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ABSTRACT

This report preseuts the results of an analysis of escape system separation techniques
from a maximum heating re-entry trajectory. Four escape capsule concepts appli-
cable to a lifting type flight vehicle were considered. These are (1) a separable-nose
ballistic body; ) a separable-nose lifting body; (3) a pod capsule; (4) a turnaround
capsule, The objective of the study was to determine the applicability of these cap-
sules and various thermal protection schemes to providing escape capability from
the maximum heating point of a typical lifting re-entry trajectory. The compatibility
of escape techniques developed at the maximum heating point with providing escape
capability throughout the complete mission profile was also investigated. It was
determined that all concepts except the turnaround capsule could provide escape
capability throughout the mission. Separation interface structural criteria and dis-
connect techniques applicable to the four capsule configurations are presented.
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INTRODUCTION

" Provious Atr Force studies tnvolving the-re-cntry flight-reglms-of moderate L/D—low

orbital flight vehicles, have proposed as a crew escape system, for the flight vehicle,
various versions (lifting, ballistic and combinations thereof) of the separable-nose
escape system concept, Due to the predominate influence of high performance require-
ments upon the design philosophy of the total flight vehicle, it has been a characteristic
of these proposed re-entry escape systems to have a high ballistic coefficlent, W/CpA
or to possess a higher wing loading than the primary flight vehicle. In addition, the
stability requirements of the lifting type separable-nose escape concepts often dictate

a high trim angle for the escape system, which upon separation from a flight vehicle
performing at a lower angle of attack results in large capsule oscillatlons and high tran-
sient heating rates, If the primary flight vehicle is operating at or near its maximum
temperature capability, it is readily conceivable that the resultant escape environment will
exceed the capabilities of those escape concepts utilizing the heat protective structure of
the primary flight vehicle.

The present study was conducted to determine what separation techniques, if
any, can be utilized to permit safe escape under the severe aerodynamic heating condi-
tions described above. In addition, the performance was investigated to determine if the
separation techniques evolved at the re-entry escape poiut led to escape capsule recovery
capability greater than that of the primary flight vehicle and also to detevmine the com~
patibility of the re=entry escape system technigques with respact to providing escape
throughout the mission profile of the primary flight vehicle. A final aspect of the study
was an mnvestlgation to determine the availability of realistic structural design techniques
at the escape capsule/primary flight vehicle separation iuterface.

Manuscript released by the author October 1964 for publication as an RTD Technical
Report,
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SECTION 2

CONF IGURATIONS AND MISSIONS

2.1 PRIMARY FLIGHT VEHICLE

2.1.1 CONFIGURATION. Theprimary flight vehicle considered in the present study is
a single-place boost glide vehicle assumed to be based on current state-of-the-art tech-
nology. A sketch of the primary vehicle is presented in Figure 1 from which it can be
seen that it is similar to the Dynasoar vehicle and the primary flight vehicle presented

in Reference 1. The vehicle has a low, 73° sweep delta wing with a fuselage mounted
above the wing. The wing leading edge has a diameter of . 5 feet. The vertical tails are
mounted on the upper surface of the wing at the tips. The pilot is housed in conventional
aircraft manner in the fuselage forebody. This configuration is such that it can accom-
modate any of the four proposed escape concepts which will be introduced in Section 2.2
with minor configuration modifications.

The primary flight vehicle is assumed to have a wing loading of 30 psi aud be
radiation cooled. The details of the primary flight vehicle structure will be discussed

in Section 7. 1.

The hypersonic aerodynamic data assumed for the primary flight vehicle are
presented in Figure 2. It was assumed that these data were invariant throughout the
hypersonic regime. The variations in aerodynamic characteristics which do occur in the
hypersonic regime age of no particular significance to the present study.

The surface material was assumed to be constant over the vehicle except at the
nose. The nose uses a higher temperature capability material since it is at the stagna-'
tion point and experiences more severe aerodynamic heating. This is consistent with
present re-entry glider design philosophy, e.g., Dynasoar. Excluding the nose there-
fore, the peak surface temperature will occur at the wing leading edge over the rz2gion
of available trim angle of attack.

2.1.2 MISSION. The primary flight vehicle is boosted by a vertical take-off rocket
into a low altitude earth orbit. As a re-entry vehicle it was assumed that the glider had
trim capability between maximum lift and maximum lift-to-drag. The re-entry corridor
therefore is between a maximum lift trajectory at zero bank angle and a maximum lift-to-
drag ratio trajectory at a bank angle of 45 degrees. This latter trajectory yields approxi-
mately the maximum lateral range capability.

The initial re-entry maneuver is assumed to be accomplished in the following
manner. The vehicle re-enters the atmosphere trimmed to maximum lift at zero bank
angle. This orientation is held through the initial pullout. When a flight path angle of
zero degrees is achieved the bank angle is adjusted so that the vehicle flies a constant
altitude transition trajectory until it intersects the desired equilibrium glide trajectory.

2
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The primary flight vehicle boost and re-entry &ajecﬁories are preeentéd 11"1
Figure 3. The re=entry trajectories were calculated using the serodynamic data pre-

semted inFigwre 2. e -

Tle maxinium lift-to-drag ratio, 45° bank angle trajectary, is the maximum
heating trajectory. The leading edge temperature history corresponding to this trajec-
tory is presented in Figure 4. It is seen that the peak leading edge temperature is
3460°R occurring at the following flight conditions:

vy = -, 14 degrees
V = 21913 fps
H = 221241

This flight condition was used as the initial condition for the re-entry escape
performance studies which will be discussed in Section 0. 0.

The maximmn dynamic pressure during boost is 825 psf vccurring at a velocity
uf 1800 fps at an aluitude of 43, 000 ft.

The recovery ceiling of the primary flight vehicle is presented in Figure 5. The
recuvery ceiling is defined as the locus of maximum apogee altitudes from which the
veliicle can recover to level flight without violating its structural lvad factor of maximum
temperature capability. ln the present primary flight vehicle the recovery ceiling was
determined by aerodynamic heating considerations, The recovery ceiling was caleulated
assuming a constant angle of attack re-entry. A maximum lift coefficient of . 667 was used.
Improvements in recovery ceiling capability can be achieved by modulating the lift, How-
ever, since the primary flight vehicle recovery ceiling is being used in the present study
as a basis for comparison between the various escape capsules, the constant angle of
attack maneuver is believed to be adequate.

2.2 ESCAPE CAPSULES

2.2.1 GENERAL ESCAPE CAPSULE CRITERIA. An escape capsule for a boost=glide
vehicle such as considered in the present study serves two purposes. During normal
flight it serves as the crew and sensitive equipment protective compartment and as the
control center of the vehicle. The crew compartment is designed primarily to accom-
plish this function, The second purpose of an escape capsule is, as the name implies,
to sexrve as an escape system for the primary vehicle. Design requirements dictated by
escape generally serve as constraints on the design of the crew compartment as the
vehicle control center,
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An escape capsule for the primary flight vehicle of the present study should meet
the following general criteria: .

L. The capsule should be capable of providing successful escape through-
out the mission profile.

2. The capsule should not compromise the glider's ability to withstand
air loads, and/or heating loads.

3. The capsule should not significantly compromise the performance or
stability characterictics of the primary-flight vehicle.

4. The capsule should be aerodynamically stable and capable of com-
pletely automatic flight throughout the missicn profile since the
capability of the pilot cannot be assured during emergency situations.

S. The capsule vehicle separation interface should minimize separation
interference effects.

6. The capsule should have provisions for a safe impact and in the case
of water impact, flotation devices.

7. The capsule should operate within the human tolerance limits to high
accelerations and tumbling. For the present study the acceleration
limits presented in Figure 6 were assumed and a maximum tumbling
limit of 60 RPM was used.

8. The capsule should have provisions for an emergency lift support
system.

2.2.2 STABILIZATION AND CONTROL. The studies of Reference 1 have indicated the
requirement for an active stabilization and control system for escape capsules. This
system is required to permit orientation while in orbit and to insure that at no time during
flight will huraan endurance, structural strength or heating limitations be exceeded.

Outside the atmosphere, stabilization and control is achieved with reaction jet
controls. For the present study an Igp of 135 was used for the reaction controls. The
thrust level varied vith each configuration and will be described below.

Within the atmosphere stabilization is accomplished aerodynamically. Stability
can be inherent in the basic configuration design or can be achieved with the use of extend-
able aerodynamic surfaces. Control within the atmosphere can be achieved either with
aerodynamic controls, (i.e., deflecting surfaces) or reaction controls. However, the use
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of reaction controls at high dynamic pressure generally requires large thrust forces.

The use of variable deflection aerodynamic surfaces may be required to vary trim angle
and/or increase drag as well as serving as the damping control. From the standpoint of
simplicity, however, which should be an objective of any escape system design, aerody-
namic control surfaces having only one or two fixed positions would be desirable. In the
present study the applicability of both types of control throughout the mission are inves-

tigated.

Flap controls were used as the aerodynamic control; however, the qualitative
results obtained with these controls would be applicable also for other types of aerody-
namic controls, e.g., booms.

2.2.3 ESCAPE CAPSULE CONFIGURATIONS. One of the primary factors affecting the
design of re-entry vehicle is the severe aerodynamic heating environment. There are two
principal methods of protection from this aerodynamic heating. These are mass transfer
(i.e., ablation)or radiaticn cooling. In ablation heat protection schemes a large part of
the heat input 1o the vehicle is used to melt the ablation material. In order to reduce the
weight of ablation material the vehicle should have high drag.

In utilizing the radiation cooling concept the convective heat flux to the body is
maintained at such a level that the body is kept within its prescribed temperature limits
by the radiation away from the body. This approach is limited by the temperature limits
of materials suitable for use on the vehicle surface. The use of this heat protection scheme
is generally limited to lifting type vehicles since only these type vehicles achieve radia-
tion equilibrium temperatures witnin the limits of present state-of-the-art surface materials.
Reducing the vehicle wing loading results in higher altitude trajectories which reduces the
convective heat transfer.

In many re-entry vehicle designs a combination of these two heat protection
schemes is used since the temperature characteristics vary over the surface of the ve-
hicle.

In the present study both of these heat protection techniques have been incorporated
in the four escape capsule concepts which were investigated. These configurations will be
described below and theirystructural aspects will be discussed in Section 7. 1. The con-
figurations as desuribed below were used in the performance analysis. During the investi-
gation of the separation interface and disconnects it was found necessary to make minor
modifications in the basic configurations. These modifications would have some effect on
the quantitative aerodynamic characteristics and performance, but would not change the basic
escape techniques to be used.

2.2.3.1 Separable - Nose Ballistic Body. This configuration which is shown in Figure 7
is a blunt configuration which utilizes an ablation heat shield for thermal protection. The
blunt nose of this design will degrade the performance capability of the primary flight
vehicle but is included in this study to serve as a baseline vehicle for the evaluation of the
various other concepts to be investigated in this program.

11
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This configuration is very similar to the ballistic configuration of Reference
1 and much of the information of Reference 1 has been incorporated into the present in-
vestigation. The weight, inertia and center of gravity data as taken from Reference 1
and used in the performance study are presented in Figure 5.

The ballistic body configuration has both aerodynamic and reaction controls. The
reaction controls consist of hydrogen peroxide reaction jets located as shown in Figure 7,

Trailing edge flaps are used to provide aerodynamic stability and control and
also to increase the drag during re-entry in order to minimize the total heat input. The
lower flap has been split into two parts in order to eliminate rocket exhaust impingement
on the surfaces. It is assumed that these surfaces are deflected automatically to pre-
selected positions which are a function of the position in the primary flight vehicle tra-
jectory. When considering aerodynamic damping in the performance studies it was neces~
sary to use one of the flaps as a damping control.

2.2.3.2 Separable - Nose Lifting Body. This configuration, shown in Figure 8, utilizes
the basic re-radiative structure of the primary flight vehicle as its thermal protection
system. For this reason, the lifting body capsule has the same temperature limits as the
primary flight vehicle. This configuration is very similar to the lifting body configuration
of Reference 1, and much of the information of Reference 1 has been incorporated into the
present investigation. The weight, inertias and center of gravity of this configuration as
taken from Reference 1 and used in the performance studies are presented in Figure 8.

The lifting body configuration has both aerodynamic and reaction controls. The
aerodynamic controls consist of four flaps located around the body as shown in Figure 8.
The two side flaps are used to provide directional stability and the upper and lower flaps
are used for longitudinal stability and control. It is assumed tha: these flaps are deflected
automatically to pre-selected positions which are a function of the position in the trajectory.
It was found during the course of the investigation that the nominal side flaps shown in Fi-
gure 8 were insufficient to provide adequate directional stability. For this reason the
effects of 30% larger side flaps were considered. This aspect 1s discussed in more detail
in Section 3.0 where the aerodynamic characteristics of the vehicle are presented.

Reaction control is provided by six reaction jets as shown in Figure 8. Two of the
six reaction controls are used for yaw control and the other four are used as both pitch and
roll control. A value of 40 lbs. of thrust per nozzie was used with a specific impulse of

135 seconds.

/
2.2.3.3 Separable - Nose Turnaround Capsule. This configuration, shown in Figure 9,
utilizes the basic re-radiative structure of the primary flight vehicle with the addition of
an ablation heat shield at the separation plane. This configuration is similar to the body
portion of the lifting body configuration described above. During normal flight the heat
shield is enclosed within the fuselage of the primary flight vehicle. Upon separation during
an escape, the capsule is turned around so that the ablation heat shield is in front. The

12
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purposc of examining this configuration s to evaluate a vehicle which has high tempera-
ture capability during un’cscupc maneuver as a result of using a blunt ablation heat shield
but does not compromise the lift-to-drag ratio performance of the primary flight vehicle.
The nominal weight, inertia and center of gravity “1ta used in the performance studies are
presented in Figure 9.

The turnaround configuration has both aerodynamic and reaction controls. The
acrodynanmic controls consist of three flaps located around the body as shown in Figure 9.
The acrodynamic surfaces are required for stability within the atmosphere.  Since the
flaps arc required after the configuration is turned around their hinge linc is located at
the end of the flap nearest the heat shield. With this arrangement, aerodynamic heating
and loading considerations preclude opening the flap until the configuration has turned past
ninety degrees.

The reaction control jets are located as shown in Figure 9. Two reaction jets
are used to provide control in each of the three planes. A value of 40 lbs. of thrust per
nozzle was used for the yaw and roll controls and a value of 8) lbs. for the pitch controls.
A specific impulse value of 135 seconds was used.

2.2.3.4 Separable Pod. This configuration shown in Figure 10 consists of the crew
cabin portion of the forward fuselage and utilizes the re-radiative structure of the primary
flight vehicle for its top surface and an ablation heat shicld for its bottom surface. The
ablation heat shield is enclosed within the vehicie's fusclage during normal flight. The
nominal weight, inertia and center of gravity data used in the performance studies are
presented in Figure 10,

The pod configuration utilizes both aerodynamic and reaction controls. The
acrodynamic controls consist of five flaps located around the configuration as indicated in
Figure 8. Two lower flaps were used to allow a space for the expansion of the rocket
exhaust. The two side [laps are used to provide directional stability and the upper and
lower flaps are used for longitudinal stability and control. It is assumed that these flaps
are deflected automatically to pre-selected deflections. There is a delay in the deflection
of the lower flap to allow the pod to clear the primary vehicle.

Six reaction jets as shown in Figure 10 are used for reaction control. Two of the

reaction controls are used for control of each of the motions, pitch, roll and yaw. A value of
40 lbs. of thrust per nozzle was used with a specific impulse of 135 seconds.

13
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SECTION 3

AERODYNAMIC CHARACTERISTICS

3.1 HYPERSONIC AERODYNAMICS
4

3,101 TECHNIQUES. Hypersonic aerodynamic data was calculated using the Modified
Newtonian Impact theory. An unpublished IBM 7090 computer program was utilized to
détermine the steady state and stability derivatives for the configurations without flaps.
Input for this program consisted of defining the configuration as a series of flat plate
segments and calculating the centroids, areas, and direction cosincs of each segment.
The output of this program was curve fitted and used as input to an unpublished IBM 7090
computer programn which computes total vehicle aerodynamic characteristics including
flap effects. The flap contributions were determined by curve fitting data of flap shadow
area and centroid location as a function of flap deflection and angle of attack. This data
was then used to determine the trim capability and stability derivatives of the four con-
figurations with the flap sizes and c. g. locations as shown in Figures 7 through 10.

The body alone aerodynamic data, the flap areas and centroid locations were
curve fitted and used as input to the three and six degree of freedom trajectory programs
utilized in the performance investigation.

3.1.2 RESULTS.

3.1.2.1 Ballistic Body Capsule. Hypersonic aerodynamic data for the ballistic body
are presented in Figures 11 through 15. Moments are referenced about the 62% point
of the centerline length of the vehicle body. The lateral directional stability derivatives
are referenced about the body axis and the longitudinal data are referenced about the
stability axis. The upper flap was used for trim control and aerodynamic damping for
the hypersonic performance studies.

Pitching moment characteristics show the vehicle is longitudinally stable and
can be trimmed between 1 degree and 15 degrees angle of attack for flap configurations
as presented in Figure 11. The pitch derivatives corresponding to these flap configura~-
tions are presented in Figure 12.

It should be noted that the lateral-directional stability derivatives presented
in Figures 13, 14, and 15 are dependent upon the side flaps and not the upper or lower
flaps. All curves are presented for a side flap deflection of 40 . The vehicle is direc-
tionally stable, as shown in Figure 13, however the dihedral effect is positive, indicating
that the vehicle is unstable in the spiral mode. This spiral instability could be corrected
by relocating the flaps so the flap centroid was abuve the center of gravity. ‘
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3.1.2.2 Laifting Body Capsule. Hypersonic aerodynamic data tor the lifting body are
presented in Figures 16 through 20. Moments are referenced about the 63. 7% point of
the vehicle body centertine. The lateral-directional stability derivatives are referenced
about the body axis and the longitudinal data are referenced about the stability axis. The
. lower flap was used for trim control and aerodynamic damping irn the hypersonic perfor -
mance studies.

Pitching moment characteristics, as presented in Figure 16, show the vehicle
is longitudinally stable and gan be trimmed between 0 degrees and 30 degrees angle of
attack.. The dashed curve represents the change in trim characteristics with the use of
an approximately 30% larger side flap necessitated by directional stability considerations
as noted below. Because of side flap orientation on the vehicle body, the flap contributes
a positive pitching moment and the vehicle will trim at approximately 3 degrees higher
angle of attack than the smaller flap at the same deflection. The pitch derivatives
corresponding to these flap configurations are presented in Figure 17.

The lateral-directional stability derivatives are presented in Figures 18, 19,
and 20. All curves are presented for a side flap deflection of 45 degrees. The vehicle
is directionally unstable with the small side flap, however, by increasing the flap area
approximately 30% the directional stability was increased as noted on Figure 18 by the
dashed curve. The vehicle is stable in the spiral mode as indicated by the dihedral effect,

ClB.

3.1.2.3 Pod Capsule. Hypersonic aerodynamic data for the pod configuration are pre-
sented in Figures 21 through 25. Moments are referenced about the 51. 6% point of the
vehicle centerline. The lateral-directional stability derivatives are referenced about the
vehicle body axis and the longitudinal data are referenced about the stability axis. The
lower flap is used for trim control and aerodynamic damping in the hypersonic perfor-
mance studies.

Longitudinal data are presented in Figure 21. The vehicle is longitudinally
stable and can be trimmed from approximately 5 degrees to 14 degrees angle of attack
for the flap configurations presented.

The lateral-directional stability derivatives are presented in Figures 23 through
25. All curves are presented for a side flap deflection of 40 degrees. The vehicle is
directionally stable but is unstable in the spiral mode. This spiral instability could be
corrected by relocating the side flaps.

3.1.2.4 Turnaround Capsule. Hypersonic aerodynamic data for the turnaround configura -
tion data are presented in Figures 26 through 31. Moments are referenced about the

59. 7% point of the vehicle centerline. Because of the large variation in angle of attack,

all data presented are referenced about the vehicle body axis. The lower flap is used

for trim control and aerodynamic damping in the hypersonic performance studies.
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Figure 26 presents the longitudinal data {rom an angle of attack of 180 degrees
to 40 degress. The sketch above the curves in Figure 26 shows the sign conventlon being
used for aerodynamic data presentation. The solid curves represent data with all flaps
in the closed position. This data is used for the initlal phase of the turnaround maneuver.
The dashed curves represent data with all flaps extended to 45 degrees. An extrapolation
of data to approximately 190 degrees angle of attack indicates the vehicle would be in a
trimmed condition at that point, however, the vehicle is longitudinally unstable and any
small disturbance would start turnaround in the direction of the disturbance. Figure 27
is a continuation of longitudinal data after the vehicle has completed turnaround. Trim
can be accomplished from approximately 1 degree to 20 degrees with lower flap deflec=
tions between 30 and 45 degrees. With the lower flap deflected to 15 degrees, the vehicle
will trim at approximately 50 degrees angle of attack, however, this data is not presented
at high angles as it is unlikely that trim will be required In this attitude. The vehicle is
longitudinally stable for all trim conditions after turnaround,

The lateral-divectional stability derivatives ave preseated in Figures 29, 30,
amd 31, All curves are presented for a side flap deflection of 45 degrees. The vehicle is
directionally stable and is stable in the spiral mode as indicated in Figure 29.

3.2 SUPLRSONIC ALRODYNAMICS

3.2.1 TECHNIQULS.  Supersonic acrodynamic data for the ballistic body and Lifting
body conflgurations were determined by using the data presented in Refervence 1 for tixed
flap deflection angles as o basis,  Pluap characteristics were based on experimental data
on similar configurations (¢, g., References 2 through 5) and the basic data of Reference
I was then corrected to yield the acrodynamic characteristics for the configurations with-
out flaps.  ‘This data, along with the flap data, was used as input to an unpublished IBM
7090 cumputer program which computed the acrodynamic churacteristics for the complete
vehicles at various angles of attack, flap deflections and Mach numbers.

Because the pod coafiguration and the ballistic body are similay, the supersonic
aerodynamic data were determined for the pod capsule by using a ratio of the hypersonic
characteristics for the two configurations as follows:

Cl = C

pod ipp c
ipg ~ hypersonic
where

Ipod - hypersonic ,

(1

C, - Pod aero coefficient without flaps @ M
pod
ipp Ballistic body aero coefficient without flaps @ M

Cipod - hypersonic Hypersonic pod aero coefficient without flaps

Igg - hypersonic - Hypersonic ballistic body aero coefficient
without flaps
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Flap characteristics of the ballistic body were used for the pod configuration.
The above-mentioned computer program was utilized to determine aerodynamic charac-
teristics for the complete pod configuration.

Aerodynamic date for the trajectories were determined by using the flap
characteristics and the body alone data as input for the three degree of freedom trajec-
tory program.

A preliminary anaiysis of the supersonic charactevistics of the turnaround
capsiile indicated that it was more stable (in the heat shield forward position) than at
hypersonic speeds. Consequently, it would be unstable in the sharp nose forward atti-
tude as at hypersonic speeds and tend to turn around. Since it was felt that a turnaround
maneuver exccuted at maximum dynamic pressure would achieve load factors in excess
of human tolerances, t}]e maximum dynamic pressure performance was calculated using
the hypersonic aerodynamic characteristics described above. These data would yield
optilmistic load factor charactevistics. If they yielded excessive load factors, then the use
of supersonic aerodynamic data would only make the situation worse.

