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MEETING ON SPACE VEHICLE LANDING AND RECOVERY
RESEARCH AND TECHNOLOGY
NASA Headquarters
July 10-11, 1962
9:00 A.M, EDT
I.  July 10, 1962 - Opening Remarks - J, E, Greene- Headquarters
I1. Presentation of Program Summaries from the Centers
Parachute Recovery Systems Design and Development Efforts - 4 33!
Expended on MERCURY-REDSTONE Booster and SATURN S§-1 5/ s
Stage - Barraza, R, M, - MSFC

Application of Paragliders to $-1 Booster Recovery for A S”{/’é‘ 33 2.
C-1 and C-2 Class Vehicles - Mc Nair, L. L. - MSFC A~ :

Recovery of Orbital Stages - Fellenz, D. W, - MSFC )j(ai//y(/;ia

A Review of Launch Vehicle Recovnry Studies - 89urn, L. T.~ X&S —f?‘jf‘/
MSFC

A Review of the Space Vehicle Landing and Recovery Vé,g /‘f/ $/ 75 5
Research at Ames - Cook, W, L. - ARC (
~§%37
Survey of FRC Recovery Research - Drake, H, M. -~ FRC )(/7 S 5‘
cF493]

Gemini Landing and Recovery Systems - Rose, R. ~ MSC /{/éj f yljj X/
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74;4Z‘ghf;z§4:§%\) 7%22é%£/m@ 7Landins52?2%744974%9494'
X6s—¥%339

Hanned Paraglider Flight Tests -~ Horton, V, W. - FRC Xé

Systems Cowocepts - Kikor J. W, - MSC
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III.

- 2 -
July 11, 1962 - Continuation of Program Summaries

JPL Requirements for Spacecraft Landing and Recovery - J( s5=p¢S “0
Pounder, T., Framan, E., and Brayshaw, J. - JPL

Langley Research Efforts on Recovery Systems - )( éf -y K/ 3 5//
Neihouse, A, I, - LRC

Summary of Static Aerodynamic Characteristice of Parawings - .
Sleeman, W. C., Croom, D. R., and Naaseth, R. L. - LRC X¢S-f/3¢ &

% Dynamic Stability and Control Characteristics of Parawings 'Xésiﬁ/o"g/j'

Johnson, J. L,, and Hassell, Jr., J. L. -~ LRC
Deployment Techniques of a Parawing Used as a Recovery /Z f_yc/ ,?C/f—/ :
Device for Manned Reentry Vehicles and Large Boosters - o
Burk, S, M, - LRC ‘
- An Analytical Investigation of Landing Flare Maneuvers of (52§ s/jc/g-— "
& Parawing-Capsule Configuration - Anglin, E. L., - LRC X :

Paraglider Loads, Aercelasticity and Materials - Taylor, R.T.
‘and Mc Nulty, J. F, - LRC X&SF93Y(¢

Rotary-Type Recovery Systems - Libbey, C, E, - LRC  X( 5™~ P/ 3¢/ 7

Pl;;ghuce Performance at Supersonic Speeds - Charczenko, xgvé- /éS:Wj’C/f

Aerodynamic Drag and Stability Characteristics of Solid Xés’:fé/f </7 :
and Inflatable Decelerator Devices at Supersonic Speeds -
Mc¢ Shera, J, T. =~ LRC

The Problems of the Energy Dissipation Systems in Space- . /(ég/—f¢i5/6
craft Recovery - Fisher, L, J, - LRC

g



MEETING ON SPACE VEHICLE LANDING AND
RECOVERY RESEARCH AND TECHNOLOGY
NASA Headquarters

July 10-11, 1962
SUMMARY OF MEETING

A meeting on Space Vehicle Landing and Recovery was held on
July 10-11, 1962 at NASA Headquarters. The Centers were asked to par-
ticipate in this meeting in accordance with their interest, activities,
and requirements in the subject area. Primary emphasis was directed
toward parachutes, parachute-rocket systems, paragliders, and lifting
rotor concepts applicable to both booster and spacecraft landing and
recovery.

The meeting was devoted to presentation of completed, current,
and planned programs on landing and recovery research and technology
within the Centers. A major part of thé papers presented at the
meeting dealt with paraglider research and development efforts. MSFC
presented a comprehensive review of their in-house and out-of-house
studies of booster recovery utilizing both parachute and paraglider
concepts. Performance penalties, operational considerations, and
gconomic trade-offs that could be expected with booster recovery were
also discussed. Ames reported on their wind-tunnel studies of steer«
able and clustered parachutes and on their tests of a half-scale Gemini
paraglider landing system. Those present at the meeting were impressed
with the FRC program results showing glide performance, approach, and
landing capabilities of a manned paraglider. The FRC program utilized
a 'high wing loading, low L/D vehicle with unpowered flights from alti-
tudes up to 2500 feet. Langley presented a number of papers dealing
primarily with their research efforts on design, performance, and
deployment of rigid and inflatable paragliders. Experimental results
from a supersonic decelerator program in the UPWT were also gshown.

In addition, some qualitative results of lifting rotor studies in the
spin tunnel at Langley were also discussed. The Manned Spacecraft
Center outlined their requirements and supporting efforts in research
and development of the Gemini and Apollo landing systems. Much of
their experimental work on Gemini has been carried out in Ames and
Langley facilities. This work was reported by the Center involved.
JPL discussed their planetary program by outlining mission criteria,
restraints, end landing and recovery requirements for entry capsules
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in alien atmospheres. They stressed that JPL expects to do very little

in-house development of landing systems, "but will depend heavily on
the other NASA Centers and industry.

The Centers were asked to provide copies of their papers to Head-
quarters for subsequent inclusion in a meeting summarization to be
distributed to the Centers. These papers are reproduced in this docu-’
ment in the order listed in the attached agenda.
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SPACE VEHICLE LANDING AND RECOVERY RESEARCH AND TECHNOLOGY MEETING

July 10-11, 1962
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TE RECOVERY SYSTEMS DESIGN AND DEVELOPMENT EFFORTS
EXPENDED ON MERCURY-REDSTONE BOOSTER AND SATURN $-1 STAGE

I. INTRODUCTION

The George C. Marshall Space Flight Center's (MSFC) presentation will
be given in four steps. The four presentations will cover separate but
related areas of effort expended by the MSFC.

I will give a rundown on the early research and development of two
parachute recovery s&stems - one being for the MERCURY-REDSTONE booster,
the other being the SATURN S-1 stage. I will also give a short rundown
on two other related programs done parallel with the recovery system
developments - these being the MERCURY-REDSTONE booster retrieval exercises
and the salt water immersion of the H-1 engine.

Mr. Lewis McNair will summarize the Rogallo Flexible Wing feasibility
studies for the first stage recovery on the C-1 and C-2 SATURN programs.

Mr. Dietrich Fellenz will give a short review of study results, both
in-house and out-of-house, on recovery of an upper stage from orbit
employing a Rogallo Flexible Wing.

Mr. Luke S8pears will cover the parametric studies that the MSFC has
ﬁnderway now and planned. He will outline performance penalties,
operational considerations, and economic trade-offs. Mr. Spears will also
summarize the future effort on Booster Recovery by the MSFC.

II. RECOVERY PROGRAM
The Recovery Project Office, Propulsion and Vehicle Engineering

Division, MSFC, has been conducting studies on first stage recovery
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since February, 1 2asiblility studies were conducted as early
as June 11, 1958, by the Future Projects Office, MSFC.
Two contracts for the design &nd development of a recovery system

for the SATURN C-1 booster and the MERCURY-REDSTONE booster, respectively,

" have ﬂ;en supervised by the Recovery Project Office. The two recovery

systems employed the same basic technique since the requirements outlined

 for both of the contractors stated that the system be highly reliable and

simple, avoiding in so far as possible, the use of techniques and/or com-
ponents which would require extensive development. Also, a major require-
ment imposed on the contractors was that the system be designed such that
it would not interfere with, or compromise the vehicle design. With the

above requirements and limitations, the only recovery system conceivable

was one employing parachutes.

Following the basic requirements that the booster recovery system be
highly reliable, simple, and avoiding in so far as possible the use of
techniques and/or components requiring extensive development work, a brief
outline of the MSFC's approach in determining the initial design of the
recovéry system for SATURN C-1 S-1 stage is as follows:

1. Approaches that were considered.
Various approaches to the recovery problem were considered
in view of the foregoing requirements and limitations. The approaches

were generated by variations of the following parameters:

a. Booster cutoff conditions: velocity, altitude, and angle.

b. Booster re-entry: structural loads and teémperature

capabilities.

‘
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re-entry and impact.
d. Terminal recovery parachute: type, size, and number.
e. Terminal decelerating rocket: thrust, burning time,
and number.

2. Having given careful consideration to the above mentioned
parameters, it was decided that the simplest and quickest approach for
initial deceleration would be by ribbon parachute. Dive brakes were
undesirable for reasons of required size and complexity.A The use of
retro-rockets for initial deceleration, in addition to being inefficient
weight wise, would require close attitude control of booster in order to
align thrust vector with the velocity vector. Use of parachutes for
initial deceleration required only quasi-stability of the booster per-
mitting angles of yaw up to ninety degrees at parachute deployment.

3. After the initial deceleration by the ribbon parachute,
further deceleration of the booster to water entry velocity could be

accomplished by the following: (1) parachutes, (2) retro-rockets, or

(3) combination of parachutes and retro-rockets,

Making the proper selection required consideration of reliability,
simplicity, weight, volume, and cost of each alternative. The use of
only retro-rockets would mean that the stabilization of the booster with the
initial parachute would be ineffective at lower velocities, and the thrust
and velocity vector would not be aligned so as to provide predictable
; deceleration. The use of only‘parachutes to accomplish recovery appeared

3
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very attractive at first glance; but because of booster weight such asg
the SATURN, the water impact velocity would be too high. Also, the
complexity of a parachute system would increase and the reliability

would decrease as the parachutes increased in size and number. The

conclusions were that neither the re-ro-rocket system nor the parachute

system was capable of performing the terminal deceleration phase by

themselves.

o g oo
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With the above observation, it was decided that the most efficient

deceleration system would be to combine the use of a few parachutes for ?f

the high velocities, and other means, such as retro-rockets for the lower gﬁ

velocities.

The immediate advantages of the combination system over the system using
the retro-rockets only were (1) booster attitude stabilized by parachutes
during retro-rocket firing, and (2) reduced weight and cost. The com-
bination system advantages over the system using only parachutes were
(1) greatly reduced complexity, (2) increased reliability, (3) reduced
weight, and (4) reduced parachute stowage volume requirement.

The booster attitude at water impact was considered for both the
end-on and horizontal positions. The horizontal position presented the
following problems: (1) placement of retro-rockets, (2) the possibility
of impacting on top of a wave with the center section, and (3) the possible
misfiring of retro-rockets, thus, providing an unpredictable attitude at
water impact. It was therefore decided that the end-on position would
have a definite advantage, and the booster was far more capable of standing

4
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heavy loads in the end-on position than the horizontal. As 2 result
the method and sequencing of the system selected was (1) initial

deceleration by ribbon parachute, (2) terminal deceleration by parachutes

and retro-rockets, and (3) end-on attixude at water impact.

The control system (sequencing system) was not finalized at the ter-

mination of the studies, but the methad of initiating the operation of
the system would most probably have been to use either a barometric
switch, deceleration switch, or the control timer on the booster, or any

combination of the three to have given greater reliability.

After having made some preliminary investigations and selecting the
recovery system design approach as outlined #bove, & contractor proposal
was accepted and funded by MSFC in February, 1959.

The recovery system consisted of a deceleration system and a control
system that provided for recovery of the booster from the ocean. The
deceleration system consisted of parachutes which deployed after re-entry,
and a retro-rocket system which decelerated the booster to a safe velociﬁy

for water impact. The control system consisted of the devices which

determined the initiation of the recovery events. This system located

the parachutes and control unit in a cylindrical sHaped container at the

top of the stage and the retro-rockets on the periphery of the tail structure.
During the course of the recovery system development, preliminary

investigations indicated that the ability of the SATURN booster structure

to'withstand re-entry and impact loads was marginal, but acceptable, since

no reuse of components was planned. A damaged booster was acceptable provided

the booster would float so as to allow retrieval.

W, 5



LT et bl S T o vl e i Sl e

e

Sk, taad Rl W FRr Rl

i
1
4
H
1
{

As the development program progressed, chan 1 the vehicle
configurations and in the cutoff conditions were made. This necessitated
further investigations into the ability of the booster structure to with-
stand re-entry and impact loads. After careful evaluation, it was con-
cluded that the booster could not reasonably be expected to survive re-entry
without the incorporation into the recovery system of special means to
stabilize the booster attitude prior to re~entry and during re-entry.
Studies made of the additional recovery system requirements and the
various design constraints, imposed as a result of the specific nature
of the SATURN vehicle, led to the adoption of a recovery system concept
incorporating the following features:

’1. Spatial attitude control of the booster from separation to
the start of re-entry by means of vernier rockets, which were to be
located near the forward end of the booster. This system incorporated its
oéﬁg@ndependent stable reference system and the necessary associated

'
hargyare.

2. During the free space portion of the fTight, an inflatable
drag device initially housed within the recovery packége was to be
iﬁflated and deployed so that it would help stabilize the booster and
augment its aerodynamic drag during the re-entry pef?od with a resultant
reduction in the peak aerodynamic loads on critical areas.

3. The terminal portion of the recovery was to be accomplished
by the original system which deployed a 57-foot-diameter first stage

parachute; the first stage parachute in turn would deploy a cluster of
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ecelerated the booster to a

three 108-foot-diameter parachutes which
terminal velocity of 100 ft/sec. A series of landing rockets were to
be ignited to reduce the booster water entry velocity to theoretically
zero.

To accommodate the modification, two design layouts were proposed.

Figure 1 shows the proposed layout of components which would have required

modifications to the existing front I-beam structure. Figure 2 shows the

' layout which required minimum modifications to existing s€ructure by pro-

viding a wafer or spacer for installation of the att?;pde control system
and sub-systems. This allowed more time to test andiﬁualify the complete
recovery system by requiring a later delivery date for installation.

Figures 3 through 9 give typical cutoff conditions investigated and
illustrate the sequence of events of the revised recovery system.

With the proposed incorporation of the above mentioned features,
additional funds were requested by the contractor. The overall SATURN
program at the time was having funding problems; and since recovery.was
not a primary mission, the booster recovery program was postponed to later
vehicles in order to make funds available for other necessary flight
hardware required on early flights.

The MERCURY-REDSTONE Recovery Program was an outgrowth of a feasibility
study initiated by the Future Projects Office of this Center. 1In June, 1958,
a feasibility study contract on booster recovery was initiated by the
Future Projects Design Branch (presently Advanced Flight Systems Branch),
Propulsion and Vehicle Engineering Division, with Aeronautical Equipment

Research Corporation, a Division of M. Steinthal and Company, Inc.
7
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During the time this study was being conducted, the MERCURY Program came

into existence. The Future Projects Branch having supervision over the

study contract, requested, received, evaluated, and accepted the contractor's

proposal on a recovery system applicable to the MERCURY-REDSTONE booster.
After acceptance of the proposal, the technical supervision was transferred
to the Recovery Project Office. The basic scope of work covered design
and development, bench testing of components, aerial testing of parachutes
and overall system, finalization of design and drawings, and finally fabri-
cation and delivery of five systems.

The recovery package (Figure 10) is a self-contained unit. It is
installed in the booster by joining two mating structural rings, one an
integral part of the booster, the other a part of the recovery system
structure. 1Installation of the package is accomplished by bolt attachments
through the mating rings, and attachment of the power supply and telemetry
network plugs. All components of the recovery system are installed in the
package prior to installation on the booster.

Parachute recovery is accomplished in the order shown in Figures 11
through 14. The first-stage parachute is deployed in a reefed conditionm
to limit the possible bending moment on the booster within its structural
capability. When sufficient time to orient the booster in a vertical tail-
down attitude has passed, the parachute is disreffed to allow greater decel-
eration. When the first stage parachute has brought the booster below a
5000- foot alfitude, and has been deployed for more than 15 seconds, the
rate of descent will be in the range of 300 to 350 feet per second, and

8
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within the

design capability of the final recovery parachutes., At that

time the first-stage parachute will be disconnected, and acting as a pilot
parachute will then extract and deploy the final recovery parachutes. The

final recovery parachutes will deploy rezfed to limit the load on the

booster, and progressively open through a second step of reefing to their

A TR

full size. When the final parachutes are fully deployed, terminal velocity

at sea level is approximately 40 feet per second.

g ) During the time the contract was in effect, the recovery system
; conceptual design was established, and fabrication of three systems
3 initiated (one of which is approximately 957 complete). The other two

are approximately 407 completed. The drop test"program, although f;

difficulties were encountered in the first drops, was progressing
kL satisfactorily at termination of contract. 8everal times during the

development, changes to the recovery system had to be made to guarantee

no interference or compromises to the primary mission of the booster.
The final design, both mechanically and electrically, was approved by
{ the Manned Spacecraft Center (MSC) and the MSFC.
The end of the program came when contractor and funding problems
i ' were encountered. The MSFC was unable to obtain additional funds to complete
| the development program and delivery of flight hardware.
A major problem in the water recovery program for the MERCURY-REDSTONE
. booster is the determination of possible damage sustained upon water impact,
the angle of flotation, and the depth of submersion. The solution to the

problem was of great interest as the solution of these unknown factors




determined the method for safing and retrieval employed in floating the
booster into the recovery gessel. The tests were conducged at Madkin

%
Mountain quarry, Redstone Arsenal, with a booster approximately four
years old, 1.e., the REDSTONE RS-33, which was used by the Army as a
back-up in the REDSTONE program and also as a troop training missile
at the Ordnance Guided Missile School. RS-33 was altered in weight and
configuration so as to simulate MERCURY-REDSTONE booster retrieval
conditions.

In parallel to the impact and flotation tests, the proper procedures
were established for safing the booster prior to floating aboard the
recovery'Vegsel. During the performgnce of this exercise, handling pro-
cedures were algé studied and later applied during the rehearsals in the
Atlantic Ocean. |

Results obtained fromﬁprior investigations indicatéd that the use
of an 1SD as a recovery vessel was the most practical method of recovering
a MERCURY-REDSTONE booster. A two-day training exercise was conducted,
about 50 miles out at sea from Norfolk, Virginia, to ascertain the
capabilities of the LSD and to pfovide training for the underwater demo-
lition team and I1SD crew.

Speclal reécovery equipment was used by the UDT in preparing the
booster for towing aboard ship and for receiving and securing the booster
to the saddles.

Prior to bringing the booster aboard the 18D, the saddles in which

it was to be set were positioned and anchored in the ship's well. The

10
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saddles were used and were placed 36 feet 4 inches apart along the ship's
centerline. The rear skid was placed 19.5 feet from the stern gate
allowing about 10" feet of working area between the tail of the booster
and the stern gate. Since six connecting pointé were established on the
booster for handling purposes, six 175-foot-long lines were made up, with
quick fastening snaps, and numbered for identificatioﬁ.

There were four retrieval exercises conducted. Figures 15 through
19 illustrate the position of the saddles in the well of the LSD and
operational procedure in towing the booster into the well of the LSD and
placed on the saddles.

The primary objective of this first retrieval attempt was to check
out the proposed handling procedures. As the first step, the booster,
swimmers and their rubber boat, and the towing crew aboard the LCVP were
launched. The 1SD drained the well and moved away several thousand yards.
The swimmers then approached the booster and went through the safing
procedures without any difficulty, and also installed the handling connections.

After the safing operation was completed the booster was taken in tow
by the ICVP and positioned astern the LSD which was maintaining a constant
heading into the sea. The 1SD was ballasted so as to have 8 feet of water
in the well at the stern gate sill. The LCVP continued towing until its
bow was over the LSD stern gate, then reversed, disconnected its tow line,
and moved off to the port side and stood by. Swimmers with lines from the
LSD attached lines to prescribed connections on the booster, and the booster
was positioned over saddles. Once the booster was positioned, deballasting

of the well proceetled until booster rested firmly on saddles. After the
11
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The second operation omitted the safing procedure, but went through
with towing booster out and back into 1SD with the LS
heading of 2 to 3 knots into the waves. The third operation was very
similar to the second. A change on the tiedown location of the nylon
restraining slings was made.

The final operation was a complete simulated recovery. The booster
was set free and all personnel stayed aboard the ISD. The LSD deballasted
and steamed off ten miles from booster. At ten miles the booster was held
on surface radar while the P2V tracked it 50 miles from 1500 feet.

Once the tracking exercises were over, the LSD started toward the
booster. Ballasting of LSD and preloading of LCVP were performed while
enroute. When the LSD was approximately 1000 yards from booster, the LCVP
was launched and proceeded to the booster. Upon arriving at the booster,
the swimmers went through the safing operation; the booster was taken in
tow, and brought into the well of LSD and positioned as before.

Sea water immersion tests were conducted on a Rocketdyne H-1 engine
in order to evaluate the corrosive effects of sea-water recovery on the
engine and to define the procedures necessary to restore the engine for
flight service. This program involved a series of tests in which the
H-1 engine was immersed in sea water for given periods of time, followed
by various post treatments designed to minimize the cérrosive effect of
sea water. The engine was then disassembled, evaluated for corrosion

damage, reassembled, and test fired.

12
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f. Hot fired short duration and £full duration (150 sec.).
2. Second test - June 1961
a. Immersed H-1 engine to a depth of 10 feet for one hour,
half submerged for three hours, and on the surface for three hours.
b. Waited twelve hours before purging, and applying minimum
preservatives.
¢. Upon arrival at the MSFC, it was dismantled, inspected,
cleaned, replaced damaged parts and assembled.
d. Hot fired short duration and full duration.
3. Third test immersion in August 1961 - Hot fired in March 1962
a. Dropped H-1 engine into water to simﬁlate water entry
conditions, immersed it, held it half submerged, and on the surface for a
total of nine hours.
b. Washed it with fresh water, no preservative compounds
were used.
¢. Upon arrival at the MSFC, it was dismantled, inspected,
and partially cleaned, and left'in storage.
d. 8ix months later the engine was assembled and hot fired,
short duration and full duration.
The two reasons for delay on the third test are as follows:
1. The Test Division was over loaded with work.
2. The first two tests were gso successful that the Recovery
Project Office had difficulty justifying the manhours required to co;plete
the hot firings, especially since the engine was dismantled, and the com-

ponents looked as good as the previous two times.
14
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In order to establish an approximate cost-fgct-rs a log was kept of
the procedures, reconditioning manhours, materials; and an itemized list
of replaced engine parts. The cost to kecover and recondition the H-1
engine was approximately 5% of the cost of a new one.

In closing, it should be stated that the selection of the recovery
systems employing parachutes was primarily brought about by the require-~
ments and limjitations previously stated, and possibly early availability.
Also, the MSFC saw no need in duplicating study efforts by other
government agencies that were investigating thé economics and feasibility
of othgr recovery system concepts., Aware that the studies were giving
varying results, the MSFC preferred to develop a simple recovery system
capable of recovering the SATURN S-1 stage and'actually recover the first
flight vehicles. Having actual post-flight hardware on hand would provide
factual data and define precisely the economics, feasibility, and practi-
cability of booster recovery. This would be accomplished without having
to develop a new recovery technique. However, during the parachute recovery
system development program on both the SATURN and MERCURY-REDSTONE vehicle
programs, funding problems were encoﬁntered; and in both cases, the first
program to be canceled was recovery.

Between the termination of the SATURN parachute recovery system and
parallel with the H-1 salt water exercise, several proposals with different
recovery system concepts were received and reviewed by the MSFC. Among
these proposals were two similar techniques utilizing the Rogallo Flexible

Wing concept. Approximately six months after termination of SATURN recovery

15
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program, funds were again made available, At this time,
that looked the most promising was the Rogallo Wing; and a decision was
made to investigate the feasibility of the Rogallo Wing to recover a
SATURN S-1 stage of the C-1 or C-2 program. Mr. McNair will present

the result of the studies.

