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READQFIARTERS
U. 8. ARMY TEANSPORTATYON RESEARCE COMMAND
Fort Rustis, Virginia

Under the termas of Contract Dil 44-177-7TC-642, tha Bell Asrosystems
Coupany has been investigating the fessibility of utilizing small rocket
units attached to a wman's body tc provide increased mobility through s
limited flight capability. The investigation has been concerned primarily
with determining the feasibility of wan's performing contrcolled short-range
low-altitude £lights supported solely by rocket thrust. The feasibility
of the concept was satisfactorily demonstrated during the course of the
program.

The vaport presented ip the following pages is the third report
prepared undor the over-all Swall Rocket Lift Device program, and presents
the results of static, tethered, and free-flight tests of the device. The
first two reports, which are listed in the reference section of this re-
port, describe the anaiyticsl and component-testing portions of the pro-
gram,. The conclusions contained herein are comcurred in by the U, S. Army
Transportation Research Command, Fort Eustis, Virgil:ia, the cognizant

agency for Contract DA #4-177-TC-642.
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FOREWORD

F'or the past 3ix months, manned rocket powered flight experi-
ments have been directed toward proving the feasibility of such a 2on-
cept. A program such as this requires excellent {camwork and
dedicated efforts of many specialists, An c¢xperienced team made uf
of just such people has been formed and through the various coatrihu-
tions of knowledge, advice, and time of the individuals involved, the
concept has been successfully provon,

The U. 5. Army Traasportation Rescarch Command has assigned
Mr. Rohert Graham as Project Officer; his understanding help and
advice have been of great value. Mr. Wendell Moore serves as Techni-
cal Director for Bell Aerosysiems Company. Acknowledgment is made
of the overall aystems design and coordination efforts of Mr. E. Ganczak,
which have been a large factor in producing the suctvuwe schieved, Mr.
F. Graham served as test engineer and fiight operator. 1l was through
Liis courage and good engineering analysis during the tilght test program
that a large portion of this success was accomyplished. Mr, E. Kreutinger
served as crew-chiel during the entire program. FHis experience and
know-how were invaluable during the safe and successful develupment of
the rockel belt, F. Tyler Kelly, M. D, , religiously atteanded cach {light
and provided several important design suggestions, Mr, J, Burgess
served as a human factors engineer and very thoroughly documented
the reosults of the flight tests. Mr. J. Kroll served as stability and
cuntryl engineer, and his efforts contributed a great deal to the sucress-
ful control yystem,

Phase 11 of the SRLD Program was initiated 10 November 1960
and wag concluded successfully with a demonstration on 25 May 1961,




CONTENTS

Section Page
FOREWORD . . ... . .. i it v e il

LIST OF ILLUSTRATIONS. . . . .. ... ... e v
LISTOF TABLES . .. .. .. it oo v
LISTOF SYMBOLS .. .. .. i eie o vii

SUMMARY ... . o e i e e
CONCLUSIONS ... .. i, e . 4
RECOMMENDATIONS. . . .. . . v i it v s -

i SYSTEMSDESIGN , .. .. vt i e i vt Ceas 6
1I PROPULSION SYSTEM . . . . . v h v vttt ei e v v o o . 26
I STABILITY AND CONTROL. . . .. .. .... e e 29
A. Summary .....,.... e e e e e e 29

B. Introduction, . ... ........ ... .. s 29

C. Methodof Analysis. . . .............. e 29

D. Resultsand Discussion . ..., ..o v v v vevv o 32

v HUMAN FACTORS . .. .. ... e e e 43
A. Tlight-TestPlans ............ e e 43

B. Tlight-Test Checklist . . e e 43

C. Analog Program Recummendntions ............ 45

D. lafting Configuration Recommendations . . . . .. PN 45

E. Medicai Data on Flight-Test Operators .. .. .. ... 46

F. Flight-Test Performance Evaluation . .. ... .., ... 51

G. Selection und Training ... .. .......... .. ... 113

1. Selection . ... ... . ... .. . .. i 114

2. Training. ... ... 0 0L, e e 115

v RELIABILITY . . . . . . it it eee o o 118
VI OPERATIONS ANALYSIS. . . . ... ... . . e 120
A, SurveyMethods . . .. ........ ... .. RN 120

B. Agencies‘ontacted . ............ ... ... ... 120

C. Unofficial Thinking of U.8. Army Field Agencies . . . 122

D. SummaryofData ... ......... .. cveuino.s 129




CONTENTS (CONT)

Section

Vil REFERENCES. ... ..... e e i e e
APPENDIX I - Sites and Procedures in SRLD Flight Testing . . .