3.2.2 RESULTS

3.2.2.1 Ballistic Body. Supersonic aerodynamic data for the ballistic body configura-
tion are presented in Figure 32. This data is referenced about the stability axis and
moments are referenced about the 62% point of the vehicle centerline. The vehicle can
be trimmed between approximately -3 degrees and + 10 degrees angle of attack for the
flap deflections as presented, and the vehicle is longitudinally stable. For the super-
sonic trajectory analysis the lower flap is utilized for trim control and aerodynamic
damping.

3.2.2.2 Lifting Body. Lifting body supersonic data is presented in Figure 33. Data is
referenced about the stability axis and moments are referenced about the 63. 7% point of
the vehicle centerline. The vehicle can be trimmed between approximately -10 degrees
and +10 degrees angle of attack for the flap deflections as presented. This configuration
is longitudinally stable. The upper flap was used as trim control and aerodynamic
damping for the trajectory analysis in the supersonic flight regime.

3.2.2.3 Pod Capsule. Figure 34 presents the supersonic aerodynamic data for the pod
configuration. Data is referenced about the stability axis and moments are referenced
about the 51. 6% point of the vehicle centerline. This configuration is longitudinally stable
and can be trimmed between approximately -3 degrees and +9 degrees angle of attack.
The lower flap was used as trim control and aerodynamic damping for the trajectory
analysis.

3.3 SUBSONIC AERODYNAMICS

3.3.1 TECHNIQUES. Subsonic aerodynamic data for the ballistic body and lifting
body configurations were determined by extrapolating the supersonic body alone data on
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_ { the basis of experimental data of slinilar configuraticss such as presented in References
2 6 through 8. Subsonic flap characteristics were determined in the same manner as for
the supersonic data. The computer program was then utllized to determine the aerody-
namic characteristics of the complete configurations.

=
=
B
X
=
=
%
=
]
=
=3
=
i

A Subsonic aerodynamic data for the pod configuration was determined by ratioing
z the ballistic body data as was done at supersonic speeds. The ballistic body subsonic flap
data was used in calculating the data for the complete pod configuration,

v G, A

Subsonic aerodynamic data was not generated for the turnaround capsule since
it was felt that the gross trajectory characteristics resulting from a turnaround maneuver
would only be slightly affected by the difference in aevodynamic characteristics between
- hypersonic and subsonic speeds,

3.3.2 RESULTS. Figure 35 through 37 present the subsonic aerodynamic for the three
configurations. All data are referenced about the stability axis and moment reference
points are the same as noted in Section 3. 2. 2 for each respective configuration.

3.3.2, 1 Ballistic Body. The ballistic body data is presented in Figure 35 . The vehicle
is stable and can be trinuned between approximately =3 degrees and 112 degrees angle of
attack, The lower flap was used as trim control and acrodynamic damplng in the trajec=
tory analysis.

3.3,2.2  Lifung Body., igure 36 presents the subsonic data for the lifting body,  The
vehicle can be trimmed between approximately +) degrees and +23 degrees angle of attack
for the flap deflections presented and the vehicle is longitudinally stable. Uhe upper flap
wis used as urim control and aerodynamic damping.

3.3.2.3  Pod Capsule. igure 37 presents subsonle data for the pod configuration, The
vehicle is stuble above an angle of attack of =30 degrees and can be trimmed between -1
degree and +15 degrees angle of attack. The lower flap was used for trim control and
acrodynamic damping in the trajectory analysis.

3.4 INTERFERENCE EFFECTS.

Previous experience with separating bodies, e.g. escape capsules, airplane mounted
missiles, two stage missiles etc. have indicated that aerodynamic interference between
the two bodies can have a significant effect on the separation performance. These effocts
are quite difficult to treat on an exact basis due to the complex nature of the flow field and
the fact that it is transient in nature.

The type of interference effeets varies depending upon whether separation is
nose separation, or separation of a portion of the vehicle aft of the nose. With nose
separation,interference effects only occur in the aft regions of the body. For separation

of a portion of the vehicle aft of the nose the separating portion is subject to the flow field
of the nose.
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Reference 9 presents the results of an analytical and experiniental
investigation of separation dynamics including aerodynamic interference effects.
This referenco concludes that for nose separation in which there is a distinct sep-
aration plane, e.g. no flaps overhanging the remainder of the configuration, there

are no interference effects on the separating nese. Based on this information it was .

concluded that there was no significant aevodynamic interference effects on either the
lifting body capsule or the turnaround capsule.

The ballistic body capsule however, has flaps which overhang the after-
body and it is therefore subject to aerodynamic interference offects.

The interference results from the flow field which develops over the after-
body interacting with the flaps. The interference offects were analyzed at hypersonic
speeds only for the upper flap which 18 tho largest. This yiclds a conservative estimate
of the interference effeets singce it produces the largest pitching moments, In actuality
the Interference effeets would be less since the interference pitching moment on the
lower flap would offset the upper flap to some extent,

A schemalic of the {low ficld model used in the analysis is glven in Figure 38
A detached shock forms ahcad of the afterbody and Interscets with the flap resulting in
an ingrease in pressure and hence a disturbing moment. It was assumed that the pres-
surc cocfficient behind the shock at the point of interscetion with the flap was 1,42,
bhused on Lree stream conditions, Since the shock moves ncross the flap as a function
of time the Interference offeets are transient.  The interference pitching moments were
caleulated as o function of time and the results intograted to determine an oifective
pitch rate of . L rad/see. in a nose down divection, This piteh rate was incorporated
Into the hypersonic {light dynumics studics a8 a measure of the aerodynamic interfer -
once offeets,

The fr-c stream dyname pressure is much higher at the maximum dynamic
pressure point than in the hypersonic regitne which will tend to increase the magnitude
of the interference effects. In the performance studies for the maximum dynamic pres-

sure escape condition the effects of initial pitch rates as high as 1,75 rad/sec were in-
vestigated,

The pod capsule is located within the flow field of the nose of the primary
vehicle which results in aerodynamiec interference effects during separation. Upon
separation, the pod capsule must traverse this body flow field of the body were analyzed
at hypersonic speeds using the analytic: | model shown in Figure 39, The configuration is
such that the capsule tends to have a noge down pitching moment when acting in the flow
field from the body nose, In order to determine a conservative value of the nose down

23
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moment it was assumed that only the forward upper surface of the capwile contri-
buted an aerodynamic moment. If all the surfaces were-included the nese down
moment would be decreased The nose down moment Was such that it gave a pitch
seconds whioh wom yieldan angularveluoity*of—s -0-degrees per second. :mum-
ference effect was incorporated into the hypersonio flight dynamics studies by assum-
ing an initial angular velocity of -.1 rad/sec. at maximum dynamic pressure the effect
of higher initial angular rates which would result from the higher dynamic pressure
were investigated in the performance studies.
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SECTION 4
ANALYSE TECHNIQUES

This section will discusg the analyses techniques used in computing trajectory par-
formance and aerodynamic heating.

4,1 TRAJECTORY PERFORMANCE

4,1.1 TWO DEGREE OF FREEDOM PROGRAM. A modification of an existing
General Dynamics/Astronautics IBM 7090 digital computer, two degree of freedom
trajectory analyses program was used in the present study, It was used in deter-
mining preliminary separation trajectories, long time escape trajectories and
recovery celling characteristies, ‘The basic program is a point mass non-rotating
carth irajectory program. IFor use in this escape study the following modifications
woro introduced:

L. A constant value of escape rocket thrugt for o preselocted hurning
time.

2. Initial bank angle and presclected roli rate to a desired final bank
angle,

J. treim Life coofficient as a function of time,

The culput of this program consists of time histories of posltion, vclocity,
anglos and load fuctor .

4,1.2  SIXDEGREE O FREEDOM, Ior analysis of scparation techniques at the
re-eniry escape condition a six degree of freodom IBM 7090 trajectory analysis com-
puter program was utilized,

4.1,2.1 Basic Program. ‘T'he basic program consists of a sorics of subroutines that
can be readily adapted to the peculiarities of each individual configuration, A basic
data package is propared that consists of acrodynamic characteristics, thrust data,
inertias, autopilot controls, and vehicle reference data. These inputs will be dis-
cussed in more detail as the various subroutines are discussed.

Because of the short times used for separation, a flat earth has been utilized,

The program will handle unlimited attitude (Euler angles), aerodynamic angles, and
flight path angles which are computed from body axis velocities. Initial conditions at
separation are input to the program and variables such as initial velocity, altitude,
flight path angle, angle of attack, and angular rates can be simulated,
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The main or driver subroutine consists of a series of call statements that
put program control in the other subroutines. The first subroutine that is called is
the input where all input is recad and stored in the computer.

The navigation subroutine computes vehicle attitude, aerodynamic angles,
flight path, separation distances, and total velocity by a modified Gill integration
subroutine. This type integration method allows an unlimited number of simultaneous
integrations. The time inerement for integration can be varied during the run as a
function of elapsed time from separation. Separation distances of the escape vehicle
are computed from the undisturbed flight path of the parent vehicle,

An atmosphere subroutine computes densily, gravity, pressure ratio and
dynamic pressure as a function of altitude.

Mass, inertius, and center of gravity position are varicd as a function of
weight remaining during and alier separation thrust, Separation thrust is calewlated
by using @ mass flow variation with time and I8P as a function of altitude as input,

The antopilol subroutine will he discussed in detidl in Section 4, 1,2, 2,

The aerodynunic subroutine is basced on Modified Newtonian impact theovy,
Acrodynumice charactoristios of the conllguration withoul conlrols are curve litted as

a function of angle of attuek. Surlace contributlons ave baged on computed local diree-

tion cosines ol veloeity and the surface normal. ‘The [lup characteristics arc input as
a function of shadow arca and angle of attuck at various deflections,  ‘Total vehicle
aerodynamic forces and moments are then caleulated for the desired flap deflections,
which are input to this subroutine from the autopilot section ol the program,

This program allows scveral options lor the separation trajectory. Thrust
moments may or may not be included, For the thrust moment option, moments are
calculated based on the thrust angle, thrust vector location, and center of gravity

L bk e

location which are program inputs, or in the case of the center of gravity is a function
of vehicle weight. Thrust gimbaling (used to reduce thrust moments) is also a program
option and the thrust angle is then determined by the autopilot.,

Vehicle motion may be controlled by cither fixed aerodynamic surfaces, acro-
dynamic damping, or rcaction cortrols. Combinations of fixed aerodynamic surfaces
and reaction controls or acrodynamic damping and reaction controls may be utilized,
Surface angies for damping and reaction control operation are determined by the auto-
pilot, The locations and direction cosines of the reaction control thrust are input to
the program.

o
o
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4,1,2.2 Autopilot. In investigating the separation characteristics of the various
vehicles, it was required to simulate autopilots with varying degrees of complexity.
Since the purpose of the present study was not to generate the details of a control
system, the intention was to use the autopilots and control systems as described in
Reference 1 as far as practical. The turnaround vehicle required a more sophisticated
autopilot, and is described in detail. Differences in the autopilots for the other con-
figurations will be noted where applicable.

Figure 40 is a block diagram of the turnaround autopilot simulation. Three
parallel body axis channels are shown, which are the roll, pitch, and yaw axis channels,

The maneuvering conunands a: e inserted as programmed time histories of
either commanded hody rates (p(‘, q“, 1'0) or command kuler angles ((/'u’ e”, \l"(:)’ and
are assumed triggeved by ecither the separation command and/or the angle of attack
switch deseribed below,  The large angles associated with the lurnaround concept
require a resolution of the Kujer angle ervors into body axis commands, as shown in
Figure 40, The azimuth angle ervor is fed into all three channels, and the pitch angle
crror into two.  For the lifting body, the largest exceursion ol an Kuler angle from
straight and level is the initial 459 bank, Thus no resolvers were considered necessary,
and the Buler angles (¢, 6, and #) were used in the body-axis channels divectly,

The angle errors, when used, are added to the rate crrvors with o gadn of
2.5 dep/deg/sec,  This value was scleeted in Reference 1 and was found to be satis-
factory, This guin is noted by CP, CQ, and CIt with subscripts of 1 and 2. The |
denotes before the angle of atlack switch and the 2 alter the switeh is actuatod, The
limiter sets the maximum commanded angular rates, although this is an input value,
+ 15 dogrees per second was generally used, ‘The difference between the commanded
angular rates and the aetual raies generate the body axis rate crrors.

These body axis rate errors are fed into a pure time delay in which on-off
swilching takes place to actuale the reaction controls., Thresholds in the on-off command
of + 2 deg/sec were used and proved satisfactory. Lach body axis channel as independ-
ent reaction controls, The lifting body reaction controls utilized a roll-pitch mixer as
indicated in Figure 41. Roll and pitch errors go into the on-off command and if crror
is greater than the threshold a P and R equal to + 1 is senl Lo the roll-pitch mixer where
P+R and P-R are regolved. Mixer output goes to another set of on-off commands with
a threshold of L5 and if command is + 2, the reaction controls will be actuated as either
purce roll, pure pitch, or a combination of roll and pitch.

The same body axis rate errors as generated for the rcaction controls were

also used to drive the aerodynamic surfaces, the thrust gimbals, and the lateral ballast
transfer. These were all assumed to be proportional first-order systems., Time
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constants of .1 sccond time lag were used for the surface and gimbal actuators, repre-
senting responses of hvdraulic actuators well within current state-of-the-art. Compari-
son runs with ideal (no lag) actuators showed no appreciable effect. Program input
could cause the flaps to defleet as o function of time or to use the control surfaces as

an acrodynamic damping device.

For the turnaround concept it was required to have the flaps retracted on
initial separation, and to open after the vehicle had pitched beyond 90 degrees. Thus
a onc-shot switch was provided, actuated by angle of attack, that opened the flaps to a
predetermined position. For the lifting body and the ballistic body the angle of attack
switch was not utilized as the flaps were deflected at separation. However, for the
pod configuration it was necessary to utilize the switch for actuation of the lower flap
because the configuration is buried in the parent vehicle and flap deflection could not
take place until sufficient separation was achieved.

The lateral mass transfer system for roll trim was included in the simulation,
but was not utilized in the short time histories studied.

4.1.3 THREE DEGREES OF FREEDOM. A three degree of freedom trajectory
program was utilized for the analysis of separation techniques in the high dynamic
pressure regime, on the pad, landing, and for orbital escape. The six degree of free-
dom program was modified to yield a three degree of freedom program. This program
has those same features as discussed in Section 4.1.2 which are applicable to three
degrees of freedom. The aerodynamic subroutine was modified to use subsonic and
supersonic acrodynamic data.

4.2 AERODYNASIIC HEATING

4.2.1 AERODYNAMIC HEATING ANALYSIS PROGRAM. Aerodynamic heating char-
acteristics were calculated using an IBM 7090 computer program. This program can be
used to calculate surface temperature or temoeratures interior to the surface as a
function of time along any flight trajectory.

The program calculates the heat transfer by convection to the surface and
then performs an energy balance at the surface to obtain the surface temperature. The
balance is made by convection to the surface, radiation to space, conduction into the
surface and storage in the surface material over the calculation time interval.

Convection heat transfer rates are calculated by breaking the configuration
to be analyzed down into one or more basic shapes. These shapes are: 1) flat plate;
2) wedge; 3) cone; 4) sphere; and 5) swept cylinder. Eckert's reference enthalpy method
for a flat plate is used for 1), -2) and 3). Configurations 2) and 3) can be related to a
flat plate. Real gas equilibrium shock layer properties are calculated from curve fits



SR A A R A R

A1) TR i

-y

AFFDL-TR-64-161 .

in the program and used in the reference enthalpy method. Sphere heat transfer rates
are calculated using Kemp and Riddell's equation for stagnation point heating. Swept
cylinder rates are caloulated by modifying sphere ratee for two dimensional stagnation
ling and sweep effects.

Increases in convective heat transfer rates over undisturbed Eckert stagna-
tion values are accounted for by a correction factor which is put into the program as a
function of time.

Radiation to space is calculated from the surface temperature and the surface
cmissivity assuming a zero receiving temperature., Reduction of the view factor to
space can be considered by replacing the surface emissivity by an effcetive surface
emisslvity. An effective emissivity is def’ ied as the surface emissivity times the
view factor.

Conduction into the surface is caleulated by a finite difference method which
allows for up to 20 segments where each can be o different material. The boundary of
the last segient can he adiabatle ov dlabatic. The diabatic cuse allows hoat transfor
to a fluid to he considered,  Energy storage of the sogments 18 included, 'The thermal
conductivity and specific hent of oach material can be entered as o fourth degree poly-
nominal function of temperature, U is this part of the program which enables insulation
thickmens, fuel bholloff, structural temperatures, and temperature disteibutions to be

wmlenlated.  The flrst segment temperature is considered the surfuce teimperature,

1.2.2 TRANSIIION REYNOLDS NUMBER EFFECTS, Acvodynumic heating rates
and the resulting surfuce temperatures are dependent upon the type of boundary layoer
existing at the position being investiguted, Tigure 42 is a schematic of the boundary
layer flow over a flat plate at an angle of altuck. The forward part of the plate is
covered with a laminar boundary layer to the transition line, At the transition line,
the shock layer Reynolds number,

N m s
R, "
8
equals by decfinition the transition Reynolds number value. Downsiream from this line,
a turbulent boundary layer exists. Figure 43 indicates schematically the difference in
temperature levels associated with the two types of boundary layers. The turbulent
boundary layer has the higher heat transfer rates and hence the higher surface tempera-
tures.

Now, as the velocity and altitude along a trajectory decrease, the shock
layer unit Reynolds number, ps Vs increases until the Reynolds number at the

Hg
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point under investigation can exceed the transition value., Then the point in question
experiences turbulent boundary layer flow with the higher heating rates and tempera-

tures. The vertical lines labeled Np TR on Figure 43 indicate the transition to the
. e'
higher temperatures at three different values of transition Reynoelds numbers.

It can be seen from Figure 43 that the value of transition Reynolds number
can have an effect on the selection of materials and trajectories. Unfortunately, the
definition of the transition Reynolds number for different configurations is not well
known.
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SECTION 5

SEPARATION PROPULSION

An escape capsule requires a propulsion system to supply the force necessary to quickly
place the capsule in a safe environment. This section will present the results of a survey
of design data and discuss seme of the installation aspects of separation propulsion
systems for a re-entry cscape capsule.

5.1 ESCAPE ROCKET DESIGN DATA

5.1.,1 SURVEY OF DESIGN DATA. Because of the high reliability and inherent simplicity
associated with small solid propellant rockets this type was selected for the separation
propulsion system. This selection should not eliminate hypergolic bipropellant liquid
escape rockets, with their attendant throttling potential, from future studies.

A review of the major parameters of about fifteen operational, cylindrical case
solid propellant rockets was made (References 10 & 11). The range of these parameters,
which covers that avticipated for the escape capstle separation rockets, is shown in
Table 1. -These are all fixed nozzle configurations with short burning times and of rela-
tively small total impulse. The range of parameters is comparatively narrow so that a
definite trend of parameters with weight or thrust was not evident. However, it was
possible to select nominal design values which represent the state of the art. These are
shown in Table II. The selected values should apply for some time into the future since
a large improvement with time is not to be anticipated in high reliability items of this
size,

A useful parameter is total impulse/total weight., Figure 44 shows a plot of this
parameter versus total impulse, Points for some of the rockets examined are plotted,
21l of which have bu;ning times under five seconds. A nominal value of 155 is selected
as being appropriate for preliminary design of escape capsule separation rockets,

5.1.2 DESIGN TECHNIQUE. This section gives a preliminary design method for arriving
at the escape rocket size and coufiguration, for use in the escape capsule studies., The
parameters used here are those selected for the overall survey described in Section 5.1.1.

Installation problems (discussed in Section 5. 3) may require restricting the ex-
pausion ratio of the escape rocket nozzles, Reducing the expausion ratio reduces the
thrust and specific impulse. For instance, at v = 1,20, the vacuum specific impulse of
235 1bg/ le/SGCOHd requires an expansion ratio of 7. With an expansion ratio of 3 the
spec1f1c impulse is reduced to approximately 227 le/le/ second. These changes are
not expected to have a large effect on the overall system. Once a given propellant ratio
of specific heats and a given installed expansm“ ratio are fixed, these numbers can be
refined for a specific design.
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TABLE 1

TYPICAL PARAMETER RANGE FOR ESCAPE TYPE SOLID PROPELLANT ROCKETS

ITEM -

VALUE

UNITS OR SYMBOL

Total Impulse

Specific Impulse

Burning Time

Thrust, Average

Chamber Pressure, Max.
Expansion Ratio

Ratio of Specific Heats

- Inert Parts Fraction
Volumetric Loading Density
Total lmpulse/Totai Weight
Overall Weight i

Length

Diameter

1470-58675

211-270

0.27-12.0

3000-34300

780-4000

1-21

1.16-1.25

25-53

60-91.7

84-172

8-281

15-107

5-12

Lbp - Sec.
LbF/LbM/Sec.
Sceonds
Lbg
Lb/In2

€

Y

%

%

Lb.

Inches

Inches
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TABLE 11
SELECTED ESCAPE ROCKET CHARACTERISTICS
UNITS OR
ITEM VALURE SYMBOLS __REMARKS )
Propeliant Type - - Solid
Temperature Limit -65 to 200 | °F Limit
Total Impulse* 40, 000 Lby - Sec. Foxr Ballistic Capsule
25, 000 Lby - Sec. For lifting body
Nominat Thrust (SL)* 40, 000 Lbp For Ballistic Gapsule
25, 000 Lbj I'or Lifting body
Chamber Pressure L, 000 Psia Selected Value
Lxpansion Ratlo 7 € May be reduced for instal-
lation,
Ratio of Specific Heals 1. 20 0% Review for given propellang
type.
Specific lmpulse (5. L., Selected Value
Delivered) 220 Lhp/ Lhyg/See. | N1 €= 70y = 1.2
Specitlic Impulse (8. L.,
P = 1000 psia, opt. exp. )l 222 L/ Lbpg/ See. I'rom abouve value
Specilic Impulse 235 Lhp/Lbp/sec. | Tor €= 7,
{(Vocuun) From above value.
Total Impulse . Nominal state of art selee-
TSL—HTN&(:IQE (5L) L35 A tion, See lipure 1,
_l_l)_ugt_wggl_xl 29. 5 5 Pollows 1'1"mn e above
Fotal Weight with JSp = 220
Propelian 2
Volumetric Loading 80 % Ul\élll:lht:l’ lv\i%}::?
Max. Burn Rate 5 In/Sec. -
Ignitor Type - - Pyrogen
Propellant Denusity L0063 Ll)/ln3 -

Case Material

* Selected earlier in this study (Reference 4 and5).

#4130 Steel
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Quce the required impulse and burning time ave given the rocket can bs sized.
Take for example a 40,000 pound thrust, 40,000 lb-sec, impulse requirement at sea
level. Examine the case where three separate rocket modules make up the requirement,
then:

T PRI AR 28 12
1
V’“‘."
oot B s e B b sod B S s L oo

s s e 1

A TR TR L

Fgy, = 40,000/3 = 13,300 1b.