Rodolfo M. Barraza
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MAJOR NUMBER OF DRAG DEVICE LINES CUT LOOSE TO
ALLOW PARACHUTE DEPLOYMENT OPERATION,
DRAG DEVICE RETAINED OFF CENTER AND PILOT PARACHUTE
DEPLOYED. PILOT PARACHUTE WILL EXTRACT
FIRST STAGE PARACHUTE IN REEFED CONDITION.




FIRST STAGE PARACHUTE
DISREEFED AND FULLY INFLATED.
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This pregentation will be a summary of the results of a feasibility
study to investigatke the '""Rogollo Flex Wing'" for use in dry landing
booster recoveries. Feasibility studies were initiated concurrently
with North American Aviation, Inc. and Ryan Aeronautical Co. in Jan-
uary of 1960 and terminated in August of 1960, Main emphasis was placed
on the "Rogollo Flex Wing' or paraglider as applied to the recovery of
the S~1 stage of the C~1 and C-2 class Saturn vehicles.

The program objective (slide #1) was to demonstrate the technical
and economical feasibility of the paraglider for S«1 stage dry land
recovery. Dry land recovery was a basic ground rule that was imposed
at the time of this study, because of the low confidence level of the
reuseability of materials recovered from salt water, This restraint may
not necessarily be imposed on future recovery techniques. Salt water
tests of propulsion units are proving to be much less obstructive to
engine materials than at first expected,

The development of the flex wing represents a major advancement in
the field of aerodynamic structure providing an extremely lightweight,
aerodynamic lifting surface. Langley Research Center had prior to this .
study demonstrated the feasibility of the paraglider concept both in
the wind tunnels and flight tests. Also, Ryan Aeronautical Co. had
designed and built a manned utility vehicle incorporating the "Flex
Wing" principle. The experience and test data derived at Langley and

at Ryan, and the obvious structural weight and packaging advantages,
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suggested this concept as a highly desirable solution for the recovery

»

of larger boosters.
The program study scope' (slide #2) may be divided into four phases,

(1) Preliminary design of the recovery system. This phase includes

the parametric analysis necessary to define the wing geometry, and
sufficient detail study of general characteristics to insure booster
and wing compatibility for control during main fly back time and land-

ing phase. (2) Method of attachment with minimum modification to

booster. Since the S-1 stage at this time had been almost completely

designed, extreme care had to be placed on the packaging of the wing
within reasonable boundaries of the stage such as not to impose adverse
aerodynamic and structural problems during flight. Special emphasis was
placed on attachment of wing design to booster to insure adequate con-

trol during fly back and landing phase. (3) Complete operational and

cost analysis. It is probably clear to everyone that the addition of a

booster recovery system to a space vehicle program requires additional
functions otherwise not needed if expendable boosters are employed.
Typical of such functions are the recovery package operations of instal-
lation, checkout, and booster refurbishment after recovery. Other func~
tions, such as transportation of boosters from the manufacturing site

to the launch site, would be changed to the extent that such operations
are required to support a given launch frequency. Cost analysis will

very much depend on the operational sequence. These items will later
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be covered. (4) Detailed research and development. A R&D program

would definitely be recommended for the C-2 type vehicle, but as of
today (1962) the C-2 vehicle 1s not in the NASA overall program.

The S-1 booster physical characteristics are given on slide #3,
The booster not including interstage has an overall length of 66 feet
and a diameter of 257 inches, ‘The booster cutoff weight is 120,866
pounds which includes about 15,000 pounds of residual fuels., The center
of gravity at cutoff of booster is slightly toward the rear of the
booster. For the case of fuel regiduals at bottom of tanks, the CG
would be at station 331 and for fuel residuals at top of tanks the CG
would be at station 344, Stations are referenced from engine or base
end of booster.

The configuration selected by Ryan and its mode of attachment to
the booster is shown on slide #4. The wing is 100 feet long for the
keel and leading edges with a wing area of 7,070 square feet, and a
wing loading of 15 pounds/feetz. The wing has a flat planform sweep~
back angle of 45 degrees and inflated in flight to a sweep angle of 50
degrees. The wing membrane material may be either fabric or foil gage
material depending upon the temperature requirements. The keel and
leading edges would be of rigid aircraft structure design - rivited
sheet metal construction,

A spreader bar located at approximately the 58 per cent keel and

leading edge stations for minimum bending, is of tubular construction
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and deploys the leading edges to the desired sweep angle. Fixed cables

attach the wing to the control bar and operating cableé attach the con-

trol bar to the booster. The cables from the control bar to the booster
allow for both>pitch and roll c¢ontrol.

The booster cutoff velocity versus altitude is given on slide #5
for the various miésions for both the C~1 and C-2 typebvehicles. The
various missions are escape, low orbit satellite, re-ent;y and Dyna-
Soar, In comparing, one can see that the C-1 burn out velocities and
altitudes are by a factor of three to four times as great as the C-2°
values. It turns out, as we will see later, that these C-1 cutoff con-
ditions are detrimental for flying back to land. The high altitudes
coupled with the high velocities also produce excessive temperatures
on the booster,

The anticipated C-2 sequenced mission profile is shown on slide
#7 (similar for C-l1 mission profile). Down range, lateral range, and
altitude corresponding to the time of flight and associated event of
flight are given,

The recovery system necessary for dry landing must permit scheduled
energy dissipation under all boost migsions and expected envirommental
conditions. Shortly after first stage burn out, a chute, approximately
36 feet in diameter, is deployed for stabilization (pitch and slide
slip) and energy dissipation, The wing is deployed about 15 to 20

seconds after burn-out of first stage and the large chute is then ejected
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immediately. (This time period of 20 seconds permits a reasonable

range of wing sizes to be deployed at lift coefficients up to Cp maxi~

mum and to maintain tolerable deployment loads). Shortly thereafter, {
a preset 30 degree bank angle command is initiated and a 180 degree
turn is performed. The 180 degree turn indicates a desire to return to ;
or near the original launch site. Fly back to the flare position is
then made with a near % maximum condition. The existing energy at the
flare position is then used for execution of the final landing phase.

The C-1 glide or fly back to land capability for various winds and

no wind conditions is given on slide #6. The range or impact footprints

e ——e 278 - e e 0 A DO e T A e

is given for an azimuth 110 degrees East of North. From a range safety
viewpoint, this is about as far south as firings would be allowed.

The wind magnitudes given as 97% and 95% probability levels are defined
as values that will not be exceeded during the worst month of the year ?
(March) at and surrounding area of Cape Canaveral not more than 3 and

5 percent, respectively.

The wing loading was 4.0 pounds/feet2

which was determined mostly
from loads and heating viéwpoint.

The two outer circles show impact points for the vehicle flying
with a tail wind, which indicates for these assumptions the booster
would have a possibility of landing on some of the down range islands.

Unfortunately, we cannot live under the assumptions of always being

asslsted by winds to gain more range; it is just as likely that the
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oster would be flying under head wind conditions which would confine
the impact points to the inner most two circles, The middle circle
shows the impact points for glide under no wind conditions.

The important thing to be gained from this slide 18 that no guar-
antee can be made for dry landing for the C-1 type booster. Since dry
landing was a ground rule of this study, the idea of recovering the C-1
type booster will be dropped ar this point and the remainder of this
discussion will concentrate on the recovery of the booster for the C-2
type véhicle.

The effect of wing loading on range is shown on slide #8. Two
representative extreme cutoff conditions were chosen, namely, the re=
entry test mission and the Dyna-Soar mission. The effects of winds
both head and tail for the 977% probability of occurrencealong with the
no wind case are shown, Since tolerable loads and temperatures did
not prove to be exceeded during flight, the wing loading was chosen on
the basis of achievable range. Thus, as indicated by slide, the wing
loading is chosen to be 15 1bs/ft2,

With this wing loading, the C-2 fly back capability is glven on
slide #9. The assumed firing azimuth of 45 degrees East of North was
chosen only for convenience. The most adversc case, the Dyna-Soar
Mission, was chosen for demonstration of fly back capability. Here,
as in the C-l1 case, the range impact areas are shown for the various

wind and no wind conditions. This ﬁoints out that it is possible
to return to the vicinity of Cape Canaveral for all considered

6
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environmental conditions with the exception of the 97% probability head
wind which is slightly marginal.

At this point, it is noteworthy to point out that this range capa-
bility is achieved only with the % values obtained from the wing with
Figid leading edges. The % values obtained from the inflatable leading
;dge wing are somewhat smaller and will not return the vehicle to the
Cape.

Slide #10 shows main advantages and disadvantages of the rigid
leading edge wing and the inflatable leading edge wing. The rigid lead-
ing edge wing provides a maximum % of 3,85; whereas, the inflatable
leading edge only produces a maximum % of 2.5. This difference in %
is sufficient to render no dry landing capability for the inflatable
leading edge wing, whereas, the rigid leading edge wing provides suffi-
cient range for all cases except the Dyna-Soar Case (highly improbable).

The structure weight of total system for the rigid leading edge is
estimated to be abou; 8% of recovered weight. The inflatable leading
edge wing combined with system structure is estimated to be between 6
and 87 of recovered weight. These weight estimates are given by the
Ryan Aeronautical Company. North American Aviation weight estimates of
the different constructed wings are about twice as great. This, of
course, 1s a significant difference in results of the companies.

Deployment may be made at high q values with the rigid leading

edge wing; whereas, the inflatable rigid leading edge is thought to
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require iow q deployments, For best use of energy dissipation, it
appears necessary for fly back to Cape missions to have early deployment
and turn around after first stage cutoff,

Slide #11 shows a more detail view of the Ryan selected rigid
leading cdge Wing configuration attached to the booster, Since the
proposed glide technique of recovery employs no auxiliary aerodynamic
or jet reaction controls, very careful attention has to be given to the
manner of booster suspension from the wing,

An aft end viéw of booster and wing combination is shown on the
left hand side of the slide. The cables leading from the strong points
of booster (both front and aft end) to the control bar are movable
and are for pitch and roll control. Control is accomplished by properly
controlling the total mass center of the system. The array of cables
leading from control bar to the leading edges and keel are held fixed.

The right hand side of slide shows a side view of wing attached
to booster, Lonéitudinal wing position and angle of incidence depend
on the required booster angle of attack for various trimmed flight con-
ditions or the pitch attitude desired for landing. For maximum range,
the booster should fly with a near zero angle of attack. It is possible
to fly with adequate stability at a wing angle of attack (cl_w) up to
20 degrees, which corresponds to just above % maximum. A greater o w
value usually resgults in a radical pitch up as a result of normal

transient conditions encountered during the trajectory.
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During the flyback portion of the trajectory, wing incidence {is
commanded by the ground operator to kecp the vehicle along the desired
flight path. Phugoid motion will occur at nearly constant angle of
attack but the automatic trimming system will damp out the phugoid
mode, while preventing variations of wing angle of attack to angles
not consistent with % maximum,

The system as shown here may be considered completely rigid,
thus eliminating requirements for interrelated booster dynamics with
respect to the wing.

The actual flight path during flare will be determined to some
extent by the variable vehicle configuration and variable inflight con-
ditions upon initiation of the flare maneuver, The flare command system
is not designed to establish a fixed flight path during flare, but rathe
er a specifically commanded sink rate as a function of altitude. This
method results in an appropriate utilization of the energy available
during flare. 1In general, this means that systems with excess energy
perform longer, slower flares to dissipate energy as a result of drag.
Systems with less or minimum energy will initiate flare automatically
at an altitude at which the system is capable of a successful flare.
Conceptually, the control commands during flare are computed by a ground=-
based computer and transmitted to the wing control system by radio link,
The grouqd base computer utilizes altitude and range information to com=

pute the error equation.

A typical example of the system performance during flare is given
9
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on slide #12. The simulated system p:rformance is measured against the
comnanded sink rate. Touchdown was accomplished with less than 5 ft/sec
vertical velocity, - The fiﬁal landing gear design 1s based on landing
skis with conventional energy absorbing oleo struts.

Since the subjects of control, flare, and landing requirements for
the paraglider system is going to be covered in later talks by Langley
Research Center, I will not dwell further on these subjects.

A schematic diagram of the rigid wing packaging attachment to
booster and deployment sequence is given on glide #13, The rigid wing
is packaged between a single lox and fuel tank., Next to the wing
between adjoining fuel and lox tanks, the keel and control bars are
housed, In the nested position, the wing, falring door, and control
bar will be attached to the booster at approximate stations 187 and 771.
There will be clips welded to the tanks to accommodate straps across the
wing to minimize deflection and vibration. Clips will also be added
to accommodate cables crossing over tanks from the control bar to wing.

Cartridge ejection separates the package from the booster, This
ejection mechanism is attached to the top leg of the forward spilder
and will operate on tracks. An ejection hammer strikes the folded
aft end of the keel, imparting a rotational moment. A second lip on
the ejection hammer then strikes the wing apex., This system is
sequenced in such a manner as to impart translational and rotational

energy to the keel to insure positive separation and unfolding of the

10
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100 foot keel, Ejection of the undeployed wing also causes, by cable
attachment, control bar separation from the booster. Cable tension,
within the wing and control bar, causes spreader bar action which forces
both wing and control bar in their operating geometry.
It may at this point be well to point out that very little 1is known
of deployment characteristics of such a wing for high dynamic pressures.
The main steps of the booster re-use cycle are shown on slide #14,
The adaition of a booster recovery system to a space vehicle program
requires additional functions otherwise not needed if expendable boost-
ers are employed., Typical of such functions are the recovery package
operations of installation, checkout, and booster refurbishment after
recovexy. Other functions, such as transportation of boosters from the
manufacturing site to the launch site, would be changed to the extent
that such operations are required to support a given launch frequency.
The installation and checkout of recovery package would be done
on pad at launch or within the near area depending upon installation
requirements. Transportation from lénding gite to refurbishment site
would probably be done by large trucks with special equipment for trans-
porting boosters. Then, after refurbishment is complete, the boosters
may either go to storage or back to the launch site for further action,
All of the steps in the re-use cycle have definite inputs to the

cost analysis of such a program.

A booster program savings versus average launch per booster is

11
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ghown on glide #15, The pro
rate of 12 per year for a 12 year period was estimated at 1.3 billion
dollars. The parameter E is defined as the ratio of refurbishment cost
to original cost of booster. E was chosen to be .2, .4, and .6 respec~-
tively. This graph was based on recovery mission reliability of 60%
and an average payload of 40,000 lbs. to low orbit. (C~2 configuration)
A most probable range relative to number of launches per booster
is from 2.4 to 3.7. These limits are based on the flex wing recovery
system reliability analysils, which is converted from probability of
booster re-use to launches per booster., The minimum point, and most
congervative, within the probable range (2,4 launches per booster and
a 60% of booster cost allowance for refurbishment) indicates a total
program savings of 185 million dollars; while the maximum point and
most liberal (3.7 launches per booster and a 20% of booster cost allow-
ance for refurbishing) shows a total program savings of 644 million
dollars,
The last slide, #16, gives a summary of conclusions and recommenda-

tions. The conclusions are as follows:

(1) Boosters for C-2 type vehicles may be recovered on dry land
(Cape area) by application of paragliders.

(2) Packaging of the wing system could be done within contours
of C~2 booster.

{(3) A general package type recovery system could be installed on

booster. This implies almost no modification to booster
structure.

12
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(4) Recovery system weight is about 8% of recovered weight.

(5) 6ink speeds of 5 ft/sec or less are possible to obtain during
flare and landing.

The recommendations at the time of study (1960) were to start
immediately on a program of development which included hardware test-
ing, etc. Unfortunately, the C-2 type vehicle is now not in the plans

of NASA launch vehicles; thus, no development plans are in progress.

13
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C-2 VEHICLE, S-1 STAGE PRELIMIRARY MASS CHARACTERISTICS

Weight c.6. Moment of ‘Inertias

, ) ' (1b) Sta. Pitch Roll
Dry Booster (Including Fins) 88,000 307 217,168 15,808
A. ¥Front Hoist Point Load o : 25,785 781.304 :
B. Rear Hoist Point loed 62,215 121.750
Dry Booster with S-1/S-11 Inter. Sect. 106,000 344 284,331 22,099
Retro Rockets, & Recovery Package .
Booster ‘at Separation (Separation Sta. 868.304) _
: Case 1. With Residual at Bottom of Tanks 120,866 331 303,897 24,598

Case 2. With Residual at Top of Tank 120,866 344 318,812 24,598
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RECOVERY OF ORBITAL STAGES
By i
Dietrich W. Fellenz *

The reasons to be interested in the recavery of a stage that
reaches orbital injection conditions (usually a second stage) are
basically the same as for the recovery any other piece of space hard-
ware:

1. Post-flight inspection affords the detection of cielign short-
comings and a better evaluation of the actual environment of the comy-
ponent (loads, heat input etc.).

2. Reduction of cost per pound of payload in orbit due to re-use
of hardware.

3 Operational advantages of positive disposal of hardware
and if possible return to the refurbishment and launch site.

While post flight inspection is always desirable from an engineers
point of view in order to advance the state of the art, it looks like that
the development of a recovery system can only be 80ld on the basis of
points 2 or 3 above.

To prove the desirability of recovery on a cost basis alone
would require that all developmental and operational costs referred to
the reduced payload in orbit would come out cheaper than in the case
of an expendable reference vehicle. Studies performed or contracted
by MSFC in this area showed that this point could be proven for first
stages assuming the present state of the art. The discussion of cross-
over points, of course, is influenced very strongly by the basic cost
assumptions. At the present time, it seems, that no cost reductions
can be derived from second stage recovery.

The third and by no means less important aspect is the operational.

It can be expected that the volume of launch operations in support of

*Advanced Flight Systems Branch, Propulsion and Vehicle Engineering
Division, Marshall Space Flight Center
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orbital operations, lunar and planetary mi%sions will continue to grow
and will reach dimensions where the controlled disposal of all spent
space hardware will become mandatory. Taking an expendable vehicle
with such a ''disposal' system and its reduced performance as referepce.
it might prove that full recovery and return of all stages can become ‘
economical, The requirements for recovery forces will grow pro-
portionally 'to the volume of the launch operations. It is obvious that

the capabili/ty to return to the launch base has to be more and more in-
corporated in the vehicle. This would in turn speed up the refurbish-
ment and increase the overall flexibility of the operation.

Thét means that the first stage requires sufficient propulsion
for fly-back, and that the second stage glides back to the launch site
after one or more revolutions around the earth and subsequent aero-
dynamic re-entry.

To s"tudy the sensitivity of various parameters of recovery the
Marshall Space Flight Center sponsored three industry study contracts
(NAS 8-1513/1514/1515) on the subject '"Study of a Two to Three Million
Pound Thrust Launch Vehicle', The basic mission was defined as two-
stage to 307 N, M. orbit. Recovery was to be considered for both stages.
Fig. 1 shows a typical mission profile,.

An evalufition of the final reports of the three studies with respect
to structural weight increases due to recovery was made and the re-
sults are shown in Fig. 2. The parameter shown is the weight of the
recovery system in percent of the structural weight of the expendable
reference vehicle, based on equal propellant ratio, i.e., on equal
ideal velocity increment of recoverable and expendable stage. The d;.ta
generated by the different companies scatter considerably. This is
partly due to the different assumptions with respect to structural
efficiency as indicated by the structure ratio of the expendable reference

vehicle shown in Fig. 3, partly due to the relative novelty of a



particular recovery maode. We expect to be able to-smooth out some of
the scatter in these data after a presently going study of fixed wing
recovery systems*.has been evaluated. In order to get a better feel
for the performance penalty associated with orbital stage recovery by
paraglider a conceptual design study was performed at MSFC, the
results of which will be discussed later in some detail,

In the case of a two stage to orbit configuration we find that
there is a payload decrease of about 1 1b per 5 lbs increase in first
stage structure weight and a payload decrease of 1 1b per 11b h‘crease
in second stage structure weight.

In addition to that the increase in second stage structure weight
due to recovery is considerably higher than that for first stage recovery.
This is mostly so because of the more severe re-entry environment
and the much longer glide and exposure times requiring heavier thermal
protection.

This explains why second stage recovery is so expensive in terms
of payload. Fig. 4 shows the effect of second stage recovery on the
payload of a two stage to 307 N. M, orbit configuration with an initial
weight of 2.4.10% 1b and 3. 10° 1b thrust. First stage LOX/RP; Second
Stage LOX/LH,. The ascent trajectories utilized intermediate parking
orbits and Hohmann transfer up to 307 N. M. altitude. The recovery
factor, as defined by NAA, see Fig. 4 for equation, represents the
ratio between the stage structure weight factors of the recoverable and
the expendable reference vehicles. The figure shows on its left side
for K; = 1,0, which means no weight added for second stage recovery,
the payload performance of the corresponding lower stage (again with
or without recovery) carrying an expendable second stage.

Some of the scatter in the payloads shown can be explained by

different staging orbit altitudes and different ''kicker Bystems" to

*Conceptual Design Study of Ten Ton Reusable Orbital Carrier
Vehicle NAS 8-2687/5037.




perform the trangfer maneuver \ip to the target orbit. The recovery
modes suggested for study in the "2-3 Million. Pound Thrust Launch
Vehicle Study" were '"Paraglider' or '"Fixed Wing'". The lightest of
these modes of course is the Paraglider, although, as you saw from
Fig. 2, this sytem can amoﬁnt to a sizable weight penalty. Increasing
second stage recovery factor K, means heavier and more sophisticated
recovery systems, usually associated with extended cruise capability.

I would now like to present some details on our parametric
design study of the application of a baraglider to the recovery of an
orbital stage.

The paraglider concept looked attractive to us because of its
light weight, the simplicity of the system, the possibility to stowe
it away in a fairly small volume along the stage which would not penalize
the vehicle configuration during ascent, and the inherent st;bility of the
paraglider configuration. '

With respect to the mission we assumed that the payload shall
be delivered in a 307 N. M. orbit using a two-stage plus 'kicker-
stage' arrangement. The second stage burns out at low altitude at
a velocity equal to the local orbital velocity plus the velocity increment
for Hohmann transfer up to 307 N, M. Then it was assumed that the
empty stage plus payload were injected into orbit. After waiting in
orbit the orﬁital stage was brought to re-enter with a zero altitude
virtual perigee, corresponding in this case to a flight path angle of 92
deg at 400, 000 ft altitude.

Starting from this condition we investigated the influence of
paraglider wing loading and deployment altitude on the thermal protection
requirements and the overall structural weight of the paraglider package.
The characteristics of the stage were those of an early version of a

Saturn second stage.



The wing loadings considered were 1. 25; 5; 10 lbs/ft®. The

deployment conditions investigated were 400, 000 ft altitude; maximum

dynamic pressure, and finally Mach 5.

Upon entry into the sensible atmosphere a drag device would

be deployed to stabilize the stage. This drag device would be retained

after deployment of the parawing. The de-reefing of the wing was

controlled to keep the normal acceleration of the stage below a certain

limit. The following assumptions were made on the part of the paraglider

system:

The physical dimensions of the paraglider wing installations of
different wing loadings are assumed to be geometrically similar;

Keel length equals leading edge length for easy stowing;
Wing leading edge sweep angle in fully deployed condition is ({7= 50°

"C. G. location required to fly at subsonic L/Dp,ax and 11% static
margin is 0.65 € below wing leading edge, and 0. 55 T behind leading
edge of T,

The wing would be oriented at an angle of attack that yielded max.
L/D for that particular wing/body combination; supersonic flow:
a N 40°; Subsonic flow: a®25°;

The stage body is always oriented parallel to the flight path;

The net structure weight of the stage, which is equal to the weight
recovered was Wy =41, 000 1b;

The basic structure weights of the paraglider packages were obtained
by scaling with respect to wing loading;

w/S W5s/ W, e
[1b/ 2] [%]
15 13
10 16 Assumes load factor
n=6
5 25
1.25 78

e In scaling of the structural weights from a 15 1b/ £t? wing loading base

point vehicle the following assumptions were made:

5




1. Wing structure weights ‘scale‘ proportional to wing area,
i.e,, inversely proportional to wing loading..

2. Cable weights scale inversely proportional to the square
root of the wing loading under the assumption of a geometrically

gimilar suspgnsion system. {Only length affected. IL.oads and ¢ are

3. Landing gear, control system and drogue body structural
weights are roughly independent of wing loading.

We ran re-entry trajectories deploying wings of the different
wing loadings at the different points along the trajectory. The results
of these runs were fed into a thermodynamic analysis to determine the
heat protection required. It was arbitrarily decided to use an ablative
systemm. The basic stage structural material was changed from Aluminum
2014 to stainless steel.

