 and 40 (Figures
95 through 98}. Although the wing loading of the two-man, 1-week version
is 46 Ib/ft2, preliminary analysis indicated that the skin and leading-edge
temperatures w.. " not sensitive to a change of wing loading from 3C to 40,
It has been agsumed that a wing loading of 46 will also result in reasonable
temperatures,; additional trajectories have not been computed.
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Weight Summary

The weight summary for Vchicle 1B is given in Table 27.

TABLE 27

WEIGHT SUMMARY FOR VEHICLE 1B

Structure 20,050 Ib
Wing 8000
Vertical Tail 2000
Fuselage 6500
Landing Gear 1200
Engine Section 150
Surface Controls 2200
Power Plant 5,600 1b
Engine 2000
Engine Controls 100
Fue!l System 1000
Flight Vehicle Power 2200
System (Nuclear)
Reentry APU 300
Fixed Equipment 15,050 1b
Instruments 400
Hydraulics 400
Electrical 700
Electronics {6400 pilus 8500
autemation plus structure
Furnishings 1000
T & A System, Food &
Hy0 3550
Data Return Capsules 400
Auxiliary Gear 100
Weight Empty 497700 b
ASD TR 61-240 Pt I, vol Il -28-



TABLE 27 (Con't)

- -
P

WEIGHT SUMMARY FOR VEHICLE 1B

Crew, Fuel and Other

Crew ( 2 Men)

Fuel (Abort/Maneuver &
Retro)

Trapped Fuel

Fuel (Attitude Control)

Qil

Miscellaneous

Launch Gross Weight

Orbital Weight

Reentry Weight

600
4380

350
175

25
200

3,730 1b

46,430 1b

44,200 1b

42,000 ib

ASD TR 61-240 Pt I, vol 11
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Vehicle 1C: Two Men, 12 or 36 Hours

Vehicle 1C is a two-man, 12- or 36-hour version of the manned orbital
reentry vehicle. This version contains only limited equipment for global
surveillance. In the following paragraphs, only the difference between
Vehicle 1C and the basic five-man, 6-week, full surveillance version are

P | P e |
aesC I uoedq,

Description

The configuration of the two-man, limited-surveillance vehicle can be
surmised from the drawings of the other two versions. Characteristics of
this configuration are as follows:

Gross launch weight 26,075 1ib
Reentry weight 24 17% 1h
Wing area 730 ft2
Reentry wing loading 32.2 lb,f"ft2
Total volume (separable crew and
equipment compartments) 1080 ft3
Equipment and crew heat rejection 6 kw
Flight vehicle power Chemical turboelectric

Although the maximum inside fuselage height is not specified, it is
assumed that it is approximately 8 feet high to accommodate the crew and the
norfolded optics camera.

A gross take-off weight of about 25, 000 pounds can be accommuodated by
the Baturn C-1 configuration, the firat operational model of which is due in
mid-1864 {Reference 33).

Orbital Mission Analysis and Selected Orhbit

A useful mission can be executed by launching at the range safety
limiting azimuth of 165 degrees from the Pacific Missile Range and recover-
ing on a north-northeasterly heading some 12 or 36 hours later. Inclination
would be about 75 degrees. The 12-hour mission should give approximately
seven useful transits over the USSR or China, while the 36-hour migcion
should yvield 14 useful fransits. The 36~hour misgion would allow consider-
able time for data processing and revised targeting, with one man sleeping
and one man processing durlng thw;mlél hour period.

ASD TR 81-240 Pt I, Vol II -30-



Reconnaissance Equipment

The design intention is to provide only limited surveillance in order to
conform to boosters avaijable at an earlier date. Full photographic survell-
lance was specifically considered. An alternate of ful! ELINT would demand
perhaps 12 kw for flight vehicle power as Compared to a total of 6 kw for the
pacto vehicle.

Mission Power Requirements and Flight Vehicle Power

A chemical flight vehicle power system is feasible, since a total of only
250 kw-hr is required for the 36-hour photographic surveillance mission,
Cryogenic fuels are also feasible. This oifers the possibility of using LHg-
LOX for abaort, maneuvering, reiro, orbital-phase flight vehicle power,
reentry-phase flight vehicle pewer, and heat sink. Even though the gpecific
suel consumption of an LH,-LOX tuel ecll may eventually approach 1 lb/sw-hr
45 compared to 2 lIb/kw~hr {or a LHg9-LOX turboelectric 8ystem, the latter
System was selected since the hardware weighs only 50 pounds, and becauge
the heat sink Capacity available with higher LHg flow is necesgsary to balance
the integrated cooling load requirements, The fuel cell becomes attractive
for lower power Tevels and Perhaps somewhat longer endurance.

If ELINT, rather than photo surveillance, is selected as the misgsion,
then 12 kw is demanded of the flight vehicle power unit during the orbital
phase,

Abort, Maneuvering, and Retrg Capability

The total fuel requirements for this version are as follows:

Fuel consumption — 104, 00011 thrust at = 415 sec or 260 lb/sec
Isp

Abort or maneuver - Av = 500 ft/sec at 4.1 g for 3.8 sec ~ 980 1b
Retro thrust ~ Av = 500 tt/sec at 4. 9 g for 3. 7 sec - 96C 1b

Total 1940 1b
leentry
See Figurcs 95 througl, 9§,
Weight sSummary

The weight summary for Vehicle 1C iz given in Table 28,

ASD TR 81-24D Pt 1, vol I -31-
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TABLE 283