APPENDIX II - Recommended Throttle REAC Analogue

Computer and Evaluation Studies. . . .........

APPENDIX III - Recommended Study for the SRLD Prototype

Specification, Lifting Configuration........
APPENDIX IV - Rocket Laboratory Preliminary Test Reports. .

Page
134
135

144

147
151




ILLUSTRATIONS

Figure Page
1 SRILD and Operator-Right Side View . .. ... .. .. ... 2
2 Special Flight Suit . .. . ........... e e 7
3 Tank Guard Installation. . . .. . .. ..... ... . ... ... 9
4 Rotary Type Throttle Control Handle, .. .. .. ... e 10
] Tethered ¥Flight Inside Hangar . .. ... ... .. .. .. ... 11
6 Gimballed Nozzle DeBigns . o v o v o v o v v i v v s o u o . 13
7 Operator's Flight Path-First Free Flight . .. .. ... .. 15
8 Throttle Handle Torque vs. Throttle Valve Travel .. ... 16
9 Required Actuation Torque vs. Jetavator Deflection . . . . 17
10 Over-all Weight Schedule . ... .. .. .. ... ... e 18
11 Hgoz Propeliant Supply Remaining vs. Generator
Flring Time . . . . .. 0o vt i e v e e o e e o 21
12 Golng Arcund Turn. . . .. ... v v C e e 22
13 Climbing the Hill . . .. .. e e e e e e 2
14 CrossingtheCreek .. ........ ... .. ... e 24
15 Flying Over Obstacles .. ............. e e 25
16 Oy Gas Evelution vs Surveillance Duration Propellant
Tanlks HZO2 Compatability., .. ... ...... e 27
17 Flow vs Input Stroke Envelope Curves SRLD Throttling
Valve. .. 0 oo i e 28
18 Schematics of Man- Ma\,hinc Comiination and Stability
Augmentation Device; Equations of Motion .. ... .. 30
16 Oscillosenpe Display Schematic .. . ... .... e 31
20 control Simulation Test Setup . .. ..., e 33
21 SRLD Take-Off and Hover Dynamics . . v . v v . 44 34
22 Analog Computer Test Setup with Rotary Type 'l‘hrntth.. 35
23 Original Throttle and Control Stick . . .. .. .. .. 38
24 Modified Throttle and Control Stick. . ..., .. .. . .. .. 39
25 Flight Program for SRLD Tests Leading to Free Flight . 44
26 First Operator's Pulse Rate Data Throughout Early
Captive Flights .. ... ... .. ...... .. .. o . 49
27 Second Opcerator's Pulse-Rate Data Throughout (,aptive
; and Free Flights . ., ... ..o, 50
§ 28 First-Operator Learning 4s a Function of "Noise-Time"
Iy Decrease .. .. .. v i i i e e 1
B} 29 Seaond Operator's Learning Curve as a Function of
m Tethering Assists ., .. ... ...... ... . ..., 110




Figure
30
31
32

33
34

Table

[0

ILLUSTRATIONS (CONT)

Page

Second Operator Learning as a Function of Number of

Triesfor BEach Task . . . . oo v vt v i vt v oo nsn 111
Becond Operator Learning as a Function of Miss Distance

in Translation . .. ... ... .. .. .. e 112
Alr Bearing Platform o o v v v v v v o v vt v v e i i e s 118
Observed Reliability of SRLD with Lower 90% Confidence . 119
Possible Points of Lift for Improved Lifting Methods . . . . 148

TABLES
Page

Anthropometric Data Record ... ... e e e . 47
SRLD Flight Rating Chaxt . ... .. ..., ... ... .. Ve 52
Summary of Observer Ratings on 10- Point Scale for First

8ix Captive Flights (Exploratory) ... .. e 53
SRLD Operator Performance Evaluation .. .... .. . 54
Summary of Ratings on 5-Polnt Scale for Accuracy and

Flight Characteristics . .................... 55
Summary of Comments by U.S.Army Field Agencies