The ablation material weights were then determined, added to
the glider structural weight and referred to the net structural weight
of the recovered stage. The results are shown in Fig. 5.

In this figure it is considered that in the cases of deployment
at 400, 000 ft altitude the maximum resultant load factor almost in-
dependently of wing loading was not higher than 3 g's, and that in the
cases of deployment at qmax and Mach 5, the max. resultant load factor
incurred was 10 and 9 g's respectively. * The weight of the glider was
then adjusted assuming that the structural weight scales dire;:tly pro-
portional to the load factor.

The main trend of the curves on Fig. 5 seems to indicate an
advantage in going to higher wing loadings, i.e., smaller wings. Further-
more the curves would indicate a preference for deployment at 400, 000
ft.altitude. However, there is a design difficulty in that it is hardly

conceivable how the suspension cables with a diameter of in the order of

* Normal load factor during deployment is kept at 6 g's

6



2 in. and an additional ablation coating of in the ‘order of 1/2 in. could
be stowed and then deployed within a split second without loosing the
ablation coating. No such coating is required for the lower altitude
deployments.

Therefore, our tentative conclusion at this time is to prefer
to deploy the wing below Mach 5, preferably at subsonic speeds and
to go to as high wing loadings as are compatible with the overall flight
stability and glide capability to ensure safe automatic landings. We
feel that even the application of a radiative cooling system for the case
of deployment at 400, 000 ft altitude would not change this preference.
If the subsonic glide capability of a paraglider is not required, a very
similar system can be based on a parachute. The resulting weight
penalty would be very low but has to be bought at the expense of
impact and retrieval problems.

At the present time it cannot be stated positively that orbital
stage recovery will save costs, however it can be said that from the
operational point of view it would be very attractive. Advances in the
state of the art of recovery systems will reduce the weight penalty
associated with reusability, and in general will tend to ma}ce orbital i

stage recovery also attractive from the economical aspect.
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SUMMARY

As a part of a NASA-wide review of past and current work in the
field of payload and launch vehicle recovery, this paper presents a
summary of launch vehicle recovery studies conducted under sponsorship
of the MSFC Future Projects Office. Previous study programs are reviewed,
a current assessment of mission prospects and vehicle concepts is pre-~
sented, and current MSFC studies in this area are outlined. Areas are
suggested in which research and experimental work can hlep establish a

foundation for future vehicle developments,



A REVIEW OF LAUNCH VEHICLE RECOVERY STUDIES
By L. T. Spears
MSFC Future Projects Office

INTRODUCTION

With our greatly expanded space program objectives, space launch
vehicles will soon become a major new form of transportation. Launch
vehicles to date, patterned after their ballistic missile predecessors,
are characterized by "one-shot'" operation in which the vehicles of highly
refined design are discarded after a flight operating lifetime of only a
few minutes. Recovery of expensive flight equipment, and the strong need
for first hand flight test information, have prompted work for some time
toward launch vehicle recovery; however, the difficulty of the task in
some cases, but more often the over-riding priority of primary program
objectives, have resulted in little concreté progress to date.

Interest and work toward booster recovery at MSFC date back to
REDSTONB -atloJUPITER projects (as part of the Army Ballistic Missile
Agency) in 1958/1959. Considerable work has continued since that time,
as described in the MSFC papers given at this meeting. The three pre-
ceding papers have reviewed individual Marshall projects relating to
launch vehicle recovery. This paper will present a summary of past and
current MSFC work in tHis area including a number of system studies,
conducted under direction of the MSFC Future Projects Office. This
material will be presented in the following arrangement:

(1) Summary of previous launch vehicle studies, and recovery

methods considered.
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N~ (2) A brief discussion of recovery implications, and comparisons
of recovery methods.
(3) A current assessment of mission prospects and vehicle concepts.
(4) An outline of current reusable vehicle studies at MSFC, and

suggestions for complementary research and experimental work.

POTENTIAL BENEFITS OF RECOVERY

It might be helpful to begin with a review of the potential benefits
of launch vehicle recovery, some of which are listed in table 1.  Most
booster recovery studies have been begun with the incentive of reducing
costs. As these studies progressed, however, thetre has been an increasing
recognition that the operational benefits of vehicle reuse will likely be
more important than costs, particularily for the high traffic rate transpor-
g??%bh of passengers and cargo between earth and orbit.

The reuse of vehicles which have operated successfully on previous
flights is believed to be of advantage, compared to the uﬁe of completely
new equipment on each flight., Post-flight examinations of actual flight
hardware should allow quicker diaénosis and correction of early design de-
ficlencles than with limited telemetry data, and a4 faster growth to design

maturity in the development phase. Growth to higher reliability levels

can also be expected through repeated flight checkouts and design re-
finements.

The extent of range safety problems will depend on actual launch
rates encountered, and upon future desires or necessity to relax restric-
tions in launch site location and launch azimuth. In any of these cir-

cumstances, the problem of expended booster fallout will be alleviated
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by thelr recovery.

Abort capability will be important to launch vehicle life as well as
range safety. In fact, some data from aircraft experiente indicate that
abort capability, perhaps more than reductions in malfunction rates, is

the key to extended vehicle life,

PREVIOUS RECOVERY STUDIES

The possibility for recovery of REDSTONE and JUPITHR missiles prompted
conceptual studies of recovery methods in 1958/1959, leading to design and
fabrication of parachute recovery systems as described in the preceding
papers. Other studies have followed, as indicated in ‘table 2. The first
two Of these involved the addition of recovery systems to vehicles of
existing design, whereas the latter three investigated vehicles of new
design, incorporating # veriety of recovery concepts. The latter study
produced compar&ﬁive designs of recoverable and expendable vehicles in the
SATURN C-3 class, concentrating on fixed wing or paraglider recovery of
one or both stages.

The various recovery methods considered during these studies are
tabulated in table 3. 1In all cases, aerodynamic drag and/or lift is the
mefns for primary deceleration for the expended astége. A number of
methods have been suggested for the maneuver to a selected landing site,
cancellation of residual velocity, and for final touch~down. The simpler
methods allow little or no deviation from the ballistic impact point for
the expended stage. The glide capability inherent in fixed or flexible

wings allows greater freedom in this respect; however, studies have shown
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that favorably staged vehicles will require auxiliary propulsion (such as
air-breathing engines) to allow the desired return of expended booster
stages to the launch site.

Circumstances have not allowed investigation of all concepts in equal
depth. Choices for particular applications have resulted in greatest depth

of MSFC study in parachute systems, paraglider, and fixed wing vehicles.

SOME IMPLICATIONS OF RECOVERY

In studies investigating reusable vs expendable mode of operation and
the relative merit of the different recovery pohcepts, many consider-
ations of course come into play. Comparisons on the basis of three signifi-
cant considerations are summarized in tables 4 and 5 and figures 1 and 2.

Table 4 compares recovery operations required for the simpler forms
of recovery, involving down-range water landings, with the more extensive
forms of recovery, which allow glide or cruise to a prepared landing site.
Although probably acceptable for low launch rates, sea recovery operations
(similar to Project Mercury experience) would become unwieldy for higher
launch rates, Immediate return of boosters into the re%urbish and check-
out cycle at the launch site - avoiding water impact, down-range recovery
operations, and transport back to the leunch site - is gonsidered an
important factor in selection of recovery methods,

All known forms of recovery increase vehicle inert weight through
addition of equipment and/or increased structural strength, resulting
in payload penalty of some degree. Figure 1 shows penalties typical of
yarious booster recovery methods; second stage recovery penalties, as

discussed in the preceding paper, are shown for reference. In comparative
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analyses, this performance decrement is reflected in costs through addi-
tional launches required to deliver equal (cumulative) pa loads, or in-
creased booster size to provide performance equal to that of an expendable
stage.

Primary factors determining the degree of cost benefit from booster
reuse are shown ip table 5. For the simpler recovery methods, booster
reuse rate vs recovery/refurbish costs dominate, whereas increased booster
purchase price and development costs become mofe prominent for reusable
vehicles of advanced designs.

Analyses continue to show cost benefit for booster reuse, with the
degree of benefit dependent upon variable estimates for some of the
individual elements in which our experience is limited or lacking.

Typical results of comparative costs estimates, based on studies of

vehicles in the 2-3 million pound thrust class, are shown in figure 2.

CURRENT ASSESSMENT - MISSION PROSPECTS/VEHICLE CONCEPTS
Our immediate future space program objectives place primary emphasis
on:
(1) Increased launch vehicle performance; i.e., capability to
perform missions not previously possibie.
(2) The need for this capability as early as possible.
Since recoverability would reduce payload capability and might require
additional time for design and development, early introduction of recovery
into major vehicle programs is not likely.

As tn. dther technological evolutions, however, establishment of a new



MISSION PROSPECTS

o FOP IMNEOUTE FUTURE 6OALS
o ARUITGN PERFORMANCE CARBAITY
o GUPLUEST ROSI/BLE AVAKABIITY

o NMEXT PHUSE OF SOUE ACTVITY

o MAAE ARRIUNT S ROUTINE THVRS
o IMARONE QRSUTIONS AND EAFTCIENCY
o PUSSENSER FAICTORP DOMNANT 1V SOME SIZES

PRESENT STATUS - VEHICLE CONCEPTS

@ H/SH TRAFFIC RATE/ PUSSENGER - CARRIING CLASSES -
FIXNED WINGS WITH PONERED CrUISE

© [OWLR LAUNCH RATE CLASSES —
PURSUE WATER IMAACT, PARACHUTE, OTHERS

10



capability can be followed by concentration on improvement in operations
and efficiency. The operating environment for the expected next phase
of space activity emphasizes the potential for such improvements through
the use of reusable launch vehicles. In contrast with the first phase,
frequent and repetitive launchings will be required to support sustained
operations in earth orbit and on the moon. Orbital space stations, both
manned and unmanned, will require frequent visits for crew rotation,
inspection of equipment, maintenance, and repairs. Particularly in
some vehicle classes, the passenger-carrying function will place greater
emphasis on reliability, safety, and abort capability. In general,
this environment suggests a need and an approach similar to that of
current air transportation.

At this point, fixed wing boosters seem the most promising choice
for high traffic-rate, passenger-carrying classes. Equipped for
powered cruise, this concept offers the best probability for recovery
and reusability, with a minimum of recovery operations. Also signifi-
cant with respect to the expected early establishment of orbital space
stations, the concept requires only modest advances in technology,
allowing timely availability. The simpler forms of recovery are
probably more adaptable in the lower launch-rate classes. With no
clear cut choice of recovery method apparent at this time, investigation
of several methods - including water impact, parachute, and paraglider -

should be pursued.
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PRESENT MSFC STUDY EFFORTS

Foytsad Cass Studios

ATLAS/TITAN 570 0t SST TYPE LAUNCHER

SATURN' C-1 REUSABLE 10 TOW ORBITAL CARRIER

SATURN C3/CS 50-100 TOW REUSABLE VENICLE STUDY
POST- oW SERIES

G:5/NovA SEA-LAUNCH £ RECOVERY

TYPICAL STUDY
CONFIEURATION TEN-
TON REYSABLE
ORB/TAL CARRIER
sTYoY

LIFT-OFF

CANDING

A =
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CURRENT MSFC STUDIES

Based upon this background and conclusions to date, Marshall-
sponsored studies as shown in table 8 are now in progress* to help de-
fine the next generation launch vehicles,

Paraglider recovery of rocket vehicles in the 5-ton orbital payload
class 1s to be studied, along with possible use of airplane-type boosters,
adapted from RS-70 or supersonic transport design for air launching of
rocket-powered upper stages.

The 10-Tpon Orbital Carrier Study will concentrate on the job of
passenger transportation between earth and orbit and, as Sudh, is con-
sidered a probable first application for the fixed wing, ''rocket airplane"
concept. The 50-100 Ton Vehicle Study, on the other hand, is aimed
toward a ''space truck' cargo carrier concept as a successor to the
current SATURN C-5, with a probable primary mission of sustained lunar
operations support. The first phase of this study 1is investigating
prospects for conversion of the C-5 into reusable configurations.

There are several study programs now active to determine vehicle
configurations for payload capability greater than SATURN C-5; two are
listed in which recovery/reuse are being considered. The first of these
is conceived as a sea-launched, pressure~fed vehicle which can be
recovered by water impact without requiring auxiliary recovery devices.
Recovery concepts within the Post-NOVA studies include inflatable drag

and flotation devices, integral lifting (glide) capability, etc.

* With exception of the 5-ton payload class study, which is planned as

part of FY 63 program.
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RESEARCH AREAS

© STUDY/RESULTS LIMITED BY
© PRIOR EXPERIENCE
o EXPERIMENTATION

© RESEARCH/ EXPERIMENTATION NEEDED :
o RECOVERY METHODS

o JO ESTABLISH DEGREE OF REUSABILITY
o DESIGN § FABRICATION FOR REYSABILITY
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RESEARCH & EXPERIMENTAL WORK
As in most advanced concept investigations, past experience in
several aspects of vehicle recovery and reuse is very limited or lacking.
However, with the date for initiation of second generation iaunch vehicle
developments still a few years away, there is an opportunity to provide
a prepsratory foundation of research and experimental work in the areas

indicated.

Recovery Methods

With the cholce of recovery methods for the different vehicle classes
not clearly defined at present, research work for a number of methods
should continue. Considerable experience is being gained with parachute
and paraglider. Fixed-wing data are being gained from X-15, X-20, and
a limited amount of research work now in progress at the Langley Center.
Although we have no specific recommendations for research in other
methods at this time, studies now in progress may point out additional

needs.,

Degree of Reusability
The actual benefit of recovery, examinations, and reuse will remain

sormewhat intangible until we have gained actual recovery experience.

The REDSTONE and SATURN S-I recovery programs would have provided this
start had they reached fruition. A program of this nature is needed
in the near future, possibly in ihe form of subscale test vehicles, but
preferably through recovery of operational vehicles most closely

approaching expected future yehicles.
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Design For Reusability

Although the design of flight vehicles for reusability and long life
has a strong background, rocket engines and related systems have been
designed almost exclusively for one~time or short-time usage. A project
has been proposed by MSFC, as a part of the FY 63 Launch Vehicle
Technology Program, to explore the basic question: In what ways should
the design and construction of rocket systems differ from present practice
when reuse and extended operating life are intended? |

With the combined contributions of studies, experimental work, and,
hopefully, some operational recovery experience, the following can be
accomplished:

(1) Reduce uncertaintles in estimates as to recovery and reusability.

(2) Allow selections from alternative designs and procedures.

(3) Equip ourselves for rapid implementation of a reusable vehicle

development at the time a decision is made to do so.
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REVIEW OF THE SPACE:VEHICLE LANDING
AND RECOVERY RESEARCH AT AMES

by W. L. Cook
Iintroduction
-"' "h—.

X65 34335

A very limited effort has been direct:d at manned space vehicle recovery

and landing systems at the Ames Research Center. |In general, up to this time,
most of the wind-tunnel test results have been directed at specific projects
of the Manned Spacecraft Center such as the steerable parachute for the Apollo
mission and the paraglider development for the Gemini mission. Some work has
been done at small-scale of the variation of lifting reentry body shapes to
give significant range in the earth's atmosphere and enable horizontal landing
capability. |In this regard, large=scale wind~tunnel studies are planned of a
lifting reentry configuration with an inflatable afterbody and control system
for glide and landing. The fourth system which Ames has done some work and
plans to do more is in the use of lifting rotors, both rigid and flexible, for
deceleration, glide and landing of manned space vehicles,

Discussion
Parachutes. = The tests in the development of the Apollo steerable parachute
were conducted in the Ames 40- by 80-foot Wind Tunnel and were primarily
directed at determining the extendable fiap arrangements for the best lift-to~
drag ratio and static stability. A short motion picture film shows how the studies
were conducted with a single parachute having an extendable flap for glide path
control. The motion picture film is a supplement of TN D-1334, In these
studies the extendable flap span was varied from 7 gores to 13 gores and the
flap chord was varied from 10 percent tqb33 percent of the parachute diameter
which resulted in maximum L/D varying from 0.4 to about 0.55. The static
longitudinal and directional stability was also measured for a range of con=-

ditions of the extendable flaps. The control response characteristics of
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letting out and pulling in the flap were measured Which indicated that the
control response would be instantaneous and the L/D ratios at dynamic conditions
could be approximately 40 percent higher than at static conditions. The maximum
value L/D ratio was controlled by the stall of the second skirt at the leading
edge of the parachute, however, in this condition, the parachute remained very
stable.

Wind=tunnel studies of multiple parachutes were also made which are shown
in figures 1, 2 and 3. For the case of two side-by-side parachutes with extend=-
able flaps the lift-to-drag ratio obtained was approximately the same as the
single parachute of the order of 0.5, however, the dynamic stability was con-
siderably poorer. For the triple parachute with a single pusher as shown in the
next slide, the maximum L/D ratio was very low of the order of 0,1 to 0.3 de~
pending on the number of parachutes utilizing extendable flaps for control. The
low value of 0,1 was obtained with only the single pusher utilizing the control=
lable flap. For the case of the double pusher with a triple parachute system
the L/D ratio obtained was the same as with the single parachute and the sta-
bility of the system appeared fairly good although some small oscillation did
occur probably due to the inability to control the yaw.

Future studies are planned with multiple parachutes in the presence of
bodles to determine the effect of a large wake on the stability and performance
of a cluster system of parachutes,

Paragliders. = Wind=tunnel studies have recently been completed of a half=scale
model of the Gemini paraglider landing system. Studies were made for the glide
regime, pre-flare, and flare-to-landing as shown in figure 4, Line loads and
the normal six component aerodynamic measurements were made for various condi=-
tions of pitch attitude, sideslip angle and control variations. Studies were

also made in the U-shape first phase of deployment. Motion pictures were shown
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to indicate the method used to obtain these results and also show tests where
the lines were let out quite rapidly during the last stages of deployment just
preceding paraglider gliding flight.

Lift-to=-drag ratios of the order of .7 to 2,9 were obtained dependent on
the configuration, Three=bolt rope settings of 4,1 percent, 8.2 percent and
12,3 percent were studied with the 8.2 percent giving slightly better values
of lift-drag ratio than the others. The stability and control of the vehicle
appears adequate for glide and landing with possible touchdown speeds of about
LS knots for the full-scale vehicle.

Deployment of the paraglider to the U-shape was attempted, but due to the
inadequate tie-down and bolt=rope attachments on the paraglider, the deploy-
ment and the inflation of the keel and booms during this phase of the deploy~
ment could not be accomplished. The deployment studies are planned to be
continued in the near future with improved design and inflation techniques.
Several problem areas appear to exist during deployment such as, the length
of inflation time and the effects of the body flow on the oscillations of the
partially deployed paraglider.

Inflatable afterbody. = A number of wind=-tunnel studies have been made of

small=scale models at Ames of lifting=body reentry shapes. Some of the tests
have been directed at numerous afterbody shapes with control surfaces on the
M-1 vehicle for glide and landing as shown for one case in figure 5. At
present plans are to conduct large~scale tests of an M=IL configuration with
an inflatable afterbody and control surfaces that would be deployed at high
subsonic speeds. From the small~scale tests, it appears the maximum 1ift=-to=
drag ratios of the order of 4.0 can be obtained and landings with horizontal
velocities of the order of 120 knots on runways would be required with a

lifting=body type of configuration. Dependent on the success obtained, the



deployment of inflatable afterbodies and control surfaces and their ability to
carry the loads and give the required lift-drag ratios and stability and con-
trol, further studies would be pursued with inflatable systems applied to ob-
taln low aspect-ratio wing shapes on the lifting body reentry configuration.

Deployment of the afterbody at a supersonic Mach number of the order of 2.5 is

being considered as well to provide glide ranges of the order of 150 miles.

Lifting rotor, = It is planned at present to conduct wind=tunnel tests of large=

scale lifting rotor system for deceleration, glide and landing of a manned
space vehicle, Two stages, the deceleration and glide phases are illustrated
in figure 6., The intention at present is to conduct studies at deployment and
deceleration phases at subsonic speeds where the dynamic pressures at high
altitudes are of the same order as can be obtained in the Wind tunnel, During
the deceleration, the rotor blades will be operating in the stalled blade state
to give high~drag at subsonic tip speeds. The drag forces for deceleration
should be controllable thus eliminating high deployment loads and enabling
control of the rotor loads and oscillating stresses. Wind=tunnel studies will
also be made in the autorative glide state with cyclic control to enable trim
at higher lift=to~drag ratios than possible by simply tilting the rotor axis.
It is anticipated that lift=to~drag ratios of the order 5 to 6 can be obtained
with rotor systems.

During landing, figure 7, the horizontal and vertical velocity components
can be made to be essentially zero by conducting a cyclic and collective flare
as done by helicopters in autorotative landings. The other method is to con=
duct a collective flare from a vertical descent configuration, The effect of
higher disc loading of this type of rotor system can be offset by tip weights
so that flares can be accomplished with little or no vertical velocity at

touchdown,



A number of problem areas can exist which should be studies, among these
are deployment, operation in the stalled blade state, high rotor tip speeds,
flare and landing with high disc ioading rotors. Consideration is being given
to conducting studies at supersonic speed to determine the effectiveness of a
highly coned rotor as a deceleration device to enable autorotative glide to be

started at high altitudes and thus enable extensive increases in the useable

range.
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FIGURE 2.- SINGLE PUSHER

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA
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'FIGURE 3.-DOUBLE PUSHER

NATIONAL ABRONAUTICS AND SPACE ADMINISTRATION
AMIS RESEARCH CENTER, MOFFETT FIFLD, CALPORNIA
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SURVEY OF FRC RECOVERY RESEARCH

By H. M. Drake X.65 821-3 gé

Recovery research at FRC has, as indicated in the first
chart, been concentrated in the areas of conventional air-
craft, drogue parachutes and paragliders. Planned work in-
cludes flight tests of lifting-body recovery vehlicles and a
lunar-landing simulator.

The FRC research ou landing of conventlonal alrcraft
wlll not be dlscussed here since 1t has been adequate reported
in references 1 through 7. This work 1s continuing.

The FRC has completed development and proof tests of two
drogue chute systems, one for the Mercury capsule and the
second for the B-58 escape capsule. Both programs utilized
the F-104A sirplane which is capable of launching up to
1500 pounds welght at Mach numbers up to 2 at altitudes be-
tween 30,000 and 50,000 feet. It can zoom, as shown in the
second figure, to release the store at altltudes as high as
85,000 feet, but at lower speeds. The test conditions for
the Mercury drogue are shown on the third chart and the test
results are reported ln reference 8. The B-58 escape capsule
tests involved relesses of a 630 pound capsule at a Mach
number of 2,02 and altitudss of 45,000 and 31,000 feet. The A
maximum q for these tests was 1690 pounds per square foot.
Tests were also performed at altltudes as low as 18,000 feet
and a Mach number of 1.25. At present, no further drogue
tests are planned.

Although not the subject of the meeting, a brief descrip-
tion might be given of the planned lifting-body program. The
lifting-body program at FRC will be iniltiated by the con-
structlon of several lightweight, full-scale man-carrying
glider vehicles. These vehlcles wlll have configurations
which high-speed tunnel tests have indicated to be attractive
for reentry. Configuretions such as the M2B, lanticular,
and M-1-L are being considered. The low sEeed and landing
characteristics of these lightwelght (W/S 4-7 1bv/sq ft)
vehicles will be investigated in free flight following release
from alrplane tow. Later phases include the construction and
tests of full-scale wing-loading vehicles of the more promising
configurations. Tests at higher speeds wlth these heavywelght
configurations may be performed.

A
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A word might be said here regarding the capabilitles of
launch vehicles at the FRC. The capabilities of the F-104A
have been mentioned. Thils ailrplane is also cepble of
launching rockets of up to 1500 pounds weight at up to 90°
climb angle, see reference 9. Two B-52 ailrcraft are also
avallable, which are used for launching X-15 alrcraft.