WEIGHT SUMMARY FOR VEHICLE 1C

Structure 16,425 1B
Wing 6500 1b
Vertical Taijl 1500 1b
Fusgelage 5500 1b
Landing Gear 1000 b
Bigine Section 125 1L
Surfuce Controls 1500 1b
Powerplant 2,150 1n
Engine 1200 I
Engine Contrels 100 ib
Fuel System 800 1b
Flight Vehicle Power System 50 b
(6 Kw LHp-1.0X Turboelectric)
Fixed Equipment 4,30C b
Instruments 250 b
Hydraulicg 300 b
Electrical 500 b
Photo Surveillance, Communicaticns, 2000 1b
and Navigation
Furnisnings 00 1o
T&A System, Food, and HyO 200 15
(Storad gas atmospheric control)
Data Return Capsules 200 b
Auxiliary Gear 50 b
Welght Empty 22,875 1
Crew, Fuel and Other 3,200 1b
Crew (Twc men) 60C b
Fuel (Abort/Maneuver and Retro) 1870 b
Trapped Fuel 60 b
Fual {Attitnde Control) 5C b
Fuel (APU for 36 kr) 500 1b
o1l 20 b
Miscellaneous 100 b
Launch Gross Weight 26,075 Ib
Orbital Weight 25,100 It
Reeniry Weight 24,175 b

ASD TR 61-240 Pt 1, Vol I ~-32-




Manned Orbiidl Thase

Tu complete Lhe eategory of envivonmental problems assoriated with
orbilal space missions, a systen s Lequired to introduce environmental
problems common (o ligh alticude permanently manned orbiting bases. This
pa: Liular ciass of vehicle is believed t2 be of considerable military im-
porturce. Without elahorating the paint it is evident that a nation utilizing
earti-orhital systems of this type during the period 1965-1975 would PUSSESS
both wisinue defense and retaliatory capability (Reference 48).

The vehicle selected for the general mission suggested here may be
identificd with orbital base concepts developed under SR 181 (Reference 38).
Brieflv, the orbital bass vehicle design entalls three sets of rotating,
eceentric, compartmented capsules remotely situated from an axially located
power supply and control center. (Sec Pigure 100.) The vehicle ia degigned
‘0 provide almost continual shirt-sieeve comfort and an artificial & envirsn-
ment for a crew of 4010 80 men. Perivdic maintenance of power equipment,
the occasional change of duty stations, and departure on remote missions are
the generad nature of tasks requiring exposure of the crew to reduced atmos-
pheric conditions common to companion ways and access tunnels, The
logisiics and reconnaissance vehicles indicated in the figure are not immedi-
ately impoertant o the study.  They are presented principally as suhjects for
later perisd equipment optimization discussions and system trades. Items
to keep in mind here are {{) a possible reduction in meteoroidal and radiation
shielding requirements for suppoit craft beyond the 12-hour global survei:-
lance vehicie requirements. and (23 he probable utilization of cryegenie
chemicuis wbvard logistics craf?,

aside from (he consideration of air locks, the internal environmental
conditions the men wil! be subjested to will be quite similar te those aiready
discussed for lesser duration orbilal missions, The permanent nature of the
pase may indicate more gophisticated atmosphere regeneraticn techniques,
ad the nccumulated effects of trace contaminants may be a probiem.

Friernal enviroimmentd problems deserving special attention are thoss
associuted with exposure of the vehicle, its equipment. and the crew to long
periods of meteor bombardment, the Van Aller belt, and/or other radia‘ion.
Immuedintely obvious design requirements arising from exposure of the
vehicle and crew to increased metenroidal and radiation hazards are {1;
heavier cabin wall structure snd a better siate of preparedness for serious
meteorowdal punctures, and (2) duty assignment rotation for the crew
conimensurale with job locality, radiation exposure, and individual radiation
exposure tolerances.  Other items worthy of investigation are 1) effects of
erosicn on physical properties of radar dishes, optical equipment and radia-
tors freny prot »o d melegr bombardment . and {2} new environmental aspects

nroduced 5y nrder of magnitude changes and differences in vehicle geometry,

The fact that the base does not 1center may lead to differont solutions to
viarions environmental problems.
-133-
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ASD TR 81-240 Pt I, Vol II -35-

SR



Figure 100C. Reentry Shuttle Vehicle for Qrbitzl Base
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Manned Lunar Landlrﬁ Vehicle

Previously degcribed Space missions specify orbital gystems that provide
the basis for investigating a majority of environmental problems associated
with space flight, The mission selected to represent the balance of environ-
mental problems likely to be encountered in executing mannsd space flighta
during the pertod 1866 to 1975 ig the manned Iunar landing vehicle.

The general characteristics of 2 lunar migsion are familiar {References
39 and 40). Lunar flights may be considered to originate either from a fixed
earth launch site or from an orbiting base, depending on the time period in
question. Early time phasing, such ag might be possible with the NOVA con-
cept, calls for earth launching, Later period flights most likely will originate
from orbiting bases. The timing of this particular study (1965 to 1975) would
appear to exclude consideration of environmental problems associated with
orbital-base moon launches and recoveries, except perhaps for orbital re-
fueling concepts, New environmental problem areas introduced by con-

effects of Junar dust on radiating surfaceg, long periods of 100-percent sun-

A major portion of environmental problems associated with early moon
flights may occur during the reentry phase of the mission at hyperbolic re-
entry velocities, In fact, the accumulative environmental problems en-
Countered here actually define the reeniry path of the vehicle. Here we find
limiting environmental values of heat, deceleration, and radiation £Xposure
defining what is known as the reenfry corridor,

Typical moon-flight entry corridors are shown in Figure 101. It may be
observed that two different techniques for reentry are indicated here: the
single-pass and the multiple-pass reentry techniques. At its conception, the
multiple-pass technique was considered the moere practical due to reduced
guidance requirements and stage-wise energy decay considerations. Later
findings of high-intensity radiation belts surrounding the earth make the
single-pass reentry more likely (Reference 37),