Covering Possible Operational Employment of an

SRLD. . .. v v e e e e 130
SRLD Operations Requirements .. ......... RPN . 132

vi




LIST OF SYMBOLS

Symbol Unit
|
‘} b3 1b/ft/sec artificial damping applied to stabilizer-
| mass
bN ft-1b/rad/sec  damping of control nozzle
BT °F insulation barrier temperature (cold side,
left ring attachment)
C* ft/sec characteristic exhaust velocity
d,% tt distance from stabilizer mass lu nozzle
* gimbal
EXT °F exhaust temperature (3 feet from nozzle)
F b thrust
F lb thrust (corrected to 410 psig feed line
corr
pressure)
FLP psig feed line pressure
FLT °F feed line tcmperature
GGP psig gas generator pressure {corrected {o 410
psig feed line pressure)
GGT “F gas generator temperature
Gl’ C’Z slopesg of thrust with throttle valve position
(see figure 21)
In slug-t?t2 moment of inertia of nozale about gimbal axisg
Isp sec specific impulse
Iy sJ,ug—ftz moment of inertia of upper torso about hip
socket
vii
)




Symbol
RNP

RNT
TP
Ty T

Tgy

Tﬁ2

LIST OF SYMBOLS (CONT)

Unit

psig
°F
psig
1b

°F

°F

°F
Ib/sec
b

Ib/sec

rad/sec.

ft

ft
ft/sec
inches
psi

degree

right nogzle pressurc
right nozzle temperature
tank pressure

total thrust

tube skin temperature (6 inch from gas
generator)

tube skin temperature (at tube hend)

tube skin temperature (3 inch from nozzle)
weight flow

total weight

weight flow (corrected to 410 psig feed
line pressure)

natural frequency of stability augmcentation
lateral displacement

vertical displacement

gravitational acceleration

display lateral displacement

differeniial pressure

manugl control deflection

viii




g

Symbol

LIST OF SYMBOLS (CONT)

Unit

degree stability augmentation systen. control
deflection

ft-1n/ radz/secz damping ratio of stability augmentation
system

rad/sec undampad natural frequency of stability
augmentation system

slug-ft2 moment of inertia or lower torso about
hip socket

1b/1t ground contact spring constant

{t-1b/rad hip spring constant

ft-1b/rad stiffness of control nozzle

1b/ft spring constant of slabilizer spring

psig left nozzle pressure

°F left nozzle temperature

psig line pressire

ft-1b rolling moment

ft distance from nozzle gimbal axis to upper

torso center of gravity

ft distance from upper torso center of gravity
Lo hip socket

ft distan:e from lower torso center of gravity
to hip socket
1t distance from body centerline to stabilizer
mass
ix




Symtol
m
mny
2
mg
ny, ng
P.Abs Corr

PFT

NOTE:

LIST OF SYMBOLS (CONT)

Unit
slugs
slugs

slugs

slugs

“F

degree
degree
degree

degree

double dot
(e.g x = -

2 a
(¢}

total mass

mass of upper torso

mass of lower torso

stabilizer mass

throttle valve positions defined in Figure 21
chamber pressure (corrected to absolute)
propellant feed temperature

roll angle of upper torso (above hip socket)
roll angle of lower torso (below hip socket)
nozzle deflection

stick deflection

stick detlection in percent of maximum position

throttle valve position - percent of maximum
condition

denotes second derivative

Many symbois appearing in this list are not used
in this report but have beun used in previous
reports issued in conjunction with this project
and are included here for reference purposes.




SUMMARY

In answer to a generalized requirement for increased mobility of the
foot soldier, an approach has been conceived wherein small rocket units are
attached directly to an individual to provide him with short flight capability.

The U. S. Army Transportation Research Command (TRECOM)
awarded Aerojet-General Corporation a study contract to investigate the
theoretical feasibility of such devices. This resulted in a report (Ref, i)
which concluded that the concept was feasgible,

To substantiate the tlieoretical investigations and captive flight tests
utilizing nitrogen gas, it was dvemed necessary to build a manned free-
flight feasibility model of such a device and [light test it. Toward this
end, Bell Aerosystems Company was awarded Contract No. DA-44-177-TC-
642 to perform thic task under the direction of the U, 8, Army Transporta-
tion Research Command (TRECOM), Fort Eustis, Virginia,

The Contract Work Statement for thls task was divided into two dis-
tinct phases. Phase I required the design, fabrication, component testing,
and agsembly of the Small Rocket Lift Device, followed by an engineering
report of this work. Phasge II required static test firings of the assembled
unit, tethered and free-flight testing with a human operator to determine
the over-all feasibility, performance, safety, and utility of such a device,
with adjustments and modifications as required to achieve satisfactory
operation. This engineering report along with a documentary movie cou-
giitute a record of the work accomplished in Phaue II.