These B-52 alrcraft are capgble of launchin% stores of up

to 35,000 pounds welght and approximately 10 feet in dlameter.
The launch-altitude capabllity extends to about 50,000 feet;
the speed capability 1s about 0.8 Mach number. In addition
to the F-104A and B-52 capabllity, an A3J has been requested
for FRC for another progrem. Thls alrplane could launch
stggii of up to 5,000 pounds at the same conditlions as the

- .

~ Mr. Horton will discuss the current FRC paraglider
program.
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The current interest in utilizing the paraglider concept
as a means of effecting a soft landing for the Gemini capsule
prompted the Flight Research Center to design and construct a
manned paraglider vehicle with which to conduct a limited,
gualitative research program. This vehicle differs from
paraglliders that individuals, Langley Research Center and the
Ryen Aircraft Company have flown in that it 1is manned, un-
powered and towed aloft for release like the conventlonal
glider.

The primary obJectlve of the FRC flight test program 1is
to demonstrate the approeach, flare and landing capsbility of
& paraglider vehicle with a high wing loading (W/p = 7 psf)
and a low I/D (I/D = 2.5

To meet this objective, the Paraglider Research Vehlcle,
PARESEV-1, was constructed in a menner to provide the maximum
information in the shortest time. As you can see from the
slide - (Slide of PARESEV-1) the design was simple and allowed
for quick modifications if necessary.

Comments: Wing Sweep Angle 45
Fabric Plan Form 50°
Area = 150 square feet
Febric -- Doped Irish Linen
Battens -- 2/side
Rigid control linkege
W/S = 3.55 . o
Control avallable®€ 25° + 10° lateral = + 15
Two tow points -- high and low, no noticeable
difference so chose low one
Wing attach point -- 47.5% of keel aft of apex
Communicetions -- FM vadio
Foot pedals for nose wheel steering only

Automobile powered tows up to heights of 200 feet and
alrplane powered tows to altitudes of 2500 feet were made
with PARESEV-1. Satisfactory landings were made from free-
flight with estimated sink rates of 2-4 fps at touchdown
attained. The rod control system has 1ts inadequacies,
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hovever, due to flexibility in the system there was
considerable response lag and some question as to whether
or not the amount of stick displacement corresponded to
thoe proper amount of input to the wing. Thils, plus the
inherent problems of being, towed, resulted in major
damage to the vehicle during checkout of a new pllot. I
might add that the pilot was not injured during this
incident.

The cralt was rcbulilt and considerably modified to
incorporate a cable and pulley control system and better
shock ottenuation in the landing gear ag seen from the
next slide.  (Slide of PARLSEV-IA).

Comments: Wing Sweep Anvle U5°
[abric Plan Form 50°
Area = 150 square fect
Fabric -- 0 0x. unsealed dacron
Battong ~- /‘11(‘1(\
Cable and Pulley Control system
W/S = .25
Control QVUleblcc“’””’ - 10° lateral=+ 7.5°
Pivot Point = 47.5% saft oF apex
Communlc&tlonu -- VHI* radio
Foot pedals for nose wheel steering only

This control system climinated the slow response in that
the response is now governcd by the pllot's ability to over-
cone the inertla forces.

To datc, PARESEV-1A has been flown numerous times by 4
didlerent pllots of varyino backgrounds and expericnce, and
the general concensus is thwf the craft maneuvers and handles
quite well at a W/S of 4.25 und a 1/D maximum of 3.8.

, the present time, Clight testing 1s being conducted
at o U/b of % 3 and an estimated L/D of 2.9. This change
in +/5 and L/D was accomplished bV decreasing the wing

area {rom ]UO square icot to 100 square feet.

To obtain the end W/$ value of 7.0, the present plans

arc that additional welight will be added (o the undercarriage.

Mlight data have been obtalned on PARESEV-1A and 1is pre-
sented on the next slide. (81lde of Longitudinal Performance
of PARESEV-1LA).

N



._3_

Data points were obtalned durlng stebllized glide by
a relatively simple method. Altitude callouts were timed
by stopwatch during descents of 2000' or more at constant
airspeed. Angle of attack was oktained by measurement of
wing Ilncldence angle relative to fuselage and {uselage
inclination (attitude). V. with this wing veried from

16 to 33 fps with y's of 14%.5 to 21.5° in the IAS range
investigated higher alrspeeds were not investlgated due
to high stick force.

The next slide (slide of Predicted Longitudinal Per-
formance of PARESEV-1B) shows the predicted performance
of the PARESEV vehicle with a 100 square foot installed.
Our designation for this vehicle 1s PARESEV-1B. Some
preliminary results indicate an I/D of less than 3 between
glide speeds of 50 and 60 KIAS,

The last slide (slide of Control-System Force Gradients)
shows a non-dimensional stilck force plot against IAS. As
indicated, the forces increase rapidly with deviatlons from
trim airspeed. The upper dotted line shows how the force
curve can be shifted by moving the pivot point forward of
the cp. This could be done in flight, however, our vehlcle
requires ground adjustment prior to flight. The curve
can be shifted downward into the push force region by
noving the pivot point behind the c¢p. Push forces, however,
were not considered desirsble due to an apparent reduction
In longitudinal stebllity. Bolt rope can &also be used to
adjust the pivot point-cp reletionshilp. Increase in
percent of bolt rope used moves wing cp aft.

Stick position versus IAS 1s not shown, but is approx-
imately linear and normal. v

The wing appears in flight to be exceptionally stable
and not appreclably effected by rapid control inputs or
turbulence. The lower fuselage response, however, 1s
noticeable to the pilot and similar to helicopters, in that
lateral and longitudinal motions involve linear accelerations
rather than angular accelerations. Because of this it would
seem that some stabllity of the lower fuselage or payload
about the a.c. of the vehicle would be desirable for our
vehicle and could be included in the design, such as a mem-
brane between forward and aft keel cables to lmprove zero
damping.
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Aogponsc Lo a control input is first noted by the
undercarviaoe moving, followed by total vehicle motion.

The vehicle poascsgses lonesitudinal stick fixed statlc
stablllty.  Longliudinal motions are highly damped in this
condt tlon,

The vehiiele doos not possess longlitudinal stick force
vl Uity L forwee dynanlce wmotions have not been investigated.

Inothe stick fixed cage, the lateral and directional
vodes are statically stable and the dynamic motlions are
Lightly dampoed.

Oacillations h woe onlly been encountored ag a result of
extornal sthmli {(turbulenec or tow rope) ond result in
coupled lateral-direct lower (usclapge responses. Higher
nagsultude turbulence has inducced coupled motions about

all tlirce axis.

iore than 70 landings have boen made from ctabilized
frec {light conditionu. About MO were from rclease altitudos
o 100 to 300" and 30 from releases above 1000', Only one
Janding resulted in structural damage and this was due to
“Lara belng initilated at approximately the IAS for I/D
paximum with the 100 oot wing. All other landings have
hean cacomplished Wiih legs than 10 fps vertical velocity
At touchdown and 75% of these are cstimated at less than
H Ips by the pillot and ohsevrvers. To achieve o satisfactory
Clare, about 10-12 kts. above the IAS for I/D maximum muct
Po obbuained prior to flarce initintion. IL/D meximunm for larpge
winge ocours b approximately J2KIAS and IAS used prior to flard
milbiation was H0 to HH KIAS. For small wing, TAS for L/D
maxinum is cotlmated at 43 KIAS and successful flare have
beon acconplished startin rrom 00 to 65 KIAS. Excess encrry
1o vooed to aiguut flare roto duviny, flare or Lo adjust altitudc
(socond [Mapa) alter achioving zero vertical velocity. Approx-
ponntoly B oceconds elapse rom flare indtlation to touchdown.
tnly visund percepltion ol closing rate with labeled surface
bag beeon wsoed to determine Ularce Initiation point.

Touine thoe PARESIEYV iy not a rcal problem but does require
SLLot g plarisation with tow line dynamnics.



-H-

Under the present plans, due to manpower requirements
for other projects, the PARESEV program will be terminated
after the flight data are obtained with the PARESEV-1B
configuration. However, if problems arise in specific
areas where the PARESEV could be of benefit, the project
would be revived. I might add that the knowxedge gained
from short-term, relatively inexpensive test programs of
this nature cannot be over-estimated.
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GEMINI LANDING AND RECOVERY SYSTEMS * ﬁ l._ !l| B

- - X85 54335

Mr. Rose indicated that the Gemini project has the following

requirements

a)
b)
c)

d)
e)
£)

for a landing system:

zero vertical velocity

controlled;descent with up-wind capability

acceleration and forces at touch down in a known
direction

minimum volume and light weight

water or land recovery capability

landing device (paraglider with parachute back-up)
must not hold up Gemini schedule

Under the restraints noted above, the Gemini project office has con-
cluded that the paraglider is the most feasible device for recovery.

Operation characteristics of the inflatable paraglider are as

follows:

deployment at 55,000 ft with a q = 40 1bs/sq ft

a glide angle of -17.5° with a forward velocity of 68 fps

and & sink rate of 21 fps

a pre-flare angle of attack of -1.5° with a forward velo-

is 390 £ect.

. city of 68 fps and a sink rate of 21 fps. Altitude for this maneuver

At a flare altitude of 45 feet, the angle of attack is g8° with an
incressed forward velocity and sink rate of 96 fps and 35 fps. respectively.
Touch~-down forward velocity is 68 fps with a vertical velocity ranging
from O - 5 fps. Design studies indicate the 510-1b paraglider has a
down-range capability of 21 NM and an up-range capability of 16 NM from
40,000 feet altitude in still air.

* Bagsed on notes taken during presentation of paper.
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Manned spacecraft with 4 blunt, 1ifting body configurafLon, uu\,h as the
Mercury, Gemini, and Apollo opacecraft, require an suxiliary landing system
Tor Muccnf*ful completion of the mission and safe return of the crew. Land-
ing systems with widely varied performance characteristics are presently
available or in various stages of development. The primary consideration in
gelection of s lunding «yvstem tor a particular space vehicle and mission iz
crev sufety, or uystem voiiability. Beyond reliabillty, the mission terminsi
fright plan will dictate the required landing system performance. For exampie,
it the noruwel nicsion terminates with impact in water or an unprepared land
surtace, a near vertieal terminal descent is preferable. TJTanding on a preparcd
tand ~urface, on the other hund, leads itself to an alreraft type flared 1land-
lng. A degree cf gliling or range control then becomes necessary to insure
tanding on a prepared surfoce. (This does not necessarily mesn that even with
raage cubability the best mpethod of 1anding is horizontally). The impact shock
attecnuation cequirements are ?i?\wisc predicated on the type landing system
selected, Tasleelly lmpact rystems con be broken down into tvo required typas;
one for high verticu?l rate of descent with wind drift considerations, the other’
for Tower vertlenl rate ol descont with 2 horlzontel veloeity. Basic consid-
crutlons auch as welght, volune, deployment, stability, control, redundoncy,
qnd/or emer, Sney escanc, wnd oompi~x1tf muct aleo be evaluated in selecting a
landing system for a partisular vehicle,

AFOTLO

3. The Apollo iz one of the two Manncd Opacecraft Center spececraft prer
ently under d@vclopmsnt. The Apollo l1andirng system requirements are gener&i’yA
as follows:

8. A high degree of reliability, arnd a system that can be used unacr
a1l flight conditions lor earth landing requirements. This includes nor-
me) reentry, naxliun dynamic pressure escape, and pad gbort.

b. Stebllizes the Command Module during post-entry descent snd re-
duces the vertical lznding velocity to 30'/sec at 5000' altitude. Hori-
zontal drift due to wind not to exceed 30 knotu.

c. Reduces impact accelerations such that neither the Command Modu:c
structure or fMotation 1s impaured. Further attenuations to ve by crew
seat shoek stternuation devices.

d. fBystem to be OOmputlbl‘ with the use of o moderate T/D terminn
landing kyat em such as o Paraving (this requirement was Jater deleted cote
May 1¢, 1939).
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The system selection by MSC to most near

oulrements is as follows:

.

y it the established re-

Descent System
(1) System selection criteria

The advantages and disadvantages for the selection of a
cluster of three parachutes are shown in slide 1. The advanta-
ges ol a parachute cluster are as follows: it is within the
state-of'-the-art, provides excellent pendulum stability, pro-
vides a high degrec of reliagbility, very low weight and volume,
is an easy way of obtaining redundancy, and it is a passive
syctem, The only major disadvantages of a cluster is that it
is nonmaneuverable. Tor Apollo, the use of a single parachute
would have roquirced that it have & diameter of approximately
127'.  Present state-of-the-art in parachutes have determined
test parachutes of this size are difficult to fabricate. Large
parachutes also present a packing and installstion problem. To
provide redundancy, this would have also resulted in a heavier
Janding system and requiring more volume than the selected
cluster arrangement,

(2) Deployment sequence

Slides 2 and % depict the deployment sequence for the Apollo
earth landing system. The sequence of events are the aft section
of the Command Module is Jjettisoned, a 13' diameter drogue chute
is mortar deployed, the drogue chute is jettisoned at a prede-
termined altitude and the three main parachutes are deployed by
mortar deploying pilot parachutes. The pilot parachutes then in
turn pull the extraction chutes which deploy the main parachutes.
The main parachutes are reefed for a period of six seconds prior
to full inflation.

(3) Test program

The Apollo earth landing system will be tested at E1 Centro,
California. The test will be conducted utilizing a B-66, C-1%0
and C-133A alrcraft. The B-66 alrcraft wlll be utilized in test-
ing the drogue parachutes. The C-130 and 133A will be utiiized
in testing the single maln parachute and the complete earth land-
ing system. The present status of the Apollo test program is
that 3 tests have been conducted on a single 88' diameter para-
chute to establish optimun parachute reefing parameters. It is
anticipated that approximately 70 tests will be required for the
development and qualification of the earth landing system. The
parachute system f1ight envelope 1s probably best described at
this point.
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- Graph No. 1 gives the drogue parachute design envelope an
is self explanatory., Normal drogue parachute deployment is
initiated at 25,000 feet. At a dynamic pressure of 140 psf, the
Cormand Module 1s stabilized with the drogue chute descending to
an altitude of 15,000 feet, where the main chute's deployment
sequence is initiated at e dynamic pressure of 64 psf. The
drogue parachute has been designed to be capable of deployment
at a q of 210 psf and at any altitude from 3500 ft to 29,000 ft.
In the case of "pad abort", the drogue chute can also be deployed
through this same altiltude range at a minimum dynamic pressure
of 10 pstf. Graph No. 2 shows the design envelope of the main
parachutes. The main parachutes have been deslgned to be capslie
of belng Adeployed at a maximum dynamic pressurec of 96 psf at any
altitude from 3,00 to 15,000 ft and 1ikewise, they are capsble of
being deployed at a minimum dynamic pressure of 10 psf. This low
dynamic pressure could be encountered in the case of a "pad abort".
There are some problem areas with this earth lusnding system which
are anticipated although are not considered to be major obstacles
to overcome. Thece problem areas are (1) the mortar deploying of

o 211 three main parachutes and (2) the effects of a malfunction of

i a single parachute on the other two parachutes.

b. Impact System

(1) System description

Slide % depicts the capsule impact attenustion system. This
consists of © air oil struts tor vertical attenuation and 8 aium-
inum horeycomb double actlng struts for horizontal attenuation.
The oil used in the air oil strut is Oranite 8515. The total
stroke of the air oil strut is approximately 12". The aluminum
honeycomb strut has a stroke of approximately 4".

S1ide 4 shows the attenuation system used for the individual
crew seats. This consists of 4 honeycomb shock struts for verti-
cal loads, two honeycomb struts for horizontal loads and two honey-
comb struts ascross the chest. The aluminum honeycomb struts are
designed to control the "g'" buildup.

(2) Design consideration

The known safe human tolerances are shown on graph no. 3.
I ‘ This impact attenuation system is designed for the foliowing nomi-
| nal conditions which are within the safe zone.

% chutes out - vertical rate of descent 27 fps
horizontal rate of drift 30 fps
Max slope of 5° at impact
Allows 20 g's vertically; 10 g¢'s horizontally at 250
g';/secoud.
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Design emergency conditions:

2 chutes vertical rate of descent 30 fps
horizontal rate of drift 50 fps

Max slope of 15° at impact

Mlows 40 g's vertically; 10 g's horizontally

(3) Test program

Present plans call for impact tests utilizing a full scale
boilerplate Command Module. These tests will be conducted at
NAA on a test rig presently under construction. This rig wiln
not be available until probably January 1, 1963.

To reduce the number of boilerplate impact tests, = 1/
clastilcally scaled model program will soon start at TRC. This
model has a scale strength heat shield and strut attenuation
system. This model will be tested on sand, hard surface, and
wvater to determine the dynamics and acceleration Joads.

The dif'ficulty with an active system is the somewhat lower
reliability because of the operation of additional mechanisms
which have to be cmployed in releasing the heat shield.

Another problem would be the necessity to choose between
having & deployced or nondeployed impact system when landing in
water. For instunce, with the proposed Apollo system, there is
a grent possibility that the heat shleld, if deployed, may dig
into the water causing severe capsule motions.,

CURRENT ADVANCED LANDING SYSTEMS STUDIES

1. At this point some of the programs which are presently being conducted
by Manned Spacecraft Center in support of both future spacecraft and Apollo
should be described.

2. The first program is the development of a parachute known as the Glide-
sall. This program is being accomplished by Northrop Ventura and has as s
primary objective, the development of a ¢llding parachute having an L/D of
goproximately 0.7 to 1 and which can also be controlled dircctlonzlty.

3, It is realized that the performance goals for a parachutc of this na-
ture would not provide a range capability but would allow avoidance of local
obstacles and partialiy alleviate the impact attenuation problem by being able
to overcome wind drift. The present status of this program is as follown: A
wind tunne) test program has been completed by Ames Research Center using 16"
diameter parachutes in the 40' x 80' wind tunnel; the results of the wind tunnc]
progrum have been verified by drop tests of both 6%' diameter single and 4 chute
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CLoulTer o U Jentro, Catirornia; preliminary drop btest data have veriiied the
WIoa otws T cotwats vhilen indicated a maximum I/D of wpproximately .5 to .7.
Tole progtra 18 seicvurea for completiorn in early Octoher.

Iy P coceond prograan consiots of an in-bouse development O w sindiwsre
cridesaid peoraenute Por Jdevcent and incorporating a lTanding roclket f'or ntterito-
tions Alr drop tests o Lhe parachute, without the lunding rocket, and stotic
irdngoe ol the rocket motor have been completed. The results ol these tests
have ghowit the fensibliity of o controllable parachute retro rocket earth luand-
iry syatom; theretore, <ir drop tests of the complete systen ntilizing a C-119
irpiane witt beocondueted 2t liouston in the near Muture.

De A third progarun is the development of o deployment technigque for the
Paragliteore A reviow of ull the work being aecompiished on Paragliders, in-
diented paraglidor deptovment wiss one of the major problems t6o be solved before
it could be noed wn oan o carth Pddng systom. A joint progrqm with TRC bas bheon
injitiated to investlste rarauine deployment. Tangiey will conduct the test:o
using the 19' temconic bunnel utilizing clastically and dynomicreals modes s,
1t is believed this preeram can contribute cigailicantly to developing a satic-
factory means ol puarnalider deployinent.

TUTURE PROGRAMS

T e Tandinge rnd Impact Systems Ueetion huwe o number of future progrome
planned whichh cover varioun sreas that are not presceoatly being investigated,
These programs arc: -

4o The development ol o chute with an P/D grester than one,

L. The developument of 2 larding rocket for attenuntion ol Avollo size
apacceeralt,

¢.  The development of Targe single parschutes capable of recovering
gpacaeratt weighing (0,000 pounds.

d. Developrent of droguce parachutes in sizes approximatetly ih to 16!
in diamcter which can be deployed at Machi numbers up to » at an altitude
or 0,000 feet.

e, Investigate the feacibility of ejectlon =scents Por spacecralt,

'« The dovelopment of an altitude sensor to be wsed in conjunction
with the 1anding rocket. ‘

¢« The study ol soils as they apply to impact attenuation and itc
effect on the dynamics of the spacecraft.

h. The development of a rotor landing systen.



-3~

. Tue prograns ave readily understood, however, & few comments are cer-
Cloowt rejavive to the last program pertaining to rotors.

5. TRC as well as the other NASA centers have programs investigating every
tacet of the parawing and the parachute. Tittle or nothing has been accompliched
on rotors, however, theoretically, from & performance standpoint, the rotor sys-
tem can provide a touchdown capability of near O vertical and horivontal velocity.
It 15 intended that this program be accomplished as a Joint effort with the Ames
Research Center,

RECOMMENDATTIONS

1. It is interesting to note the number of NASA centers which are represen-
ted and the general interest which is now being shown in landing systems. The
problem of developing any earth landing system is a mammoth one and requires the
complete cooperation otf all the NASA organizations. It appears that s landing
system committee should be ecstablished with a possible member from each center
and headed by a representative from NASA Headquarters. In this manner, duplica-
tion of effort could be avoided. This, in turn, would reduce new landing system
development time and cost.

2, I do not know what is the best landing system. It is certaln that para-

" chutes for the time being are the most reliable and probably the best known. There
is considerable elfort being expended in the development of the parawing, however,
NASA needs to look toward the future and develop some other system that would over-
come the deficiencles of the parawing and the parachute. The selection of such s
systen probably could best be accomplished by this proposed committee.
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JPL Requirements for Spacecraft DLanding and Recovery

Research and Technology
Notes for the OART Sponsored Meeting at NASA Headquarters
10-11 July 1962

Prepared by E. Pounder, E. Framan, J. Brayshaw o

The Jet Propulsion Laboratory is engaged in the design, manufacture,
and operation of instrumented Spacecraft for NASA's Lunar and Planetary pro-
grams. In this capacity, the Laboratory has current interest in the landing
and recovery field in two areas: 1) the return of small probes from the

lunarsurface and, 2) the entry of instrumented probes into planetary atmos-
pheres and operations using these probes near and on the planet surfaces.

A. Introduction

At the present time there are no active projects for lunar return
packages; however, some study work has been completed. It is clear that
the search aspects of the problem are the only ones unique to the lunar
return mission; the return guidance will require a search area of about
1000 x 2000 km, and the size of the capsule will preclude any but the most
rudimentary on-board equipment.

The planetary program requires flights to Mars and Venus at each
opportunity. The planning calls for entry attempts to be made as soon as
adequate payload is available, and it is now believed that this will occur
during the 1965-66 period.

The recovery and landing aspects of the designs are of utmost
important, and are being considered in the studies., It is our opinion
that the Laboratory will do very little in the in~house development of
these systems, but will depend heavily on the other NASA centers and in-
dustry.

‘The following is a brief set of notes outlining the problem as "
we gsee it. The first section describes mission criteria, the second
restraints, and the third lists major areas where R and D effort needs
to be applied to obtain the best chances of success.



i1i) If possible obtain data on planetary pi}ameters—
rotational rate, pole imclination, surface
magnetic fileld, etc.

iv) Make near-planet particle and field measurement.

1) Do biology experiments on the surface.
ii) 1Investigate the atmosphere.

iii) Investigate physical surface properties. This
might include local mapping, surface constituents
seismology, etc.

iv) Near planet particles and fields.

C. Planetary Mission Restraints.

Many restraints can be written down for spacecraft design, but the
ones listed here are prime for the planetary missions and must be carefully

considered,

1)

2)

3)

4)

5)

both technically and economically.

Environment - In addition to the space environment considered
for earth satellites, the change in heliocentric radius during
a mission adds considerable complication to all systems. Also,
the planetary environments contain many extremes and the models
are based on a very small amount of information. The result

is that the design problems are unique and difficult,

Infrequent Opportunities - 19 months for Venus, 25 months
for Mars.

Dual Planet Capability - The general requirement for main-
taining as much standardization in subsystems as possible
is recognized as being most important, It is expected
that the entry capsules will differ more than the space-
craft, but the Spacecraft-Capsule interfaces will certainly
be as uniform as possible.

Reliability - The important items are:

a) Long lifetime - Mission durations of 120 days for Venus
and 230 days for Mars are typical values. Subsystems
which must work at the planets must also be "storable"
in space for this period of time. Simplicity, redundancy,
margins of safety, etc., must be carefully integrated into
the effort.

b) The systems developed must be as 'testable' as possible
both in a development and qualification sense.