The depth of the entry corridor is generally small, Correspondingly, for
ballistic-type vehicles, guidance accuracy required to effect reliable single-
pass reentry is high. Lifting-type vehicles are known to increase the dimen-
slons of the entry corridor and ease single-pass guidance requirements
(References 33, 36, and 37), The essential point of the referenced reports ig
that entry corridor dimensions may be effectively increased by discrete
modulation of 1ift and drag during reentry. Beneficial entry corridor effects
achievable here . uld be (1) a general smoothing-out of thermal and decelera-
tion peaks, (2) a reduction in skip-out tendency, and (3) steeper permissible
reeniry trajectories. Although ballistic vehicles are structurzally more
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Figure 101. Single- and Multiple-Pass Reentry Paths

efficient than lifting vehiclea, evidence suggests that meon vehicle design will
rapidly depart from such early ballistic concepts as indicated in Reference 39
(ballistlc design was favored here because of boosgter limitations). Relaxed

gujdance requirements and less severe exposure to environmental hazards are
aiforded by lifting vehicles.
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Flight Vehicle Power

The primary considerations for the selecticn of a flight vehicle power
system arc the mission duration, the magnitude of power required, and the
load duty cycle. Once these factors have been determined, data, such as are
contained in Figures 102 and 103, are helplul in selecting the proper flight
vehicle power system. These figures indicate specific welght versus power
output and system weight versus duration, respectively. A detailed discus-
sion of these two figures is given later in this section.

Typically, a manned vehicle requires a load duty cyele that fits the
mission requirements, controls environmental conditions, and supplies the
stored reserve of additional power for peak loads and emergency needs. In
addition to satisfying this load duty cycle, the auxiliary power system must
be reliable. System reliability is materially increased by using a basic
power supply augmented with subsystems as backup for any special require-
ments. Generally speaking, one basic power supply will not completely
satisfy all mission requirements, Integration of the several power supplies
will result in 2 minimum weight /volume system, in addition to one that is
‘lexible enough to allow readily for expansion of the system or to accommodate
changes with modifications of the mission. A tie-in of a chemical flight
vehicle power system with the on-board propulsion fuel can also effect a sub-
stantial weight saving if the systems are compatible.

By definition, the flight vehicle power systems considered for the {ime
period in question exclude exotic energy sources such as heat from thermo-
nuclear fusion and the wore advanced heat conversion schemes such as
magnetonydrodynamic technigues.

The primary sources of energy available for power conversion are
{1) nuclear sources, (2) solar sources, and (3) chemical sources.
Application of these sources cannot fit logically into integrated systems
unless the advantages and disadvantages of each candidate system are
taken into account.

Nuclear Sources (SNAP 1, 2. 3, 8, and 10}

The term SNAP has been coined from the words “*svstems for
nuclear auxiliary power'’. Power levels up to 1 kw can be supplied by
radioigotope sources such as SNAP 1, 1A, and 3. At higher outputs,
they are not economically competitive because of the very limited supply
of radioactive material adaptable to this type of heat source. The SNAP
10 thermoelectric system can supply 300 watts, and, with development,
will produce 000 watts. For power levels of 3 to 6 kw, the SNAP 2
turboelectric sysi2m is appropriate. At 35 kw and over, the SNAPD 8-
type turboclectric power source can be utilized. Nonradicisotope-type
systems can be extended up to the megawatt level without serious

ASD TR §1-240 Pt ], Vol 11 -39-
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problems. Advancements in thermionic technolegy will substantially reduce
the specific weight of nuclear systems.

Nuclear sources are desirable for long duration applications since,
within ltmits, weight is independent of mission duration. Compactness is
another advantuge. Nuciedr sources possess a youd growth potential since
output can be increased without substantial increase in weight and short-
duration overloading can be tolerated. Only low-to-moderate development
costs would be required for early delivery. The thermionic and thermo-
electrie types have no principal moving parts.

On the other hand, shielding of nuclear sources may increase system
weight by 50 to 200 percent, depending upon allowable dose level, separation
distance, reactor output, etc. Power output is fixed and heat dissipation is
necessary for off -design operation. Start-up problems and shutdown problems
assoclated with reentry of nuclear systems are not well defined. At the lower

power levels (less than 10 to 20-kw) the specific weight (pounds per kilowatt)
is higher than for the nonnuclear systems.

Solar Sources (Sunflower, Solar Cells)

For each kilowatt of output, solar cell panels require about 100 square
feet of area and weigh about 150 pounds, depending on installation. Surface
area limitations impose restrictions on the magnitude of power generated.
These quoted values can be reduced by using reflectors and by operating at
higher temperatures. The Sunflower-type system is a turboelectric system
whose heat source is located at the focus of a large parabolic mirror.

These systems can be used, up to 30-kw output, with collector diameters of
about 60 feet, depending on component efficiencies. Increasing the cutput
will aggravate problems associated with collector deployment and orlentation.,

n general, solar sources are advantageous for long-duration applications,

weight being independent of mission duration. Up to 30-kw power ocutput,
solar sources have low specific welght (pounda per kilowatt); they are the
lightest of energy sources if duration is more than 10 to 20 days.