: Propellant We, = __!,_,1,?;-2%00 = 60 1b.
Total impulse = 13,330 lb.
Chamber volume = 1/.80 x

60
.063

Assume a cylindrical chamber with a fineness ratio, 1 /D = 6, theu

b=9/4 V= .56 /119 = 6.3 1.
6m

Length of cylindrical chamber = 6x 6.3 = 37,8 in,

= 1190 ind

The nowele is sized as follows:
h
Al = —.1 P
o x L

where I o= requived thrust = 13, 300 1b,

- = throat area

Pe = chamber pressure = 1000 psia
Ue = thrust cocfficient = 1,59
therelore 13, 300

=] = i 2
M® 50 x onn = B4 v

then Iy = 3.28 in,

M50 Dyyip = Dye

exit

For an expansion ratio Ay /Apppoar = € =3
Then Dg = 3.28/ 3= 5.68 inches,

Preliminary desigus for various numbers of rocket modules €rom 1 to $) have
been made in the above maunner for a 40,000 lb-sec. impulse cagse. These are shown in
Figure 45 where the comparative sizes, and the effects of expansion ratio can be seen,

For preliminary desigh purposes the nozzle can be straight lined from throat to
cxit at a 159 angle to the centerline (Figure 45). For the offset nozzles required for the
present escape capsule concepts a smooth transition from chamber to throat around the
thrust inclination angle must he allowed for,
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5.2 ESCAPE ROCKET REQUIRE MENTS

5.2.1 ROCKET SIZE REQUIREMENTS. In all cases the separation rocket thrust must
be between that value which provides sufficient separation distance in a briel time and a
maximum value determined by human tolerance limits to accelerations.,

The rocket size requirtements are established by the ¢haracteristics at certain
critical escape poiunts. For a vchicle which is rocket boosted into orbit and makes a
gliding re-cntry the following conditions are critical from the standpoint of escape rocket
requirements, '

a) On-the-Pad
b) Maximum Dynamic Pressure
¢) Orbit Escape

5.2.1.1 On-the-Pad. The hazard for on-the-pad escape which places the most severe re-
‘quirement ou the separation propulsion system is the booster explosion hazard. In an
explosion the escape capsule must be removed not only from the booster but froin the
relatively large region in which the explosion overpressures would destroy ihe capsule.
Since there are no relieving aerodynamic forces at this escape condition, human tolerance
limits to acceleration dictate maximum allowable escape rocket thrust.

5.2.1.2 Maximum Dynamic Pressure. As in on-the-pad escape the explosicn hazard is
the most severe hazard at maximum dynamic pressure. The capsule must not only be
separated from the primary vehicle but must achieve a safe environment away from the
primary vehicle. Escape at this coundition is complicated however by the fac: that the
capsule must overcome large aerodynamic forces in order to achieve separation. The
aerodynamic forces at this escape condition determine the minimum escape rocket thrust
level. The propulsion system must also have characteristics such that in providing ade-
quate separation it does not place the capsule in an environment at burnout which produces
load factors exceeding human tolerance limits.

5.2.1.3 Orbit Escape. There are two requirements on the propulsion system for orbit
escape. The capsule must first be separated from the primary flight vehicle and then an
impulse is required for de-orbit. Unless an explosive hazard is encountered, such as
perhaps a docking collision with a vehicle containing fuel and oxidizer, the departure of
the escape capsule from a damaged parent vehicle could be made in relatively leisurely
fashion. From a weight standpoint it would be desirable that the separation rockets also
serve as the retro-rockets. This would be dependent upon the results of a hazard analysis
for a specific vehicle and mission.

5.2.1.4 Selected Rocket Sizes. Two nominal rocket sizes have been selected for the four

escape capsule confepts based upon the data presented in Reference 1. These are as
follows:
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Capsule Impulse Thrust Burn Time
Lb-8ec, Lbs, Sec.
Bllistic Body 40,000 40,000 1.0
Lifting Body 25,000 25,000 1.0
Turn-around 25,000 25,000 1.0
Pod 40,000 40,000 1.0

The detailed thrust-time histories of the two basic escape rocket sizes are presented
in Figure 46 and 47. A decreasing thrust with time is used siuce this follows the trend
of the human tolerance limit to acceleration, These thrust characteristics presented

in Figures 46 aud 47 were the nominal thrust characteristics used in the performance
analysis,

5.2.L.5 Retro-Rocket Choracteristics. It was meuntioned above that it is desirvable that
the separation propulsion system also serve as the retro-rocket system. In view of
this, a bricf lnvestigation of the retro-vocket capability of the two nomiual propulsion
sizes listed above has been made. The analysis was made assuming that the total im-
pulse could be obtained from one or up t 5 rocket modules, The selection of the numboer
of modules will be discussed in more detail {n Section 5.2,

The potential AV available for retrofire from each of several modules is shown
hu Tables I aud IV for the two nominal rocket sizes. The values arve based ou a nominal
cupsule weight of 2500 lbs, and respective propellunt welghts of 180 ibs, and 113 1bs. The
vacuun speeific lmpulse of 235 Lby/ Lbyg/ See. s used,

The effect of AV on re-eutry couditions at an altitude of 500,000 ft, is showu in
IFigure 48. Slice the ovbit altitude s undefined in the present study it canuot be stated
whethel the escape rockets would meet the retro-rocket requirement,

5.2,2 CHOICE OIF NUMBER OF ROCKETS. The previous seetiou has described the
conditions uecessitating high separation thrust, The performauce studics of escape from
the maximum heating re-entry point to be discussed in Section 6 indicate that adequate
separation performance could be obtained with thrust levels equal to one half the nominal
thrust, Based ou these cousiderations, the advautages and disadvautages of breakiug the
total thrust into as mauy as five rocket modules were iuvestigated., The final decision as
to the number of rockets would be dependent upou the specific vehicle its mission and a
thorough reliability analysis of both the vehicle and the separation rockets. The following
discussian is8 meaunt to serve primarily as a guideline in selecting the number of separa-
tion rockets. A maximum of five rockets has been considered although other studies, ¢.g.,
Reference 12, have considered larger numbers,
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TABLE 1l

PROPERTIES OF SEPARATION ROCKET MODULES FOR BALLISTIC CAFSULE

PROPERUIES OF SEPARATION ROCKET MODULES FOR LIFTING BODY CAPSULL

Number of

Thrust (Bach)

TABLL 1V

Total Impulse

4V Rewvo

Rocket Modules|  (Nominal) (Each) (Bach)
Required | Lb. Lb. - Scc. I, - Sec.
I 25,000 29, 000 332%
2 12, 500 12, 500 165
3 8, 330 8, 330 i1l
4 6, 250 6, 250 81
5 5, 000 3, 000 66

* Also represents total AV available for any group of modules.

Number of Thrust (each)| Total Impulse AV Retro
Modules (Nominal) (Each) (Each) g Max,
Required __Lb. Lb. =Sec. Ft. - Sec. (Bach) |
i 40, 000 40, 000 525% 16.0
2 20, 000 2(), 000 2063 8.0
3 13, 330 13, 330 175 5,33
4 10, 000 10, 000 131 4.0
5 8, 000 8, 000 105 3.2
¥ Also represents total AV available for any group of modules,
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5.2.2.1 One Rocket. A single rocket is bulky and can be difficult to install from a pilot
clearance poiunt of view for small capsules. A single rocket must be installed in the plane

of symmetry. Such au installation imposes a structural welght pesalty due to the fact that
the thrust loads must be trausferred outhoaxd to the basic structure. No orbit escape from
explosion plus de-orbit retro is possible with a siungle rocket since only a single impulse can
be applied. Only in the case where the vehicle was oriented so that the separation impulse
was applied in the desired retro direction could a single rocket meet both requirements, A
single rocket does have the advantage of having the highest reliability,

JAIE e o

b bl bt b ks

5.2.2.2 'Two Rockets. Two rockets offer the advantage that they caun be installed more
easily both structurally and spacewise. Two rockets offer the possibility of half thrust
modulation. However, if used in this mode they must have canted nozzles to eliminate

thrust moment effects which would incur some thrust penalty, The penalty is more severe
with increasing angle as the rockets are moved outhoard off the centerline to a more favor -
able structural attach point and to improve clearance around the pilot and his enclosure. A
lower C.G. location also increases the angle and the penalty iucurred, There is an additional

disadvantage for half thrust operation with a guided separatiou in that a side load would be
imposced upon the guldes,

5.2.2.3 Three Rockets, ‘Three rockets offer the advautage of thrust modulation capabllity
without imposing sideloads on the guldes in a guided separation wheu usced at the 2/3 or 1/3
thrust level, ‘The installation problems of the single rocket are also prescut for the middle
rocket but on a reduced scale, This arrangement also has the posslbllity as serving as the
orhit separation and retro propulsiou system,

5.2.2.4 T'our Rockets. Pour rockets offer the advantage of half thrust modulaiiou without
a thrust penalty siuce the nozzles do not have to be canted towards the centecline. For oue-
quarter thrust modulativu a thrust loss would be fncurred and the problem of side loads ou
the guides, if preseut, would exist, The rockets would be somewhat smaller and thus
casler to tustall, This advauntage could be offsct somewhat, however, by a slightly more
complex structural installation,

5.2.2.5 Five Rockets. Five rockets offer a wider range of thrust modulation without a
thrust penalty and probably offer the best arvangement for the distribution of thrust between
separation and de-orbit for orbit escape, The installation weight penalty would probably be
greater due to the fact that there are more thrust loading poiuts,

5.2.2,6 Couclusions, As indicated above, the final selection of the number of escape
rockets would be dependent upon the specific vehicle, its mission, a weight penalty analysis,
and a thorough reliability analysis of both the vehicle and the escape vockets.,

Since escape 18 an emergeucy operation, an argument for multiple rockets based
only on the fact that pilot ioad factors could be reduced at certain escape couditions is not

sufficient, The strongest argument for multiple rockets other than possible installation
weight advantages is that a single system would serve for both separation and de-orbit in
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the orbit escape condition. Some of the installation problems involved in multiple rockets -
will be discussed in Section 5.3,

5.3 ESCAPE ROCKE']; INSTALLATION

5.3.1 GENERAL CHARACTERISTICS. The installation of the separation rockets was
investigated for each of the four different escape capsule concepts, Installation of the
rocket modules ranging from one to five could result in as many as twenty possible com-
binations. The primary purpose of this study is, however, to uncover the major problems
associated with the separation rocket installation and to show typically what such an in-
stallation might look like in the various capsule concepts. One typical installation was

made for each capsule. While the choice is semi-arbitrary each installation is quite
feasible, There are other installations, however, which can be equally as good if not better.
The installation methods shown for one capsule can quite probably apply to some of the other
capsules. Until such time as more design inputs are available, such as detailed pilot
compartment layout, proper capsule size, weight and c.g. location, and structural general
arrangement, then the current investigation should suffice to give typical installation re-
quirements for the separation rockets.

Most of the following features apply for rocket installation in all of the capsules:

1. The rocket resultant thrust line must pass through the C,G. in the pitch and
yaw planes, If muitiple rockets are used, they must have their thrust lines
passing through the C.G, in the yaw plane unless fired in symmetrical pairs,

2. The rockets must be thermally protected from the hot envitonment such that
the propellant never exceeds 260°F. This requires insulating the propellant
either by increasing the ianternal insulation or by an external insulation bianket
or by retaining the propellant case within the environmentally controlled pilot
enclosure, Furthermore, the rocket structural support points must be designed
to reduce conduction from the hot truss load carrying structure into the rocket
case. Increased internal insulation could be considered here. The nozzle must
be insulated and plugged with an insulating diaphragm set to fail at some pre-
selected chamber pressure. (An analysis of the heat transfer and insulation re-
quirements for the separation rockets is presented in Section 5,4),

3. The rockets should be mounted so as not to incur dynamic cycling which would
increase the propellant temperature to the danger poini.

4. The rocket exhaust must be ducted out of the capsule. This infers blow off
doors. However, it also creates the problem of exhaust exit holes from the
burned out rocket nozzles being exposed to the free stream at re-entry. This
requires either closing up the exits, by door or plug or providing enough thermal
protection around the rocket case to prevent the heat zntering the nozzle from
adversely affecting the capsule,
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5. There are problems due to the rocket exhaust impinging on the lower flaps.
This impingement will induce heating effects and possibly aerodyuamic effects.
Major impingement will occur at high altitudes due to the fact that the rocket
exhaust plumes out. The lower flaps must be designed with this in mind, The
heating is reduced by the fact that the burn time is so short,

In order to understand the rocket installation problems, it was necessary to assume
a basic structure. For the present study a radiation cooled outer shell supported by a hot
truss type structur€ was assumed, The pilot compartment is an insulated and water cooled
environmentally controlled enclosure supported within the hot truss. Anu initial investi-
gation shows that no untoward problems should be suffered due to the separation rocket
thrust leads provided the loads can be introduced into the longitudinal members of the truss
without excess eccentricity or offset.

The separation rockets can feasibly be mounted either external to the insulated
pilot compartment or inside this compartment. When mounted external to the insulated
compartment the main problem is insulating the rocket from the hot truss to which it is
attached and also from thermal radiation from the hot envirvonment. ¥ mounted inside
the insulated compartment there must be a load carrying connection between the hot truss
structure and the rocket. This connection must be insulated to prevent heat being cairied
to thie rocket or the enclosure. It is also required in this case that provisions be included
for ducting the rocket exhaust out of the insulated eunclosure and also out of the vehicie.
The particular capsule installations te be discussed ‘n Section 5.3.2 below have consider-
ed the separation rockets mounted exterual to the insulated pilot compartment.

The rocket support points are envisaged as truuniouns attached to the case by bands.
These trunnions would have a ceuter pin surrounded by an insulation ring with good com-
pressive stress properties and surrounded by an cuter retainer ring attached to the hot
structure of the basic capsule.

5.3.2 INDIVIDUAL CAPSULE INSTALLATIONS. The following discussion covers the
individual capsule installations, which as stated previously are presented as typical
examples of possible design approaches.

5.3.2.1 Ballistic Body Capsule. The rockets shown in Figure 49 are installed as a pair
with nozzles canted outboard and downward so that the thrust line always acts through
the C,G. Half thrust modulation is therefore possible. The side force incurred here
might preseut problems in loading on separation guides if used. The structural attach
is made to the pressure bulkhead of the capsule as shown, This bulkhead supports the
aerodynamic control surfaces and as such should provide a reasounable attach point for
the separation rockets.

The rockets are attached as unear to the capsule C.G. as possible to reduce pitch-
ing moment resulting from C.G. movement during burning. This necessitates lower
support brackets of a truss type and longer (and heavier) nozzles. The loss due to canting
the nozzles in the yaw plane is about 3% of the desired thrust in the forward direction.
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Some impingement of exhaust on the edges of the lower flaps is foreseen. The
open exhaust exit is in the capsule base and should not be as great a problem at re-entry

as on the lifting body and turn around capsules.

5.3.2.2 Lifting Body Capsule. The installation concept shown in Figure 50 has a pair

of nominal 12,500 pound thrust rockets installed along the lower truss rails, The rockets
are installed outboard to reduce the structural weight penalty due to transferring the thrust
loads into the longerons., The thrust vector angle is at 40° to the horizontal in order to
minimize the exhaust hole cut out in the capsule under surface, and to reduce the impinge-
menut of the exhaust on the lower flaps. No cauting of the nozzles is shown in the yaw plane
so that no thrust modulation is possible., For half thrust modulation a loss of over half
the thrust in the desiped direction is incurred by canting the nozzles through the C.G. in
the yaw plane. This is due to the large cant angle inherent in the low C.G. location and
the outboard location of the escape rockets. Strengthening the floor structure might allow
centerline installation of the rocket pair with considerably less cant angle and less con-
sequent thrust losses for thrust modulation but at a weight penality. Some exhaust impinge-
ment will be incurred on the flaps especially in the low ambient pressure regime.

This installation is also applicable to the turnaround configuration discussed in
Section 5.3.2.3.

5.3.2.3 Turn-Around Capsule. This installation shown in Figure 51 is very similar to

the lifting body installation except that four rockets are installed allowing half thrust modu-
lation. Such an installation would also be applicable to the lifting body. (No caat of nozzics
through the C.G. in the yaw plane is required to achieve half thrust modulation.) This
allows half thrust and the possibility of the one set of rockets being used for both orbit
separation and de-orbit retro. A severe problem is incurred by the open exhaust exit
during re-entry, since this is exposed considerably in this configuration due to the turn-

i ound maneuver. The rockets are shown canted down 30°,. This could be increased to

40° to reduce the exhaust exit hole size. The heating through the exhaust nozzle could be
reduced eveu more by decreasing the rocket expansion ratio. The penalty in Isp of going

to an expansion ratio of 1 would be in the order to 23% at sea level and 28% in vacuum. There
is no problem with rocket exhaust impingement on the flaps with this configuration.

5.3.2.4 Separable Pod Capsule. Four rockets are shown for this installation in Figure 52
Half thrust (symmetrical) modulation is possible without canting the rocket nozzles. The
rockets are installed outside the separable pod in an external package. This package
recesses into the parent vehicle. The pack is insulated and plugged against the environment
of the hot structure parent vehicle, The capsule itself is seen here as an insulated skin
stringer shell with floor longerons to take the thrust loads between at least two major frames.
This structure is conceptual and surmises attachment of the pod to the parent vehicle at the
rear pod bulkhead only. An analysis would have to be made of both pod and parent vehicle
carry through structure to confirm or deny the feasibility of this concept. The four rocket
package would be ejected prior to re-entry in the same manner as for the Mercury capsule.
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Figure 31 - Turnaround Capsule Escape Rocket Installation
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The rocket pack is installed on the capsule centerline, and the C.G. is higher than for the
Lifting Body capsule type 8o that cantlng of the outboard rockets in the yaw plane could he

achieved at small penalty (small angle required) to give a half-quartex-quarter thrust in-

crement breakdown, T T

This external pack concept would be just as easily adaptable to two, three or
five separation rockets depending agaln on the specific structural clearances required in
the parent vehicle,

o o i e A wmmﬁﬂw
- . | L3l \n.'.. .l 2] WP I 13 “..‘ .:(;‘:".‘Z:: L it o e ‘lv‘;n.l.f.;‘

Some impingemerit of the exhaust on the lower flaps will occur with this arrange-
ment,

There is no exhaust exit hole cutout iu the capsule floo: in this concept because
of the external package lnstallation, There is, however, a design problem in attaching
the externe) package to the capsule so that the capsule surface, presented to the frec
stream at re-entry, is not broached by the attachment, When the empty rocket pack is
jettisoned a smooth ablating surface should remain ou the capsule undersurface, The
compressive thrust loads of the rocket pack must be taken by the ablating material and
transmitted to the capsule structure,

5.4 ESCAPE RCCKET COOLING REQUIREMENTS

5.4.1 METHODS ARD ASSUMPIIONS. 'The aerodynamic heating characteristics along
the piimary vehicle re-entry trajectory shown in Figure 3 wero detormined using tho
aerodynamic heating computer program described in Section 4,2, The resulting tirst
segment teraporature history was used as an input to the thermal conduction portion of the
refercnced program. This portion of the program was then used to size the insulation to
protect the rocket motors.

The separable pod vehicle installation shown in Figure 52 was chosen for the
analysis of the rocket motor heating. The temperature history was determined for a point
on the lower surface 5 feet aft of the nose. At this point the surface inclination is 10
degrees. A transition Reynolds number of 2 x 10° and a surface emissivity of 0,8 were
assumed.

A thermodynamic heat transfer model as shown in Figure 53 was chosen for
analysis. In the case of the separable pod vehicle, this i8 a good assumption because the
four rocket motors laid side by side approximate a slab. The radiation gap was considered
as existing only because of vehicle construction, It was not incorporated as a thermal
barrier. The primary vehicle away from the rocket motors was assumed to consist of a
0.25 inch (L,) layer of 6.0 lbm/ft3 dynaquartz between the cover panel and the hot struc-
ture. Radiation heat transfer from the hot structure to the wing upper surface or to the
wall of the environmentally controlled capsule maintained the structural temperature
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below 000R, the design temperature. -

Table V summarizes the thermodynamic properties of the materials.

Therma
Conductivity, k l;):ns/i;:'é (Szpe;ifli‘f ngi:'
| Material B/hr ft° R I b B/l
Moly 5,65 637 0.075
Dynaguartz 0.0105 + 0,409(10"*)T
- 0,235(10°7)T% + 0.96 (10~ T° 6.1 0.25
Rene' 41 3.18 + 0.445(107%T 516 0,108
Radiation Gap 0.1163(10"1° 0.2 0.25
Mink-2000 0.5(1079 - 0.5(107%)T
+ 0. 5(1070YT? 4 0,15(107 1T 14 ©0.26
Rocket Motor Case 15,0 485 0.1
L Propcllant 0.187 102.6 0.326

The radiation heat transfer across the radiation gap was analyzed as heat transfer by
conduction. This was necessary becausc the IBM 7090 heat transfer program does not
have provisions for radiation gaps. Therefore, the gap was considered as another
segment in the conduction path. To do this, onc sets the radiatlon heat transfer rate
equal to a conduction rate from which an effective thermal conductivity can be derived.
The equations are:

%4

€1 ¢g
L-(1-e)l-ed

T, -T
G(TltL_Tad):keH (‘LL B)
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where
¢, and ¢g = the radiating surface emissivity
o = Stephan Boltzman constant
1, = Distance across gap
Hence,
Kogr = Liggp @ (T To) (Ty 5 ¢ T
where

€1 €p
1-(1- ey ) (L - ap)

eoff —

From Reference 13 the above equation ler kg can he simplilied to:

Koo dbo aey 1

off aviy

where

It was then assumed that the mid-segmoent temperature caleulated by the computer pro-
gram represented the avergge temperature between the radiating surfaces, 'The con-
duetivity of the radiation gap in Table V was calculated assuming L equalled 3 inches,
There wis one other point to consider. This wus the energy stored in the radiation
segment. In radiation heat transfer there would be no energy stored. 'Therefore, the
density and specific heal of the segment were chosen 8o that the energy stored was less
than one (1.0) percent of the energy stored in the rocket motors and the insulation
around the motors.

The Lype of propellant for the rocket motors was not specified. Therefore, the
thermodynamic values in Table V are the average of five (5) types taken from Reference
14, The thickness of propellant was bused upon a rocket motor diameter of six (8)

inches with the void in the propellant segment accounting for the difference in the thick-
ness and the radius of the moter.

5.4.2 RESULTS. The analysis was conducted todetermine the values of insulation
thickness L, and L, which would keep the rocket motor case temperature below 200°F, N
The cover panel temperature history associated with the primary flight vehicle
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trajectory is shown in Figure 54, The cover panel temperature is not the radiation
equilibrium temperature since conduction to the vehicle interior has been reflected in
the pancl temperature history. This temperature history was used as input to the
thermal conduction portion of the aerodynamic heating analysis program and runs were
made varying the values of L, and L,. Final values of 1, and L, were 1,6 inches and
0.45 inches respectively. The structural and rocket motor case temperature histories
associated with thesc insulation thicknesses are alsc shown in Figure 54. The result-
ing maximum structural temperature is 2010°R and 620°R for the rocket propellant.
Both values are not the exact desired values of 2000R for the structure and 660R for the
rocket motor case, Further sizing runs were not made because the difference of 10°R
in the structural temperature was not considered significant and the 620R (1601) is the
maximum temperature limit of many propellants., However, if Ly were reduced to 0.3
inches, the structural temperature will decrease and the motor case temperature will
rise to approximutely 660R (200F),

Vi i s dh

The Increasc in the dynaguartz insulation from 0. 25 inches o 1. 60 inches will
require i modification in the ltene' 41 structure in the area under the rocket motors,
An increasce in the insulation thickness was required beeausce the rocket motors hlocked
the radiation hoat transfer away from the Rene' 41 structure.