Sterilization - This will be & hard requirement for both
planets, with most emphasis on Mars. Current JPL specs.
call for heat sterilization (type approval) consisting
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nat + -« mo~edur .-e applied to the completely asgmbled
atry - * ~ptions require a comprehengive demon-
~at!on ux - zient capavility.

D. R & D Requirements

in considering p¢.  ole designs to meet the above requirements.

certain sreas for R and i effort have become apparont. Those pertinent to
recovary and landinz are ‘sated.

1. Retaiaation y%tema for Planets.

‘VJQHhk~mﬂ51?£" ent Mach Numbers for retardation systems
1 need to M .néreased to the highest possible value .
This appears to be especially critical in the Mars
situation because of the large scsle heigh: and low
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waximum speed -~onsistent with known (tested) dece!l-. .
strength, stabiiity, and heat resistance.

¢) The above functions will certainly introduce compl:-.-
not suffered by the present simpler sensors sich 2s
accelaration and pressure sensors, but such complex ¢
will undoubtedly be worth the performance gains. 3.
Mars, for instance, altitude gain may be a factor of 2
over that realized by the simpler system's a&ii-mpting
provide safe deploynent conditions over & wide apread
in possible atmosphere properties.

3) Development of Balloon Systems. There are two major reasor:
for considering balloon systems. :
o0
}“ﬁgs To allow extended observation timz under =-me specific
set of conditions (constant aititude, for example).

b} To provide time for an Earth contreolled landing sirte
selector maneuver. The reaction time for the simpiesc
form of Earth based selection is probably of the order
of one hour. '

Balloon schemes are most certainly consideratioms fc v awc
(not Mar:nuzr}, but in cur opinion require extensive .o

ment. They appear tc be heavy, fairly complex, ar~” .7 ‘u
the benefit of much rea! experience in terms of =2 - ;¢
conirel riight deployment, vacuum storage, etc.

4) Landing Guidarce and Comirel.
The (anding problems -exe-not unique to the planetar-
s -8 -1lems, Lor the siikes may be nigher thes for am insc

ented probr in the wvarth's atmosphere. Problems wuc.u -
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1% *h syt A+ Ppropr (. .85 a8 oppose’ L.
el w7ic . wuaid certainly depend om ast- 3
TTeer V8L S o ..aoital control. There -re o..xn=
lavi - o ¢ snar problem, The main 3
. L den.&C cOommunt c:tion times.
: T + =351 . ie8 nd the desgire o {w.f
P, e - 0 suroegs of biciogy »xper .
: A

aot : woa parwiihute iyre &
i aniy v ity 3w :

oy *



£ .,
e 98

6)

of a planet has many inherent problems. It is fortunate

that in this process one can probably draw on the experience
gained from the lunar programs. Techniques investigated for
lunar missions include rocket landings (Surveyor) and crushable
structures (Ranger). The vehicle should be designed on the
basis of no site selection since a partial failure of site
selection guidance should not cause mission failure. Other
problems to be investigated include release of the retardation
system after impact, accounting for both axial and transverse

. approach velocities, and the effects of any landing mechanisms

on the entire system and its operation (i.e., communications,
science).

Post Landing Orientition and Survival

&) Reorientation methods will be largely dependent on degree
of landing guidance accuracy, i.e,, minimization of drift
and impact velocities,

i) PFor the case where these velocities are appreciable,
the vehicle should be designed to tumble passively
with minimum absorption of lateral momentum. When
motion has ceased, orientation may be achieved a)
wholely within the envelope of the vehicle, say by
gravity or optics, in which case minimum expended
energy and all orienting mechanisms are protected
from the environment (heat, blowing sand, wind),
or b) by actively altering the surface of the ve-
hicle to produce torques tending to right-the ve-
hicle; however, these devices (legs, spring, drag~
lines) have been exposed to impact injury and con-
tinue to be subject to environmental influence,
Energy expended is greater since entire system
may be lifted.

i1) For the case where precise landing control is
available, orientation devices may be deployed
before impact (legs, grapnels, attitude feelers,
etc.) with lesser chance of damage.

b) Survival will require, in any case:

i) Thermal protection from solar or surface and

atmospheric heating (cooling)

11) Mechanical protection against winds, dirt, (humidity),
attitude control with respect to local surface.

i1i1). Location of Earth Direction (communication to Earth)
(omni-directional communication to an orbiter)

4iv) Location of landing site on planet (astronomical
obgservations). If an orbiter is available it may
geographically locate the lander's radio signal.

In addition, it would be most helpful if efficient
schemes for extracting electrical energy from the planetary

-5-
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environment could be devised. Possible sources might be
flight kinetic energy, surface winds, diurnal temperature
cycles. Any useful developments in this area will probably
have to await results from initial entry capsules.

7) Testing Techniques

One of the most significant tests which can be performed
on planetary entry vehicles is a simulated entry on Earth of
a complete system under controlled conditions. The objectives
of such tests are to observe the operations of the system
throughout the conditions of peak heating and loads, retarda-
tion, landing, etc., and to do this early enough before the
flight to permit the addition of any reliability measures.
Flight tests of this type involve a great deal of effort and
dollars. It is therefore proposed that the following be studied:

i e gt b

a) How would tests of this type be performed? Can all factors
be investigated in one flight or must they be broken down
and performed on several flights.

b) How many flight tests per mission function and/or per
mission would be necessary.

c) In performing such tests, how much of the actual flight
mission is compromised by:

i) Splitting up the test in functions.
4i) Fitting the entry vehicle to a different booster.
E 1ii) Instrumentation.
o iv) Is the knowledge gained from the tests worth the
4 cost and effort of performing them?

TP/EF/JB:pmm



JPL ACTIVITY IN RECOVERY FIELD

Part of the Mariner mission cons;ats of the entry capsule, split
off a flyby spacecraft, into a planefary atmosphere. This atmosphere-
measuring probe was the first recovery problem faced by JPL. (Lunar
landing by retro rocket has previously been studied here for Ranger.)
Early work on recovery has been in the following categories:

1. Re-entry to Impact Trajectory Studies - Parametric study,

assuming ballistic entry, translational motion only, and
drag a function of Mach number., Parameters varied are:
a, Entry conditions (path angle and velocity)
b. Afﬁbsphere density profile (since there is consider-
able toleran;; in existing knowledge)
c. Capsule ballistic coefficient
d. Parachute deceleration with varying sequences
opening at various flight conditions.
It has been found that all the above effects influence the
usefulness of a recovery system in meeting mission objectives,
such as descent time and atmosphere depth to be sampled
during this time,
2. Optimum Design of Parachute System for Planetary Missions - In
order to determine a) the éffects of (1) the general design
and fabrication of parachute systems for the planets and b)
the extent to whiéh‘curre?t parachute capabilities permit maxi-

mum utilization of available variations in entry parameters for



entrancing mission performance, a study contract has been let

to

firm specializing in recoﬁery technology.
3. Landing Impact and Reorientation Studies -
a. Experimental and theoretical investigations into
the properties of crushable materials for impact
energy absorption.
b. Preliminary studies on weight efficiencies of
some orienting devices,
4. Recovery Study Based on Specific Hardware -~
As a part of a JPL-funded study to establish the over-
all suitability of the Discoverer vehicle for Mars atmospheric
entry, General Electric MSVD made recommendations of & para-

chute system and deployment method.

References:

JB: 1k

1. Mariner B Study Report, Technical Memorandum 33-34, Jet Pro-
pulsion Laboratory, Pasadena, Calif., March 1961 CONFIDENTIAL
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4, Suitability of Discoverer and Nerv Entry Vehicles for Mars
Atmospheric Entry, JPL Contract 950226, General Electric Co.,
Philadelphia, Penna., April 30, 1962
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LANGLEY RESEARCH EFFORTS ON RECOVERY SYSTEMS .
by A.l. Nerhouse t._
The only highly-developed recovery system avallable at present is N
a parachute system, such as for project Mercury. This may have to be P .
used again, either as a primary or at least as a back-up systen. 'However, f;&\‘

>
e

an advanced recovery system capable of maneuverability is urgently needed
and such a system should desirably provide near-zero vertical velocity
and depending on trade-offs involved, low or near-zero horizontal velocity.

The first slide summarizes Langley's research efforts on recovery
systems. Most of the effort to date has been on the parawing, which
combines the stowability and 1ight weight of a parachute with flight control
and flared landing capability of a conventional wing. The results obtained
in the various research areas will be discussed in five papers.

Some effort is now also being made on rotary-wing recovery systems.
Performance and other characteristics are avallable from helicopter
research; acurrent effort which will be discussed in a paper today deals
primarily with deployment and dynamic stability.

Work has also been done at Langley on decelerators at both supersonic
and subsonic speeds. Results of wind-tunnel investigations on decelerators
at supersonic speeds will be summarized in a paper today. Although not
discussed todey, brief low-speed drop tests have also been made of
inflatable devices which were dropped from a helicopter and successfully
filled with foam in flight to provide drag in the air or to provide
buorancy after %ggding in the wvater.

A paper Qifi:alao be presented on problems asenciats? with energy

\f diswsipation upon ground impact in the recovery of space vehicles.
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Some miscellaneous work which is not'covered in the talks and which
has been given only little effort deals with guided parachutes and with
retro rockets in conjunction with a parachute. Use of these devices is
depicted on the next gslide.

Use of a flapped parachute, or of a cluster of parachutes with
inflated rings gave an L/D of approsimately 0.5. The flapped parachute
L/D was limited by collapsing of the forward edge of ﬁhe chute askirt; the
L/D of the clustered chutes appeared to be limited by the drag of the rings
which were perhaps larger than necessary. Retro rockets in conjunction
with a chute, although giving no glide capability, provided near-zero

touch~down velocity in vertical descent.

e
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SUMMARY OF STATIC AERODYNAMIC CHARACTERISTICS OF PARAWINGS

By William C., Sleeman, Jr., Delwsin R. Croom
and Rodger L. Naeseth

. x .
This presentation will summarize some of our recent work on thé 5tat8 43 42

L I
B St
aerodynamic characteristics of parawings. It appears advisable to acquaint

"
=

you with some of. the terminology used in this presentation and several that
—— iy

will follow, so we will go to the first slide.
SLIDE 1

This slide shows a typical parawing with a conical shaped canopy. The

-h

leading edges and keel may be rigid or flexible members and the wing may or may
not have a spreader bar to hold the wing sweep angle fixed. In this talk, and
others, reference is made to the flat planform sweep and the dotted lines in the
lower figure show the flat sweep. |In constructing these wings, the fabric for
the canopy is cut to the desired flat pattern sweep. When the sweep is increased
to the flight sweep, two lobes are formed which have approximately conical shape
in flight. The aerodynamic coefficients are based on the area of the flat
planform and the keel length.

In some cases, flutter of the fabric at the trailing edge has necessitated

the use of a bolt rope in the hem at the trailing edge as shown here,

The next slide summarizes some of the most important beometric parameters

that we have investigated on parawings.



{Read lrom chart)
We are not going to talk about all of these items but we have selected
several to illustrate the type of work that we are doing and to indicate the

present state~of=-the-=art as regards maximum lift-drag ratios.

SLIDE 3

Let us now look at some familiar aerodynamic parameters. The next slide
presents the lift-curve slope and Cp,,, @ a function of flight sweep for a
450 flat pattern sweep. These results were obtained in a systematic planform
study in which wing sweep was the primary variable on wings having rigid members.
The little sketches show that as the sweep increased, the height of the lobes
of the canopy increase.

The experimental and theoretical lift slopes are seen to be in very good
agreement. The maximum 1ift coefficient for 50° sweep was about 1.1 and it
decreased with increasing sweep. C|;;x Was not determined for the higher
sweeps because C| was still increasing with up to ®= 550, which was

the limit of the test setup.
SLIDE &4

We go now to maximum lift-drag ratios obtained in the same planform study
and the next slide presents the variation of L/D ., with sweep angle. Experi-
mental results are shown by this curve and the dotted curve indicates an estimated
upper bound, using theory for a conventional flat wing and an assumed skin fric~
tion drag of .013, We see that there is a considerable gap between the experi=
ment for conica1 canopies and the theory for flat wings; and we will spend some
time discussing why these differences are éhown and how we might be able to

raise the level of the experimental data.



‘We have not indicatea a theoref%cal estimate for conical shaped wings
because the lift-drag ratios areo greatly influenced by severa! design factors
ather than the wing planfcrm sweep and aspect ratio., Of course, as for'conven-
tional wings, the wing sweep and aspect ratio are among the most important
factors, but for fiexible v:ings, tFe éanopy shape can be of'ééﬁal importan;e
to these primary variatles. Oihér important factors affecting (L/D)max are
the Qa/ the fabric is attached at the leading edge, the leading edge >ize and
shape. We will discuss theSeieFfeéfs briefly, but first | would like to poirt
out that we 3-e discussing wing=aione characteristics and t.e lift-drag r;tios
will be reduc:d by the addition of a payload and its connecting memhars; -The
amount of this.redu:tion in L/D will, of course, be a function of the uing
‘oading or velative size of the payload and wing.

| SLIDE 5

The next stide shows the importance of the details of the ieading-eage
georetry for a 55° swept wing. Let's cousider first, thz effect of lsading-edge
diameter. This curve shows that reducing the diameter -From 7-percant kee! tn
1.5-percent keei increased the L/Dmax from 4.6 to 6.3, Next, let!s look at
the effect of how the fabric is attached to the leading edge. This is shown by
the shaded symbols which show both the L/B . and how the fabric was attached
for a leading-edge diameter of 7-percent keel. Here we see that the L/D can
bs inz, ased from about 3.5 to 4.6 oy moving the fabric atrachment from the

bottcm o the top of the .cading edge.




-

These results inaicate therefore that to get the bdest L/Dmax{,y°” want trr
minimize the leading~euge diameter and have the fabric attached st the top of
the leading edgc. Now, if you—can't minimize the circular diameter for structural
reasons,.th;: perhaps an airfoil shaﬁed leadiné edge could be used. The plot onr
the right shown. hew L/Dp,y varies with airfoil thickness ratio on the leading
edge. The valua of t/c = 1.0 is thé 3-percent circle shown on the left=hand
plot. In these tests, the thickness remained constantr(3‘percent keeli and the

chord wes increased to obtain this variatios of thickaess ratio. These results

show that the use of an airfoil section at the leading adge can provide gains in

«/Dpmax- )
SLIDE 6
Let's turn now to another facet oi our svysvematis planform study i- :onnection

with lift=drag ratios, The next slide shows tne effect of flat nattern sweep for
a given fiight sweep of 60°. wWe see thar the lift-driag ratios show a‘ccnsistént
dacieasc as the canopy lobes become largér. Ore of tte mafn rcacons for this
cecrease in L/b is-that as the wing surface becom:s mure znd more conical,

the wing has wore twist across the span, and the twsist may amount to as much as
LQ° or 50° washout, This very high twist can cause the tip sections to carry
negative lift a¢t Jow and moderate angles of attack, which would cauce high
induced drag. Here, we ses that the wing having the nighest L/D has the lzast
twist and perhaps we could approach the ideal curve for L/D . sﬁown previousiy
ky making tne wing flat, This would be fine, but we would be back to a conven=

tional wing requiring a heavier structure. Some of our latest work has been .
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‘direcred towzrd optinizing L/D on flexible wings by using wing caucpies

- formed about a cylinder with its axis parallel to the keel. -

SLIDE 7

This photograph Shows, one of these wings in the wind tunnel, The scmitar-
shapcd leading ed3e gives the same fabric héight at the leading‘édge as at the
trailing edge and the wing consequently has no twisc or camber across the 'ring
span. These menbers were: used for exbediency'fa the tests to hold the wing
sweap fixed, in place of the more commo: spreader-bar installation. 'The €orces
on thesc members was substracted out of the data, Oui rext slide presents data
~ for this wing, and othars, and irdicatec 'h= present state-of-the-art as

-

regards L/D.
SLIDE 8

Here we have summarized measured lift-drag ratios for flexikle parawings
having both conical and cylindrical canopy shapes. This curve skows that an L/D
of approximately 5 can be expected from an aspect-ratio 2.8 parawing having a
conical canopy. The use of cylindrical canony or this wing planform increases
the maximum lift-drag ratis to a value of 10.

Now, a more obvious means for increasing L/D would pc to increase the aspect

ratio, and results aré shown for an aspact-ratio-& par;ang with the two ccnepy
sha.es., i'ere ws see that increasing the aspect ratio from 2.8 to 6 for the
conical canopy produced an fncrease in (L/D)max from a value of & to a value

oé §. And then, going from the coriical to the cylindrical canopy with the ésp&ct-

ratio-6 wing gave a maximum va'ue of lift-drag ratio of 1h,



We would like to point out that .o particular planform stown here should be
considered ‘he optimum parawing because for some appliéétions,‘the L/D at high
1ift would be of grezter importance than t... maximum valce ot L/D., For example,
the conical canopy provides highar L/J at high tift Because the washou: alleviates
the tip stall., Our work on high performance parawings will be contihuidg in
efforts to extend the L/D envelope in this direction {up and to the right).

In the selection of a wing configuration for a perticular application, otﬁer
faczors such as structural weight trade-offs and complexity have to be evaluated
in addition to the eerodynamic characteristics.- So.= of these s:ructurai loads

considercti>ns will be discussed by Mr, Taylor in one of the following talks.
SLIDE 9

Let's turn now from the subject of lift-drag ratios tc other:phases of
our work on pgrawings.f The next slide presents some typical lateral stability
characteristics obtained in the wing planform studies. Inasmuch as the center
of gravity for parawing applications is located a2 considerable distance be low
the wing, the moment reference for these stability parameters is positioned as
shown,

Theée dara are gresented for the purpose of indicatinra ne magnitude of
these lateral derivatives throughout the swéep range. The importance of these

derivatives will be discussed later in the presentation by Mr, Joknson.




SLIDE 10

Let's now consider a fact;f more akin tc the sailmaker's art than wind-
‘tunnel asrodyr.amic<, but nevertheless of‘importance in the overz!l problenm of
obtaining 3 satisfactory canopy for a parawing. ~The next siide shows the effect
of orientation of the fabric weave on theAcanopy shape.

These views were taken from a wind-tunnel study of identical wing'planformé
in>which the only variable was fabrfc orientation, Straight-line grids were
dcawn on the flai pattern of each canony and photograghs were made at each test
éEg!e of attack. There was little difference in the aerodynamic characteristics
but we see: that the canopy in which tne warp'was -arallel to the trailing edge
had a smooth shape throughout must c¢f the angle~of-attack range.

When the threads were run parallel to the keel, however, the canopy had
an appreciable bulge in thic area because the threuds from the tip, rearward
were not attached to a structural member, At‘low argles of attack this mcdel
had appreciable t}ailing-edge flutter and the first canopy was torn in shreads.

e have always made our canopies with the weave running paralle! to ghe
trailing edge and you may wonder why wer have brought up the subject of fabric
orieatation. Wel!, most of the models we have received from contractors have
had tne fabric weave 1unning parallel to the keel and we have encountered the
same fabric dfstortion and traiiirg-edge flutter, 1idications are tha the fatric

distes tien zun cause travelling waves in the canopy that start near tne apex and
move rearward, Thiv could cause troubiesome variatiors in control force at a
given tria lifr,

OQur experience has been stystantia~ed in work the Ryan people have done on
the oowered test vehiclaz, VAfter installing *neir second caropy, which had the

weave pardiie! to the ke:l, they had to irstall a boltrope and several batters

in the rear part of the cunopy to stabiiize the fabric Jdistortion,



Now, on some of cur models, particularly those wit) flexible laading edyes,

we have found the use of a trailing=edge boltrope desirabie. The next slide shws

the effects of koltrope length on pitcring moments and 1ift coeftfirnients., For the
0-percen’ case, the boltrope length is 2qual to the langth of the fabric trailing

edge. The other curves are for the boltrope 2-percent ‘and "t=percent shorter thar

the trailing-edge 1ength.
Pitching=moments are presented about 2 mcmen' reference on the wing keel
Su-percent back from the apex, and we ses that shortening uiie boltrope gives
5 fairly constant increment of C; and C; througa most of the angle-of-attack
range, These characterictics suqgest that varying tﬁe boltrépe length may be

on effective means for longitudinal contro!.

SLIDE 1

" Thus far, we have considered only the characteristi_.s of the wing alone.
The next slide shows some lorngitudinal claracteristics in pitch of a complete
configuration in which an inflated tube parawing is used in the recovery of
the Gemini capsule. In these tests thé capsule was mounted to a sting support
through a six~compcaent strain-gage bal ince. The wing was rigged for two
different flight conditions, based on a:rodynamic characteristics obtained

from our general parawing rezearch prog-an. For these tests, the wing was in

flight, and its artitude and position w:re determined by the aectodvnamic forces

on the wing and the restraint of the casle rigging.
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The glide configuration was selected to trim the coﬁfigu?ation near
L/Dmax With the capsuie at an angie uf attack-of i8° and the wing at 20°.
In the rigging for the landing cuntiguration the front cable was .lengthered
and the wing rotated to an angle of attack of 45°,  The capsule angle for
the landing is 0° to eénable the capsule t§ touch down on skids.

" We see trat the estimated rigging for these conditions produced approxi-
ﬁately‘the desired trim angle of attack. fhe lifc~drag ratios are low, mainly
because of the large diameter inflated tube leading edges used. (L/D)pax for
the win§ alone was about 3.4,

~ We would like to point out that these results are aprlicable only at the
trim conditions because, in order to change the 1ift coefficient a dif?erent:
iigging would be raquired. We .re not certair of the sign}ficance of these
results, such as the break=-in nitching moments below *rim, |f chese moments
are indicative of the flight vehicle, then we may have causc for concern; however,
our flight testsof inflated tube models have net indicated difficulties in
this area,

We beliave that there are limitations in static wind~-tunnei tests of this
1ature and more work is needed to 2stablish prcp:r testing techniciues to provide

static date cha*t can be properly interpreted,
CLIDE 13

In the design of the Gemini recovery system, estimates had co be made of
cable tension loaas in order to size the cables properiy. It would appear
desirable to rig the wing sc that thc cable loads were .nore or less equally
distributed. Now, these estimates invcive assumpticns and uncertainties and

it was desirable to get an experimental .heck on these czole leads,



10~

The next slide presents some cable tension Ioéds in terms of *he percen:
of total loc:i ‘ur each cable. Data are shown for the landing configuration
where the loads were the highest., We see that the lo;ds in the cabkles going
to the center keel were about the same at the de~ign cansile angle of 0° with

" the iines going to tho leading edges carrying & soiewhat higher percent of
the load. | -

For angles below the design point the diagoral lire tends to go stack and
for aagles above 0°, rhe diagonal loads up rapidly and the front'line?tends'\
‘to go slack. |

These data are b.iie.~d to be subject to the same limitations mentioned
in connection with the previous stide with regard to tunnel test technique,

Wwe believe, howevei, thai. these results are useful in evaluation zable loads
for the design point and furnish a valuable refe. ¢cnce for asszssing the
estinated loads. | would also like to mention that when we resoived these
loads into lift and drac components and computed the summation of,pitching-

moment centributions, we got excellent agrzement with the results oresented

in the preceeding siide.
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CONCLUDING REMARKLS
| believe that we should b;}ng th.s presc-tatior to a clozc now with
3 brief recali of some 6f the salient points coverz.. First with regard to
liv~~drag ratios:
{2} 12 addition to the expected effects of w!..; aspect ratio and
sweep on (L/D).,. . the canopy shape as found to have a
Ti~st order effect on this paraseter, also.
(t; The deiafls of the rabric attachment énd Yrading-edge size
and sharz have an important =ffect on (LD s -
‘c) Liftfdrag rotios fer a low-aspect-ratio parawing can approach
:Iés;ly those of a Flat wing »f the same:aspect ratio if an
mwwisted cylindrical- canopy shape is used. (L!D)max = 1)
= " for aspect ratio 2.8.
d4) a value of (Llo)mox of 1 was obta.neu with an aspect-ratio-6
pa:awing having a cyiindrical canopy.
Next, the fabric o:ient;tion was shown to be impo.tanf; for & sacoth
canopy contour, the weave should bz paraliel to tie trz.ling edge.
And finally we discussad some sodel tests results of the Cemiai .on-

figuration ana pointe” out sowme limitatioas of static wind-tunnel tesis for this

tyoe of cable-supported cenfiguration.
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Y AND CONTROL. CHARACTERISTICS 0OF PARAWINGS

YHAMIC STABILI

By Joseph L. Johnscn, Jr, and James L. Hassell, Jr.