Disadvantages of solar sources include the necessity for large collecting
surfaces, the damaging effects of irradiation and meteorcids because of
these large surfaces, the necessity of energy storage during earth shadow
operation, packaging and deployment problems becauge of great bulk at 20 to
30-kw output, and orientation problems. The orientation problems are pri-
mar.ly indirect, peinting accuracies (+ 10 degrees for golar cells + 1 degree
for collectors) are easily attained, but the perturbing torques can be a seri-
ous prohlem for pointing reconnaissance cameras, for example.
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Chemical Sources (Fuel Cell, Batteries, Turbomechanical)

In general, for a given output, the system weight i{s proportional to dura-
tlon. Chemical systems are best sulted te low output (3 to 5 kw) short-duration
{50 to 100 hour) applications, Super insulators are making cryogenic fuels
more practical,  With eryogentc fuels, such as LH3-LOX, the system 15 readily
integrated with environmental temperature contral, Very low fuel consumption
using lquid hydrogen makes the system attractive for short~duration, light-
load missions. and emergencies. A welght saving can sometimes be made by
utilizing the on-board propulsion fuel and tanks. A storable hot-gas system
1s ideaily sulted for the short-duration, high-power reentry and landing leads.
Batteries are generally limited to low-energy requirements because of weight,

However, storage batteries are useful in supplementing other systems during
short-duration peak loads or periods of nonoperation.

One important advantage of chemical systems stems from the fact that
many of these systems have been developed for some time and reliability has
been proven. Desirable possibilities for integration, short-duration econ-
omy, and energy storage were outlined above. Another advantage is the

adaptability of chemical power units to vehicles which operate independently
of the "‘mother-ship*’,

The principal drawback of chemica) systems is the fuel weight, which
becomes prohibitive for high-power, long-duration applications. In many
instances, the specific fuel consumption {pounds per kilowatt hour) is par-
ticularly poor at off-design (part load) operation. Space and weight required
lor tankage are other disadvantages. Special problews include possitle
irradiation effects and zero-g handling.

Comparison of Various Flight Vehicle Power Systems

The curves of specific weight {pounds per kilowatt) versus power cutput
in Figure 102 show the relative position of all the power sources and conver-
sion techniques that were considered for this study. Curve (1) represents a
regenerative fuei cell with a radioisotope heat source. This curve stops at
1 kw since high power output information was not available. Total system
weight includes inverter equipment, supplementary batteries, miscellaneous
structure, and approximately 190 pounds of shielding at 0.55-kw output.
Further information may be found in Reference 41,

Curves labeled (2} give data for a LH2-LOX chemical system for dur-
ations of 2 weeks, 1 week, and 1 day (Reference 42). For fuel cells, a
specific fuel consumption (SFC) of 1.0 pound per kilowatt-hour is estimated
as the best possible for LH5-LOX. Fuel cell hardware is estimated to be
about 20 to 100 pounds per kilowatt depending on the qutput power level and
duration of operation. The turboelectiric systems may use an SFC of 1.5 to
2.0 pounds per kilowatt-hour for short durations when it is integrated with

-43-
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the thermal control system as the vehicle heat sink. For longer durations

(days instead of hours), when a radiator heat sink is advantageous from the
weight standpoint, an LHs-LOX turboelectric system having a high efficiency
is necessary to realize a minimum total system weight, The corresponding
SFC may be as low as 1.1 or 1.2 pounds per kilowatt-hour.

The area labeled (3} in Figurc 102 represents radioisotope heat scurces
with currently achievable thermionic ard thermoelectric conversion tech-
niques. Radioisotope systems have very limited application, power output
being limited to less than 1 kilowatt, Shielding requirements strongly in-
fluence specific weight.

Solar thermionic systems expected around 1970 are indicated on curve
(4) (Reference 43}, The fact that power output is limited by collector size
suggests the use of multiple units. System weight estimates may vary as
much as + 50 percont.,

Curve (3), showing nuclear thermionic systems assumed for 1870, is
based upen a 300-kw system and recent technical reports (References 44 and
45). Not included in the system weight is the shielding weight, which is a
function of the mission, the conversion weight. which is a function of nower
output and duration, and miscellaneous structure and components.

Solar thermoelectric systems, curve (8), are not competitive at high
outputs because of material temperature limits and to solar collector diam-
eter. Research and development is required for thermoelectric materials.,
There is a possibility that thermoelectric elements can be utilized in a
binary-type cycle using the waste heat as input to the high-temperature side.
System weight does not include heat storage or sun orientation equipment.
Calculations are based on the following approximate weight estimates: 8.5
percent for tie thermoelectric element, 82 percent for the solar co.lector,
21 percent for the radiator, and 8.5 percent for miscellanecus.

Nuclear thermoelectric systems are indicated by curve (7). A SNAP
10A unit is currently being fabricated for flight test in 1063 {Reference 46),

Development trends indicate that 3 to 1
Tra (RY maw [ LTS #nq.«tblc b:y' 10eR (See R

IS
LML §+ I Ll Leka FRTE s N

5 kw solar turboelectric svstem,

ference 47).

Curve (8) is for a nuclear turboelectric system ard Curve (9) is for the
same nuciear turboelectric system with shielding added. Shield weight is
pased upon a dose rate of 0.03 rem/hr at 30-i! separation. SNAP Z will be
{light tested in 1964. A 300-kilowatt version will be tested in 1968, and 4
3000-kilowatt version by 1970. {See Reference 48, }
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Silicon solar celis are considered in Curve (10). {See Reference 49.)
Total system weight 1s strongly affected by panel and structural support,
Orientation, development, and other factors. Current use is for power
levels less than 1 kilowatt. With development, 3- to 5-kilowatt units may
be feasible by 1965,

Ancther interpretation of power system welght i8 shown in Figure 103,

where the nuclear and solar power sources are seen to be independent of
duration,
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General Aspects of Structures for Manned Space Vehicles

The general investigation of structures for manned Bpace vehicles
repcrted in this section has centered around cabin walls for reentry vehicles.
A maximum skin temperature of 2600°F during reentry was assumed.
Stmultaneous arreas loads terrespendlng o an ultimate cabin piessure
loading of 20 psi and panel shear of 300 Ib/in. were considered to be
realistic mechanical loading criteria. Under actual conditions, the heat and
shear loads would occur only during exit and reentry. As is indicated in
the general section on meteoroids, pressure huyll damage by meteoroids
during a 6-week period is insignificant for cabin wall designs which meet
welght, temperature, pressure, and shear stress requirements. In addi-
tion, the cabin wall must provide sufficient protection from noise, gamma
rays, cosmic rays, high-speed neutrons, protons, and electrons,

Within this section, basic types of cabin wall are identified and analyzed,
and the basic properties of candidate materials are shown in graphical
form.