T'he Insulation requirements for the rocket motors of the other egeape capsules
will be approximately the siume.,  An exeeplion is the ballistic body installation shown
in Iigure 49 where the rocket motors arc located at the rear bhulkhead of the capsule.
Here the insulation requirements will be considerably less and most fmportant of all,
the Rene!' 41 structure will not have to bhe altered in the rocket motor loeution,
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SECTION 6

s ke il sl

PERFORMANCE ANALYSIS

The trajectory analysis and aerodynarnic heating techuiques discussed in Section 4 were -
used to analyze the separation trajectory characteristics of each of the four escape capsule '
concepts, The iuitial investigative phaseg for each capsule was an analysis of escape per-
formance from the maximum heating point of the primary flight vehicle trajectory. This

poiut has the following conditions which served as the initial conditions for the separation
flight dynamics investigation

Velocity 21,913 ft/sec.
Altitude 221, 241 fx,
Flight Path Angle - .14 deg.,
Angle of Arttack 15.5 deg,

Bk Aungle 45,0 deg.

The re-entry escape performance evaluation was divided into two parts, In the
first, the separation dynamics during the first 5 to 10 seconds after separation were in-
vestigated, In the second phase the long time or complete trajectory characteristics were
determined. Acrodynamic heating characteristics were determined for both types of tra-
jectories,

After completioun of the analysis of re-eutry escape the performance characteristics
were evaluated at the following other critlcal escape pointss

Orblt

On-the-Pad

Maximum Dyvamic Pressure
Landing

The objective of this phase of the study was the determination of the compatibility of
the escape capsule configurations and ¢scape techniques with respect to providing escape
throughout the mission profile.

The following initial flight conditions were used for each of the four capsules at
these other critical escape areas:

Fl
Condition Auigglh; .Paéﬂg Velocity - fps Altitude - ft,
On-the-pad 90 0 100
Maximumn dynamic pressure 43 1, 800 43,000
Orbit 0 25,200 1,000,000
Landing -2 200 100
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At these counditions the effects of the following variables on separation performance  «
were investigated:

a) Aerodynamic controls
b) Reaction controls

¢) Thrust inclination angle
d) Thrust magnitude

e) Thrust moments

f) itial angle of attack

g) hitial pitch rate

In addition the recovery celling charvacteristics of cach of the capsules were de-
termined aud compared with the primary flight vehicle recovery ceiling,

0.1  BALLISTIC BODY GAPSULE

0.1.1 RE-BNTRY BSCAPL, This investigation phase used the aerodynimic controls
rather than the reaction controls, It has been asswmed that the vehicle dynamic charac-
tevisues obtalued with reaction coutrols as described in Reference 1 ave applicable,

0,111 Separation Dynamics, It was the objective of this phase to deterdie the sepava-
tou dynamics as a function of various parameter varlations, ‘[he analyses in this phase
were Hmited w the firse five seconds after escape which was sufticleut tine 1o determiue
the vehlele response charvacteristics aud achieve adequate clearance, ‘The parameters which
were lnvestigated are as follows:

a4)  Pich damping

b) Iniudal pich rate

¢) Thrust moments

d) Thrust damping

¢) Iitlal sideslip

f) Initial yaw rate

g) Initial voll rate

h) Thrust magnitude

i) Longitudinal center of gravity positiou,

The parameter values of the more significant computer ruus are listed in Table VI,
The results are summarized in Figures 55 through 61,

Figure 55- presents the effect of pitch damping on the angle of attack response as
determined from the three degree simulation, Although computed for a zero roll aungle,
additional studies have indicated that the initial bank angle has a negligible effect ou the
pitch response so that these results apply equally to the nominal 45 degree bank angle case,
Damping was obtained from the upper surface flap and an ideal (no time lag) autopllot was
assumed, It is seen that without artificial damping there is essentially no damping which
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is typical of vehicles in this flight regime, A gain of .5 deg/(deg/sec) is seen to give
satisfactory overshoot characteristics and was selected as the nominal gain for use in the
study.

Figure 55 presents the effect of initial pitch rate on the angle of attack response.
These and all responses presented in Figures 35 through 61 were determined using the six
degree simulation, itial pitch rate was investigated since it is a measure of separation
interference resulting either from aerodynamic interference or separation disconnect dis-
turbances. The sharp rise in angle of attack during the first second is a result of including
the moment produced by the thrust. A moment exists since the center of gravity moves
during rocket burning and no gimballing was assumed for these runs. I is seen that the
vehicle response is relatively insensitive to initial pitch rate,

Figures 56, 57 and 58 presecut the effect of thrust moment characteristics on the
vehicle response characteristics. The following variations were analyzed and in all cases
the nomiunal aerodynamic damping of .5 deg/ (deg/sec) was included.

a) Thrust moment omitted
by Thrust moment included
c) Thrust gimbaling with autopilot

Thrust moments can exist for almost all escape capsule concepts due to the center
of gravity shift as the escape rocket is expended. On the ballistic capsule the thrust vector
goes through the empyy c.g. which results in a nose up pitching moment initially, This
location yieids a conservative estimate of the thrust moment effects since a more realistic
location would be a positivn midway between the initial and final centers of gravity.

Figure 56 presents the variation in angle of attack, flap angle and thrust gimbal angie,
for the three thrust moment variations which were cousidered. The case where the thrust
moment is omitted is presented for comparison purposes. Including the thrust moment
without any thrust gimbaling results in an 8 degree pitchup. The use of an ideal (no time
lag) thrust gimbal pitch rate servo with a gain of .1 deg/ (deg/sec) decreases the pitchup
to about 1 degree.

It can be seen that the most severe flap deflections are required when the thrust
moment is included without gimbaling, For this case, a 32 degree deflection angle range
is required. The demands on the thrust gimbaling are relatively small being approximately
* 2 degrees. |

Figure 57 presents the load facter and load factor direction characteristics for the
thrust moment variations, I is seen that the thrust moment effect is relatively insig-
nificant, These load factor data are essentially the same as those obtained with the other
parameter variations in which the nominal thrust level of Figure 46 was used. These load -
factor characteristics are within human tolerance limits.
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Figure 58 presents the separation distance characteristics as 2 fuuction of
the thrust moment variations. In all cases adequate separation distances are achieved.
These separation characteristics reflect the change in thrust orientation due to angle
of attack changes resulting from thrust moment effects, As with the load factor char-
acteristics preseuted in Figure 57, these separation characteristics are typical of those
obtained for all runs using the nominal thrust characteristics of Figure 46.

Figure 59 presents the effects of initial lateral directional disturbances.
As with initial pitch disturbances previously discussed, these may arise from aero-
dynamic interference, disconmect disturbances or primary vehicle disturbances. In
all cases the vehicle response characteristics in the pitch plane were relatively un-
changed. The respouses shown in Figure 59 were obtained with the nominal pitch
damping but with no lateral-directional contrel. As indicated in Reference 1, there is
a need for roll attitude stabilization and roll and yaw damping. These can be obtained
with the reaction controls and lateral c.g. shift investigated in Reference 1 or with the
addition of countrol capability to the side and lower flaps. Since the pitch dynamics,
which put the most severe demand on the countrols, are adequately handled at this flight
condition there should be no great problems with an aerodynamic lateral-directional
coutrol system, '

The effect of thrust level on the load factor and separation distance charac-
teristics is presented in Figure 60. The load factor and separation distances are de-
creased approximately proportionately. The separation characteristics obtained with
the lower thrust level are adequate for separation at this re-entry condition since there
is no danger of a large explosion in the primary flight vekicle due to the absence of
large amounts of propellant. It would therefore be possible to have two or more smaller
rockets. For oun the pad and high dynamic pressure escape, all the rockets would be
used. At other conditions such as this re-entry condition, some of the rockets would
not be used,

Figure 61 presents the effect of varying the longitudinal center of gravity on
the angle of attack response and pitch rate characteristics. These center of gravity
chauges represent changes in capsule stability. The thrust moments have been omitted
so the differences are primarily the result of the aerodynamic stability differences.
The ballistic body is so stable longitudinally (see Figure 11) that the large c.g. shift
considered affects primarily the response time. The corresponding pitch rate char-
acteristics are also shown in Figure 61.

6.1.1.2 Complete Trajectories, Since the ballistic body capsule does not experience
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its maximum heating at the maximum hearting poiunt of the primary flight vehicle, it
was believed to be of interest to determiue the trajectories down to a relatively low T
velocity, Trajectories were computed for three values of wing loading using the two

degree of freedom trajectory program, The resulting trajectories are shown in '
Figure 62, The meximum load factors achieved during these trajectories are as

follows:

W/s Load Factor Velogity

39.3 8.12 8917 fps
65,5 9.15 9900 fps
91,5 9,28 10, 149 fps

0.1.1.3 Acrodynamic Heating, The aerodyuamic heating characteristics of selected
trajectories were determined using the aerodynamic heating computer program de-
scribed in Seetion 4 which computes the thermal radiation equilibrbum temperacure.,

Lguilibrium temperawres were obtadued at four poiuts ou the hallistic body
which are eritdeal. These points were as follows:

a, Nosce

be  Leading Lidge

c. Lower Surface 7,0 fr, aft

d.  lower Flap 1,0 fv, aft of hinge line

The nose stagnatiou region was cousiderced as a sphere with o dlameter of
3.5 feet. The leading edge has a diameter of .5 ft, aud & sweepback of 73°, Iu
analyzing the leading edge and lower surface it was necessary to include the effects
of the 60 cant angle on the lower surface, This tends to decrease the effective sweep:
back augle, The flap was treated as a 40° wedge with respect to the capsule reference

centerlive.

Figure 03 presents the temperature history of the leading edge of the primary
tlight vehicle aloug its maximum heating trajectory, This temperature history differs
from the primary flight vehicle temperature history presented in Figure 4 since the
configuration when analyzed with the Ballistic body used a 6 degree caut augle on the
lower surface, With the other three capsule configurations the leading edge tempera-
ture history of kigure 4 is applicable. This minor inconsistency between configura-
tions has no effect on the study results, The peak temperature is seen to be 3322°R
occurring at 1200 secouds after re-entry at the flight conditions previously described,
This was the initial point for the re-entry escape analysis,

94



AFFDL-TR-64-161

Figures 64 and 065 present the temperature histories for escape trajectories
6 and 7 respectively at the four positions investigated., For trajectory 6, the leading
edge temperature fell from the primary vehicle peak to an approximate value of 2920R
in 1.5 scconds corresponding to the decay in angle of attack shown in Figure 56, Along
trajectory 7 the leading cdge temperature, after a slight dip, roce to a peak of 3357R
in 0.5 scconds and then fell to an approximate value of 2910R after 2.0 seconds cor-
responding to the aungle of attack time history shown in Figure 56.

The peak flap temperatures of approximately 3190R shown in Figures 64 and
65 indicates the need of special consideration for a thermai protection system. An
ablation material with an ablation temperature greater than the maximum temperature
obtained on the undeflected flap during the primary flight vehicle trajectory is a possible
solution, The temperatures on the other ilaps would be slightly less due to the lower
effective angle of incideuce,

The sudden jump in temperature of the lower surface was caused by transition
to turbulent boundary layer flow, A trausition Reynolds number of 300,000 instead of
the assumed study value of 200,000 would have resulted in lower temperatures for both
trajectories,

Figure 66 indicates the effect of a 3.0 degree yaw angle on the leading edge
teimperature. The yaw angle increased the leading edge temperature approximately
140°R above the value for trajectory 6, This yaw angle effect has been included to
show the effects of possible yaw disturbauces on the aerodynamic heating.

Temperatu'r(e histories for the complete trajectory with a wing loading of
65.5 are shown in Figure 67. Time zero corresponds to the initial escape conditions.,
The first 5.0 seconds are approximately the same as the temperatures preseuted in
Figure 64, The leading edge temperatures shown in Figure 67 reach secondary peaks
which are less than the initial peak. It is seen that for the nose, lower surface and
flap, the peak temperatures did not occur at the initial escape point but much further
down the trajectory at velocities of the order of 16,000 ft/sec. Due to boundary
layer trausition the flap temperatures jumped to a value of approximately 5005R. These
values would certainly dictate the use of ablation materials on the flaps.,

6.1.2 ORBIT ESCAPE. The initial conditions for the ballistic body orbit separation
dynamics computer runs are presented in Table VII. Figure 68 presents angle of
attack time histories for orbit separation at two thrust levels, Without any thrust
moment effects the capsule is oriented within three seconds, Icluding thrust moment
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effccts without thrust gimballing results in a tumbling motion, The pitch rate is
decreasing however so that the capsule would achieve its desired altitude in approxi-
mately 150 seconds, If thrust gimbaling is used the capsule does not tumble.

The orbit re-entry trajectory characteristics showing the effect of capsule
wing loading are presented in Figure 69. The peak load factors are &lsc presented
in Figurc 69, If the trajectories of Figure 69 are compared with the trajectories
from the maximum heating escape point shown in Figure 62 it is seen that orbit re~
entry will impose the most severe temperatures,

6.1.3 RECOVERY CEILING. The recovery ceiling characteristics of the ballistic
body are preseunted in Figure 70 showing the effect of wing loading, The recovery
ceiling for this capsule is determiuned by load factor considerations., A load factor
limit of 13 g's was used. It can be seen that the ballistic capsule has a greater
recovery ceiling capability than the primary flight vehicle.

6.1.4 ON-THE-PAD ESCAPE. The run schedule for on-the-pad escape is pre-
sented in Table VIII, Figure 71 presents the angle of attack time history and altitude-
range characteristics for this condition. The angle of attack time history presents
the effect of thrust moment and thrust gimbaling., The range-altitude characteristics
show that with the thrust moments included, unsatisfactory altitude performance is
achieved, As expected, reducing the thrust inclination angle increases the altitude.
The altitude performance can be made satisfactory with thrust moments if thrust
gimbaling is used. The maximum load factor during on-the-pad separation is a
result of the escape rocket thrust and is within human tolerance limits,

6.1.5 LANDING ESCAPE. The run schedule for this condition is presented in
Table VILL. Figure 72 presents the angle of attack and aititude time history character-
istics for the ballistic body separating during the landing approach. It is seen that
the reaction contrdis yield poorer damping characteristics than the aerodynamic
coutrols, Including the thrust moments without control damping introduces oscilla-
tions but those do not yield any severe effects either with regard to load factor or
altitude., Satisfactory altitude and load factor performance was obtained for all the
trajectories,

6.1.6 MAXIMUM DYNAMIC PRESSURE ESCAPE. The run schedule for this
escape condition is preseunted in Table IX.
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) Figuve 73 presents angle of attack, load factor, and load factor direction
characteristics for the ballistic body separating at maximum dynamic pressure, both
with and without tiire=t monent cffects,  In both cases the pitching motion is quickly
damped out, The ioad fustor peak occurs at .08 seconds and results from the escape
rocket thrust, The load iactor decays during rocket burning due to the decreasing
thrust. At burnout the Joad factor decreases and then increases as the resultant force
vector rotates from a forward and up direction to an aft and up direction, These load
factor characteristics arc within human tolerance limits.

Figure 74 presents angle of attack and load factor time histories showing
thrust moment effects with and without reaction controls. In both cases fixed acro-
dynamic controls were assumed. The thrust moment effects introduce large oscilla-
tions which the reaction controls can only damp slightly. These oscillations introduce
some slight oscillations in the load factor as indicated.

Figure 75 presents the separation distance characteristics at supersonic
speeds as a function of time for thrust inclination angles of 40 and 30 degrees. In
determining the separation distance it was assumed that the primary vehicle contmu,d
along its control flight path af constant velocity.

Figure 76 prescuts the cffect of initial pitch rate on the angle of attack
characteristics, These initial rates are a measure of the zerodynamic interference
effects, The oscillation resulting from these initial pitch rates is rapidly damped out
and the load factor characreristics are within human tolerance limits,

6.1.7 PERFORMADMNCE CONCLUSIONS. The main performance problem associated
with the ballistic hody capsule is the high temperatures encountered on the flaps in

the hypersonic regime, Thesc temperatures require the use of ablation materials,
The thrust momeunt effzcts result in capsule oscillations but these do not lead to load
factors in excess of humanu tolerance limits, Aerodynamics contrals yield good damp-
ing characteristics at all conditions, Reaction controls arc not as effective at high
dynamic pressures but the oscillations do not yield excessive load factors,
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6.2 LIFTING BODY CAPSULE

6.2,1 RE-ENTRY ESCAPE, As with the ballistic body capsule described above,
the re-entry escape pe rformance was calculated in detail for the first five seconds
after separation and then the long time trajectory characteristics were investigated,

6.2,1,1 Separation Dynamics, This investigative phase considered the use of both
acrodynamic aud reaction controls, The autopilot described in Section 4,0 was used
with a pitch-roll mixer lncorporated into the reaction controls, In addition, propor-

tional actuators for the aerodynmamic surfaces and rocket gimbals were included,
with linear first order thme lags,

In performing this phase of the investigation, a basic technique was first
determined and then the effect of parameter variations on the basic technique was
analyzed. The parameter values used for the more significant computer runs are
presented in Table X, 'The po vameters investigated are as follows:

a, Aerodynamic flap pitch dampiug

b, Reaction pltch dampiug

¢, Thrust moments

d, Thrust pitch damping

¢.  Initial sideslip

f. Initial roll rate

. Initial yaw rate

h, ‘rhrust mogoitude

i . Lougitudinal center of gravity position,

Au immediate zell to wings level attitude was incorporated into the separa-
tion maneuver for the lifting body, Iitially an autopilot command of wings level was
used, This maneuver caused too high a roll rate, resulting in pitch voll coupling and
diverging values of bank angle, angle of attack, and sideslip, No pitch or yaw damping
from the reaction controls was originaliy used. By adding pitch aud yaw damping, and
a commanded bank angle time history, stable roll maneuvers w: e ohtained, with

voll rates from 5 to 15 deg/sec. A nominal commanded roll rate of 10 deg/sec was
used in further simulaciouns,

The directional stability of the lifting body is low aua the trajectories did
not trim at zero sideslip, A directional gyto was added to the yaw channel, aligned
with the initial velocity vector. An on-board knowledge of initial sideslip is thus
assumed, and as coucluded in Reference 1 must be available throughout the trajectory,
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With the addition of the directional gyro, the steady-state sideslip was essentially
eliminated. However, unless the azimuth command was coordinated with the roll
command, large transient sideslip angles resulted, The azimuth command is required
because the initial bank angle and angle of attack result in a body-axis heading of 11 deg.
from the initial velocity vector, A linear heading command was found to result in
sufficiently small sideslip angles, and more refined coordination was assumed to be
unnecessary for this study. '

On the first runs using aerodynamic surfaces for damping, the effect of time
lag was investigated. An ideal no-lag actuation was compared with a realistic first
order time constant of .1 seconds, and the Tesponses were essentially identical. Thus
for subsequent trajectories a .1 second actuator lag was used for aerodynamic surfaces
or thrust gimbals,

Figure 77 compares reaction damping with aerodynamic damping for a fixed
trim aungle of attack of 10 degrees. Run 1 has three-axis reaction damping while Run 2
has reaction damping in yaw and roll, aud pitch damping from the lower aerodynamic
flap. Presented in Figure 77 are angle of attack and lower flap time histories, The
respouses show either technique is satisfactory at this maximum heating point.

Figure 78 presents the angle of attack, flap deflection and gimbai angle time
histories for trajectories with a fixed trim angle of attack of 10 degrees in which thrust
moment effects were included. Since the rocket fuel is off the c.g., the c.g. varies
during burning, The gimbal point is located so that the thrust vector (without damping)
is directed at an intermediate point between the extreme c.g.'s., Comparisons are :
shown with pitch damping derived from: '

Run 3) lower aero flap

Run 4). lower aero flap plus thrust gimbal
Run 5) reaction coutrols plus thrust gimbal
Run 6) reaction controls. '

Reaction controls are used for roll and yaw damping throughout, The re-
sponses show that no major differences are present, and that any of the four techniques
are satisfactory.

In addition, gomparing Runs 1 and 2 in Figure 77 with Runs 3 and 6 of Figure 78
show the effect of the thrust moments on the trajectories. With the thrust oriented at
a nominal c.g., there is no major difference due to the thrust moments., Thrust gim-
balling would seem to be required only if there were considerable uncertainty or variation
in the c.g. :
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Run 6 was selected as a separation trajectory with satisfactory respounse
characteristics and Figures 79, 80 and 81 show several response variables from this
run, In Figure 79, the angle of attack approaches the trim value of 10 degrees from
an luitial value of 15,5 degrees, never exceeding the initlal value., The bauk angle
varies smoothly from the initial value to near wings level. The sideslip has a maxi-
mum value of 3 degrees during the roll,

i
i

Figure 80 presents the load factor and load factor direction characteristics
for Run 6, 'The acceleration has a peak value of 10,8 G's, occurring at ,08 secouds
and resulting from the rocket thrust, The load factor direction indicates primarily
the direction of the thrust during burning, aund the dircction of the air load after buralug,

Figure 81 shows the separation distances from the parent vehicle for Run 6,
The computer program estimates the parcat vehicle position by simply cousldering
that the inltial velocity vector remaius coustant, in magnitude and diveciion, Flgure
81 shows positive and adequate clearauce,

Oue of the variable parameters is the teim flap settings, resulting ln various
trim augles of attack, Runs were made varying the trim angle of attack from 10 1o
307, Pipure 82 shows two attempts to stabllize a trajectory with a trim augle of attack
of 30°, Kun 7 uses a commanded roll rate of 10°/sec while Run 16 uses a rate of 3%/
sec. 'The high augle of attack makes the roll coupling problem more difficult, "The co- "
ordination technlque that was adequate for the runs haviong a trim angle of avtack of 109
folled for these two. Both Runs 7 and 16 exceed the bank angle scale shown, However,
Run 16 did eventually xeverse the roll rate, and teuded to return to a wings level
attitude, while Ruun 7 diverged in xoll and sideslip, These higher trim augles of attack
result in higher temperatures., From temperature considerations, it seems that o
lower initial trim angle of attack that is gradually increased to a higher value over
several minutes would be preferred. This technique is discussed in Sectlon 6.2.1,2,
I is not concluded from Figure 82 that stabilization of a highey augle of attack roll is
impossible, only more difficult, and in particular requiring more sophisticated co-
ordination of the three axes during the roll,

Figure 83 shows rhe effect of varying initlal conditions of sideslip, roll rate,
and yaw rate, Runs 8, 9 and 10 are identical to Pun 6, except that in Run 8, the initlal
sideslip is -3 degrees, in Run Y the luitial roll rate is .1 rad/sec, and in Run 10 the
iunitial yaw rate is .1 rad/sec. All these runs have three axis reactiou damping, as
well as roll and yaw attitude commaunds, There are no siguificant differences in the
respouses after the first second, The angular rate responses emphasize the off-on
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nature of the reaction controls. When the respouses tend to converge, ounly one is
shown. These runs ¢how that the satisfactory responses of Run 6 are not seusitive
to reasonable variations in asymmetric initial counditions,

Figure 84 shows the effcct of reducing the nominal thrust level from 25,000
pounds to 12,000 pounds on load factor and separation distance characteristics, As
expected, the load factor and the separation distances are reduced but at this re-entry
condition are adequate. On-the-pad and high dynamic pressure escape which will be
investigated later in the program will determine the minimum thrust requirements,

Figure 85 shows the effect of varying the longitudinal center of gravity on the
responses., Run 12 is essentially a repeat of Run 1, at the nominal c.g. with some
slight modifications in the aersdyunamic data curve fits, The c.g. for Run 13 is 4.0%
of the reference length (15.1 ft,)forward, and that for Run 14 is 2,0% aft. The lower
flap was adjusted to maintain the trim angle of attack near 10 degrees. As expected,
the angle of attack respounse for a forward c.g. is faster, and that for the aft c.g. is
slower. Differences in the bank angle responses were indistinguishable, Thrust
moments were not included for these runs. The effects of thrust moment would be
similar to those shown in Figure 78. It is concluded from Figure 85 that satisfactory
trajectories are not dependent on reasonable center of gravity shifts if (a) the proper
flap setting is used and (b) thrust moments are nct large.