: . INTRODUCT ION

Recently;_the Langley Research (enter has conducted‘several
investigetions to determine the dynamic stability and control cﬁaracter-
istics of models cmploying the parawing concept. These investﬁgétions

_have ccnsis ted of free-flight model tests conducted in the Langley_full-
scale tunnel and ontdoors uging the drop-model technique with~uqc66trolled
and radiee .- ..~ ted modeis. |

The mecels us;d in the dynémic ;tébility ctudies have varied from
smell-scale, sinple research configurations to large-scale, irfilatatle
configurations similar to those currently being considered for recovery
system applicacions. Control for most of the model flight tests was
obtained from thz center-of=-gravity=-shift con£r01 system Sut a Tew tests
weie made in which ctler method:z of contr6| we, e evaluated. This paper

Vpresents a brief s.uomary o} the dynamic stability ind control information

cbtained in these tects and includes the results of related analytical

ctudizs and force test nvestigations.

LONG:TUDINAL STARILITY CHARACTERISTICS
Some static longitudinal stability information obtained in recent force
test investigations of parawinges are presented in figures 1 to 3. Basic
pitch}ng moment data for a parawing ﬁonfiguration havine a low center of
tgravity pdsit’un is presented in figure 1 for an anglz~of-attack :range ot

vhe keel from =10° ic 50°. These data shuw ctaric -iongitudinal stability
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over most of the positive angle-cf-attack range with an ircrease in
static‘stabllity above che sta2li. For some parawings, longitudinal
instability or nitch-ug has c.curred near the stall.’ in the low positive

angle-of-attack range. parawi.y configurations have heen foqnd to have

very low static stability and instability at iow negative angles of attack -

This stat}c instabitity, cither 5? «ow or high angles of attac: can lead
to dynamic stability proiblems. (ne problem of this type is a tendency
toward an end over end tumbling un&idn which may occur under : xee conditions
of flight. Some static force test information related to the tumbling
problem is presented iq-figure 2.

The data of figure 2 s.cow static pitzhing moment characteristics cve;-
a 360 ang’2-of -attack rasge for alparawing configuration‘yith low ceiter
o gravity together with simila: data for & conventional de'ta wing
configurotion with the center of gravity iq the plane of the wirg. Notice
the near 0° and. of course, 360° angle of aittack (which aisc corresponds
to 0°).both configurations have a stable triﬁ point. Ir the case of the
convenfiona! wing, a di#turbance,which pitches the wing away from its trim
point is opposed by large restoring moments which are svmmetrical at
positive or negative angles of attack. In the case of the parawing, however.
there is 2 region of static longitudinal instahility at low negative argles
of attack end iarge differences in the mégnitude of the positive and
negativz pitching mowents over the angle-of-attack range. The Stefic
instaSility at low negative angles of artack is relatad to the teversal in
the fabric as the wing pitches through zern angle of agtacg. 1oe large

asymmztry in the positive and negative pitci.ing moments is reiated tc the
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low center-of;gravily offset. A parawing configuration which pitches
ddunuard through its trim point to i.w negatiwe angles of atiack wili
encounter the region of>sFatic lohgifudins! instability and will thgrefore
tendvto»;iich downward to even higher negztive angles of attack. If the
pi:ching moticn is great enough to overcome .the restoring moment;‘in ;he
first half of the cycle,-then_the pitching mctidq wiii can;énue with
energy being fed iﬁto the system as the configuration seeks its staole
E:im_poﬁnt near 0° aﬁgle of attack. This energy acts as a ariving force
which tends }o pitch the configuration tiirough its stable trim pcint and
irtc the region of static instebility., From these iesults "t can be Qeen
hew 3 steady_ nose-down tumbling mction could be establisﬁéd for a config-
uration of this type. 1t should ge pointed asut, however, thétvpredictuons
of a tumbl!ina motion cannot be mare based>an static data alone. There arz
other faétors, such a; dqmpi?g in pitch and mass and inertia characteristics
whic. must ve considered in determining stable and unstable boundaries in

a d)ﬁamiexétabilj;y problem of this type. .t should also be pointed out
that the data presenfed in figure 2 apply tc configurations having rig}d
connections between i he center of graviﬁy or vayload and the parawfng end
tbérefore are not dirertly applicable to recovery systems where flexible
isers are involved unless the risers are ir tension,

Presented in figure 3 is the-low suosonic parawgng data from the
previous figure together-with data at a Mach number of %.5 for the micro-
meteoroid parawiég corfiguration, lt—is interéstingrtO'note the general
similarity in the steiic pitching characteristics .for the two cases in tha-

the Mach numer 4. dais show static instability #t low negative angies of

s/
4
f

A




: has indicated that the build-<up in dynamic pressure which occurs when
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attack and unsymmetrical pitching moment variations over the angle-of-

attack rance. - Based on ‘these data it would appear that the_microméteoroid

configuration may have tumbling;problems similar to-thosc encountered with

the low sdbsoﬁii.models. hnalysis mude by "the 7 -x 10-foot tunnels b.anch
this configuration enters the atmocphere acts to orevent tumbling but there
arc crivical conditions in this speed range where-vumbling may occur.

- LATERAL STABILITY CRARACTERISTILS - .

To date, the dynamic lateral stability;ébaracteristf¢§ of parawincs

" :have been found to he generally satisfacto(y} Presented in figurz 4 are

fsome_staffc and dynamic lateral séabil?rn;;erivativcg*thch vere meaSuréh

for a parawihg configuration at varioqs‘cenfer,éfAgrévity locations b-low

the paréwing Eeel. Presented in this f?gﬁfe-are tre -.atic Jaterel

stability derivatives cﬁf’ and' an . the yawing derivativgs Cnv;jcnfé

énd Czr + C;;, thf rolling derivatives "Cnp and Czb, and the ratio of

yawing inertia to rolling inertia 1z/1y, §qme signif{cant charges in

these derivativeg as thércenter of gravity was lowerea‘(that %s, ircreasing
Zs/b) are the inCFeaseavin directiona: stability and-positive dihe&ral offect,
‘Fhe increase in damping in roli, and the decrease in the radio of 'z/'X°;
) The efiect of th. changes in these derivatives on the calculated Dutch roll

&amping-is preéented in figure 5. Plot;gd }n figure 5 is the calculated
-Dﬂt65 roll damping, 1/¢y/, {one over cycles to dam> to oﬁg-half'amplitude),
aga,nst k/b. >Although thé data show that the déhping for the configuration
with the low center of gravity (Z/b = ,S)Lie only abouf one-fogrth of the

vaiue for the éonffguration with the center of gravity on the keel (Z/b = 0},

e e o e P T ey o ST ~:Mmm:w‘*p_l_q\:’g‘; ‘?@m




Reducing éhe‘geometric dihedral by |8°, which has been suggested as a
e possible>meene of impru»:n§~lateralre?ﬂtrol (es wi]] be discﬁiséd later),
increased the damping for‘this condition. It ;houid Ee‘prnted cut that
the values of damping shown tere do not take into accouﬁt the effec.~ of ) "
< bodias beneath the pérauing. ln—cases v;ere large destabllnznng ‘Sodies are i
used the Dutch roll dampurg could pcssnbly be reduced down into the

unstable region.

~
[\

CONTROL CHARACTERISTICS .

As was point 2d out ia the lNTRODUCTION control for most parawiny ‘.
flight tests to date was obtained from the center-of-grav:ty-shtft contro!
system. Longitudinaily, this control system has been found to be.generally
effective But in some cases large stick forces and unstablc stick force
gradients have beer encountered.: ?resented in figure 6 are calculated.
data which show the variétion in loagitudinal stick force with lift

. coefficient for a control system of this type using several different riser
arrangemeﬁtsi These rashlfs, which were preseﬁfed‘by'Hewes at ‘he Apoilo
Conference last year, s:ow unstable stick vorce gradients and indicate that
the gradients can be altered é&preciabiy.bf_éhanging the riser lengths and
attachient points - Analysns .1d|cates that the stick force gradients cculd
fuve been. made stable in these cases by proper arrangement of the risers.

It is, of course, desxrable to have the stick force gradtent “stable from
handling qua1ftfes coneiderationeianﬁ to keep the gradients low from contro!l

- power cequirements,

e o P
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- In the analysis of this type of control system it was found that_the

s;gnificant factor involved in determing the stick force characteristics

- was the C, ©f the wing.- Some informetion to illustrate this point is
E o - - B

presented in figure 7. On the left side of this ‘Tqure is a piot of the
pitching moment coefficient (referred to the parawing keel) égafnst lift

coefficient and, on the right side, is a plot of Cg aga:nSL stick force
et > o :

- gradient, The data prezenied are for the Ryén Flex-Wing configuration and

for an infiatable parawing of the t,pc being consiﬁered for recovery system
applicatEOus; in tﬁe éasé-of the yan Fl;x-Wing, it-;asiféund that at

moderate'}jft coefficienﬁs Ehis cenfiguration had posigfve values of Cmo
which proddued a high stable stick force grazdient. 1In order to reduce the

stick forces in this case, .the gradient was lowered by fedu;ing Cmo ~th}ough
trailing-edge modifications to the Aing so that in the final arrangemen} the
stick forces were in a more tolerable region, Based on the;é;dat?, ig
appears that parawings for reccvery systems, which ﬂaye Seén found td.ha;e‘
negative values of Cmo , Will have hiéh unsvable stick force gradients
uni2ss some means is used to reducz fhése values of 9“0' eithar by changes
in the wing itse'f br vy changes in the rigging as meationed earlier.

From the.lateral control standpoint, there has been some indication

" of possible nroblems in the use of the cente}-of—graV§ty-shtft centrol

system. An equation for calculating the net rolling mcment produced b&

this type of control :ystem is preserted in figure 8. This equation is

Clnet =6§‘m g 2/5 (1 - -C;,/,P L/D). ‘The C_ sin @ Z/b term in this

equation ‘s derived from the fact that when the wing !s banked, the lift .

vector is tilted and has & component which broduces-i,rdl'ing moment about
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the center of gravnty througn the moment &rm Z/b The term (l - -q;a/éwﬁ

is called the rolling effectcveness factor and-is derived fiom the fact that

the laft comronent. which produces roll is rearwarn of the center of ~ravat/

and also produces an adverse yawlng moment through the arm X/b. When the
sideslip angle resultnng from this adverse yawing ‘moment. ns taken into- ‘crount
it“can be shown that the favorable rollnng moment produced by the lift vector
is reduced through the effectlve dihedral parameter C . For conf'guratnons
having high ratLos of - cnslcwg and low values of 'L/D, the rolling
effectiveness term becomes-small and tharefors the net rolling moment produced
in such ases is reduced. Presented in fiqure 9 are some data showin§ the .
affect of lead1no-edge th:ckness on these_parameters. Plotted in this figure

are value: of Cq’ Cy‘ L/D and the ro]l:ng effect:veneas 1actor

- '“45/£q’ L/D) for a parawing wnth a leading ecge thickness of l 5

percent of the keel and another hawrng a leading edge thlckness of 7 percent

2'of'the keel. These resu‘ta lndzcate that the roliing moment produced by
: banking“the wing is reduced by ebout 50 percent a. moderate 1ift coefficients

. for eithcrwing 2nu that the rolling effectiveness for the wing with the

thir ieading edges decreases rapidly with increasing 1ift coefficient and

approaches zero near maximum lift coefficient., |t is stgnifica.t to note

that for the tnick leading-edge zonfiguration, which is represcntative of

inf!atable parawings now being-cons}dered for rec0very systems, there is an
iacresse in effectiveness with it creascng lift coe’ficient.
in discussing lateral control characteristics, another factor which

must be ¢rosideced \is that of latersl hinge moments. ‘Some _indication of

" the lateral hinge moment. characteristics involved in the center-of-grauity-
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stift control system was obtained in che force :est investigatisn nf
the Rvan Flex-ﬁing airplane, 3ome of the rezults obtainq§ in this
investigation are presentec in figure 10. Plotted in this figure is
rblling moment coefficient against roll hinge moment coefficiznt. The -
’hqriiohtal dashed }ine plotted n this flgdre represent§ the ‘velue of ﬁl
'rgquiréd to produre a pb/ZV of 0.09 based on a value of dampjﬁg in rail
of «.15, This value of pb/2V is therﬁinimym value specified in the
’haudiing dualities_requirements for % light liaison airplare. It is
presented here merely to establish a reference for purposes of comparison’
and is not intended to imply that this’va!ue of pt/2V is a valid
specification for parawing apﬁ!i;ations. Eor recover; systien applicatiohs,.
a smaller value may well prove-t$ be aqceptaﬂle. Considerably more
resea-ch and flight experience wili. be required to es.: .sh the proper
criterion for this case. The solid circle at the lower right, mhgch
represents nedsured daté, shows that 5° of wing bank proriuces only about
one~third of the rollingveffectiveness required b§ the pb/2v =-:09
criterion. The stick fo;ce‘ccrresponding io the hihge moment for this
condition wes about 70 pounds. . Analysis indic§tgd that. reducin} Cz’;
v by using 18° negative geomefric dihedrai angle of the ang would improve
“the rolling effaectiveness ard reduce tﬁe hinge méments., It wﬁs alsc
estimated that increasi;; Z/b up to C.5, which is a value representative
of parawing recovery systems, would §ubstantial1y increase the rolling
moments -without increasinﬁ the_hinge—moments. |

Because of the problems that have been encountered with the center~

of~gravity=shifi control system, some attention haslrecentlv been given to

~ other methods of control for parawings, Presented in figure 17 are some of

the alternative control methods that have been przposed. These methcds are:

e — e o e . P i Miihns T TS GamidAeai i w i il Tt
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- 1. Trailing edge 201t rope. In this control system thp‘
. tension is increasad or decreased in-a cahle in the parawing
tralling edge to provide pitch or roll coruicl, .

2, Trailing edge risers, In this control system risers 2-e
attached o the parawing trailirg edge ard pu’led down or -
released to provide control, g

-

'3, Hinged leadipg-edge of keel members. ‘In this eontrol systam.
- hinges are placed in the wing leading edoes or su:e] and the
aft portion of these members deflected For cnntrOI

b, Auxiliary surfzces. This control system. Js coqcerned

. primarii; with surfaces placed at the: rear of the w;ng to
" provide d|rect cna! control

Some p-aaisiﬁg,resd!rs have been obtained with a wing~tip control

sys " in tests in ﬁhe Langléy full=s. e tunnel with tia Ryan Fléxfwing %.{

girplan.  1n order to shéw;how these results comparé'witﬁ‘thcse for the
center-of-g, ‘ity-shift control system, data for both types of cuntrol are

preéented in fi, ~e '2, Plotted in this figure are the data for the wing

- bank controi systr. “rom figure 10 for comparison purposes. Also plotted

0. c :
are measured data for . and 10 deflection of the aft Z5-percent of the
wing leading edges for contrc.. These results show that with about 7o
deflection of the wing tips-a pb/iV of .09 could hLe producec with-a,

hiarge moment coefficient considerably less than that produced by banking

the winy. The stick fe. ce corresgondinag to the hincs aoment for 7o de+lection

of the wing tip was about 30 pounds Bn the i yon Flex-Wing airplane.

SUMMARY
i. Patawing configurations gererally have satisractory dynamic

lorgitudinal «tability chiracteristics in the normal operations! angla=cf-

‘att>ck range but ti.ere m?, -c problems at extreme angles of attack (either

nigh or low) be.ause o static longitudinal instab'iity.

o e T
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2, latcralty, paraving cont igurations genérally nave satisfactory
dyramc stability charac.tens..:cs.

'3.' Foom the contrei standpoint, the use of the cen‘er-nfegrav-ty- :

'shift sontrol f‘,!ste."e Gay hc generai'ly sat?sfactor_\ ‘or’ recovery sysiems

.epp:vca*lons bu* ths type of coa*ro system may mtroduce some s’.ick=

force problems a-nt Ay s ecome inadequate for conf:guratmns havmg hlgh

vratms of dshedral effec; to d:'ectuoral st 3bnhty and low velues of L/D
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mmmxm‘ TELHNIQUES OF b FARATING /4
USED AS A RECOVERY DEVISS FUR MiNNEC REENTRY
. R VERICLES AND TARGZ BOOSTERS

"y .f'd/)/var M. BirK sv

. One of the prbbmms asaoc*atod with recovery o’ manned reontry =

- 'vehiclea ard large boosters is deployment of the reccvery device s and

- . studies of this problea at Langley to date havc ‘beer primarily on para-

wings. A slido bas been prep arod showing the status of paraving—dap loy--
ment investigations at ;.ang.ey.
SLIDE NO, 1, PLEASE

' "'na mjority of the 1nves ,igations were ma:.e at. low subaonic ‘anus :
utilicing dynmic models in fres flight. Por the investigaticis made to
date, the results obtained are primarily in *:s form of movis fila waick
shows thg.deplayment proces.é. As the cha;‘t indicates, most of the
depl‘oymm;t testr hive been on parawings having rigid leading edge and
kesl members. I would like to discuss very briaCly these tiet_.é.: The
drop tests cons.sted, ia gane,ral, of releasing dynamic models at‘ low
aﬁeoda (30 5% 0L2) fr:m a hovering helicepisr; m:-.t of tbe -ieplcymen{-s
were successful. Re eul 8 from vocket launcir vests mdic: ted sucﬂessfv.l
depioyments cr1ld +~ oi-.alned at Mech numberg between 2.0 and 2.0 and at
aitituz'ss ranging up to 180,000 feet, On tt;e landisg loads track models

were doplqui--nt.a dynamic pressure of about 13%/5+2, The wind wunnel

tests consisted of deploy*ng the nodel -at s dyhmic pressure of 133"'/’&.2 and
alsc at Mach avmb.rs betwaes 2.5 and 4.5. Currently planied :ix;xv_esi igetions

include droy tests of a full scale model of g parawing which wili be uscd

in *ha nlcromeleoroid. experiments. This model wiil b= reieased avt;‘rlcw ‘
ASP“d' from "9115'-'9*'91‘- "Final. 1?: for the w.pd-taunel tusta two acro-

‘»alutical]y_ucalo modele are boing r:onstructed.‘ Tests 7111 includz the

< : .
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- curved leading edges or a cyiindrica) canopy shspe sb'aé to obta:.n 1arger

reeatry - anicle.

PER.

determination of the loads during deployment. aind also ite proper deployment_

sequence, A hird purawing configuration is under study which would have.

L/D's. (Slide off) S -

‘My talk tcda,'_r will deal witl. the results of an iﬁvesbigation invqiving
complete depioymeni of a parawing when stcwed as a recw;ry des rice cn &
i/s—acale nodel nS a manned reeatry vehicle and on a ]/12-—sca}e rodel .of ;
large:booatar. T'hese models ware radie-controlled znd ;'ele:_-sed tfr:}m a
helicopter for flight tesiing at an apprexizate aititude of 3300 foet.

The e-.s‘-.rt eli“e shows the full-scale cﬁaracf:.ari:stics and schematic drawings

of the bnroster-parawing combinalion and of tlse manned raeatry vehicle-

pu'awing con'nation,

SLTE N0. 2, PLEASH

i‘ﬁe regulLs c;f the investigation will btz shown in mollon gi ct-ures
ant vill 1).us‘.rate some oi“ the problem are as\ eucountered and hov a
satisfac.cey doplovrant tacknique vas dsvelopel. However, tacauss ;ome
of the detsils ¢f the deployment technlque ray be herd to fo.low in the
mctica pieture yil., _t!m sequence for setisfectory deployreat is shown
ca ¢lides, Firsi, a dspioyment is slcun utili:;'.ing a folded piraVing
for '-oméaci; s*.bvagc on the booster, snd then a.d;eblrsyu‘ent e shova

J.tilizing .. tulescoped parawing on tae -eentry vehicle. The next slids _

" shows the satis“aci'ry deployment tochmique fu.- the pooster. .

_LIDE NO. 3. FLEA3R

L

-~ The naxt .'ids shows tie satisfzctory depleyment technique for %h:

\_ ~—



The movie film I am going to show ;;ou depicts scme of the highlights
of the investigation, including, :s previnusly seniicnod, some of the
prcblems enco.ntered and the matisfactory technique devaloped.

MOVIE Fii) PLEASE

Ir connlusion, o the basis of the enuuing totions obtained in .
thie investigation it appear=z that deployment problsms, not coasidering
loads, - ociated with parawings ac a reco-ery davi:e at low speads can

be satisfactorily soived withir the prmsent atate of the art.
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AR ANALYVICAL iNVESTIiGATION
OF LANDING FLARE MANEUVERS OF
A PARAWING~CAPSULE CONFIGURATION ~ <
By Ernie L. Anglin
- Presented To - [
Space Vehicle Landing and Rec_.very Res~arch
' and Tethnology Meeting
NASA Headquarters, Wash., D. C.
T July 10-11, 1962
An analytical study is being made to delermine the capabilities of
various parawing configurations for'executing safisfactory flared:landing
maneuvers, and vo investigate the factors which int._.ence this capability,
This study was iritiated because dcubt existed as to whethai- a parawing
could periorm a flare 7rom trimmec glide conditions.at maxL/D, especially
at iow wing loadings.
ror this stL!y, a cone-shaped capsule having a weight of 5000 >ounds
is used for a payload. Cfuntrol is achiesed by varying the position of
the payload with resp2ct to .ne wing. A time history of the motior

during the flare is obtzined by utilizinz three-degree-of-fireedsie equations

o” motion and a high-speed digital computer.

SLICE NO. |
The stat ¢ aerodynamic chavacteristics of the wing used are shown as .
a funct.on of angle of attack., 7This data is for a wiag having rigid keel
and leading edge members and s conical shape wvhen deployed. This wing had

2 basic sweep ~ngle of 45 degrees laid out flat, and a deplcyed sweep angle
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of 55 degrzes. The aerodynamic data‘shOW' is pitching moment coefficient,

lift coefficient, and L/Q. Thg pit;hing moment cuefficients are for the

‘three vertical paylead positions investigated; 1/2, 3/k, and 1 kee! length

Selow the wing; For each of these vertical paylcad positions; you will

nate that & stable pitching moment curve_exists. The maximum 1i{t-coe’=

ficient is approximately 1.0; the maximum L/p is 4.7. The symbols on tie

CL and L/D curves incicate the trimmed glide condizions from wh-ch flares

were attempted, These trimned Qlide coﬁdipi;ns are for Vift coafficiants

of .2, .3 and .45, Tbé .b5 condition is where the maximum L/D occurrs.