Cabin Wall Structures for Manned Reentry Vehicles

Three basic types of cabin wall structure are considered: (1) a conven-
tional skin, stringer, and C-frame type structure; (2} honeycomb sandwich
panels and honeycomb sandwich frames with insulation on both sides of the
panels, and corrugated sandwich insulation retainer on the outside of the
paneis; ard {(J) a structure similar to (2) with the addition of an interior
pressure membrane {cabin pressure retainer) supported by the frames.
These three types of wall arc illustrated in Figure 104, Case I corresponds
to the conventional skin and C-irame structure made of columbium. Cases
1l and III illustrate the honeycomb sandwich structure without the inner
pressure hull, with a nickel alloy (Rene 41) assumed for Case II and
titanium alloy assumed for Case III. Cases IV and V incorporate the inner
pressure hull, with Rene 41 used for Case IV and the titanium alloy used for
Case V. Inall cases the external skin is columbium, which retains much
ol ais strength al 2600°F. InCases Mand IV a temperature drop through
the outer insulation is assumed, so that the honeycomb panels and frames
are at about 1400°F, Rene’ 41 1s stijl suitable at this temperature,
Similarly, inCases I and v, atemperature dron to about 800°F is assumed,
at which temperature the titanium alloy is suitable. In Cases IV and v,
diuminum is agsumed for the pressure membrane. Figure 104 shows the
pressure membrane in detail. Room temperature was assumed in analyzing
the stresses on the pressure membrane.

ASD TR 61-240 Pt I, Vol i -46-
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Analysis of Appropriate Structures

The results of the analysis of Cases I to V are shown graphically in
Figure 105, Note that results abiuined to date do nai include insulation weight
and thus, iie opidmum weight points shown in Figure 105 will have to be
modified when the insulation weight is integrated into the total cabin wall
weignt. To lucilitate the ntegrarion nt inqulation weight a temperatore-
versus-weight correction was inciuded on the graphs for each type of
Structure studied.

The bar chart in Figure 105 indicates that Case | (conventional skin and
--frame structure} is not suitable when compared with Cases IJ and N1
thon%ycomb sandwich structure). Optimum weights are § Ib/fte, 2.25
1b/ft%, and 1.93 1b/ft2 for Cases I, 11, and III, respectively. Note also that
meteoreid damage becomes a significant facter at skin gages corresponding
to frame spacing of less than about 5-1/2 inches for the conventional skin and
C-frame structure.

Addition of the cabin pressure retainer increases the weight by about 14
percent (Cage IV compared to Case II, and Case V compared to Cage I,
Tie cabin pressure retainer has a safety advantage, in that cabin pressure
can be contained by the honeycomb sandwich panei should the membrane
cabin pressure retainer fail. Moreover, 3 vacuum between the cahin pressurs
retainer and the sandwich parnel increases the insulation effectiveness; thus,
Cases IV and V may be competitive with Cases II and III when irsulation
weight is considered.

For optimum weight considerations, minimum-gage face sheets are
assuraed for the honeycomb panels: 0.006 inch for Rene 41 and 0. 010 inch
for GAL-4V titarium. A horeycomb panel core density of 4 lb/cu ft was
get as a representative vnalie.

Figure 105 shows that for Cases Il and V, a £13-percent weight change
(=0.25 1b/ft2) 1s indicated for titanium tn the temperature range of 5000F to
900°F; for Cases Mand IV, a reductjon from 14909F to 12000F represents a
10-percent weight saving (0. 15 lb_/ft2) for Rene 41, ro further weight redue-
tion below 1200VF being indicated.

In using the data contained in Figure 105, several things should he kept
in mind. First, panel depth and frame depth are a function of frame spacing,
Second, a correction must be made for thermil characteristics if the Reneg
41 18 to be used at other than 1400°F, or if the titanium alloy is to be used
at other than 800°F. Third, allowance must be made for the insulaton
retainer and cabin pressure retainer, according to the instructions contained
in the figure. Fourth, allowance must be made for irsulation weight.
Finally, it should be remembered that inclusion of insulation may modify the
optimization of the cabin wall with respect to weight,

ASD TR 61-240 Pt I, Vol I ~48-
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Applying the formulas and data contained in the general section on damage
by meteoroids, it is found that Cases Il and I might invcolve a small weight
penalty to insure betier than a 99-percent probability of no penvtrations {less
than one penetration. in 100 G- week missions). [t should be noted that this
estimate tends to be conservative and that a single peneiration of the size
belng vonsidered would resull in a negligible pressure loss. The pressure
hull integrity corresponding to Cases IV and V is even greater because of the
added cabin pressure retainer.

Materials

Various possible materials are considered in Figure 106, where tensile
stress/unit weight, compressive yield/unit weight and modulus of elasticity/
unit weight are ail plotted as a function of temperature, Of the three
properties, compressive yield/unit weignt is most often the determining
property because of panel buckling problems.