-~

Figure 86 presents the effect of thrust angle on separation distance charac-
teristics of the thrust, For Run 12 the thrust vector is 30 degrees above the horizontal
body axis, and in Run 15, 40 degrees. The thrust maguitudes in each case were equal
tc the nominal value preseunted in Figure 47. As a result Run 12 has more separation
from the parent vehicle in the down range direction, and Rur 15 more in cross range
and altitude, Either response is satisfactory, and thus structural and mechanical
disconnect considerations would probably determine the optimum thrust angle.

6.2.1.2 Complete Trajectories. The primary problem of the radiation cooled lifting
body escape capsule is preventing excessive temperatures during the escape trajectory.
The problc:n can be divided into-two parts, 1) controlling temperatures during the first
few seconds after escape and 2) controlling temperatures over the eantire escape tra-
jectory.,

Temperatures are a function of altitude, velocity and angle of attack. In-
creasing velocity and angle of attack increases temperatures while increasing altitude
decreases temperatures. For lifting vehicles in equilibrium flight the decrease in
temperature due to increasing trajectory altitude more than offsets the increase in

127



AFFDL-TR-64-161

temperature due to the increase in angle of attack required to achieve the higher

altitude. This is not true however for non-cquilibrium flight. For the present capsule,
escape is initiated at an angle of attack of 15,5°, As discussed in Section 6.2.1.1,

if the capsule is s;parated and trimmed for a high angle of attack, it pitches up to the
high angle of attack faster than the altitude increases, leading to excessive temperatures,

There is a maneuver which will prevent the initial pitchup and also achieve
the advantage of a high trim angle of attack trajectory. This is a maneuver in which
the vehicle separates trimmed for a low angle of attack and then gradually pitches up
to a high trim angle of attack. '

This maneuver was investigated using the two degree of freedom trajectory
program. As a basis of comparison, the trajectories for fixed trim angles of 10, 15
and 30 degrees were determined. Two varying lift trajectories were cousidered. In
the first the angle of attack was increased linearly over a 150 secound time pe riod from
10 to 15 degrees. In the second the angle of attack was increased from 15 to 30 degrees
over a 150 second time period. The resulting altitude velocity trajectories are shown
in Figure 87,

It can be seen from Figure 87 that the consizat lift trajectories oscillate with
the oscillations becoming more severe as the trim angle is increased. As will be dis-
cussed in Section 4.0, these oscillations yield aesrodynamic heating problems. Vary-
ing the angle of attack from 10 to 15 degrees during the trajectory resulted in a very
smooth trajectory. The trajectory in which the angle of attack was varied from 15 to
30 degrees was better than the fixed 30 degree trim angle of attack trajectory, but
still exhibited some oscillatious. This trajectory could be readily improved by de-
creasing the rate at which the angle of attack is increased.

The effect of capsul¢ wing loading on these varying lift complete trajectories
is presented in Figure 88,

6.2.1.3 Aerodynamic Heating, In general, equilibrium temperatures were obtained
at four poiuts on the lifting body. These pcints were as follows:

a, Leading edge

b. Lower surface 5.0 ft, aft

c. lower surface 12,0 ft. aft
d. Flap 1,0 ft, aft of hinge line.
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The leading edge diameter was 0.5 ft. with a sweep of 73°, A transition
Reynolds number of 2 x 10° was used in analyzing the lower surface and the flaps.
At 5,0 ft. aft on the lower surface the cant angle was 10.0 degrees and at 12.0 ft.
aft was 2,0 degrees. The leading edge was analyzed where the cant angle was 10.0°
which reduced the effective sweep aungle yielding higher leading edge temperatures.
Flaps were treated as wedges with a half angle equal to the deflection angle, For the
lower surface flap, the vehicle angle of attack was added to the wedge angle to obtain
the total flap incideCe angle. For the side flaps an effective angle of attack was
determined which was then added to the wedge angle to obtain the total flap incidence
angle,

Figure 89 compares the leading edge temperature histories for trajectories
3, 4 and 6 from Table 1. These were the trajectories in whicih aerodyunamic control,
‘reaction control and thrust gimbaling were compared. For all these trajectories, the
peak leading edge temperature of 3478 R occurs at separation, The variation in
temperature between the trajectories is a result of the difference in vehicle response
characteristics as shown in Figure 78,

Figure 90 presecuts the temperature history of the deflccted lower flap for
trajectory 3. Trajectory-3 is the trajectory in which aerodynamic control is used in
pitch and the thrust moment effects are included without thrust gimbaling., The flap
temperature is presented for this trajectory since this trajectory places the most
severe demands on the flap controls for a trim angle of 10 degrees. There is little
variation in flap temperature due to the fact that the flap deflection varied only about
5 degrees from the nominal trim deflection of 34.5° as shown in Figure 78, The flap
hinge line is located just aft of the 12 ft, aft point, The flap film coefficient was cal-
culated to be 8,6 times greater than a laminar film coefficient on the vehicle lower
surface at the 12,0 ft, aft point just ahead of the flap at 1,2 seconds from separation.
Reference 15 would predict a larger increase in film coefficient, however, the ex-
perimeuntal data of References 15 and 16 have sufficient scatter that the increase of
8.6 would seem to be a reasonable estimate.

The effects of trim angle of attack on the leading edge and lower surface
temperatures at a point 12 ft, aft of the nose are shown in Figure 91, Trajectory 6
represents a trim angle of 10 degrees while trajectory 7 represents a trim angle of
30 degrees. The temperatures for a trim angle of attack of 30 degrees are quite
high due to the rapid pitchup shown in Figure 82. For the 10 degree trim angle of
attack trajectory the peak leading edge and lower surface temperatures are 3447 R
and 2828 R occurring at separation. For the 30 degree trim angle of attack trajectory,
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the peak temperatures occur at 1.4 secouds after separation and are 3982 R and
3414 R for the leading edge and lower surface respectively.

Figure 92 preseuts temperature histories for 4 vehicle locations for tra-
jectory 6 which is referred to as the nominal trajectory, The locations are; leading
edge, lower surface - 5 ft, aft, lower surface - 12 ft. aft and lower flap ~ 1 ft, aft
of hinge line, The leading edge temperature was determined for a sweepback of 71.4
degrees. This sweepback was used in order to obtain an estimate of the effects of
the slight sideslip present in this trajectory as shown in Figure 79. Comparing the
leading edge temperature history of Figure 92 with the temperature histoxry given in
Figare 91 for a sweepbock of 73 degrees reveuls that the small sideslip results in a
peak leading edge temperature increase of 31 degrees, Since a primary flight vehicle
will be designed to permit sideslips of approximately 3 degrees, this should not be
cousldered a problem arca, The peak lower surface temperatures at 5 and 12 feet aft
both occur at the iuitial separation and are 2441 R and 2828 R respectively., The tem-
perature at 12 {i, is higher than at 5 ft. because of the instcnce of a turbulent boundory
luyu: at 12 ft. Had o transition Reynolds number of 5 x 10% been used, the boundary
layer would have been laminar at 12 ft, aft and the temperatures less than at S fu, aft,

IPigure 93 presents leading edge and side flap temperature histories for
trajectory 8 ln which an initial sideslip angle of 3 degrees was cousidered. Due to the
injtial sideslip angle, the leading edge temperature is higher thau for trajectory 6.
The peak temperature still occurs at separation, howuever, aud is 3507 R, The side

flap had a coustant deflecrion of 40 degrees and attained o veak temperature of 3185 R
at 24 seeonds after sepavation,

Figure 94 presents the leading cdge temperature histories for the constant
augie of attack trajectories presented in Figure 87, Icreasing the tnitial trim angle
increases the leading edge temperatures, Flgure 95 preseuts the leading edye tempera-
ture histories for the two trajectories in which the angie of attack was slowly increased
over a 150 second time period, Increasing the augle of attack from 10 degrees to 15
degrees yielded a trajectory in which the peak temperature occurred at separation,

The trajectory in which the angle was increased from 15 degrees to 30 degrees also
had its peak temperature at separation but still had large temperature oscillations
resulting from the trajectory oscillations shown in Figure 87, As discussed in Sec-
tion 3.4, these oscillations could be decreased by decreas.ag the pitchup rate,

The effect of wing loading on the complete trajectory leading edge tempera-
ture characteristics arc presented in Figures 96 and97 for final trim angles of altack
of 15 and 30 degrees respectively, The peak leading edge temperatures arc as follows:
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w/S Traj. No, Trim Ang_lf Tinax
28.4 48 15 3275
29.7 105 " 3395
56.6 106 " 3666
28.4 51 30 3431
39.7 107 " 3469
56,6 108 " 3657

6.2.2 ORBIT ESCAPE. The initial conditions for the lifting body orbit separation
dyuamics runs are preseuted in Table XI,

Figure 98 presents angle of attack time histories for orbit escape at two
thrust levels, Satisfactory porformance was obtained in all cases. The thrust moment
produces a somewhat greater angle of attack oscillation but it is quickly damped out,
ixcreasiug the thoust level decreases the overshoot characteristies, The effect of
initial angular rates is negligible.

The orbit re-cutry trajectory characteristics presceuting the effect of wing
loading and trim angle of attack are shown in Figure 99, For a trim angle of attack
of 15 degroces the following peak leading cdge temperatures were obtained:

W/s Maximum L. g, Temp® R
28 .4 3420
41.4 3550
58.8 3640

These temiperatures ave approximaiely the same as e maximum leading cdge tempera -
tures obtained for escape from the maximum heating point of the primavy flight vehicle
as presented in Figures 96 aund 97,

6.2.3 RECOVERY CEILING. Figure 100 presents the recovery ceiling for the R
Lifting Body capsule for three values of wing loading., For this configuration the re-

covery cetling in the high hypersonic region is determined by temperature limits. The
lcading edge temperature was used as the base temperature for determining recovery

ceiling, From the studies described in Section 6.2.1 a leading edge temperature limit

of 3440 R was used. This is unrealistic for the wing loading of 56,6 since the long time
trajectory characteristics discussed in Section 6.2.1 indicate that at this wing loading

a maximum temperature of 3640 R is reached for escape from the primary flight vehicle
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maximum heating point, For this reason, a recovery ceiling based upon this tempera-
ture is also shown in Figure 100, The recovery ceiling capability of the lifting body
capsule is slightly less than the primary flight vehicle for the low wing loading condi-
tion. As the escape capsule wing loading increases the recovery ceiling decreases.,

6.2.4 ON-THE-PAD ESCAPE. The run schedule of initial conditions for the per-
formance studies at this flight condition are presented in Table XII. Figure 101
presents the angle of attack time history and altitude range-characteristics for the
lifting body separating from the on-the-pad condition, The effects of thrust moments
and aerodynamic control damping on the angle of attack characteristics are indicated.
Without aerodynamic damping the capsule experiences large oscillations. As expected,
decreasing the thpuist inclination increases the altitude achieved during separation,

The upper curves in Figure 102show the effect of control system type on separation
altitude characteristics., For Run 153 without any controls the altitude is probably
bclow the limits for good parachute recovery, The lower curves in Figure 102 compare
the angle of attack characteristics for two nominal flap angle settings. At this sub-
sonic condition a large negative trim aungle of attack results. The separation altitude
characteristics however were found to be adequate. The maximum load factor for
on-the-pad escape results from the escape rocket thrust and is within human tolerance
limits, :

6.2.5 LANDING ESCAPE. The run schedule for this condition is presented in Table
XIl. Figure 103 presents the angle of attack and altitude time history characteristics
for separation during landing approach. The effects of aerodynamic damping and thrust

moment on the angle of attack characteristics are indicated. Aerodynamic damping
yields good angie of attack characteristics even when the thrust moment effects are in-
‘cluded. The initial decrease in angle of attack is a result of the change in magnitude
and direction of the velocity vector due to the rocket thrust. For the landing approach
condition, decreasing the thrust inclination angle decreases the altitude although in all
cases investigated, sufficient altitude for parachute recovery was obtained.

Figure 104 shows the effect of control system type and flap setting on the
angle of attack characteristics. Aerodynamic controls yield excellent damping. The
reaction countrols show very little effect when compared with the characteristics ob-
tained with no damping. Use of the flap settings used at hypersonic speeds result in
a negative trim angle of attack and as a consequence poor separation altitude char-
acteristics. The peak separation altitude achieved was only 130 ft. with escape starting
at 100 ft.
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As with on-the-pad escape, the maximum load factor results from the
escape rocket thrust and is within human tolerance limits,

6.2.6 MAXIMUM DYNAMIC PRESSURE ESCAPE. The initial conditions for the
escape performance studies at this flight condition are presented in Table XIII. Figure
105 presents the effect of control type on the angle of attack and load factor charac-
teristics. Very good damping is obtained with aerodynamic controls. Large angle of
attack oscillations and resulting load factor oscillations occur when reaction controls
are used. The load factors however do not exceed human tolerance limits.

Figure 106 presents the effects of flap deflection angle on the angle of attack
characteristics. At this flight condition the flap deflections used at hypersonic speeds
vield a negative trim angle of attack. Also shown in Figure 103 are the cffects of
initial pitch rate on the angle of attack characteristics. These high iunitial pitch rates
which are a measure of interference effects have a minor effect oun the characteristics,
The oscillations which pre induced are quickly damped out.,

Figure 107 presents angle of attack, load factor and load factor direction
characteristics showing the effect of thrust moment. Without damping the capsule
experiences large oscillations which result in load factor osciliations. The load factors
are still within human tolerance limits however.

6.2,7 PERFORMANCE CONCLUSIONS. On the basis of these studies the following
conclusions can be made regarding the separate nose lifting body capsule.

1. Inorder to minimize temperatures the capsule should be separated and
trimmed for a lower angle of attack than the 15.5 degrees vehicle angle of attack at the
maximum heating condition. After separation the angle of attack should be slowly
increased to a high angle of attack.

2. Increasing the capsule wing loading increases the temperature. The
temperature limits of the primary flight vehicle are exceeded if the wing loading is
greater than approximately 35.

3. Aerodynamic controls yield the best damping characteristics at all at-
mospheric flight conditions. Despite the relatively poor damping associated with re-
action controls at the higher dynamic pressuie condition the load factors are still
within human tolerance limits.

_ ‘4. The aerodynamic characteristics of the capsule are such that different flap
~settings must be used for hypersonic escape and escape at supersonic and subsonic speeds.
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6.3 POD CAPSULE

6.3.1 RE-ENTRY ESCAPE. The re-entry escape discussion is divided into separa~
tion dynamics (irst 10 seconds) and complete trajectories.,

6.,3.1.1 Separation Dynamics. The basic technique selected was that used for the
lifting body and described above, A roll to wings level was executed using a commanded
roll rate of 15 deg/sec., 'To preveut pitch roll coupling it was necessary to provide pitch
and yaw damping, As with the lifting body, it was necessary to provide an azimuth
commaund to keep small sideslip angles during the roll maneuver, The commanded roll
was initiated at the time the lower flaps were deflected,

Since the pod capsule is located in the primary vchicle it is necessary to delay
the opening of the lower flaps until the capsule has moved out of the primary vehicle,
Iuvestigating the separation distance characteristics of several of the initlal runs,
which were made with the lower flaps undeflected, indicated that the capsule had
sufficicnt clearance at the polnt where the angle of attack reached 17 degrees, The
parametric investigation described below used 17 degrees as the angle of attack for
lower flap deflection, The use of angle of attack as the parameter the o switch para-
meter in the autopllot subroutine described in Section 4,0 could be used directly, In
actual destgn a thme deloy would most likely be used vather than an angle of attack,

I order to account for aerodyuamic interference effects, an initial pitch rate
of -.1 vad/sec was used for all the runs as discussed in Section 3.4,

Using the basic technique characteristics listed above the separation dynamics
ware investigated as a function of the following parameter variations,

a) Aerodynamic countrol
b) Reaction control

c) Thrust moments

d) ‘Thrust gimbaling

e) Initial sideslip

f) Initlal yaw rate

g) Initial roll rate

h) Thrust maguitude

i) Thrust direction

j) Trim angle of attack.
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The parameters for the selscted serigs of runs are shown in Table X1V,
The results are summarized in Figures 108 through 115. Run 1 has been selected
as the nominal run and Figures 108, 109 and 110 show several respouse characteristics
for this run, The nominal run uses reaction controls and has no thrust momeunts in-
cluded, A trim aungle of attack of approximately 5.4 degrees was selected,

Figure 108 presents time histories of the angle of attuck, sideslip angle and
bauk angle. The capsule pitches up during the first .5 seconds, This is a result of
the delay in deflecting the lower flap, The capsule then has a damped oscillation
about the trim angle. The bank angle varies smoothly from the initial 45 degree

value to the wings level condition, The sideslip has a maximum value of approximately
2.4 degrees during the roll,

Figure 109 presents the load factor and load factor direction characteristics
for the nominal run and Ruun 2 In which one-half of the nominal thirust was ased, Using
the nomiunal thrust, the peak load factor is approximately 16,5 G's, occurring at ,08
sceonds and resulting primarily from the rocket thrust, Reducing the rocket thrust
level by onc-half reduces the peak load factor by approximately one-half, The load
factor divection shown in Figure 109 indicates primarily the divection of the thrust
during buruing, and the diveetion of the alr load after buruiug., The oscillatious in
the load factor divection result from the angle of attock oscillations shown in Figure 108,

Figure 110 shows the separation distance characteristics from the pareut
vehicle for Ruus 1and 2, ‘The trajectory anslysis computer prograin estimates the
parent vehicle position by simply cousideriug that the indtial velocity vector remaius
constant in magnitude aud divection. PFigure 110 indlcates adequate separation char -
acteristics for both the nomiunal thrust level of Bun 1 and the reduced thrust level of
Run 2,

Flgure 111 presents the cffects of thrust moments on the augle of attack time
history charvacteristics, The thrust momeut results from the fact that the separation
rocket is locaved off the ¢.g. and results in the vehicle ¢,g. varying during rocket burn-
ing. The gimbal point is located so that the thrust vector (without thrust damping) is
directed at an intermediate point between the extreme c,g, positions. I can be seen
that the thrust moments have a significant effect on the angle of attack respouse, The
vehicle oscillates over an angle of attack range of 45 degrees., The oscillation is

damped, however, but would lead to excessive temperatures on the radiation cooled
upper surface.
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b,

The use of thrust gimbaling as indicated by Run 4 in Figure 111 greatly re-
duces the oscillations and yields a very satisfactory trajectory. In fact, the use of
thrust gimbaling ylelds a trajectory with smaller oscillations than Run 1, the nominal
trajectory, The thrust gimbal angle required in Run 4 is also shown in Figure 12 and
is seen to have a peak of 2 degrees,

Figure 112 compares the angle of attack time histories for full reaction
control and aecrodynamic pitch control, I can be seen that there are no large differences
in the angle of attack charactexistics, The use of aerodynamic damping provides
slightly better damping characteristics than the reaction controls, The aerodynamic
damping is provided by the lowcr flaps, The flap deflection angle for Run 5 is also
shown tu Flgurc 112 and is seen to vary from 27 degrees to 30 degrees,

The effcets of varying initial conditions of sideslip, roll rate and yaw rate
on the vchicle angular response characteristics are presented in Figure 113, The
initial conditions arc the same as the nominal run, (Run 1) except that in Run 6, the
initlal sideslip is 3 degrees, in Run 7 the iunitial roll rate is , 1 radians/second and in
Run 8 the initial yaw rate is .1 radian/sccond, These three runs have three axis
reaction damping as well as pitch, roll and yaw attitude commands, There are no
significant differences in the angle of attack and bank angle time histories, Run 6
with an lultal sideslip angle of 3 degrees shows rather poor damping of the sideslip,
however the angles are not large, These ruus indicate that the response is not sensi-
tive to reasonable variations in asymmetric initial conditions,

The effects of thrust angle ou the separation distance characteristics are in~
dicated in Figure 114, For Run 1, the nominal run, the thrust deflection angle was
40 degrees above the horizontal body axis and in Run 9, 30 degrees, The thrust magni-
tudes in each case were equal to the nominal value given In Figure 46. As a result,
Ruu 1 has more separation from che parent vehicle in cross-range and altitude, and
Run 9 more {n the down range direction, Either response is satisfactory, and thus
structural and mechanical discounect considerations would probably determiue the
optimum thrust angle,

Figure 115 shows the effect of trim angle of attack and center of gravity
position on the angle of attack time histories. I is seen that increasing the trim

angle decreases the magnitude of the pitch oscillations for trim angles up to the initial
angle of attack,

Varying the longitudinal center of gravity by 5% of the reference length in
both the forward and aft directions has a negligible effect on the magunitude of the pitch
oscillations, affecting mainly the frequency of the oscillations,
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capsule may not necessarily occur at the maximum heating point of the primary flight
vehicle. For this reason complete escape trajectories were determined from the
primary vehicle maximum heating point,

Figure 116 presents altitude-velocity trajectories for the pod capsule showing
the effects of trim augle of attack and wing loading. Increasivg the trim angle of attack
results in higher altitude trajectories. Thereasing the wing loading decreases the
altitude leading to more severc tempelotures,

6,3.1.3 Acrodynamic Heating, Vauilibrium temperatures were calculated at five
poiuts on the pod vebicle, These poiuts were as follows:

4,  Nowe - diameter 2,5 ft,
b, lower surface - 2,0 ft,
¢o  Lower surface - 4,0 {t,
d. Upper surface - 2,0 ft.
¢o  Lower flup - 1,0 ft, aft of hinge line.,

A wansition Reyuolds number of 2 x 1()5 was assumed for the lower surface
and flap caleulations,  The lower surface was Inclined 10,0 degrees at the 2,0 foot
location aud 0,0 degrees at the 4,0 foot location, This angle was added to the pod
angle of attack to obtain the surface iuclination angle to the flow, The flap was cou-
sidered as o wedge with a half angle equal to the deflection angle, The vehicle augle
of attack was added to the deflection angle to obtaln the flap incidence angle, A
boundary layer flow distauce of 1,0 fect was assumed,

A swept cyliuder analysis was applied to the upper surface at the 2,0 foot
location, The upper surface was inclined 30 degrees to the pod centerline aud had a
diameter of 3.4 feet,

Figures 117 aud L18 present the temye rature histories for Run 1. The peak
nose temperature was 3935 R at 1,2 seconds after separarion, The peak temperature
of 3195 R ou the flap alsc occurred at 1,2 seconds, An upper surface peak tempera-
ture of 2825 R occurred at 1.6 seconds after separation, Lower surface temperatures
at 2,0 feet and 4,0 feet both peaked at the same time of 0,6 seconds. The 2.0 foot
polnt was at a higher temperaturc than the 4,0 foot point; 2800 R as compared to 2365 R,
‘The temperature osclllations are a result of the aungle of attack oscillations shown in
Figure 108, Tempe rature fluctuations of the lower surface and the upper surface are
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180 degrees out of phase because as the lower surface flow iuclination was increased
the upper surface inclination was decreased., An increase in flow inclination results in
higher temperatures.