For all mctions encountered during the flare attempts, the 1ift coefficient

was never allowed to oxceed a value of .2.
SLIDE NJ. 2

From zach trimmed ylide contion, flares were attempted as follows:
At some pcsition alorg the flight path, indicated here by the arrow, the
control movement for the flare washbegun. The contro: movewent used was
a single shift of the payload longitudinally, made at a2 constart rate, As
sho@n oy the solid and QOtted lines, respectively, a maxfmun and & minimum
control rate wsre deter&ined wihich would give a satisfactory flare withour
exceeding the £y limit of .8. A flare initiated below the altitude used
for the maxinum contiol rate cannot, of cou;se, be completed before ground
contact., Flares initiated above the altitude used for the minimum control
“rate can be satisfactoriiy zompleted, but the completion wili occur somewhere
above ground level., The sltitude range tetween these two limits is the range
availabie to tha pilot during which he must decide when he is at the proper

altitude and begin kiu contrel movement. The pilcts! decision time will be

a function of this altitude range an4 the rate of des-zent,
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SLIDE NO, 3

The sititude used Jduiing the flare is presented as a function of -wing
lloadlng and “rimmed giide lift .oeffx-ae** A wing loading range of 3 to
- 20 pounds per square foot wus favestigaved, The max?mum.L/D and the C
limit are listed. Again, the sciid l.ne: are for theﬁmax?mUm control rare,
and the dotted linesj:re for the minimum control rare. For ths parfiCuiar
wing, it was found that a satisfactory Flaré manauver coul& be ohtained from
all combinations ofkﬁing loadings, vertical payload positions, *~d trinmed
glide 1ift coefficients investigated. Larger ﬁilot decision tiwes come with
the higher wing loadings and lower Ci's. At tte same time, flares ﬁade in
this regior must be initiated a2t relatively bigh altitudes, whizh may become
difficult ‘or the pilet to judge a.curately. Coniitions with low wing
loadings and higher C,'s can be flared from altitudes which are cleser to
the ground 2ad which are therefore easier for the pilot to judge, but the
decisior time is greatly reduced. The decision tines encountered herein
varizd from 6 seconds to 1 second. The time from the flare initiation to
the flare completion at touch~down varied from 2 seconds (for ___ CL— 25) to
Z1 seconds (==== E{éfg?. G-1nads encountered by the pilots are normally leic
than 1 1/2-g's, Alt was found that al]lthe flares shown here were made wiihoot
exczeding this vaiue, so the g-load: 2ncountered are well witihin the range of

the pilot's present experience,
SLIDE NG, &

The rates of descent for the trimmed glid: conditions used are presented
as & function of wing loading and trimmed glicde Cy- These retas of descent
are compared wit! *he r:tes presently encountered by pilots. The first

dotted line is at 10 feet per sucond, a rate normally used by aircraft
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making an IFR type landing. The‘next dotted line, at U0 feet per second,i
repreéents the rates encountered b: helicopter piiots haking auts-rotstive
landings. The last dotted iine, at 50 fect per second, indicaFes a descent:
raté encounteres when a T-28 #irplane was modified for Tow L/D landings.
(NASA Memo 3-12-59L). The X-15 (NASA TM-X-I95)~has a descent ra.e of 120
- feet per .second, but it also has a wing loading of 66, so "t canno* be
directly compared with the parawing values shown, The rates of descent for .
the parawing cunfiguration are therefore witﬁin the range of present pilot
experiénce. However, the nilots are nctnused to encountering these rates at
the relat.vely low wing loaaings shown here.

The landing flare parameters just presen;ed have been dis:-ussed with
: several Langley pilots, 1t is feit that addicional pilot experience %s
necessarv due to the relatively high descent rates and the small pilot decision
times associated with thke lower wing loadings. It shouid be mentioned that
one of the Langley pilots has recently made somc flared:landings in an aircraft
with an L/8 of 3 and @ wing loading of 11, The fla-e portion f the landings
" “was accomplished successfully, but some difficulty was =ncountered in making
the touchedown at a predetermined spot on the runway.

Arnong the factors which should receive additional! study are the capab.lities
of different wing shapes, the effects of flex?biligy in the leading edge svicep
angle when no spreader bar is present, control rigging set-ups and their

corresponding power requirements; and pilot capabilities,
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PARACT-TDER LOADS, AEROELASTICITY AND MAT®RIALS

By Robert T, Taylor and James F. Mciiulty
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INTRODUATION

"Improvements in paraglider aerodyramic perfomgnce. characteristics iwdicatled
ty recenl wind-tunuel iests have prompted the langley Research Center to imvesti-
gate peraglider loads as a function of the aerodymnsmic psrameters involvea in
“nz performance lncreases., Ar effort is also_ u G.7rway to at-tamp£ to calculate
hoth the aerodynamic loads and performsnce assc-iated with these coufiguration -
changes; to allow the evalustiorn of parametric changeé without the pced for
extensive tunnel testing.

§tmctuaal anplyses have been continuing which point up some interesting
resuits as reyards the problers of wvight and materials.

It is the purpos> of the present paper to preseni some ~i the hignlights
of recent research con.erning loads, structures and materials, and to irdieate
by i'uwicajcion, the type of data which are available for use in the dacign of

paragiideis.
DISC'SSION

Uncertaintiss in the ex.ct snape of the ~lotl zembrane of the rareglicer
heve becen the bizgest obstacle in calculatirg the air-load dis .. ibution over
a representative canopy. Some early pressure data obtained on rigid conical
r.odeis has suffered in application beceuse of the' aforementioned shape uncer-~
tainties. Recent force test measurements hive bees mads on a semispan glider model

with a cloth wing, which is s*mm in th> ficst slide.
SLIDE I

. The mod+1. showL here was mounted on two bal=ances, one semispen balance
vhich alloved the measurement of totai icsd and another six-component balauce

which mu_sured the load .r. the leading edge.
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the vrztables covered were aspect ratio 2.5, 4.0, €¢.0 and twist distri-
huticn indicated below by tie values of was™aut at the «80 span ststion.
ioadr car—ied i_'x tze ﬁraglider strecture can be div-ided into tw classes:
(1) ids ncrwsl to the plane forxed by ihe wing iy and tesl. aad (2) loacs
p,_-mei 40 the piane of the k_ng tip snd keel. T-ese losds may be tres :d

scparately ani odded wsctorially to arrive st a insl loading, on which the

| desizn oI -tae strach)ré ni: be hﬁ.sed.

SLIDS 11

The next sliée shows a_comrarizea of the acasured spanwise 1ii't distri- )

'mtion. obtained fre: ;~essure survers cn a rigid cruicsl model, und calculsted

walues usinz the twist d:stribution of the wodels. As might bz eapected tes
e leted valuer ogres w2ll with the measurewcnts vhen the twist is known.

© Spanwise lift can‘ers are also showve on the slade. Yere we heve the 1ith
conter gaver oy 1"333‘..:9 tests, the caicnlst.ed 1ift cerisr, and.opotted o for

campa~ison iz the Iift certzr obterine? from the semispan foice test wmodel.

Wrile sniy one porat is shu.r kere, geod agreement with bo'n thaeory and

pressure ilesis “fas obirines lhroughout e "linecar< angle-:f-atta:k range and

agrese:nt is showr with the pressue measur-=..-. past *he stall.

- The lover part of the figui'e shows the exireme loadir - due t;, wi.st e’
a lift coé!ficien: of zerc.

Fot mech »ore ¢gp be said about *he nomaal or 1ift wistribution of laoud :
ir tie px@der wembars withou? knowing- ibe placement ard mumMer of ti. shrovd
lires, 8o le: uz look at the moments ebcut itne apex, in the plane of the lesding

edge and ksel.
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SLIDE III

Here we bave nlotied upex hinge miment as e function of sngle of attack
for ar gsp... v Yic-2.5 glider wit%: caropiees having different vulues cf washout.

“he sketches shuw the .cletive degree of flstnes: of the canopies unier load.

@

The 2arkened symbols ird.:ate the angles of attuck st whick (C uwcarred.

L)m
Trese duta serve S0 illustrate » mmber of points: (1) increases in washout

are asscciatled with decreasing in-plans apex moment, and deQ ss8ing 1ifi-draxs

~atio iJ the lesding-edge sweep or wing span is )eld fixed. (2) %ne design

¢t the glider frame for ,irength s fix=d by the maximum lift-:oefficient point.

The Caic vere taien through an angle of attack of %0°, and whil2 not shown here

the level of epex mrment at CL ~or stall is not exceeded,
max

Below the 5lall you wiil »otice that th- slere of ¢ with a is negative

for the f:xil czoopy and posit:';e for Lie fleu cannpy. In the case vhere the
wing is flexible (e.g. csr change sveep or spar with changes in sngie of attack)
the siope of ttis iine msy effectlthe gust rcsvonse of vz glidsr. Nete trat
with this full canopy a positive chang> in a redicec the {emacncy tc clcse
wnich might incre .se the span scmewhat making the glider more sensitive to gusts
while with the flet canopy pesitive angle-cZ-attack changes reduce spen possibly
alleviating the gue’ rcsponse. .

Paraglider wings with flexible frames have been lested at Langley in
cepnectiion with goverrme~’ spoasored programs for (1) the r.éccvery of the Saturn
booster 1nv vhich tie Marstall Spacas Flight Center is irterested and (2) in
comction with the recovery and launching of the Gemini spaceémft, which is

of intereat to the Kanned Sgacecraft Center.
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Generally speaking the in.roduction of flexibility into the structure
remwlts in sawe saving in veight. The next slide (s]lide IY) shows scme curves
which indicate paraglider structnral efficienc,. Here 1is plctted the retio of
‘paragiider weight to gross weight for rigid and flexihle =7 _tm l'he scale
on ‘the right represents the volume requi:‘ed to stow the parsglider syatem, end
18 obtaired by assuming a stowed density of 23 pourds per cubic foot.

Decreases in weigh' cem “e achieved if structural flexibility is allowed
in tuhe paraglider frawe as shown here. It shou’td be noted, 'row;ver chat
ﬂet:lhle glidez< are much more difficult to a,mlyze bot: merodynarically aod
stm-..turally because of the interdepeudence of aprodynanic load and conf* guration.

E_lasticai!v and dynsxically-scaled inflstable nodels of toth relatively
f-uu ax! flexible paragliders are being fstricated under contrar . ~iith G. A. G.
These mode.* will be vced to study tke paraglidsr deploy=ent cbaracusvis-ics along
with the ¢ffects of aservelasticity. In adiition these -models reproduce ‘he
buckling in the inflated structural tubes which s imporant in defining

- aeradynamics.
These data shovld be available tc evaluae ths trade-offs btwcen veight

and periormance prericusly mentioned.

The last curve cn t};e slide shc;vs further improvement in the weight picture
through the use of different gas tight materials, ir this cess a film-fabric
constriction of dsycron and mylar similar to the sarple I have here. Should
such a waterisl prove feasibie end allow the omission of the élastmr} uhichr :
weighs as much as the fabric, siénificant veight nevings would resu.t.

We will discuss more sbout materials later.

C
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T addition %o beinz more difficv’. 0 analyze, 'lexible paragliders
usually su_{‘Afer sume degradation in pesformescs. The nmext 31ida showis_ aplot
et L/D ageinct CI. for the terini-paraglider configuration. The three
surves repre.ent the »..-::xlf,mamic_:s of gliders having taree stiffnesezs. The
degrzdatior in {i-/D);m( is obvious but note thet at higher GL_ the t.;ux'ves
tend to merge, ‘so that 1{ touchdcwn coraiticns are :wre important in a partizular
ay plics ticn than rarge corsiderziions the roquircment for suiffness in the glider
frave may be relaxed w ,Jeld 2 soxesbat iighter weigzht and amcre readily stiowable
recovery cystem.

Higlh temperature mrterals sre also under investipa®i.n by Langley Recearch
Cetter iu comuecticn witn the mirrometecrcid paraglider <xperiment which will
have to survive ree.iry iemperatures ( 1000° ¥). For the irflated memb:rs of .
tre paraglider, Langley ‘isearch Center is jnvestigatiug he feasibility of a .
fibergiss- silicone comb.nuticn. Sizce siliccee is dif .icu't to ™work", seams
ard ,jun-::fures represent a consicerable problem wiich is being studied. Firings
from Wnite Sards Jirscile Range e e schcivled “or next summer.

Tr corjunction with the rerciynanrlc ond materials <tudi~s, langi. Ressarch
veuter contimues investigations in structural anal_y:-;is. While structural desim
anzlysis procedures have been developed@ for permgliders with o-plauar leading
edges and keel (these procedures hLizze becn used for free-fiight mod=ls. wird--
tuLnel moiels amd the micrometeorsta paragiider) » tae recent lucvation of the -
utiiization of helical leadiug odges, discussed ry Mr. Slecman, represeuts =
r:w structural problen. Lengiey Resee-~h Center har a progran underway to
define its struccursl problex aress; it is koped. that the material and gcometric
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coeftizients heing deve.oped by tesing by Goodyeér and North Ameri:su um.e:
& MSC contract will suffice %o allow an efalugtion cof the problem. Stould a
faverable solution to this ;roblem be indicated, it is anticipated 'uat scaled
mocels will be rsed for test yurposes since it kss been found that designs can

be scalad without use of ‘exotic" miterials.

£}
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ROTARY-TYPE RECOVERY CYSTEMS

by Guar'es E. Libbey

The Langley Reseaich Center has tested, cr is currently testing,
several types of rotary devices with applications for recovery systems.
The first s?ide is a chary of these s/sicms showing the areas where data
are oresently availahle and tLé areas wvhere research is still required.
(Slids.) |

The vortex ring rarachute resembles 1 Maltese cross when viewed
from above. Deployment, stability, and performance tesis have been ccm-
nleted. A report contalaing *this data is in the review stage now an:
wilt be available soon. Thic system is not intended to glide, however
as for most parachi:ites, it can be forceu to produce a srall amount of
L/D.

The flexable rotary wing consists of strong cables 3t the leading
and trailiig edges with parachute type material str:iched between them. -
A weight at the :ip prov'des centrifugzl force to miintcin all components
in tension while rotatinu. Some preliminary deployment tests have been
c0ndQCted using a b bladed & foor diameter model. The cloth rotor biades
wzre attached to a 32 inch dianeter vortex ring parachuté which weec uscd
to previde the initial rotation for the system. After the deplbyments, the
rate of rotation increased, indicating that the bludes were autorotating
and were nct being drivean by the rotatiny parachut:. Performance data have
been obtained for o 2 hladed 4 fuot diameter rotor, most of it for the
vertical autorotative Jescent condition. For these tests, the bladec were
attoched to a short woocden piiddle wheal type of hub arrangement. A few
tests at lower angles of attack nave ‘. diceted that this system does have

gliding capabilities although Low weil it will glide is nul known.
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The coaventionsl rota™, wing is Lhe helicopter type systemw. This
is the configuration for whick & vast amourt of perforcance dats are
available, (ncliding date for gliding flighy and vlared lar;dings. Tuis
is tie <o:f yjurat.on for which anst of the tests on stability in vertical
autorotation descent have been conducted No deploywent tests have been
conducted. and none are pl anned.

The foldina and the telesc pira rotary_ wiras ate essentialiv i*,
sace 13 the convertional Totary wiqq;, vt they are interded for 2 more

compazt stdage of the system. (o "wwmert tests are planned for both of

thosa SyTtome . effects, if ary, of the telescopiig jcints & the
foiding hinges on the geriormance is not known. A fece statirity sasts
have been conducted using % foor drametes wdels with telescoping and
foiding type construction. (3lide 2%f.)

t woiuld now 1ise to discuss some of the srear of {his ch=rt for which
data are available. A short film will be presem.2d ae.: wtich shows a
yortex rina para~‘tute be ng deployed while n fre2 fal: and rotating. .
(Eiiz.) |

Ac you have seen ia the movie, the -acachute is very stable with
cscillations of ijess than !°. The nex® slide shows th2 variatvion of t!=
coeficient of drag with the incedence setiing of the individuai blaies
(canopy segments). (Slide.) The drag ccefficrent is based on the total
cloth area of the parachute. The high drag (CD=2.I) obtained with this
particular parjachute woula mean that for a given payload the rate of
dec ~t wouid only be 60 percent of what it would be if a conventicnzl
parachute of the s.me cioth arca were used. (Slide off.)

. A tew preliminary deployment tests of flexalle f2bric blades have

" been conducted ana hzve pointed out some of L''¢ problem areas vhich wiil
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have ts be studied and corrected. A short filin showing one of these
probler areas wilt be shown. This film was taken at uparoximately

VEXL rrames per second and will ve projectad at 24 frare. per second.
Therefor>, the moticns seen are ép::rax%ntely £2 times s.~wer than they
artuai i,y ~vcurred.  Tho daployment ' he Rlades cakes plo~e n about cne.
varies of a second. The steacv 5:ai- wotion seea affer the deploymenc,
was ta! :n cpproximately 6 s>xonus later. {t is parc of the sa-:z tesi.
(Film.) It is believed that the problem illustrated in this film can be
soived wi h a cdntroiied <'over degloymeat of *the blades. V

Experience in the Reco.2ry Systems Sranct ha< indicated that use of
3 rotary wing recovery system mav .nvolve prdi:!eas of dynamic tabilite.
Param=tric- Lests. are being conducted at Langley Lo determine how .xich
effect the various param:ters have: on the stability of a ~»tary wing n
free vertical autorotation descent. Some of the parzmeiers wiich have
hee very briefly examined and have bezn shown tec have cn €““ect on the
stabiliry of tnis system are liste! in the following siide. (Slide.)
There are ocher variables _uhi:h quite likely er¥zcr the ctabil:iiy alse,
such as, solidity ratio, number cof Slades, biade weight, Slade incidence
angle, and péyload configuration.

The rext film will illustrate a rigid rotary wino on a2n apollo type
capsule i vertical autorotat.ve deszent. The fircet seguense is an
unctatle configuration. By varyiag one of the parameters {in this case
hub inertia), tle stasility was increased as seen in the second secence,
however, it was stiil onjy wmaq3i'nally stable, A further modefication

produced 2 complecely stable conficuration. (Film.)
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censidering only two varizhles, bub inercia aad disk loading. The

results are presented in the next siide. (Slide.)

o~

_——"As can be seen from this siide, as the hub inertia is incrcssed,

the dic’ loading must also be increas<d to maintain stability. 7

some\‘ tne other paramters ate changed, this curve wil! be shifted.
For instance, d&.reas-.-s Th~hklade hirge a;lal 2 will shi-s 2% "Cyrve
dowmword.

in conclusion, it can br suid that rotary type recovery systess

can be made ‘nherartly steble, can produce high drac, fai~ 3l uing

. capchility, and ne2r zero verticat ==l ..oruzon-.al sceeds at !andmg.
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NASA - Laﬂgler
PABA&HDTE PERFORMANCE AT SUPERSONIC SPEZDS i F;
By Nickolai Charczenko / é %—53 57%8
The reéovery o high speed vehicler created a new reauirement in

recovery operations, decelerators have to perform at very high altitudes

_ aud superronic speeds. Although the»tequiienents have charged, the basic

considerations in the selections of drag devicés - esseantially remain the
same for_the»supersonic spéed range as théy were for svo.onic. The fol-
lowirng slide shows these basic requirements, they are:
Slide I

Based or these requirements, conventional parachuter ._ppear to be
well suited for this joﬁ, 1n view of the fact that they have teen proven to
be highly reliable in subsonic operations. They have an apparert weight
advantage over other nonlifting typeg of decelerators aud we were more
familiar with perachutes than any other drag devices. For these reasons,
they were a natural choice for supersonic speed range. Bovéver, tests at
supersonic speeds revenled sowe problem areas of parachute perfornance.

The three major prcblem areas are:

Slide 11

We were prima-i{l: concerned with the first iwo of these probleam arees

-at supersonic speeds, which we will consider at this time. T~ third one

can be anticinated in the future.
Slide III |

The experimental results of flexible ri;5on-tjpe parachutes indicate
tWo major areas of parachute instability: oscillatory motion of the para-
chute about fhe point of a;;achment and shock paétern £fluctuations accom-
panied by a violent ranopy “:cathing along with reduced inflavion and

drag characteristics. The latter which is referred to as inflation
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instability has been the subiect of corsiderable investigation. The basic
problems involved in the inflaticn instabjiity are(high rutes at vtich the
shock is aiternately swallowed #nd exrelled {somewhat analogous to the {in-
let bugz pheuomenon) and the interaction beiw2en the bov.dary layer on thre
individua1>shroud lines and the shock wave in frcul of the psrachute canopy.
This type of instability causss large variatious in drag with freguencies
exceeding 100 cps.
Slide IV
The next slide shows some parqchutés enployed in svpersonic speeds.

The bottom one is a typical ribbon parachute used im mosr .. the investi-
gations. Various wmeans have been fried with this type of parachite to
elim’ nate inflatiun instability such as varying porosity, varying number
cf shroud lines, extending the skirt, 2.%aching an inflated tube to che
skirt and others, but only limjited success was ac. leved by these meuns.
It was evideat by mow that the best we can hope for, im light of the fact
that the flucéuations in shock pattern exist even for the rigid pa:achute
models in the free stream as far as shock fluctutations ave cbncernei, is
to reduce their influence on the breathing of . pazachute. I believe this
has been achieved to a lzrge degrze with the parachut; designed by Cock
vcsearch Laboratory, undea~ an Air Force contrect., These parachutes are
radically differeat from most parachute designe., Their main features being

low porasity conical inlet canopies and higa porosity flat roofs. Both
of these designs have performed satisfactorily ir the Mach number raage af
2.30 to 4.65. A high spezed schiieren movies showing stability of these
parachutes will be shown later.

Slide V



As fﬁr #2s t.e drag of f&zachuté; is concerned, w2 would like to ﬁnve
& drag coecficient of 0.5 or betti: for parachutec at supersonic sozeds.
The ner.t -slide shows a drar level for varfous drag devices. Here the
drar, coefficient is plot~ed varsus Mach number at ten base disaeters
Jownstream i :r paxachutes and rig:d types. of drcg devices. Drag coef-
ficient fox most ribbon type pa-achutes falls 11. this region. The conical
'nlet canopy has impioved the drag coefficient of paraczhutes as showz in
this slide. Even though coi.sidcral.ie iwprovement ir drag coefficient
a;i stab!lity was achieved with the conical inlet parachutes, the varia-
tions in drsz 3till existed, though to a lecser degree than with ribbon
type parachutes. Due t. the problem areas encounterad with parachutes
operations #c supersonic speeds, othef drag devices ware being developed
concuzrently ard a ~omparison in drag coefficient tetween them and parz-
chutes 1s mad: in this slide. 1I¢ can be saen thzt che drag w.efficient
of parachutes <g» 2 ex‘eéded by a fzctor of two to three bty cc.ae vrigid
cype cezele~-+ors. Thus there is a wide margln of drag coefficlest ~aat
cax be used a5 a tredeuff for weight. Rigid an¢ irfl.-iadle :yve~~n£ decel -
erators will be discussed in wore¢ detail in the follawiug paper.

In this irvestiga:ion, no «ffurt was made to establish regicus of
optimum performance; however, trom visval observztions of these and other
tests aud from l:igh’ speed schlieren movies, it was evic~at that the perform-
ani.e of the parachutves wus walz-dependent. A wake stu&y for variocus bodies
to about 15 base dlam:ters downstruam of the venhicle would ire must helpful
in analygzing and po: "ibLly expiaining the var’atina instabllity and, at

som. i.aci numbers, de~~eage in drag coefiicient with increese 1. trailing

distance. 1 think our biggest nroblem ia the developwen. .f stable

-3 -




. P;gnchutng for ce supersonic spead rang: has bsen the lack of adeguate
theory tc guide the investigations. Conzequently, mcst oi the wrk has
been done on & trisl and erxor basis. -

;The vini tunpels are well suitol fy- the research of decelerators
Lecauoe the parsmetric stvdy under a \;ide variels of test conditions ~an
‘e sasity simuleles. However, sfter a vor'.able derigu has _been evolved
iz the wind-tunnel -tuting,,-thﬁ‘ should be augz-nted by free flight tests
tc check out the systes -nder the actuai st condstions. free fligh-
tests are beim _ crmidev*! to <keck ou. -parachvaﬁu ‘that had satisfaczor>

verformance in the wird-tunnrl test-.

W

= MORCWYZWTTIOKAI, PARACHUTES

- S‘me axplozator; work has ¢ m perform:d on the vorconwentiociaal type

- parachures ip the wind tummei st sup:rsonic spceds. Thase are pa:achutes
with high rotational speeds, yzical ':.'zpresex: :at101 of which sre vertex

ring parach:tc and rotafoil. Both ol the ab..ve meaticned models vere

t:stel at supersonic speeds, i t they “ziled beZo:e any s_i's'.dﬂeart drsg

».asurecenis could be obtaired. lowever a visua. chesk of dxag indicatér

b;fote feilure oe:uried shoved high drag \-41&:&: in some cases. Further

- . researc™ aiong these line: would be warrantea.

. hirh spe>d movies that wel;cs eStaived {n o lew u-condt of thelr op~ra-

:tion will be presented at thi= tiue alsag with sclilieren movies of the

[

z- previously discugcéed porachutc models.
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NASA - Langiey
AERODYNAMIC DPAG AFD STABILITYV CHARACTERISTICS OF 50LID AND INFLATASLE

DECELERATOR DEVICES AT SUPERSONIC SPEEDS

By vohn T. #cShera Jr.