Examination of these material property curves indicates that for honcy-
comb structure in the 1400°T temperature range, chromium- or vanadium-
base alloys could be used with little change in weight., Therefore, if thermal
properties favor a change in material, weight would not be an objectionable
factor. For the 80J°F range, honeycomb PH-15-17 Mo could be used with a
weight penaity of 10 percent; at 00YF, the weight penalty would be 5 percent,
Cther materials appearing more favorable on a weight basis are not
practical for manufacturing reasons {minimum gage problems).
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Effects of Meteoroids

Meteoroids represent a potential hazard to pressure hulls and radiators
through puncture, and to radiating surfaces through erosion. The potential
hazard to the pressure hull uppears to be no problem for missions lasting 6
weeks or less for cabin wall structure whose minimuam weight design is
determined by thermal and mechanical stresses. Damage to radiators dur-
ing a 6-week period can be significant enough to require division of the
radiator into sections and/or use of hoavier gage outside surfaces. There
appear to be no significant erosion effects indicated for a 6-week mission.
Pressure hull and radiator damage are considered in detail tn the following,
Detailed analysis of erosion effects has been deferred, since long-duration
missiong are not part of the present study.

In all of what {ollows, it should be noted that there is a lack of empirical
data on the flux of meteoroids and the effect of metenroids on materials.

Damage to Pressure Hulls

The estimated pressure hull integrity of the cabin wall design selected
for Vehicles 1A, 1B, and IC rests upon the meteoroid bumper effect of the
insulation retainer and the multisandwich-type construction. The cuter
iayers of material act as a metecroid bumper by breaking up impinging
particles and spraying them over a large area.

The problem of meteorold encounter and penetration of a space vehicle
structure involves four basic parameters: (1) probability of no puncture of
a given structural configuration of some exposed area for a given time
period, (2) the shield thickness or thickness combinations (bumper concept’
required to insure no puncture, (3) probability of at least one encounter
during a given time by particles of various size, and (4) the size of the
impacting particle for at least one encounter.

For Vehicle 1A, which i to have a 6-week migsion duration, the
structural configuration assumed is shown in Figure 107. The multisandwich-
type construction consists of an outer lasulation retainer face of columbium
sheets, an intermediate wall of Rene’41 honeycomb, and an inner wall of
aluminum, Based on a mean fuselage dlameter of 100 inches, a length of
068 inches, and the various shielding effects, the cabin average mean surface
area is estimated to be 1192 ft2, Included in the average mean surface area
1s the protected area afforded by the wing.
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Reference 78 contains the development of the Intlowing general penetra-
tion equation:

.
tg = axd (‘ﬁ%p‘) ® (-g_) 6 (L-1)

where (t;) is the thickness of the meteoroid shieid; (d) 1s the diameter of the
striking particle that id just capable of penetrating the shleld; (Py) is the
density of the particle; (0} {5 the density of the target material; " (C), is the
velocity of sound in the undisturbed target material; (@), (@), and & are
empirical parameters; and (V) is the velocity of the particle. Based upon

Equation {L-1), Herndon has derived the following meteoroid puncture equa-
tion (Reference 79):

2.48 x 107 6[v1/3]KB [(AT}S’/w]

; /
| ~L0gep(0)] 8/10

8

where (Kp) is an empirical constant relating penetration depth to critical
physical properties of the target material, (A) is the surface area, (T}1s
time of mission and P(0) is the prebability of zero penetration. This equation
does not include the bumper effect to evaluate the effective shield thickness.

The *“metecroid bumper’ has been suggested by Whipple (Reference 80).
The beneficial effect of bumper surfaces external to the pressurized cabin
wall is highly theoretical. However, Whipple states that if the bumper thick-
ness is 10 percent of the primary wall thickness, the number of punctures
should be reduced by a factor of approximately ten to a hundred.

Using Equation (L-2) and the more conservative Whipple factor of 1/10th

for relieving nature of a secondary surface, Herndon has shown the following
(Reference 79);

-/ ) 3/10

t_P. =L | (L-3)
n .I

g \10 i

where (tp) is the bumper shield thickness, (tg) is the single shield thickness,

and (n) is the number of bumper shields. For the stru tural configuration

given in Figure 107, and assuming t = tg =3 = t4_>_'_T0— t;, the effective

energy relieving value is

. 3/10
B o1 - L . o069 (L-4)
ts 104 _ﬁ;- b
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This indicates that the required thickness of the inner cabin wall (t;) is 1/16th
of that required if no bumper were present.

Applying the bumper concept of Equation (L-4) to the structural configura-
ton of Vehicle 1A, the effective ghield thickness tg

¢ - _'B__0.02
87 0.0625  0,0625

= (.32 in,

The calculation of the particle mass that would have the required energy
level to penetrate this shield thickness is 28 follows;

\3
= L7 y-t L-5)
M X v {
w. 32 @sy® /0
0. 486 30

M= 3941072 ¢m
where
M' - Mass of particles, gm
t = Thiciness of target, cm
V = Velocity of particle, km/sec

K = Constant from Bjork correlation relating particle density to target
density (Reference 81)

The diameter of the particle based on 2 spherical mass and a density of 0. 05
gm/cm? would be 0, 69 inches. Therefore, this is the critical particle size
involved in this study.

Based on Whipple’s meteoroid flux data (Reference 80), Figure 108 in-
dicates the probability of at least one encounter for various particle sizes
during the mission of Vehicle 1A,

From Equation (L-2) and Figure 108, the probability (Pag} of at least one

éncounter by a particle equal to, or greater than, the critical size is as
follows:
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2,48 x 1075 0xe [ 173 || amy /20
s 310 (1.-6)
.f 3,10
- Loge POY
{ 10} 10 10j
Tlivy
~Loge P{0} = 10 Ky LV (AT)
i -
g 2
{ 59}[ &}
= -13 T loms G| 4
2.154 x 10 498 10 <10
-LoggP(0) = 54 x .498) °Jl30) ® 15 x 10%
10
(0,32) 3

-Logg P(0} = 1,975 x 1070

P(0 = C. 9959

= 1- P(0)

Therefore, there is no tangible prooabilily of al least one encounter of a
particle of this &ize. For the assumed exposed area and duration, the
structural configuration of Vehicle 1A is most satisiactory.