Temperature histories for trajectory 11 having a trim angle of attack of 14
degrees are presented on Figure 119. Again the 2,0 foot location on the lower surface
has temperatures greater thau the 4.0 foot location. The peak tempe rature was 2810 R
at 0,6 seconds after separation at the 2.0 foot location; 10°R higher than the results
in Figure 118. Au upper surface peak temperature of 2365 R at 1.4 seconds was realized,
This was 460°R lower than the results on Figure 117, This is as expected, since in-
creasing the vehicle angle of attack decreases the angle of inclination of the upper sur-
face, For the pod capsule, which is assumed to have ablation material on the lower
surface and be radiation cooled on the upper surface, the upper surfuce is the critical
heating poiut, For this reason, a high trim angle of attack would be desirable for
escape trajectorics iu fhie hypersoule reglme,

The temperature characteristics corresponding to the angle of attack of 30
degrees complete trajectories presented in Figure 116 are showu in Figure 120, The
lower surface attalus relatively high temperatures but these are within the state of
the art of ablation materials, 'Che upper surface temperatures are relatively low,
being approximately 500 degrees lower thau the temperatures ou the upper surface
duriug primary vehicle flight, For this xeason, a slightly lower trim aungle of attack
could be used,

6.,3.2  ORBIT LLSCAPE. The initial conditions for the orbit escape performance
studies are presented in Table XV,

Figure 121 prescnts angle of attack time history characteristics for separa-
tion in orbit, The data in Figure 121 shows the effects of thrust momeuts aud thrast
gimbaling, Without thrust gimbaling the capsule pitches to a very high augle of attack,
This is not severe however since the reaction controls would bring the capsule to the
desired low angle of attack position in less than oue minute,

The complete orbit re-entry trajectories for wing loadlugs of 55 and 91,5 psf
are presented in Figure 122 for a trim angle of attack of 30 degrees, The peak upper

surface temperature 2.0 feet aft and lower surface temperature 4,0 feet aft are as
follows:
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Wing Loading Position Peak Tempserature
55 psf lower 3340°R
upper 1500°R
91,5 psf lower 3750°R
upper 1550°R

These peak temperatures are approximately the same as those attained for
the complete trajectories from the primary flight vehicle maximum heating poiut as
presented lu Figure 117,

6.3,3 RECOVERY CEILING, The recovery ceiling characteristics determined for
the pod capsule configuration are presented in Figure 123, These trajectories were
determined for an augle of attack of 30 degrees. The recovery ceiliug in the hyper-
souie regime was determined by temperature limits. It was assumed that the tempera-
ture limit was the peak lower surface temperature 4,0 feet aft of the nosic obtalued on
the escape trajectory from the primary vehicle maximum heating point, These
temperatuce characteristies we re prescuted in Figure 120, Also showun lu Figure 123
is the recovery celling capability if a peak lower surface temperature of 3800°R is
used, I higher lower surface temperatures are nllowed and the recovery celliug were
based oun the upper surface temperatures much higher recovery ceilings would be
obtained, 'The recovery celling of the primary fiight vehicle 1s shown on Flgure 123
for comparison,

6.3.4  ON-THE-PAD ESCAPLE. The run schedule for this escape conditiou is
presented in Table XVI.  Figurce 124 preseats the effects of thrust momeut and
coutrol system on the angle of attack characteristics and the effect of thrust angle ou

the separation distance characteristics. The use of aerodynamic damping rapidly
eliminates the pitch oscillations.

Figure 125 shows the effect of control system type on the augle of attack
characteristics without thrust moment effects. The reaction controls yield poor
damping but in all cases the load factor characteristics are within human toleraunce
limits, Also shown in Figure 125 is the effect of thrust moment on the separation
distance characteristics using various types of damping, The only acceptable altitude
characteristics are ohtained with the use of thrust gimbaling.

6.,3.5 LANDING ESCAPE. The parameter variations for the pe rformance investi-
gation at this escape condition are presented in Table XVI. Figure 126 preseunts the

174



AFFDL-TR~64-161

i 3
ia
13
13
|
i%
1=
-4

angle of attack characteristics showing the effect of coutrol system type. Good L
damping characteristics are obtained with the aerodynamic controls, The reaction
countrols have very little effect.

Figure 127 shows the effect of thrust moments on the aungle of attack char-
acteristics with aerodynamic damping, Also shown in Figure 127 are the effects of
thrust inclination angle on the separation altitude., Adequate altitude and separation
characteristics were obtained in all cases investigated, The maximum load factox
results from the rocket thrust and is within human tolerance limits,

6.3.6 MAXIMUM DYNAMIC PRESSURE ESCAPE, The initial counditions for the
performance runs at these conditions are prescnted ia Table X VIL

Figure 128 preseuts the angle of attack load factor and load factor direction
characteristics showing the cffect of trim angle of attack and initial pitch rate using
acrodynamic damping, Increasing the initial pitch rate increases the magunitude of
the oscillation but the load factor remains within human tolerance limits,

The upper curves In Flgure 129 show the cffect of nerodynamic controls
ou the augle of attack characteristics with thrust moments, The acrodynamic controls
yleld good damplug, The lower curves compare aerodynamic and renction coutrols
with no thrust momeuts, For this coufiguration the differences are not too great,

6.3.7 PERFORMANCL CONCLUSIONS. On the basis of the performance fu-
vestigation of the pod capsule the following couclusions can be made:

L. Allowable temperature charucteristlgs can be obtained If a moderate
trim augle of attack is uscd, e.g. 20 o 309,

2, Either reaction controls or agrodynamic coutrols can be used in the at-
mosphere, Although the damping is not as good with reaction controls

at the higher dynamic pressures the resulting oscillations do not lead
to excessive load factors,

3. Differeut flap settings are required in the hypersonic regime than at the
lower Mach numbers.
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0.4 TURNAROUND CAPSULE

6.,4.1 RE-ENTRY ESCAPE, The p rformance at this flight condition will be dis~
cussed under separation dynamics and complete trajectories,

6.4.1,1 Separation Dynamics, The analysis was limited to the first twelve secounds
after separation, which was sufficient to determine the response characteristics,
and achieve adequate clearauce, The initial phase cousisted of determining a hasic
techuique while the final phase cousisted of investigating the effect of various para-
meter variations using the basic technique,

It was decided to perform the turnaround mauneuver in the pitch plane, This
would expose the lower surface to the high aerodynamic heatlng and loads eucountered
during turnaround and would be more in line with the heating cud loading distributions
ou the primary flight vehicle,

The initial runs were made with a 2evo bank augle inltinl conditiou in ovder to
investlgate the piteh plane motlon, It was found that the vehlele could be turned around
by acrodyuamic forces M the center of gravity was located such that the vehicle was
unstable in the iottdal separation orvieutatlon aud stuble wich the heat shicld forward,

It was found that the vehicle piteh characteristics were extremely seusitive to the
genter of gravity locatdon (stabllity characteristics). A uominal ceuter of gravity

as showu lu Flgure 9 was selected for the study. As indicoted 1n Seetion 3,1 it was
uecessury to delay the opeuing of the flap coutrols uatil the vehicle had pitched beyoud
uinety degrees angle of attack @Eonventional augle of attack measured to the smaller
nose), The angle of attack of fultial flap opening s designated o switch,

After these initlal studies of the pitch plaune characteristics the performaunce
was investigated with cthe initial coundition of a 45 degree bank angle. I was desired
duriug the separation mauneuver to roll the vehicle to a zero degree bauk angle, The
technique selected was oae In which the roll command was Initiated at the same time
as the flaps were extended, o switch., Another techuique would be to delay the roll
orieutation maneuver until the pitch mancuver was completed. In order to keep the
sideslip low it was necessary to include a linear heading command which was coord-
inatea with the roll command, as with the lifting bocy,

Table X VIl presents a summary od conditions for the more significant tra-
jectories which were analyzed, Figures 130, 131 and 132 present trajectory char-
acteristics for Run 1 of Table X VIII which was sclected as a nowinal run, The nominal
run uses reaction coutrols and has no aerodynamic damplog or thrust moments, A
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commanded pitch rate of -10 degrees per second was used, The flaps were deflected
when the angle of attack reached 80° (o switch) #nd at this time a commanded roll rate
of 15 degrees per second was iatroduced, Figure 130 presents time histories of angle
of attack, sideslip angle and bank angle. The angle of attack definition for all the
trajectories to be presented is indicated in Figure 130, . The angle of attack over-
shoots the zero trim angle by about 10 degrees hut is quickly damped out. The peak
sideslip angle which is a result of coupling between motions is less than 2.5 degrees.
This could be lowered by a more refined autopilot but was not believed to be necessary
for this study. The vehicle reaches a maximum bank angle of 115 degrees and then
decays to zero degrees. The high bank angle is a result of the turnaround mauneuver.
For cxample, an unbanked vehicle re rforming a 180° turnaround maneuver in the
pitch plane would end up at a 180° bauk augle.

Figure 131 presents the load factor and load factor direction characteristics
of the nominal run. The acceleration has a peak value of 11 g's, occurring at .08
seconds and resulting from the rocket thrust, The load factor at a 90 degree angle of
attack is approximately 2.3 which is within the structural load factor limits, The
load factor direction results from the comnbination of rocket thrust and aerodynamic
loads. The large changes in direction can be attributed to the turnaround motion of
the capsule,

/

Figure 132 presents the separation distance characteristics for the nominal
run, The computer program estimates the parent vehicle position by simply consider-
ing that the initial velocity vector remains counstant, in magnitude and direction.
Figure 131 shows positive and adequate clearauce.

Using Run 1 as a basis, the effects of the following parameters on the separa-
tion trajectory characteristics were investigated:

a) Aerodynamic damping

b) Thrust moments

c) Thrust gimbaling

d) Pitch rate command

e) Initial sideslip

f) Initial roll rate

g) Initial yaw rate

h) Initial pitch rate

i) Thrust magnitude

j) Longitudinal center of gravity position.
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The effects of varying the angle at which the flaps are opened and the commanded
roll is initiated are presented in Figure 133, This figure presents time histories of
the angle of attack, sideslip angle and bank angle for aswitch values of 80 degrees,
aund 68 degrecs., Reducing ogwitch to 68 degrees increases the time to reach the zero
trim angle and decreases the overshoot somewhat, The effects on sideslip and bank
angle are negligible,

The effects of varying initial conditions of sideslip, roll rate and yaw rate are
shown in Figure 134, The three runs shown in Figure 134 all have three axis reaction
damping and pitch, roll, and yaw attitude commands, I is seen that there are no
significant effects due to these reasonable variations in asymmetric initial conditions.

Figure 135 compares the angular time histories obtained with reaction con-
trols and aerodynamic coutrols. Run 1 has three axis rcaction damping while Run 6
has reaction damping in yaw and roll and pitch damping from the lower flap. For
both runs the flaps remained undeflected until an aogle of attack of 80 degrees was
achieved, Each run had a commanded pitch rate of -10 degrees per second. This
commaid was bypassed for Run 6 until the flaps were deflected thus a faster turnaround
maneuver was accomplished using aerodynamic controls for pitch control. Ik is seen
from Figure 135 that the type of control has an insignificant effect on the pitch over-
shoot. The bank angle time history varies somewhat corresponding to the variation in
angle of attack time history. Figure 135 also indicates the lower flap angular time
history for Runs 1 and 6.

V4
~The effects of commanded pitch rate and thrust moment characteristics on

the angle of attack time histories are presented in Figure 136, Varying the commanded
pitch rate from O to -10 degrees per second has a negligible effect on the angle of
attack. As expected, increasing the commanded angular rate decreases the turnaround
time.

Since the rocket is located off the c.g., the c.g. varies during burning. The
gimbal point is lccated so that the thrust vector (without damping) is directed at an
intermediate point between the extreme c.g.'s, The effects of including this thrust
moment with and without gimbaling are shown in Figure 136. & is seen that there is
a relatively insignificant effect of thrust moments. The main effact is a slight change
in turnaround time,

Figure 137 shows the effect of varying the longitudinal ceunter of gravity on

' the capsule respouses., The effects of center of gravity positions 1,5% of the reference
length forward and aft of the nominal c.g. wWere investigated., Forward and aft are
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measured with respect to the heat shield, The characteristics for Run 1 with the
nominal c.g. are also s.own in Figure 137, I can'be seen from Figure 137 that the
capsule is extremely seusitive to center of gravity position, Moving the ¢,g. forward
towards the heat shield increases the capsule instability at the initiation of separation
resulting in a severe turnaround maneuver with a 45 degree overshoot, This severe
pitch maneuver couples with the motion in the other planes to produce an erratic roll
history and a large sideslip angle. Moving the c.g. aft as shown by Run 12 increases
the capsule stability at the initiation of separation such that the capsule never reaches
the flap initiation angle of 80 degrees and trims at an angle of attack of approximately
115 degrees. These rather significant effects of c.g, location could be lessened by
increasing the size of the reaction jets. This of course would increase the weight
penalty of the control system.

Figure 138 shows the effect of thrust level, thrust deflection angle and
rocket burning time on the angle of attack and bank angle time histories. & can be
seen from Figure 138 that these variations change the time histories somewhat but
have no adverse effects in terms of trajectory oscillations or overshoots.

Figure 139 shows the effect of the thrust variations presented in Figure 138
on the load factor and separation distance characteristics, Reducing the nominal
thrust level from 25,000 pounds to 12,000 pe:nds reduces the initial Joad factor by
approximately .5 and still provides adequate separation characteristics., Decreasiag
the thrust deflection angle from 40 degrees to 30 degrees increases the longitudinal
range separation and decreases the cross-range and altitude separation, The separa-
tion distance is still adequate however,

Increasing the rocket burning time to 2,0 seconds increases the separation
distance.

6.4.1.2 Complete Trajéctories. Complete trajectories for the turnaround capsule
from the maximum heating point of the primary flight vehicle are presented in Figure
140 for three values of wing loading. The maximum load factors obtained during these
trajectories are as follows:

Ww/S Load Factor Velocity
32.6 7.26 8198
40,6 7.64 8629
73.2 8.54 9260
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6.4.1.3 Acrodynamic Heating, Surface temperature characteristics were determined
using the aerodynamic heating techniques presented in Section 4.0. The heat shield
was analyzed in two sections, In the side view, the lower corner of the heat shield
has a diameter of 0.8 feet and the heat shield diameter at the ceater line is 9.05 fect.
Temperature histories were calculated at both lecaticns after the vehicle had rotated
to the 90 degree angle of attack position,

A swept cylinder was assumed for the lower surface. This was necessary
because of shock detachment at the high aungles of attack. The proper cylinder diameter
was chosen by matching the swept cylinder temperature history to the lower surface
flat plate temperature history up to shock detachment., A check on the peak temperature
was made using the delta wing at high angle of attack theory ol Bertram from Ref. 17
The thermal lag of the surface was obtained by using the unmodified aerodynamic
heating program assuming a cover panel, insulation, and structure.

The flaps were assumed to be wedges with a boundary layer run of 1.0 foot,

Figure 141 gives the temperature histories of the two points on the heat shield
for the nominal run after an angle of attack of 90 degrees. The dashed line represeunts
the shift in stagnation point with the vehicle rotati~a. The corner temperature was
approximately 4980°R for 0.2 seconds and then the heat shield face was approximately
3330°R for the remaining time. Thermal lag will suppress the corner temperature.

" The results of the lower surface temperature history studies are shown on
Figure 142, The temperature histories were calculated using swept cylinder theory.
The 4.0 foot point temperatures are lower than the 12,0 foot point because the boundary
layer was laminar while at the 12,0 foot point it was turbulent, The peak temperatures
at 4.0 feet and 12.0 feet were 3380°R at 1,7 seconds and 4315°R at 1.8 seconds, re-
spectively., These occurred when the surfaces were at 90 degrees to the flow; the
vehicle angles of attack were 100 degrees and 88 degrees respectively, due to the in-
clination of the surfaces with respect to the bedy center line. The results of a check
on the swept cylinde# assumption at the 4.0 foot location using the theory reported by
Bertram in Ref, 17 are indicated in Figure 142, I gave a temperature of 3360°R; 20°R
less than the swept cylinder assumption, Location 4,0 was also used to show the
thermal lag of the surface temperature due to the presence of a finite structure behind
the surface. The dashed curve shows a peak temperature of 2945°R, at 2.4 seconds.
The peak surface temperature was reduced 435°R and delayed 0.7 seconds by including
the thermal lag due to the structure and insulation behind the surface., A check of the
structural temperature at the 4.0 foot point indicated a temperature rise of approximately
30 degrees.

206



AFFDL-TR-64-161
/

“igure 143 presents the temperature histories of the flaps for the nominal
run and .wu 6 which had aerodynamic damping. In both cases the peak temperature
was approximately 3160°R.

Figure 144 presents the heat shield face temperature history for the com-
plete escape trajectory shown in Figure 140 with a wing loading of 40.6 psf. The peak
temperature of 3365°R occurred during initial separation.

6.4.2 ORBIT ESCAPE., The initial conditions for the turnaround capsule orbit
separation dynamics runs are listed in Table XIX. Figure 145 presents the angle of
attack time history characteristics for orhit separation, In all cases the capsule

pitches around to the desireu zero angle of attack condition in approximately six seconds.

The orbit re-eutry trajectories for wing loading values of 32,6 and 73,5 psf
are presented in Figure 146, The peak load factors are alsv presented in Figure 146,
Comparing the orbit re-entry trajeciories of Figure 146 with the complete escape
trajectories from the maximum heating point given in Figure 140 shows that orbit
re-entry will impose the most severe temperatures,

6.4.3 RECOVERY CEILING. The recovery ceiling characteristics of the turn-
around capsule are presented in Figure 147, showing the effect of capsule wing loading,
The recovery ceiling characteristics are based on a load factor limit of 13 g's, The
recovery ceiling of the primary flight vehicle is also shown in Figure 147. The turn-
around escape capsule is seen to have a greater recovery ceiling capability than the
primary flight vehicle. '

6.4.4 SUPERSONIC AND SUBSONIC ESCAPE. Figure 148 presents the angle of
attack and load factor characteristics for the turnaround capsule at the maximum
dynamic pressure condition., These data were calculated using the hype rsonic aero-
dynamic characteristics presented in Section 3. A brief investigation of the supe rsonic
aerodynamic characteristics revealed that using these data would increase the time
to perform the turnaround maneuver resulting in longer periods of time at the high
load factors associated with angles of attack near 90~. Since the hypersonic aero-
dynamic characteristics were already curve fitted for use in the trajectory program,
the trajectory was determined using these data. Since the capsule is unstable with
the "sharp" nose forward, it pitches around yielding load factors in excess of human
tolerance limits,
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Figure 149 presents the angle of attack and altitude time history charac-
teristics for the turnaround capsule at subsonic speeds. Data for both on-the-pad
and landing approach are presented in Figure 149. In both instances the vehicle
turns around by pitching down (with respect to "sharp" nose). The resulting pitching
motion is poorly damped and the vehicle turns completely around, During landing
approach this pitching motion results in insufficient altitude for parachute recovery,

6.4.5 PERFORMANCE CONCLUSIONS. The following conclusious are reached on
the basis of the performance studies described above for the turnaround capsule:

1. Satisfactory turnaround trajectories can be achieved at the re-entry
escape point and in orbit by meauns of a pitch maneuver,

2. Reaction controls are adequate for orbit and re-entry escape and the
effects of thrust moments are negligible,

3. The lower surface experiences a transient tenperature rise during the
re-entry turnaround maneuver which is possibly tolerable due to the

short time iuvolved.

4, At maximum dynamic pressure the turnaround capsule experiences load
factors exceeding human tolerance limits during the turnaround maneuver.

5. The turnaround maneuver which occurs at subsonic speeds makes re-
covery difficult especially during landing approach where insufficient

altitude is achieved.

6. During the turnaround maneuver at the re-entry escape condition the
load factors are less than the primary flight vehicle design load factor.
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SECTION 7
SEPARATION INTERFACE AND DISCONNECT TECHNIQUES

" This sectlon of the report will present the Tesults of an investigation of structurat-——— —
techniques applicable to the escape capsule/flight vehicle interface and associated
structural and subsystem disconnects. Particular emphasis has been placed on the
high temperatures associated with the re-entry into the atmosphere of the primary
flight vehicle which uses a "hot truss' suructure with radiation cooled external surface.
Separation and disconnect devices were investigated for reliability, safety and com-
patibility with the high temperature environment.

In the sections which [ollow, general interface and disconnect criteria will be
: discusged and then gpecilic applications to each of the four escape capsules will he
presented,

7.1 VEHICLE DEFINITIONS

7.0 0 PRIMARY FLIGHYL VEHICLE. ‘'I'he configuration and mission of the boost-glide
primavy fight vehicle has been discussed in Section 2.1, The large environmental
range encountered in the vehicle's operation requires the use of o wide variety of
materials and structural applications,  In the regie ol severe heating, acerodynamic
loading is relatively low but the high temperature and resulting thermal stresses Impose
criticat design conditions at the exterior surlace, Supev-alloys, reflractory materials
and ceramics are employed to effectively withstand the temperature exposure.  Radia-
tiun coovled panels are an integral part ol the exterior surlace. Radiation heat shiclding
materials are sclected on the basis of low heat transfer rates when exposed lor loug
periods at elevated temperatures.

7oL L L Primary Fhight Vehicle Structure,  The structural concept emiployed in the
primary flight vehicle is termed radiation cooled hot truss construction. A sketch of a
typical crossection is shown in Figure 150, ‘The fuselage consists of two longitudinal
trusses joined with crugs (rames and diagonals for asymmetrical loading capabllity. The
wing spars are perpendicular to the leading edge and are of tubular truss construction.

The trusses are statically determinate pin ended frames capable of trangmitting axlal
loads, thereby relieving the bending and shear effects which occur in rigid frame structure.
Fixed joints are used to reduce weight in applications where they do not create adverse
structural effects.