ABSTRACTY

Experinental drag and stahility characleristic: of towed ueccleraters
ar suparsonic spegds are prasented in this paper. 1lae decelerato-s |
discussad include :owe& spheres, towed cones (both s~lid and inflatuu):),
and infiatuble towed cone=-balloons (b&th'closed pressure and ram-air type

davices).
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B} INTRODISCT {ON

If conventional methods of tecovery are to be utilized in the final
stage, it is particularly important that the velocity of the payload be
aradually reduced as the pavioad reenturs che atmosphere frcm high-speed

 “high-aititude flight. investigagions have indicated that conventional

pa}achutgs are not satisfactory for this first stage deceleration becausc
tre parachutes are ungble to withstand aerodynamic beating, inflate
.sctisfactoriiy, and maintair stability undzr supe-sonic flow conditions.

An initial dz=celeration systcn wiich will redu.e the velocity of th=
navioad by sitbstantially decreasing its ballsstic coefticient will

tessen the in'tial shock on the paylcad ard or final recovery devices;

such as paracﬁutes. Sphericai balloonr and core devices have been
consideced as possible decelerators oecause of their stak:ility and
re!étively high drag coeficien’s. B th sc id apé .nflacaBle decelerator=

have been investigated an- wiil be discussed in this oo

Slfdc [
Tils s1lide shows typical examples of the solid and closed pressure vessel
inflataLl= deceierators thar were tested,-

The 80° cone and :zpherc shown here were tested both solid and
inflatable with very iittle difference in drag and stability between *them
The séparetion tence chown on some of trese cenfiguratioﬁs is need«d for
scabiliry at subsonic speeds. The soiii models shwown here zre typical of
rigid decelerators at supersonic speeds, They are simple in construction,
inherently stable at these speeds, and producé high drag coefficients,
The 76° cone balloor (ca'led a baitute) has dreg values between the 60°-
and 80°rsolid cones. Thercfore it would appear that tha cene valloca anc the cone

give simiiar if not icentical results for a given cone angle.




h
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it has been established that rhe stability of cones decrease with increesing
cone ana'~ while drag increases with increasing cone angle in the supersonic

speed range and .2 vith 90° angles werc irntermittently unstable at these

fiuch numbers. Although it hasa 'l bhee. tested it would\éppear that an 80°
core balloon would be optimum from this investigation from the point of view
of drag aad stabilitv,

At this stage, a decelerator that had better drag and stability

~ characteristics than a parachute and yet the same storage capability

Slide

had been developed. However, the problem of having to carry heavy inflation
cquigment aboard the payload to -2 recovered still existed. Thiy is where
the need for a self-irfiatinag configuration was realized,

This slide chows the Jdevelopment of the ram zii ballute from the-
front inlet to the present side inlet tvpe.

This front i-let configuraticn was one of the first tries at uting
the rem air (dynar ic picrsure) o inflete the decelerator. Many different
means of inflating i*-c ballute cmploying front inlet type conflgurations
were tried; however, there “1as a mass fiow pulsétion phenomena ia the
supersonic speed range which resulied in adverse vivratory fabric
loading and sujsecuent failure of the .odels. This pulsation problem
was solved by ;lacing different percent screeis ove:r the inlet; however,
this lowered th: drag compared to the closed pressure 76° cone balleon or
baliute shuwn i this slide. The side inlet conf?gurétion of tne 70° cone

balloor or kallutz was developed as a result of testivu at 7 Mach number

of 10. The wake fiom the forebody did not tend .» collapse or recover

at any distance aft of the payload th=2! was capable of testing within the



.!’

b

tunnel, The core of this wake existed over and uuiside the ram air inlet
diameter; therefore the si&e inlets were usec to feed the ram air into
the ballute. This mechrd of extended ram air inlets worked very we'l,

Essentially what is being developad here is an imp-oved type of high
spyeed parachute that will retain the parachutes weight and packaginc
fectuares and yet overcome its short comings with respect to supersanic
stability and aerodynamic hgating resistance,

1t

This slide shows a typizal plot ofAdrag ccefficient versus Mach number.
The configurations represented by this figure is the 70o ballute with s;ce
inlets and one of »he bette paraznute ccenfigurations at a length of tow
cable to diameter of foreboZy ratio of 10, The forebody used in all these
tests ic shown at the top of the slide.
These siue intots fuily inflate the model to the same chape as the
inflarzvle closed pressure 70o cone balloon giving approximately the same
drag and stabil'ty.

Ballutes made of cacron and rylon neopre.c have a maximum perfcrinance

limit of approximately M = 5, 3allutes made of metz) fahirc (Rene' %41) ~oated

with & special siiice . ceramic elastomer have praved satisfacto-y at M = 10,
Ballutes hiave built in "reefing'' at all speeds and since parachutes

have not beén successfull§ reefed during deployment a- high supersonic

speeds, it is clear that openiig shock loads are higher in parachutes

=+d the resul: is a heavier clcth structure and subsequent weight penalty.

A bal'ute is a m:re rigid inflatable structure than a paraciute which

results in improvea stability (less couning),
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Slide
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This siide shows the reseatch areas in which | belleve wort stitl aceds to be done.,

1. reduce internal pressure = -
Tests just conpleted on the 70° ballute with side inlets shoved
that internal p' essures as high as 4 times dynamic pressure
were measured. Previous tests showed a pressure equal to dynamic pressure
was all that was ncedad to fully inflate the decsleratir. Therefore
there still needs co be some development in infiation procedures to

reduce the anount of pressure inside the dezceierator.

2, maintain inflation th;ougnout traiectory «

Various techniques for in‘lating the op.imum drag shape should
be investi~ated and should also include a det:erminatior “or mairtaining
inflation nrozedures through~at the desceat trajectory down to sea
level in order to pcssibly elininare the recuirement for deployment

of a final stage parachuta,

3. correlate tunnei results with flight -

To estatlish ixcre =omplieve data, consideration should be given
w) perform Tree fligat tasts to achieve flight test deplioyment
c...t7:ns that can be dupiicates in the wind tunne!,

A parametric per.ormance study shculd be ther made in the wind
tunrel to ascertaia if stability can accurately be determined in wind

tunnel testiig using an infiniuv: mass reiationship,



L. extend results to subsonic and wyperéonin spead -

Aéditional wind tunnel testiny is also required in the sunsonic
and hvperscnic speed ranges on the basic shapes discussed in tnis presenta~
+ion in order to investigaic the capab.litiec of these decelerator systems
at speeds up to Mack numbers ot 10 and a wide ~ange of dynamic pressuras

and temperatures that will be 2ncountered in recovery,

MOVIE
1. This Ist shot shows the 737 cone kalloon ¢r beilute with side inletc
at a Mach numter of 2.8 g = 250 psf. Its drag ccefticient cf 0.9 was the
same as the 70° core balloun cleszd pressure inflatab'e model,
7. This picturz shows the towed 89° ram air bailute at a wk:ch nuwber
of 2,75, 49 = 250 pst This model never fully inflated and it po/nts rut
the mass flow pulsation phenomena which causes tnc adverse fabric loading and

subsequent failure that existed in many of the front inlet ram air ballutes.
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THE PROBLEMS df THE ENCRGY DISSIPATIC
i : . SYJTEMS I SPACECRAFT PLTOVERY

By. Lioyd J. Fishei

Several aspects of nartﬁ 'andingrrequiremonts for manned
space vehicles are being,inveétigated by Langley Rascarch Center.
AThe character of reéearch under take: consists of experiméntal
and analytical sturiies of the tusndameria! energy dissipation
o ; capébilities of aatéria!s and methods and éf the ianding
i ’ Jharacteristics of space vehicles having ve~ious landiag systems.
‘The requiremeniz generally placéd on the enery, dissipation
system are that the landinj acceleritions ard landing «otior.
restiting from cont -t witw the landing surface, te kept
within tole~abic limi.- bsth for acerpan’ - of the veh’cle
and for the vehicle structure. For man in space flignr tie
non=emergescy limit has ti=n placed soméwtere near 2Jg's
mavau£ ac~:'aration and éSOq's/séc. onses rate o; acceleration.
The spaqecr;ft has been permittad to susta’n some smal: damage,
Hercury vehicles were rot intended for reuse v:: some of rhe
orher vehicles wuch as Gemini, wiil os reises. In any case,
b§t5 frémwtﬁe standpoint of safet, ¢ the ;st:onnut ard for
- ~ malatainiag tne ’ntegrfty of the spacezratc, jjolet oohavior
orn landing should b2 avoidad.’

We ars currently investiget'ng landing impact cnergy

.

-~ dissipation systems for the jpnilo sarui, vanding mdale

{

§imu!§ting a parachute type ‘anding. Ve are wiacirg the

R T



k.

“compietion of a brief modzl investigatior of the landing
jocads and stabilitiy characteristics of;a Saturn booster
recovzred on 3 h-rd surface runway "-‘Siﬁﬂlatfng S paéaglider
type landing, Investigation will be staried scon on,the'

-
-

tching clatacte rcst-cs of the Geminj vcnlcle, thth wiil

- . . - e

-also siiwultate a paraonluel lcuulu’.'_:;:fﬁﬂtﬁa program is

- underway on the use'of_cqrtain mcterials as energy dis;ipétJrs.
Ou; cqrrent_enphasis i; the materiai> péﬁgram iz on materials.
Tor the.frangible:meta! tube dissipator,'ang we ar: planning
soue wock on foamed metals as erergy dissfpators. Sinée tﬁe

fragmenting tube process «s-probab.v not familiar tc eveiycne,

*he flrst s!ude Illastra s the ersentnal components of this
syStem. An example of a frangible—tu@e lnsta!catxon cculd b2

a hard alumiprum-alloy the such as thic attached to a vehicle,

and a die uch as thi:t atiached to a lagd?ng skid ;r fo&t. The

t .se press:s over the duc Juring impaét and féils in fragments as
shuwn here. This is & system fur woricing metal o “ts

vitiate strength and throuéﬁ a larqé-percént cf its length.

“he next slide 2 shows the energy dissipation capabi'.ties
of severcl naterials that lave been used or considered fo: use
i landing systems. Some of che iess efficiegt Lu. readily
adaptanle discipators, such as the fab}?c air bao anc aluminum
hcneyc?mb,rwhidh abso~: about 43¢0 and bOFO Ft lbs of enargy
per-pound of rateria!, have veceived considerable aitention -

. ._.ts date. This is to be 2xpect2d beciuse of the ease ¢~

e B e T v e e
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appli‘atidn «nd availtability of these materials. Honeycomb
has been ne of the most often suggested energy dissipators
taking mary Jarws, shapes, ana sizes and has been proposed
. o ~in oﬁe application or another for most spacecraft. its -
main discdvantages are .ulk and the fact that it can take
relatively little sfde Icad. The air bag ihas also been
prbposed in many Foams'as a =olution for spacecraffriéﬁding
- problems, The fébric air bag lends i£self extremely well
lo -torage, as cn a capsule tyne spacecraft wﬁere volume is
at a premium, and it i¢ b:7ng used or Mercury. Susceptibiiity
To puncture and to side-iosd failure are its mejor disadvar.tages.
The strain  crap, witich elsocbs abort the same 2nerqy per
pounc of material as does aluminum honeycomb, has alsc found
- ready application; ore zase in point heing thz <t ut-type
leadr ing ;~ar of Dyna=Soar. The prassurized aetal cvlindes
o and balsa ~ood have fairly hih eff.ciencius, ansorbing abour
'lhOOC and'ZQOOO fe=1b per pound of materiai. Thess systems
are bulky to store, «lthough nc more so than honsycomb. dalsa,
hcweve;, nas. an vndes reble repound characteristic. The
frangible metal tute b:s h'gh «fficiercy abrorbing zhout
37,000 ft=1b .er pound of 202473 aluninur alioy but loads
must be appiied along e axis of the tub-., i nd the ube iust

be kept suug againsit iis workitg die. As me: ticied ear'icor

qlf . work is continuing et Langiry on the fragmmnling tu.e procecs,
Alignment i3 a problem with ¢11 of the sysiems 210 wren

#aprnaciable velocity comporents are involver, either hor’zontal
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ar vertical or both, gome pusitive means of positioning_
the energy dissipation etemen* .. required, i

Th= following slide saows a sketch of a practical
iastaltation ¢f a strain strap in combination wit£ Tanding
skids., The strain strap ic a —eplaceable element which
f;ils by plastic yicld g and the skid moves aft and up

while alignwent i« maintaisel by the st-ut, Suck a gear e

when used on Dyra=Sor would be retract:d and siored through

door: ir the jower s.«-face of the wirg :hich serves as the

hcat shieid. dowever, on the Gemini coifig.atior a soawhat

cimilar gJear has been kept separate 7ro the hezt shiaid,

Slice 4. please. he Gew' ni vehicle ha: besn roiated over
an 5 side for landing and vae Lrieskic larding gear is
sositioned accor=ingiy., Her<e the heat sitfeld is urdisturbed
by the ‘tandirg geéar. Curraentiy, hyd o' ic shocks are Seing
corsi.ared vor Gemini althbough at least one ''McDonneli™ man

say.. they v "1} ' a heavi=r ther strain-st-ap dissipa.cry.

Tha strut arrvarjements shown arc very suitabiv Tor system:

naving positively contr- fed forverd landing dir-ctions, &rergy

oue {0 vortice) velocity is dissinanzd pr.ccipaily by the
strain s rap ov hydraclic z -ack ahrorhar z . most of that due

to horizontal velocity is -icsipated vy fricticn Jdurirg the

lenaing runcut. ‘airly qood runways, or at 1 ast selocted site.,

are reguitad for stability In such lendinrgs.
Methoas of inteqrating the :nergy d1¢sipal. ot systen with

configurations tihat ':d an the t.eat shield =rc siwwn in the

7y
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ne~t stides. Tris siide iflustrates a passive system that
has received strong coasidaration tor Apo'lo earth larding.
Alumi..um honeycomb or somr. such maceiia} “wou'ld be used

oetwer the heat shield, which is expected to "' il=can™ uiing

_impact, and the astronauls' prr3sure compattiment. Thore is
a very §hort stroke availabic in this system resulting in
accelerations »f about 40 to 50g's our the capsule qtructqre,
50 couch suppart systems ~wust Turther attenuate the landing
irpact Toads. The‘passive system is of interest orimarily
beceuse no maliunction in operation can occur prier to usaae

since no exten.ini or deployment of parts is requived. The

foliowing slid: shows another aprivacn taken with Apollo
towsrd integrating tie 'anding acar wiith ‘he compenents of
the spacezraft. 7he hcat shield is extended in this case
and shock absordbers are in:t2lled beiween the he-t stield
ard the .ppe’ cepsule, e set of absorbers shown nerée in
an appreximately upr.gnt posicion is used tc dissipate Qer:«
ical loads and another set of absirbers shown here at an
“apwreciabie aﬁg!e us used ti- dissipate horizontal loads,
Both of th§ Auvollo v:rsions shown ave erpected to 1a.d on

.

the jivund or the heat shield at a nose down attitulde a.d

skid and rock or the heatl s ield during runo.t, Slide u“f.
I=. general, ttere are se.eral ways ol dealing weth

verti»al>energy 4153?pat§on. Seme systems are more efficient

than otlers. some package Letter than others, but a varietly

of promising systems arc asail»tle. Ha zontal energy dissipati~-a
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is, in a way, simpler to deai with than-vertical energy

dissipation since translational friction is all them is
involved; howaver, ruicut becohqs a factor. The right or

wrong combination of lending surface and landing spees is

critical du-ing runout and vehicle corfiguration also erters

the picrure; Yhe resuits of inadequate:y dealing with~£hese¥
parameters are high accglérations, instability,_and turr, -
over. Parachucte iutedown systams have m)re-troublg with
horizontal ».loc}ty;than do-most.nf the o*her Systems Leca:se
they aren'y desisnea for horizonial velocity, Ihis s just

as true of cargu dreps as it fs o sparec?aft ]andings and’

it is easy to appre=.ate fhe r.oblem, The paréchu:evlandings
ov manne! vel.cl:s, for example, haV; been plannzd at velacities
of abcut 30 fert pir second vertical with exgecfation§ of

frr 0 to abcut L) or 60 fect per second horizontal. The
éorizcntal velocity is Jue .¢ the wind end so isnunpred:ctable
making'design dif<cicult 3°nce a wide sbe¢d range must te

accounted for by th: energy dissipatieon syscem. Also, airec~

tion of larnding wilh the parachnte s unknown, conseguen .ly,

it is desirable that toe energy dissipation system be uvmni=
directional in behavior and this tco is hard to achieve. - Let

down systeﬁs thai have a mcre or lecs fixed horn:onéal velocity
such as the paraglider also have positively controlle! forward
landing directicns and wven iraking roctets,‘siﬂce thgy dc
rot drifc as -;sf[y‘hith tre wind Vas Eo'oarachutes) hgve

more exactly defined desigr loads, speeds, diresctions etc.

— _ N

e}




The feillowing wovies show sone comditions at whaich mod. s
of various spacecraft tend to turn over <~ have ﬁndesirable
bahav ior,

Tre Ei:ggiggxig shows = m&del ef {h7 Mercury vehicle
landing or weter at simuleced velocities of 30 feet per second
verticai an¢ 60 feet per"seéond horizontal. This is a ropeat
run. The turn-over is crimarily the resuit of 0o high 2
velocity.-

The next movie. shows an Apollu type model landing at
velocities simulating 30 °zet per second vertical and 3¢
fuec per seco.d horizontai. fir.t a larndirg on sand, jggh
a landing or. a ha~d surface runway. The tur: -over s caused
by the “ofl canning” of the nodel .eat shield.

N vow a model having a four strut landing gear landing at_
relatively Imw speeds, 10 fee. per second ver*ical and NI"""'..
feet per second horizontal. Here is a landing o1 A aard ;urface;,
‘ then a landiig on a soft.powdereé materiai. Perztration and -
pilg-up of the surface mater'~i caused tip=up. *_-
The naxt szquence of movies show tu-n-overs'that are not

¥

caused'by norfzontal velocicy or landing surfzce, but Ly

”o

vehizle ihape and landirg ar.itude. Here is a skid-rocker
Iaﬁding of a vehicle vith a c.g. heigit ts base diameter
i " patin of 0.2 Mow a vehi-le witn a ratio of 0.2, The landine
attitude and spred were tie same. in bcth bases, Vekicls

shape or proportions caused Tuvn=over.




i

gear, Thz .arding speed. are relatively low cohsiderung the

8w

The next movie sequance chows modei landings of a

Saturn booster simuiating peraglider let=dora on a smooth, . - -

hard=-su-vace Eqnway. fhe “and’ng gear s a four st.ut .iluskid

3
&=

£,

size of the vehic'le, simulatidq 80 knots horizantal and 10

..'.!1‘3 -

feet pi second vertical. -Th: folluwing movic shows a vri-

cyt.ie landing ¢ea - employing a wheelad nosz gear and skide ) : e
01 the rain gear. There is Yittile to choose From in

tehavior be'wein these gear: although we did find some wheel -

probiems due to modc design that couid ceuse ground léops

d - -t

2s soown her-. Hovie cff.

The next slids (7) s. ws maximum normad znd ‘ongitudi..l
axcelerations for the passive,éystem Apoilo confiqur- “ion
duri;g landings on sard at & veriicai .olaeiily of 30 feet
per seccnd and horizonce: ve'oc.iiec of 0 to 50 »et per
secsnid. Herizeatal velocity had iittle effect on the max: oo
mi asceleration, either normal! or iongitidinal as chow~ by - o
the scotter of the velocity points. lLending 2itituce had
1 :tle effect on normal acceleration dve in the digren of
senatration inte the sand., The solic points indic.te test
model turn=cver Jdnring {wpac:,

the last s)ide 3) jives computed 1imits ¥ <tat iiity for &
skiJ—rocker landing qcar, ‘Compured Tirivs o0 3 friition
coefficient of 0.k and a c.g. heioht L= base diamcle, r-tio

of 0.2 are shcir., Tiw stable region is belas the wlrve,
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Turr-over would be expected at ionditioris above the curves.
The equations of motion show that turn-over for a skid-rocker
cbnfihguration is independent of change in horizontai velocity
ard this has beeir substantiaced by model tesis for a range -

- of touchdown speed-. This pilct shows the effect of vecticai

Q:.acity. The range is well outside that of t}ne Amdel
iﬁvestigati-on which sim:1z2ted paragli&er landings at veitical
ve:lucfties of abtout 10 feet per secona and less. The'ski::.’-.«
réck_er landing method is wost sauited to horizontal type
_landing ard these date sﬁw this. For example, at 10 feet
" per second there is. a staale range of soue 55% in ‘anding
attitude. f{n a vertic-.l type ‘landing at say 30 feet.|'>er
second this stable r.nge 't reduced to only 129.— Tr2 curves
appreoach asymptoti-ally the fr:iction angle. J(The friction
angl= is sbout «72° for this configuration, and s tre araic
ghat:thg resultaat o.‘_the f-iition force and the normal force
makes with th« normal axis of the v:eh-I':le. it is also the
angle at which the vehiéle would slidé during iandi‘ng wi thout
osgil}ation in.trim.) Slide off.
The"e erc ceveral problem areas in the laading energy
dissipation systems being used for spacecraft _recovery. Tnere
are al;so regions, or areas, for most systems presently bo.ingr‘
considered that result in satisfactory ladding impact. and
:runOut. This is a r;atural situaticn because évei*y rvehicle,
whethe- it be hel..icopt-er, aiﬁl#ne. or spacecraft can b2

expected to be limited somewhat in ianding attitude and speed.
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AGETDA
MEETING ON SPACE VEHRI" . LANDING AND RECOVERY
RESEARCH 450 WHCHNOLOGY
NASA Headquarters

July 10-11, 1962
9:00 A,M, EDT

I. July 10, 1962 - Opening Remarks - J, E. Greene- Headquarters

Il. Presentation. of Program Summaries from the Centers *
Parachute Recovery Systems Design and Development Efforts

Expended on MERCURY-REDSTONE Booster and SATURN S§~-1
Stage - Barraza, R, M. = MS¥FC

—

Application of Paragliders to S-1 Booster Recovery for
C~1 and C-2 Clags Vehicles - Mc Nair, L. L. = MSEQ

Recovery of Orbital Stages - Fellenz, D, W, - MSFC

A Raview of Launch Vehicle Recovery Studies - Spears, L, T.~
MSTC ’ ‘

A Review of the Space Vehicle Landing and Recovery .
Research at Ames -« Cook, W, L, = ARQ

Survey of FRC Recovery Research - Drake, H, M. - FRC
Manned Paraglider Flight Tests ~ Hortom, V, W. = FRC
Gemini Landing and Recovery Syatems - Rose, R, « MSC

Apollo and Future Spacecraft Requirements and Landing
Systems Concepts - Kiker, J. W. = MSC




111,

-20
July 11, 1962 - Continuation of Program Summariaes

JPL Requirements for Spacecraft Landing and Recovery -
Pounder, T,, Framan, E., and Brayshaw, J. - JPL

Langley Research Efforts oan Recovery Systems -
Neihouse, A, 1., - LRC

Summary of Static Aerodynamic Chavacteristics of Parawings =~
Sleeman, W. C,, Croom, D, R., and Naeseth, R, L. - LRC

Dynamic Stability and Control Characteristics of Parawings -
Johnson, J, L., and Hassall, J¢., J. L. = LRC

Deployment Techniques of a Parawing Used as a Recovery
Device for Manned Reentry Vehicles and Large Boosters -

Burk, S. M, =~ LRC

An Analytical Inveastigation of Landing Flare Maneuvers of
a Parawing-Capsule Configuration - Anglin, E. L, - LRC

Paraglider Loads, Aeroelasticity and Materials - Taylor, R,T.
and Mc Nulty, J, F. = LRC

Rotary-Type Recovery Systems - Libbey, C. E. - LRC

Parachute Performance at Supersonic Speeds ~ Charczenko, N.=-
LRC

Aerodynamic Drag and Stability Characteristics of Solid
and Inflatable Decelerator Devices at Supersonic Speeds -
Mc Shera, J. T. = LRC

The Problems of the Energy Dissipation Systems in Space-
craft Recovery - Fisher, L. J. =~ LRC