From Equation {L-2), Herndon (Reference 79) developed & parametric
design curve of P{0) vs AT/T&3 for aluminum. Using this curve, different
values of P{0) are assumed in order to solve for corresponding values of
effective shield thickness. Figure 109 is a plot of the probability of zero
veretration versus cabin pressure retainer thickness for the exposad arex
and mission duration corresponding to Vehicle 1A, For the configuration
given {t. = 0.02 in. ), the probability of zero puncture is 0. 89", since the
probabiiity of encounter is 0<Pp <0.01, Therefore, the possibility of a
puncture during the mission of Vehicle 1A is very remote,

Damage to Radtators

The space radiator has critical surfaces exposed directly to meteoroid
flux during orbit. The following two design approaches to this problem are
considered; (1) a configuration similar to the firs: one shown in Figure 110
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Figure 107. Vehicle 1A Structural Configuration
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and made of aluminum, and (2) a configuration aimilar to the second one
shown in Figure 110 and made of.a refractory metal such as columbium,

Based on the current most rellable meteoroidul flux data, Whipple theo-
retical data and Explorer Series empirical extrapolations (Reference 80) and
the Bjork penetration equaticns (Reference 81), the two curves shown in
Figure 111 can be drawn,

The Bjork equation is:

25x10 g, 74 and/0
t = (I—'T)

[-Loge P(O)] 3/10

-

where

t = Thickness required
KT = Ponetration consiani
V = Average varticle velocity
= Time in orit
P(0) = Probability of no penetrations

Figure 111 shows that the required thicknees of columbium is only about
one half the required aluminum thickiess. Il is also evident that the minimum
thicknesses required to insure a high probability of survival are {, 026 and 0. 013
o7 aluimninum and columbium, respectively. Since pluminum is roughly one
third as heavy as columbium but only twice as critical, relative to peneiraiion
by meteoroids, the employment of aluminum where temperature conditions
permit provides better protection from meteorotds for a given weight,
Although the radiators located on the undersurface of the wings of Vehicles
1A, 1B, and i1C must be made of a refractory material, the resistance of
various materials to meteoroidal penetraticr should be one of the considera-
tions for the design of the power supply radiztor for these vehicles and {or
any radiator contemplated for the orbital base.

ASD TR 61-240 Pt I, Vol.L -60-




SOSSIDIYL SOOLIEA JO SDIAIYS J0IRIPEY JO 40j0und 0u Jo AJ[IGeqoad “ILT 9andry

B3] o SESUHT YL PTITUS 2048 [PEY

or- i 21 ot* eTel 50° 70" co” 0

wWruTon Ty /

7

nmv\\ WM TR L 00 \\\\ ,

- e

nAIM G o= TS0 OMT
233 Lgg ~ ®aay

O A£3TTTaRqoad

o

]
=4

-61-

3

b
Clg es TEATAING

i
L

ASD TR 61-240 p: I, Vol Il




5ol

Generai Aspects of Mission Equipment

This section discusses subsystem equipment for communications,
gutdance, reconnaissance, and data processing, which could appear in a
reconnaiasance vehicle operating in the span between 1965 and 1975. The
equipment itself is discussed initlally. A study of a similar system {SR-171
is cited as backzround information (Reference 503,

Communications Subgystem

The communications subsystem will contain equipment necessary for
command and control, and for the transmission and reception of data. Al-
though communication lnks to other satellites, as well as to ground stationg,

will be required, the subject of communication with other space vehicles will
be deferred.

A few general comments will be made about equipment for space-ground
communications. First of all, the frequencies used probably will be in the range
from I to 10 kme. The basic components needed for transmission and reception
in this band certainly exist now. Some improvements can be made in receivers
by empleying parametric amplifiers for low-noign fizures, and the new ceramic
tubes for temperature tolerance., The size and power required of transmitters
depend on a number of factors: (1) bandwidth of transmission, and (2) the com-
bined gain of the transmitting and receiving antennas. When the orbital aliftude
gets in the vicinity of 20, 000 nautical miles and greater, the power dissipated
during transmission at data rates of 10 megabits per second could create a ther-
mal problem, even at assumed frequencies of 39 kme. (Sce Figure 112.) Such
high frequencies are probably not attainable during the early part of the tirc
under study. Consequently, the transmitter assumed for Vehicles 1A, 1B, and
1C will probably operate at a frequency an order of magnitude less than 30 kme.
At this lower frequency, more power is required at a given altitude because of
tiie decrease in lransmitter/receiver gain and the higher bandwidh to irequency
ratio. Moreover, the difference between slant range and satellite altitude is
more significant at lower altitudes,

Guldance Subsystem

The guidance subsyatem will contain all the recessary equipment for
guldance during boost, attitude sensing, and position caiculations during
orbital motion, and guidance during return to a specified base back on earth.
The subsystem will contain the basic portion which 18 normally used (an
inerttal piatform and associated electronics, pius a digital computer for
carrying out the calculations necessary} and an emergency portion which
might Include a horlzon seeker, a periscope for sighting, and other aids.