Corrugated external skin panels transmit the aerodynamic loading to the truss
members as Indicated in Figure 151, and serve as radiation heat shields. These panels
are not restrained along all edges which permits relative movement of the exterior sur-
face under varying thermal conditions. Panel stiffness is provided to reduce the possi-
bility of misalignment or gapping which can cause local hot spots, errosion, and flutter
conditions. The attachment clips between the panels and the primary truss members
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prov:L-ds s separ.'at:-ia.ﬁ. distance which aids ln cre&fm.g* a largé thermal gmdléﬁi across
the structure. The lower surface pansls are subjected to temperatures in access of
2000°F which requires the use of refractory alloys. These refractory alloys have high

0D T oxidization rates, well below their maelting points, which requiras high temperature =
- ‘ coatings to protect them from oxidization and at the same time high surface emissivity
' which 1s the basis of the panels insulative qualities.

7.1.2 ESCAPE CAPSULE. The capsule concept provides the crew with a secondary
vehicle suitable for escape at any phase of the main vehicles flight profile when re-~
quired. While part of the main vehicle it serves the purpose of a control center and
protective enviromment for the crew. For three of the capsule configurations investiga-
ted in this study it also serves as the forward portion of the main vehicle both structural-
ly and aerodynamically. In the case of the separable pod capsule which is housed within
the forward section of the main vehicle, only the upper half is subject to aerodynamic
pressures and penalizes rather than contributes to the structural continuity.

7. 1.2, 1 Escape Capsule Structural ‘Techniques and Criteria.  The structural design
philosophy is based on providing the capability of fulfilling the complete mission profile.
Operational couditions expose the structure to the Limits of temperature and load cycles.
The ¢ritical conditions which design the capsule s a one flight iteimn will be used o
establish criteria,  Stress levels used are based on an accumulated LU0 hour exposurc
to tenmperature and load consistent with the main vehicle operational repeatability.

The capsule uses the same steuctural concept as the main vehicle, nmnely a
determingte ol truss primary structure to which the corrugation stitfened outer radia-
tion cooled panels are attaclied. "Fhe aerodynamic loads are transferred to the truss by
load attachment clips as shown in Figure 151,

Attachments for all capsule concepts are made through the main vebicle struce
ture and function as the separation disconnects, during the cscape mancuver, The
separable nose configurations discounect from the primary longerons. The pod capsule
and the turnaround body are amenable to alternative metheds of separate carry through
structure which climinates the need for piercing ablation and heat shielding. Slip joints
are formed between the capsule and main vehicle heat shields to sllow disengagemeut
at the separation interface. The thrust structure for the escaje rocket is attached to
the capsule primary truss and is supported tc eliminate structural bending as was dig-
cussed in section 5.0. The stabilizer surface loads, and the actuator forces are reacted,
into the truss structure by cross members immediately behind the pilot's compartment.

The capsule is also required to absorb the impact loads associated with the
parachute landing without sustaining damage to the internal pressurized comparument ot
experiencing accelerations and/or load factors beyond human tolerance. This is ac-

complished by the use of attenuation devides such as frangible structure, inflatable bags,
or shock struts.
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For escape capsules the structural load factor for design is established on the
basis of performance requiremants which dictate the use of escape rockets applying a
load factor in the range of 10 to 20 "G's". These separation loads override &ny maneuver

structural load factor would therefore be the separation thrust loads increased by a factor
of safety such as 1.5 which is a standard value for mauned systems.

The capsule truss structure is protected from the high temperature environment
elther by external radiation cooled panels or ablation heat shields. The type of thermal
protection can vary over the surface of the vehicle since the temperature distribution
varies around the vehicle. The external gurfaces experience temperature ranging from
1500°R on the upper surfaces to 4500°R on the nwose. The tlermal gradient across the
surfaces results in truss structural temperatures between LS00OR and 2000°R.

I'he pilot's pressurized compartment is honeycomb construction, cooled by a
transpiration insulation system which utilizes a wick blanket and passive water wall heat
sink, with overboard steam venting.,  Radiation panels and thermal protection is pro-
vided for windows aud escape hatches.  This controlled environmental cnclosure has
stowage space for survival equipment, parachute aud any prepellan actuated devices.
T'he pressurized compartment is supported from the main vehicle truss structure on a
frame 1o minimize thermal and vibration cransfer,

7.2 SEPARATION INTERPACE

7.2, 1 DISCONNECT AND SEPARATION TECHNIQULES.  During uormal [light operations
the escape capsule serves as a funtioning portion of the primary flight vehicle, As sucl

it is connected to the primary flight vehicle both structurally and with subsystem lines.
The digconnect aud separation techniques refer to the methods employed to effect separa-
tion between the escape capsule and the primary flight vehicle. The objective of these
techniques 18 to accomplish the discomiect operation with the highest reliability, lowest
we ight and performance penalties without incurring damage to the escape capsule.

The primary separation force is applied nv the escape rocket. This is a common
clement of all escape capsule systems and will not be discussed herein under disconnect
aud separation techniques. Details on escape rocket sizing, design and installation have
been discussed in Section 5.0,

During all phases of the vehicle operation the separation and disconnect fittings
transmit the structural loads across the separation interface without imposing restric-
tion during the escape maneuver. In the escape mode structural attachments, controls,
electrical power and environmental supply lines are disconnected quickly and positively.
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The choice of discomnect and separation techniques 18 influenced by the escape capsule
aud primary flight vehicle counfiguratious, the structural concept and the mission or
fiight etnivironment, In the present study the primary flight veliicle is a hot-truss radia-
tion cooled boost glide vehicle, This type of coustruction which has been discussed in
detall in Section 7,1 precludes the use of the skin as a basic structural elememt and
dictates that the structural connection be made using the hot truss structure. The hot
truss structure concept introduces cooling problems in regard to the use of explosive
disconnect devices and also leads to relatively large structural deflections resulting
from thermal stresses. Allowance must be made for thermal deflections in selecting
discounect and separation techniques,

The mission of the primary f{light vehlcle imposes three escape mauveuver
phases ou the capsule., The re-eutry phase and assoclated high temperature problems
discussed above, ou-the-pad-escape during launch, and escape when exposed to high
dyuamic pressure. These mission phases are related in the selection of discounect and
separation techulques since they produce critical loading conditious,

The Lifting body and halllstic body escape capsules ave attached to the main
vehlele ou a sepavation {nterface without further structural enctoachmeut or attachimen
aud a5 such reduce the adverse effects of thermal deflections in comparison with the
turnarouud capsule aud separable pod capsule, These latter two capsules are submerged
or partially surrouuded by the primary vehicle structure and ave affected move by
thermal deflections, In addition, the use of ablatiou materials in the interfoce reglon
un these two capsules reduces the area avatlable for capsule/vehicle attachment.

The above paragraphs have introduced sore of the problems which nmust be
cousidered ln selecting disconnect aud separation techniques for the capsules aud
vehicles of the present study, The proposed solutions to these problems for cach of
the four escape capsules of the present study will be discussed in Sectiou 7,3,

Aun important consideration in regard to separation techniques is that of
separation guldance., The main advantage of separation guidaunce is that it lnsures a
coustant separation direction under all escape conditions thus reducing the chance of
binding and consequent damage to the escape capsule. Also, with guidance the separa-

tion force can be used to disconnect subsystem lines since the separation direction is
constant,

Guidance is not achieved without structural penalties. Reinforcement of the
back-up structure is required to react forces normal to the guides, produced by the
thrust aud aerodynamic forces, Aerodynamic moments and those produced by thrust
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at separation are reacted by the structure or by the rotational inertia of the capsule,

The usdof guides influences the separation interface in that the guide loads
can be minimized by proper orientation of the interface. The normal loads on the guides
should be kept low since they produce a friction force which tends to resist separation,

The application of separation guides to the escape capsules under considera-
tion will be discussed in Section 7.3.

7.2.2 DISCONNECT DEVICES., Within this program the equipment required to
effect separation and disconnect of an escape capsule from the prime flight vehicle

is discussed as structural or subsystem Jisconnect. Sructural disconnects separate
the structural tie between pod and primary flight vehicle, Subsystem disconnects

are those which separate the controls, electrical power, and cavironmental supply
lines at or unear the interface. Disconnect devices may be either mechanical or pyro-
technic with the initiation being from mechanical,gas or pyrotechnic source.

A revicw of previous disconnect system studies was made, e.g. Refs. 18
and 19. The results presented in these references are not completely applicable due
to differences in environmental and loading conditions, The unique factor of the present
study with regard to disconnect systems is that the devices must be capable of operat-
ing in a temperature environment ranging from -65°F to approximately 1500°F,

7.2,2,1 Explosive Devices, The performance reliability of explosive disconnect
devices stroungly influenced an investigation of their possible application as a separa-
‘tion device. A survey of the possible techniques which could be applied included low
energy detonating chord (LEDC) and flexible linear shaped charge (FLSC). The prob-
lem involved with the use of pyrotechnic devices is the high temperature environment
associated with the hot truss structural concept. Pyrotechnic devices capable of
withstanding this high temperature environment are not within the present state-of-
the-art. Organic explosives have temperature limits in the range of 200°F to 400°F.
Development studies to increase the temperature capability are being conducted.
Inorganic explosives having high temperature capability do exist however. Their

use in separation devices has not been explored, Two of the principal problems of
inorganic explosives are that they are difficult to ignite and react with very high
temperatures.

Since the primary problem associated with explosive disconnect devices

is the temperature problem, a brief investigation was made of the insulation require.-
ments for an organic explosive, It was assumed that the temperature history of the
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detachment location followed the basic Rene' 41 structure temperature history pre-
sented in Figure 152, The MinK-2000 insulation was considered in direct contact

with the structural member. The shaped charge was considered as a slab., Figurels3
shows the heat transfer model.

4
Explosive
Charge >
arge Z)
L3
I
&  Structural Member A
Min K-
2000

FIGURE 153. EXPLOSIVE CHARGE HEAT TRANSFER MODEL

The distance L 3 which is required to protect the explosive from the hot structural
member was also considered sufficieunt to protect the charge from radiation heat
transfer from the surroundings. Hence the charge will be cornpletely surrounded
with Min K-2000 on all sides, The propellant material properties used in the rocket
heating analysis discussed in Section 5.0 were also used for the explosive.

The insulation requirements analysis was performed in the same manner as
the study performed for the separation rocket motors and discussed in Section 5.4.
It was determined that the explosive charge should be surrounded on all sides by 1.0
inch of the Min K-2000 insulation,

These insulation requirements ar e not severe, however, the model which
was used is typical of a shaped charge in which it is possible to isolate the charge from
the structure thus greatly simplifying the insulation problem. The use of a shaped
charge would eliminate the possibility of separation guidance along the primary
structural members. In this case separate guides with their resultant weight penalty
would be necessary. The insulation of structural disconnect devices such as explo-
sive bolts which allow for guides ou the main structural connection would be more
severe due to the compact and complex nature of the design.
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For the present study it was decided to exclude explosive devices from
further consideration and use mechanical disconnects for structure and subsystems,

Explosives are used, however, to operate the gas generators which supply
high pressure gas to the escape actuation system. The explosive would be located in
the environmentally controlled créw compartment and thus protected from the high
temperature environment. This system is suitable for use in either a central distribu-
tion system as shown in Figure 154 for the turnaround capsule or for application to
specific mechanical f)mctions where weight, redundancy, and thermal protection show
improved reliability.

7.2.2.2 Structural Disconnects. A survey of suitable structural disconnects was
made using the following postulations:

1. The adaptive sections of the disconnect form the terminal ends of the
capsule and main flight vehicle, and transmit all loads across the inter-
face,

2. Manual disconnect capability is provided for installation and grouad
handling.

3. Visual inspection and/or proof load testing features are desirable.

4, Systems are required to have operational repeatability consistent with
the flight vehicle capability.,

S. Passive and active cooling requirements are evaluated.

6. The separation equipment is compatible with the capsule loading con-
ditions experienced throughout the mission.

7. The disconnect techniques should uot interfere with or damage the heat
protection surfaces of the capsule.

Latch systems provide efficient methods for mechanical type structural disconnects.
These devices do not require precision manufacture to provide high degree of func-
tional reliability, and are widely used in aerospace and industrial applications. The
latches are held positively in the locked position. The applied load at the hook is
reacted between the latch abutment faces to provide positive lock eugagement for
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variatiouns {n loading conditions, Spring devices maintain positive lock in the un-
loaded coudition and protect agatust vibration and inadvertent release. The lich
relsase loads are a function of the friction forces between the sliding elements,

Actuation may be accomplished manually or by power energized mechanisms,
Reliance ou pure mechanical devices to perform the discounect of structure and sub-
systems during the initiation of the escape maneuver tends to increase the manual
operating forces and time to complete the sequence. All mechanical discounccts are
provided with power actuators to preveut delay in the separation sequence, and to
provide efficient lnter-connect between the automatic and ground controlled abort
systems.,

The temperature suviroument roquires that flttings «od meshauten o
mauufactured from materials with properties equivalent to those used for the hot
truss structure,  Linenr expuausion of L015 Inches per inch results from exposure
ol nlckel based super-alloys to temperatures in the vange of 1500 - 1800° 1, Reliable
mechaunical operation is schievable under hot aud cold conditious I particular atten-
tion is paid to material compatabllity, the size of relative cross scetions, wud the
tolerance of maung parts,  Added thermal protection for critical compoueuts, cooling
techniques employing water circulation, aud slkali metals were consldered, but appear
umecessary at this tme,

Figure 135 preseuats a structural separation discouncet fiwdug, which is
applied to the separable nose lifting body and ballistic body. The adjacent points
of the primary flight vehicle and capsule structure terminate in au adaptor counce -
ton, A spigot formed on the flight vehlele side of the interface i+ "oused in o socket
formed by the capsule structure, A guide Is machined integral with the spigot aud
rallers are used to reduce friction forces in the direction of the separation path,
‘Tension is applied across the jolut by au eye bolt which engages the hook of the lach
mechaunism, Shear is transmitted through the conical surface between the splgot and
socket,

Sructural disconnect is elfecied by retracting the plunger which retains the
hook iu the locked position, This mechauism is adaptable to a gas generator pow er
system or cartrldge actuator device. The actuation forces for this structural dis-
connect remain constaut for hot and cold operation, Installation and ground handling
disconnection between prime vehicle and capsule is accomplished by removal of the
retaining nut. Ihstallation adjustment is provided by the addition of shims or washers
under the retalning nut. Torque loading of the joint is predicated on the strength
allowable of the hook or bholt thread. The separation fittings and mechanisms arec not
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sensitive to inadvertent failure and are accessible for visual inspection and rmaiutenance.

Figure 156 shows a structural disconnect adapted to the turnaround body,
The latch mechanism is similar to that presented in Figure 155 with the addition of an
adjustment stud and latch beam. The adjustment of the hook reduces the position
tolerance between structural elements pulling the capsule aund prime flight vehicle
togethier at the interface, This fitting transmits ounly tension forces across the inter -
face., Shear is distributed around the vehicle perimeter by the locating pins aud fuselage
ring ot the laterface, reference Fliguve 157, This structural discounect techuique is
similar to that used to separate the booster stage on the Atlas Weapons System,

Sructural discounects employing a teusion failure device as preseuted in
Iigure L58 were reviewed and the following comments are oflured:

(1) ‘the foree required to cause failure of the screw sgelion varies hetween
hot and cold couditions,

(2) The gus pressure delivered o the plstoun significantly affects the ability
o fail the retaining screw,

(3) Machinlug wlerances, particularly the coucentricity of the vetaluing
plu diameters and hollow section, affect the fallure conditiouns,

@) The cylinder, piston, segmeuted lock ving and bolt shauk are a beuch
assciibly, ‘Torquing of the nut tends to apply load ln the fallure section
of the screw, The segmented lock ring has a tendency o roll aud react
its load into the retaining screw through the cylinder housing.

() There is no visual inspection or proof loading provision,

(6) Guldauce rollers are ideally suitable for separation aud discounect,
They serve to reduce reactions at the interface aud control the dirvec-
tion of initial separation.

Revision to the discounect method were discussed previously and presented
in Flgure 13595,

7.2.2,3 Subsystem Disconnects, This classification includes separation methods for
functional subsystems, controls, instrumentation, electrical, fluid power aud euviron-
mental supply lines. For study purposes control disconnects refer to rod and cable
connections. The number and location of Individual items of equipment and disconnects
is not considered, however, a survey of the subsystem separation requirements for
supersonic aircraft indicates the number to approach 500. I ts possible to reduce the

actual number of disconnects by grouping equipment in compatible packages for separation

by paunels and trunk lines,
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The eriteria listed under structural disconnect is applicable to subsystem
disconnect. The use of explosive disconnects were evaluated and as previously men-
tioned were excluded.  Mechaunical type subsystem disconnects were selected.

Mechanical disconuects which operate independent of power actuation systems
are desirable elements and enhance the reliability of separation. Lanyards which re-
lease spring retainers during the beginning of the guided separation are applicable in
portions of this program, where directional control of the capsule scparation face is
maintained for a fixed distance. Hardware developed and proven reliable in missile
and maaned launch vehicle programs is available to meet these requirements. * Figure
159 presents examples of existing electrical and electro...c disconnects, - Guillotine
devices were examined and found to have limited cutting ability during and after
possible exposure to extreme high temperature. Centrifugal clutches and brakes are
adaptable to discounect mechanisms, The outstanding features of these compact units
is the great variation fh torque transmitting capacity in relation to the driven speed.
Harness restraints and inertia reels used in aircraft escape systems are example
applications of these devices. Figure 160 shows a schematic arrangement of a centri-
fugal clutch used as a control separation device. The clutch remains disengaged during
the normal operation of the control, and the complete assembly rotates around the pivot
shafi. The control levers A and B are hcld together by a detent and are free to
rotate about the pivot shaft. The actuator is spring loaded to the neutral position and
rotates with the levers., When pressure is applied to the piston lever B rotates and
engages roller C which applies force in rod D to unlatch the control disconnect E.
The clutch disc F reacts the actuator force and a rapid rotational input produces
centrifugal forces on the balls G causing them to lock the clutch disc and the actuator
to the clutch housing H. Continued extension of the actuator piston rotates lever B
and engages roller ] to retract the control rod from any deflected position.

This mechanism has particular application to the separable nose turn
around body capsule configuration; where controls pierce the capsule contour and
connect to bell crank within the stub wing.

Fluid and environmental supply line disconnects presented in Figure 161
are state-of-the-art devices developed in sizes sufficient for the purposes of this
program. They are constructed to provide sealing engagement across a separation
plane within a wide range of installation tolerance. When applied to the primary flight
vehicle_capsule interface, the socket containing the flow shut-off element is located
on the capsule, to retain the environmental control fluids aboard the capsule during
the escape maneuver. The male portion of the disconnect coupling is installed on the
flight vehicle separation face. The coupling halves are adaptable to an angular arrange-
ment by manufacturing the flanges to align the coupling with the direction of the structural
separation guides,
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Figure 159 - Electrical & Electronic Disconnect
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7.3 ESCAPE CAPSULE APPLICATIONS

7.3,1  SEPARABLE-NQSE BALLISTIC BODY. This capsule configuration is attached
to the prime vehicle structure by four disconnect fittings at the concentrated load
points on the main longerons, A guided separation was selected for this configuration
and an iuvestigatiou of the loading characteristics on the guides was made in order to
determine the optimum orientation of the separation interface, Figure 162 presents a
sketch of this arrangement showing the various forces acting oun the capsule during
initial separation., It tan be seen from Figure 162 that the applied forces tend to rotate
the cavsule about the upper guldes, This would be true even in a negative lift coundition
since the thrust forces are much greater than the lift forces, Initially, however, in the
negative lift case the capsule would tend to rotate downward since the thrust has o
Linite bulldup time to its peak value., As the thrust builds ep, however, the rotation
teadency, will become upward aud be in that divectiou at separation from the guides.

On this basis, therefore, there Is no requirement for lower guides aud ouly guides on
the two upper longerons were coustdered,

The separation dynamics duriug the disconuect phase we re caleulated using an
1BM 7090 digital computer program, ‘The effects of thrust buildup rate, thrust iucling-
ton angle, sepacation bulkbead slope aud dynamic pressure ou the guide forces aud
capsule translation aud rotation were determined, The following o rameter values
were considered:

Thrust hulldup rate 550,000, 775,000 1bs/sec
Thrust luclinatioun augle 30, 40 degrees

Separation bulkhead slope =0, 15, 30, 40 degrees
Dynamic pressure = 0, 825 psf

4]

#

The equations for the computer program were written such that the capsule
could only translate along the guides aund could only rotate in a nose up direction,

The separation guides were assumed to be two luches long aud nwormal to the
separation bulkhead. Figures 163 and 164 present the peak loading on the guides as a
function of separation bulkhead angle. These data show that the minimum load occurs
wher. the separation bulkhead is normal to the rocket thrust line. When using upper
guides only, the same loading could be achieved by inclining ounly the guides and using
a separation bulkhead normal to the capsule centerline,
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Figure 163 - Ballistic Body - Load Normal to Guides - Thrust
Build Up = 550, 000 Lb/Sec.
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' corresponding angle of attack characteristics are shown in Figure 166. The amount

of rotation is decreased as the guides become parallel to the rocket thrust line. Allow-
ance must be made in the discounect mechanism for these dynamic characteristics,

however they do not presant any serious design problems.

PFigure 167 presents a development design of the separation interface and
discounect devices of the ballistic hody capsule. The drawing shows the scpavation
interface normal to the escape rocket thrust line with an alternative arrangement in
which the separation interface is uormal to the centerline but the guides are parallel
to the thrust line.

High pressure gas operated mechanical discounect deviees are proposed,
The lower discounecet fittings form a strvuctural tie between the structural elemews,
The upper fitings perfori the same structural function but act to gulde the capsule
aloug a predetermined escape patli at the tme of separation. The frictiou loads I
the guides are veduced by the use of baked molybdenum disulphide dry film lubricated
ball or roller bearlygs. 'The connections arve broken when the gas geuerator provides
power Lo release a lock, which allows the capsule segment to discugage from the spligot
projecting from the mala vehicle structure, Lhe contvols, electrical lines, and en~
viroumental equipment are assumed o be grouped together functionally. A spring type
mechanfcal disconnect is used,

The separvation mechonisms arve desigued to Function under hot nud cold
operating counditions, aud are futegrated luto the hot truss structural destgn, The
cartridge acwuator device (C.A.D.) gas generators ave located in the crew controlled
etviroument, The gas power source is trausmitted to the mechanism by pneumatic
Hnes on the capsule side of the separation iuterface, thus eliminating line disconnects
al the separation fittings,

[iscape rocket lgnition and the iguition of the cartridge actuated gas gen-
erators occurs simultaneously, [Due to the relatively long thrust bulldup time in
comparison with the operation time of the disconnect system, all capsule vehicle
connections are severed long before maximum thrust is achieved,

7.3.2 SEPARABLE-NOSE LIFTING BODY. This configuration is quite similar to
the separable-nose ballistic body with regard to the separation interface. The escape

capsule, being located at the nose of the vehicle, has a relatively simple interface at
the rear of the capsule.
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discounect fittings at the coucentrated load poiuts ou the main longemus. A guided §
separation was salacted using guldes ouly on the upper flwlugs.  The friction loads o e
in these guldes is reduced by the use of baked molybdenium disulphide dry film lub-

ricated ball or roller bearings, These upper fittings with the guides form a structural
tie prior to separation as do the lower fittings,

An analysis of the aerodynamic loadlong ou the forebody was made for an
angle of attack of 3 degrees at the maximum dynamic pressure condition, At this
condition, the magnitude of the forces trausmitted across these fittings at the sepora-
tion interface ave 10,000 lbs, in cach of the upper fittings and 8,000 lhs, iu cach lower
fitting.