ASD TR 61-240 Pt I, Vol II -62-




SIapIuIsueL ], SUNTIRITUNWIUG,) 10] 3PNV SNSIAA 10404 pajedIssi( ZIL 8andryg

AT TEOTLNEN 2 #DN3TITY 8317187 EL

(GT 31 -4 Ol 31 c
L aqt’t - oooebt ‘ 5 < or
fr T A Sy e e
\ / /s . g
e 4 v/ \
\.\. \
s e
/ /) / I°
L . e / /
% e / /
- \ / \ / 40T
. A e
\ \ tuyed daasjacad
\\ \ \ \ =~ B4 TW3EUBIY pauTIWC)
7
N ovx_ \ / / .
v / / /
- e s e = .01
s o&\oﬂ. oz\ﬁ 3dNETg @EJON JIdafaday "G U
\\ 7 \ \ 33®Y 17d - daplwmpumd Ty
and :
- \\ Sk ) e ey
o 06— . aP 0T = N/§ &
[ \ v wd OT) WY £ = Ssuanbag .
/ 7 N e -
\ \ ,\ S . reucTqdunsey eI2USD
L 1 ri " \\ [ S ] a r o 1 N M.Q.m

B11BM ¢ J3MC] PasmdtEsIC

-B3-

ASD TR61-240 Pt I, Vol I

oy,




The term “‘inertial equipment”’ 1.0 1+ the set consisting of the sensor,
usually an inertial platform, andthe controi clacironics. Data from the
inertial equipment are transmitted to a computer which calculates the position
and velocity with respect to a specified set of coordinates, The computer also
sometimes calculates certalii correction terms which are fed back to the
inertial equipment,

The critical elements in inertial equipnient ace the gyroscopes and the
accelerometers, and a conslderable effort is being expended by both the
Government and the electronics endustey L pmprove them. There has been a

continued effort to reduce the drift rate of gyros, principally by lesgening the
friction about the various axes about which motion takes piace, Friction about
the axis defined by the rotor was first reduced by air lubrication, which replaced
the conventional ball bearings. Another scheme is electrostatic guspension of
the rotor in 2 vacuum. This gyro has proven successful in the laboratory,

and will first find application in the guidance of submarines. The large con-
trol equipment associated with this gyro presently precludes its use in space-
craft. Another method for suspending the rotor in a gyro is by levitation
obtained by a magnetic field and the Meissner effect. This effect can only
operate when the surface of the rotor is brought to cryogenic temperatures,
usually involving liquid helium, the exact temperature depending upon the
material of the rotor surface. Experiments with thig device are in progress,
A contract now exists to build a gyro of this kind with a random drift rate not
to exceed 0, 0001 degrees per hour, averaged in the sense of the rooi-mean-
square (RMS),

Current inertial equipment take the form of stabilized platforms. There
has been a sustained effort to reduce their welght and volume, A platform
{30 pounds) representative of the current state of technelogy ig the P-200,
being produced by Litton Industries. Such an inertial platform, being a pre-
cise plece of equipment, must be placed in 2 clogely controlled environment,
In fact, the sensors are housed in a sealed case, filled usually with helium,
and the internal temperature is controlled within 2 degrees of the nominal
temperature.

Accuracy in determining attitude of 2 gpare vehicle operating aver a long
period of time presents a problem: therefore, periodic corrections are made
with gtar trackers. Trackers currently available introduce an error of about
15 seconds of arc RMS. They need not be uged during exit and reentrv when
there will be serious problems with aerodynamic heating and other effects due
to the earth’s atmosphere,

A new kind of inertial equipment, in which the inertial components are
mounted on an unstabilized bage, is being developed. This approach offers
some advantages, especiaily in maintainability, and it may make it possible
to incorporate the new gyros more easily. However, it is too early to predict
their applicability in space vehicles.
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In trying to predict the characteristics of a digital computer which might
be avaliable in the period concerred, the Verdan computer will be first
examined. The Verdan is in production with a number of applications:
hamely, the Hound Dog missile, and the AN/ASB-12 bomb director set for (he
AdJ, among others, It combines the advantages of a digital differential
analyzer for speed and the general-purpose type for flexdbility in programing.
The memory, of the dige type, 18 somewhat limited in capacity. Because the
trangistors are made of germanium, the temperature limit s 160°F. Standard
parts are employed and mounted on cards. Cooling {8 implemented by forced

air, Its main characteristics are summarized in Table 29 {obtained from
Relerence 517,

packaging methods, A digital computer about which some data exist is the
Mintver by Autonetics, Miniver is still in a very early stage of design(Reference
52). The method of packaging will depend on the amount of lead time given.
If only a year or so is Avallable, then the modules must make use of standard
parts, similar to Dense, which ig described later. 1f 3 years or more are
available, then, integrated circuitg will replace these welded modules. Some
preliminary characteristics of Miniver, using this preferred method of
packaging, are gshown in Table 28,

A digital computer built around the micromodule is in the prototype stage
(Reference 53). All available data are given in Table 20, This computer is 5
part of an inertial guidance package, the whole set weighing 45 pounds,
occupying . 82 cubic foot, and Consuming 225 watts of electrical power. Dis-
plays and controls are included in the package.

Reconnaissance Subsystem

The reconnaissance subsystem will have within it photographic, infrared
scanning, side-looking radar, and ELINT equipment. This gubsystem will be
closely integrated with the displays, the data brocessing subgvatem, and the
communications subsystem. The power of the crew members to edit and

evaluate information will be used to reduce information transmitted out by
several orders of magnitude.

Discussion of the infrared gcanning equipment, side-looking radar
equipment, and ELINT equipment will be deferred, A preliminary estimate
of weight versus altitude for thig type of equipment is given in Figure 113.

Photographic equipment includes not only the cameras, but also the film
processing equip.nent, and other agsociated control equipment as well, A
gradual evolution has resulted in lenses with long focal lengths and high
resolving power, fast films, film processing techniques which can be
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