Separation dynamics studies of the discovnect phase were conducted for
this configuratiou as with the balllstle body capsule. The effects of the following para-
meter varlations were iuvestigated;

n

‘Thrust buildup rote 313,000, 470,000 lbs/sce
Thrust luclination angle = 30, 40 degrees
Scparatiou bulkhead slope = 0, 15, 30, 40 degrees
Dynamic pressure 0, 825 psf

n

The nou-dimensional loading diagram presented lu Figure 162 for the ballstic body
also applies to the liftiug body,

The separation guides we re assumed to be two tuches long aud uwormal o
the separation bulkhead, Figure 168 prescuts the peak loading ou the guides as a
function of separation bulkhead augle., These data show that the mluimum load occurs
when the separation bulkhead is normal to the rocket thrust liue. The sepavation
forces on the guides developed at the maximum dynamic pressure condition are in the
raunge of 15,000 to 20,000 lbs. for this orvicntation, The separation loading is there-
fore greater thaun the normal {u flight loading, however, it is still compatible with the
radiation cooled hot truss structural concept, The detrimental effects of loading on
the interface during separation are reduced to some extent by the short time interval
of load application and the resulting lag in effects, In some instances permanent set
is tolerable particularly with respect to the primary vehicle interface structure after
separation. When using upper guides only, the same separation loading condition

1s achieved by inclining only the guides and using a separation bulkhead normal to the
capsule centerline.
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corresponding angle of attack characterisms are shewn 378 Figure 170 The amoum;
of rotation is decreased as the guides become parvallel to the rocket thrust line,

Figure 171 presents a development design for the separation imerface of
the lifting hody capsule. The separvation interface i8 normal to the vehicle centexline
with the guides inclined so that they ave parvallel to the rocket thrust line. The
structural and subsystem discounnect fittings are identical to those proposed fox the
hallistic body in Sectiou 7.3, 1,

74343 SEPARABLE NOSE TURNAROUND CAPSULE, This capsule condiguration
consists of the forward part of the fuselage of the primary flight vehicle with an abla-
tion heat shield at the aft end, A desigu for the disconnect and sepavation mechanism
for this configuration using available technology appears to he feasible though not with
out conmplications,

This couliguration presents a difficult problem at the intertace sinee the
structural tie between the capsule and the primary flight vehicle shouald not picrec the
ablation heat shield, Discoutinuities in an ablation surface tend to burn out and Fead
to Jocal failure of the ablative material,  Iu addition, the vehicle utilizes a radiation
cooled hot Lruss structural coneept i which the =kin is vot a main steuctural component
and hence cannol serve as the structural connection between the primary flight vehicle
aund the capsule,

The structural connections are made external 1o the basic capsule contour,
This requires struetural hard points at the surface 1o connect aud brace these external
fittings, This approach is not basically compatible with the steuctural concept Iy mg
used,

Figure 172 presents the design concept tor the separation interface of this
confignration,  There is little flexibility in selecting the interface =lope on this con-
figuration due to the large ablation heat shield, The interface must be such that there
is clearance for this heat shield during separation,

The structural attachment for this configuration is made external to the capsule
contour at three points, One on the upper surface of the longitudinal centerline aof the
vehicle, and one in each of the lower quadrants within the wing root, The upper dis-
comcet is made between the vehicle longeron and an external member connected

262

e e




»
ol

AFFDL-TR-64-161

g, ]

R O Lk

36 4| ey Qb

et

o
== B = 400 -
—‘I

BT

TRANSLATION DISTANCE - INCHES

Y 1o 20 30 X
BULKILEAD SLOPE - % DEGREES

Figure 169 - Lifting Body - Translation Distance



AFFDL-TR-84~161

[
l/'
;

ROT:TION - DEGREES
/

= e | S
Bl SV e [ P= QO
T — .
3 _ I Roselih. — T ]
b= 3(_):’
i
S N er__v _—
) —— g = 815 T R
e s ()
_ MAX THRUST = 25, 000 LBS. . ~
V) - -

0 10 20 30 i
BULKHEAD SLOPE - ¥ DEGREES

Figurce 170 -Lifting Body - Rotation Characteristics

&

20-4



/- SEPARATION. PLANE

L

{
Lt

CAPSULE
STRUICTURE

LONTROL

", SCPARATION PLANE

CAPSIE

N\

A TERBODY
STRUCTURE

d~

K
P

74
/ fongue Sunf T
e e D15 ONNEC
N T Ly VIR

LG PRATON RKET '
' <" HYDRAULIC
DINONNECTS

SEE DETAIL D)

o

,- “?37

0y
—1
lk- AFTERBODY

STRUCTURE

TORQUE
pETAIL G

SHAFT DISCONNECT

— ELECTRICAL  [)SCONNECT BOX
SCE DUTAIL (G,

P inY

~TONIROL TORGUE SHAFT
WS CONNECTS

Figure 171 - Lifting Body Capsule = Separation



<V HTHNE

[
- — S — 'l - R -
CONMECTOR PROBE
HYDRAULIC DISCONNECT -
YOK RELEASE ACTUATOR ocran, B

\ CONNECTOR

CLOVER £ILUIOR
\ SPRING

NNICT

~
Y
—

: f e (Al ;
f . 2 S / :
WPEER STRUCTURAL  DISCUNNLCT L ) / ! Nw
vicw A la e i T L (

i
|
|

() .

}
, FLECTRICAL (S0 WNEC) BOX |
SCE DETAIL S L.
" i
|
Crygense i
ANYARD ! i
. . - (ATIACHED T0 ;
oL NL ATTERRDY ) !
_ PRy Ny O S
[ - ,1 . CER
) .
LOWER STRUCTURAL DISCONNECT / ax ATIAMED T CAPNAE  STRUCTURE)
WONTROL SHAFT DISCONNECT SELTRICAL  DSCONNECT 80X
OMITTED FOR CLARITY
g £0 foR oeran. &

view B

71 = Lafting Body Capsule - Separation Interface Design
265




- ACTUATION CONTROL ROD
\CONNECTS LATCHES IN SEPIE'S)
- -
vitw 12 12
CINCEH U LATCH GEOMLTRY

266

. . -
- o -2

el & -

1

CINCHUP LATCH LOCATIO%‘ T

;- ~CAPSULE CONTOUR

-GUILE < ' LOWER LONGECON
- UPER LOMERON

AN K’ [
AN L

CAIByLE ey

SEPARATION PLJ
‘ CAPSULE
. - B
— W . ‘ SLIP JOINT
3 . o . - .
6. 11__,, R y KADIATION COOLED PANEL-

- SLIARNIION LINE»
REMVANE FAIRINGY P o

UNLOCYED
CONTROL LINKAGE DISCONNTCTION
PULL SIZE

ABLATION HEA
HoT *

secTioN = I¥
FULL !

con

Figure 172 = Turnarvund Capsule - §



Ll

sgenion =0

L)
[ ¥
/ UPPER SEPARATION FITTING
ADJUSTMENT STUD
& AcTuRtoR - UATCH BN NLCK]

IS
-,

A

s

. + £ LOHER LONGELON
< === & YLOLR [OMEION

ADIUSTABLE LATCHS | ¢,
GUIDE ROLLER- 1 i |

~ ABLATION (/LT S UELD CONTOUR

L

CAPGUIL ThYSS - H

SEPARATION PLANE - RTE VTR \\ /
: UHILR STRUCTURAL [IECONNECT ;
CAPSULE FLIGHT vemcu:\ HALE BULL 8128
. &
SUP JOINT -

RADIATION CODLED IPANEL

“ SEPARATION LINE»
DVAALL Faring A o

.~ LOCATING PIN
N AL LS LYy

P

o
ABLATION HEAT SHIELD
HOT TRUSS STRUCTURE

SECTION = |¥+ I"‘Skou Te060°)
RULL 512

DETAIL l’

LOWER STRUCTURAL DISCONNECT
MALR Pyl S12E

CONTROLS & ELECTRICAL - )
SRNVRONMENTAL SUBBLY
LINES

[} L) 10 L) 2 28
]

ure 172 = Turnaround Capsule - Separation Interface Design




|~ tour of the ablation heet shield during the se)

" through the contour iato the capsule structure,

complication of the upper stfuctural discotnect required to carty the structure actasy
the sepatation interface and avoid piercing tite ablation heat ahteld: The attachments

on the lower surface are teusion ties, which project from the main vehicle and ave
latched to the capsule by fittings similar to the upper disconnect, A gulded separation
has been selected for this coufiguration with the guides contained as part of the three
structural disconnect fittings. Rollers are used within the guides to minimize friction,

The lower mechanical disconncects are protected from the extreme tempera -
ture, belug housed in the wing root. The geometry for the external structure supporting
the upper disconnect is protected by an external falring which is released during the
turnaround mancuver,  In addition to releasing the taiving over the upper disconnect,
it is also neeessary to release the exposed disconnect devices so that there are no
local hot spots due to protuberances,

The alignment of the capsule and primary Qight vehicle is maintained by a
seties of locating pins projecting from the capsule terminal frame avound the ablation
shicld, which eapage e matehing holes on the thight vehicle frames section I show:.
this feature,

The capsule and forward wing root section are attached by cinch up Jatches
at three Jocations on cach side of the vehicle, etail D oshows o method of hingings
the Tower wing surface and latching the stub wing and capsule structure. The Jatches
are connected by vods and lnkages to a gas powered actuator,  Spring loaded cover
plates are considered 1o seal the capsule surface breaks to veduce the effects of tar-
bulance and local heating, A similar avvangement could be used for the three main
structural fidings,

The flight conwrols, clecirical wiving, and cavironmoental contvols are
functionally grouped and cross the separation inerface through the wing voot, ‘Typical
subsystem disconnects applicahle to this configuration arc shown in Figures 159 through
tol, All the disconncct fittings are opetated by a high pressure gas trom a cartridge
actuator, ‘The structural attachments and controls are disconnceeted simultancously
with the escape rocket motor ignition,

The capsule dynamics during discennect for this configuration are similar

to the lifting body discussed in Section 7.3,2, Howcever, the loads at the interface
are redistributed as a result of the disconnect technique selected,
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Figure 173 shows the disconnect [oroes &b a Iunction of nme from rocket

thrust initiation for meximum dynamic ressui.‘e se) a“,

P, ave the loads in the upper and lower. attachments respecnvely, F s rhe shear
force in the locating pins at the separation interface. I the structural attachments
are released at the time of vocket initiation, the longitudinal loads Py and P; will no
longer exist and the capsule is free to rotate and translate forward, The plteh up
mowent characteristics indicated in Flgure 173 will significantly reduce the longitudinal
load in the lower fittings, Due to the finite thrust buildup time, the capsule will not
translate until the thrust forces overconte the aerodynamle drag forces. During this
period lougitudinal forces will exist in the upper fitting, The cupsule twranslation as a
function of time ia also giveu in Flgure 173, Trauslation does not begln until ,033
seconds after vocket initlation, Durlug trauslation there ave vo longitudinal forees in
the guide fittings, however, as the capsule comes off the sheur pins the normal fovee,
¥, must be absorbed in the guides,

Assuining o puide length ot L6 inches, separvation is complete 0,05 seconds
ofter escape rocket thrust tnitiation, At this thine the normal Joad in the guides is
12,000 1hs, ‘The ta=flight Joading couditions at the separation fnce weve examined tor
an angle of attuek of three degrees at the maximunt dynamic pressure condition, Fhe
forces at the upper and lower attachments we e 0, 100 1hs, in the upper and 4, 300 Ths,
distributed between the two lower attachments. A shear Lovee of 2,000 1hs, is developed
at the interface and reacted by the locating pins,

I summary, the turnavound conligiration presents a very difficult and
complex wterface, Structural and disconnect teehniques are feasible, however, they
are complex and cousequently penalize reliability, and escape system weight muaeh
move than auy of the other configurations,

7.3.4 POD CAPSULILL, ‘This couliguration conslsts of the pilot compartment por-
tion of the forward fuselage, It utilizes the re-radiative steucture of the primary
vehicle for ts upper surface and has an ablation heat shield on its lower surface
which {s enclosed within the primacy vehilele fusclage duving novmal fligi,

The advantages of a pod capsule when compared to separable nose capsules
are a decrease incapsule weight and size, a reduction on stabilizing surface area e~

quired and smaller escape rocket requirements,

The use of a pod type escape capsule requires a cut out in the primary
flight vehicle and introduces a problem, in the arca of structural continuity between the
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the-B-111, which utllize a monocoque censm,uctinn, cam;inuity aﬁ the flight vehiele and
capsule are malatained up to the time of separation, Upon severauce of the skin the
lag in structural collapse of the forebody permits successful separation of the capsule.
The radiation cooled panels and hot truss structure concept of the vehicles presented
in this study is not compatible with this technique, I the preseut vehicle under study
the structural frames of the capsule and the primary flight vehicle work independently
of each other av all times,

“Ihe cutout in the primary vehicle structure veduces the beam depth of the
primary vehicle forelbody and therelfove vequires strengthening ol the structure with a
resultant weight penalty,  An analysis of this weight penalty was made,  Acrvodynamic
and inertia loads were determined for a three degree angle of attack at the maximum
dynamic pressure conditton, ‘The geometry of the side frames and the force diagram
is shown in Figure 174, The loads, sizes and weight estimate for the side frame
members ane presented in Table XX,

Side bracing is similar w that used in the separvable nose concept aud is
not cousldered a weight penalty. The additional trame members preseut o minimun
structural welght penalty applicd to the pod capsule when compared with sepavable nose
conliguration which uses the capsule structure for the dual purpose of normal infligh
and escape maneuver conditions,

The capsule s attachied at the rear intevface by four disconnect fittugs on
the main longerons which transmit loads between the capsule and the primary vehicle
structute.  Inoorder to reduce the deflections between the capsule and the fusclage Tore-
body an attachment between the forward part of the capsule and the primary vehicle
structure is desirable, This attachment connot be through the lower surface because
of the ahlation material, A single attachment is made from the foremost point of the
pod truss structure through o the adjacent nose truss of the vehicle, Five neain
connections, make use of available structure without penetrating the lower surfacce
heat shields,

The cholce of pod geometry is influenced by the guometry of the main
vehicle, Inthe present configuration the primary vehicle must shroud the pod lower
surface in a smooth manuer 1o prevent adveise serodynamic heating offects during
normal mission operation, These fatrings must be such that they do not interfere with
the separation,
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FRAME WEIGHT ESTIMATE

Reference - Figure 174

MEMBER | LOAD SIZE OF MEMBER - LENGTH EST. WT.
B-1 - 3750 1.25%/D x 035 Wall 34. 2 1.30
1-1 - 600 759/ x . 022 Wall 39,0 , 60
| =2 +16100 1.59/D x . 035 Wall 36.0 1.37
2-C -14505 2,0°/D x . 035 Wall 33.0 2.00
LER +23750 1. 389/D x . 058 Wall 10.0 .08
31 122700 1.38Y/D x . 058 Wall 24.0 170
34 - 4000 1.0%/D x . 028 Wall 15,0 5
4-C -30200 2.09/D) x L, 083 Wall 30. 0 5, 10
4-5 - 4250 12597 %, 049 Wall 22,0 115
5] +30400 1, 759/D x . 058 Wall 41,5 3,00
50 - 7100 1,509/ x . 049 23.0 I
0-D - 40800 3.09/D) x L 083 | 10,0 8. 00
0~ - 5300 1,259/ x . 049 Wall 27 e
7=11 141080 2,09/ x . 083 Wall v 2.80

Lelt Side 31,49
Right Side J149
Total for Longitudinal Frame . 02.98
Bolts and Pins 12.10
End Fitings (30 total) . 35 b, cach 30, K0
Miscellanceous 12,00
TOTAL FRAME WEICHT 117,94
272



tate the fillet around the capsule nose during the escape maneuver, without lncurring
damage to the capsule radiation structure.

Figure 175 presents a desigu of the separation iuterface for the pod capsule.
A guided separation has been selected to prevent interference and binding. The guide
which is located at the aft separation bulkhead is oriented such that the capsule moves
up initlally, As with the othex escape capsules, the use of a guided separation insures
the orderly disconnect of functional equipment, e.g., coutrols, euvironmental and
fluid lines and electrical wiring, between the capsule aud the primary flight vehicle,
The rollers traverse up the guides during the time of escape rocket thrust buildup.
Wheu the lower rollers discengage from the capture section, the capsule is free to
leave the knife edge rails along the Hue of the resultant force vector,

Muchauical lateh type discounects are used for the structural discounects
as showu ln Flgure 155, The disconnect devices are actuated by high pressure gos
which activates all discounect devices simultaneously. The escape vocket is fgaited
simultaneously with the operatiou of the discouncect devices,

A turubickle Huokage ot the nose lateh is usced to apply teuston fu the attach-
meuts thereby reduclug lustallation tolerances between the plus aud laches, The
location of the lateh rvelease mechauisms within the coutrolled euviroument of the
pilot compartment obviates the need for additlonal or alternative cooliug techuiques,
The latches at the aft sepoaratiou bulkhead are within the main vehicle coutour and arve
protected during the noxmal missiou opetation by the radiation cooled outer sucface,
aud are not exposed until the separation maneuver is initlated, The nose lateh is
afforded simllar protection by the main vehicle structure, Provision is made to allow
the nose latch assembly to votate tu order to align the "open jaw" gap with the direc-
tlon of separation. Further provision is made to permit the outer radiation cooled
panel at the nose to be displaced, it belng attached to the turnbuckle linkage is ro-
tated as the capsule 18 ejected,

The loading on the capsule was analyzed for both the normal fiight condition
and for separation gt maximum dynamic pressure, For normal flight the maximum
loading on the nose linkage is 10,000 lbs. The forces on the capsule during maximum
dynamic pressure separation are shown schematically in Figure 176. The time history
of the resultant forces normal and along the separation guide is given in Figure 177,

The force Pz acts o move the capsule up the guldes while the normal force P is reacted
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ey the guldes, mmmmmmmﬁv@mﬁf%mw —
Actually, the proposed guides for the pod capsule as shown in Figure 173 are only

2 inches long, The maximum load normal to the guide is 18,500 1bs, The disengages
ment of all functional equipment, controls, electrical lines and fluid lines between
the capsule and main vehicle is accomplished during the guided disconnect phase.
Mter clearing the guides, the capsule separates ln the direction of the resultant
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CONCLUSIONS

SECTION 8
CONCLUSIONS

The ballistic body, lifting body and pod capsules can achieve adequate
escape performance throughout the mission profile of the primary :
flight vehicle.

The Lifting bady capsule attains tewperatures i eseess or the nomingl
allowable tlemperatwres Tor wing Toading= greater than approsunately
35 psf. By taking advantage ol the altiide margin genevally associated
with a Liftng re=centry vebiele higher wing oadimg escape capsules
conld be wrilized.  Acrodyiaamic heating performance of the Tilting hady
capsule is improved by L modulation,

The high flap temperatures attamed oo al b capsules would probably re-
quire the vse of an ablation material. The desored materad would be one
which would only ablate duringg e-cape whoen the Tlaps arve detlected,

Satslactory performance can be achieved with cither veactiog o
acrodynamic controls, The dampig chiracte s istie s artamed with
reaction cotrols are poorer than with acrodynarire controls. howey et
the Toad factors do not exceed human tolerance Tions,

The ballistic body and turnaround capsules have recovery col pgs voacaie
than the primary fhght vehieles The vecovery cerhings of the Dittimg hody
and pod capsules ave less than the primary Hight vehicle,

Acrodynamic mterference offects as measurced by nval preh e are
adequutely handled by the control system,

The turnaround capsule exceeds human tolerance himnts to aceeleratnom
during maximum dynamic pressure escape, Al the low altitude escape
conditions, unsatusctory recovery conditions are attained,

The choice of the number of separation rockets s dependent upon (he
specific vehicle, its mssion and a rehability analyses of both the vehicle
and the separation rockets. Multipie rockets offer the advantage of using
a single system to provide both separation impulse and de-orbit retro for
urbit escape.
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' 9, The escape rockets rmust be installed so that: =

a. . The resultant thrust goestaroughthe C.G.
b The loads are transferred to the primary structure.
c. The rocket is thermally protected so that the propeilant

temperature does not exceed the allowable temperature.
d. The rocket thrust can be ducted ou of the capsule.

10, Thrust gimballing is not a necessity since the adverse effects of thrust
misalignment do not lead to load factors in excess of human tolerance
limits. Although some ol the low altitude sepavation trajectories gave
poor altitude performance due to thrust moment effects,

it iy believed
that adjustments in trim angle of attack would eliminate this problem,

I Separation interface and disconnect teehniques which satisfy the re-
quirement for escape during all mission phases were designed and have
application to future conligurations,

12, The high temperature envivonment associated with the radiation cooled
hot Uruss structure makes the use of explosive disconnect devices ex -
rremely difficults Isolated explusives sueh as shaped clhirpes can he
castly insulated, but the insulanon of devices sueh as explosive bolts s
quite complicatod.

13. Moechauical disconnects can be designed to operate e the high rempera-
ture environment and were selected for the capsules of Uns study, A
propellant actuated gas generator is used Lo supply high pressure pas to

the disconnect devices as o means of actuation.

4. Realistic structural design technigues are applicable o all escape
capsule coneepts, The turnaround and pod capsule coneepls cause
structural complications with resultant weight penaltics,

IBR The optimum capsgule configurations from the standpoint of structural
and disconnect techniques at the separation interface ave the sepatable
nose concepts.  These are optimum since the interface isa single
plane which simwlifics all disconnect problems.

lo. The pod capsule concept and radiation cooled hot truss structure are

not an ideal combination, It imposes a structural weight penalty on the
frames of the forebody.
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_ GENERAL DYNAMICS|CONVAIR

1 17, The turnaround cepsule oonfiguraﬂen presents 8 very difficult and

) complex Interface, Structural and disconnects techniques are feastble,
. _ however, they are complex and consequently penalize reliability and

@sonpe System weight much more than any of the other configurations,

18, Preliminary design studies including a siructural design phase are
required to ostablish a good weight comparison between the various
capsule concepts,

19. A general analysis of primary {light vehicie attitude deviations prior
to separation and flight path characteristics after separation ghould be
made, The altitude prior to separation influences the loading during the
disconnect phase, The primary vehicle [light path characteristices
alter separation determine whal are good separation trajectories in
terms of separation distance, ‘This is especially significant in the
boost phase where the thrugt cun vary from zevo to full thrust and the
altitude can vary ineluding tumbling.

20, A study is reguired of the elfeet of vehiele stractural concept on the
structural eviteria and discomnect teehniques,  The three basice strue-
tural concepts would be:

i, I'russ
L, Semi~Monocoque
¢, Monocoque Sandwich

Asgociated with the varviable of structural concept ts the additional
variable of thermal protection. There are three possibilities,

a, ot
b, Pasgsively Ingulated
¢. Ablation Cooled

21, An experimental investigalion Is necessary to determine the design
criteria applicable to mechanical disconnect devices for operation in a
high temperature environment, Data regarding materials, size and
tolerances between moving parts should be determined.

22. A firm requirement cxists for the development of explosives capable of
operating in a high temperature environment,
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