The design of the SRLD is fundamentaily a pressurized hydrogen
peroxide rocket propulsion system mounted on a moided Fiberglas cor-
set shaped to fit the body of the operator. Arm lift rings ure attached to
the corset through a central pivot point at the back of the operator's neck.
Two handles attached o the rings extend forward for control purposes.
Actual lift is provided by two rocketl nozzles, one mounted on each side of
the operator above the arms and above the center of gravity. The nozzles
are fed by a central gas generator controlied by a motorcycle type throttle
at the operator's right hand. Figure 1 is a photo of the actual SRLD.
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Figure 1,

SRLD and Operator - Right Side View




After successful hot firings with a plaster dummy in the test cell, the
SRLD was flown in manned tethered flights. Numerous changes were made
to the control system during the tethered flight program. Until a relaiively
stable and coutrollable man-machine combination was developad, the most
difficult problem was developing an acceptable yaw mechanism. Fifty-six
tetiiered flignis were made,

The first free flight was accomplished 20 April 1961. It resulted in
a successful 100-foot translation with the operator landing on the target.
Subsequent free-flight testing demonstrated reliability, safety, and con-
trollability through many iypes of maneuvers, such as hovering, hill-
climbing, coordinated turns, translation with pivot turns, and return to
take-off point, flights over obstacles, etc.

The propulsion system proved 100% reliable and is still operating
satisfactorily after 96 runs wilth an accumulated running time of 36.9
minutes. The free-flight program was concluded with a demonstration
at the end of 28 flights, at which time it was considered by all concerned
that the feasibility of this concept was satisfactorily demonstrated.

An abbreviated aperations analysis was accomplished. This indi-
cated that che greatest need would bhe for translation types of flying for
such missions as crossing rivers, climbing hills, and flying over other-
wige inaccessible terrain,

Several items remain to be researched further, before sufticient
criteria can be established for the design of prototype models. These are
the establishment of quantitative flight performance data, improvement of
the yaw control mechanism, and flight time remaining indizator, as well
as the addition of a safety device such as a parachute or paraglider which
could also be utilized for range extension.




CONCLUSIONS

The concept of attaching a rocket propulsion. system to 4 man for
the purpose of trangporting him from one place to another has been suc-
cessfully demonstrated. This was done by means of rigoroua static test-
ing of the propulsion system, a manned tethered flight program during
which various improvements were incorporated,and finally by a manned
free-flight program consisting of various types of maneuvers. Additional
quantitative data on stability and control is needed to intelligently estab-
lish p:ototype specifications. Hydrogen peroxide, although very suc-
cessfully utilized on this program, would have a limited tactical use due
to itg handling characteristics and limitations at low amblent temperatures.
A better tactical propellant must ¢ found. The basic concept of distribut-
ing the SRLD static weight around the man's body by means of a padded
Fiberglas corset proved highly successfui, The flight test program re-
vealed that lifting a man under the arms for a short period of time had no
deleterious effects and permits excellent kinesthetic control.




RECOMMENDATIONS

As a result of the Phase 7 flight test program of the SRLD the fol-
lowing recommendations are made. Additional work should be acconi-
plished to gather further data for the purpose of estabiishing prototype
specificationa. Specifically the following items should be accomplished.

(1)

@)

(3)

(4)

(5)

(©)

()]

®)

Perform additional flight testing with instrumentation to gain
quantitative stability and control data.

Design and test an improved flight time remaining indicator
suitalle for prototype use.

Perform configuration and performance improvement studies,
Design, fabricate, and tegt a parachute, paraglider, or like
device for enhancinyg the safety of operation and increasing
the range.

Perform stability and control studies as a result of item (1)
to further the state-of-the-art of the man-machind mathe-
matical models required for SRLD prototype gystem design.
Establish the required program for iraining flight operators.

Perform operations analysis to establish the desirable per-
formuance characteristics for tactical use.

Perform operational propellant studies in an effort to define
the requirements for a tactically suitable SRLD propellant,

In view of the remarkable success in denionstrating the feasibility
of this concept, it is recommended that further development of this system
be prosecuted vigorously.




I. SYSTEMS DESIGN

After conclusion of the SRLD final assembly, the system water-flow
tests were performed successfully. This ended Phase I of the experimental
portion of the feasibility program and a report, Reference 1, was prepared.
On 10 Novembe: 1961 the go ahead was received from TRECOM for the
Phase II portion of the work rtatement.

Phase II began with hot-firings of the SRLD mounted on a plaster
dummy in a racket test cell. Two vertical gulde cables were installed
from floor to ceiling through the dummy and the thirottle control was
extended with a flexible cable to permit manual firing of the SRLD from
outside the cell. This permitted pilot familiarization with propulsion sys-
tem control. During these tests the SRLD was accidently dropped to the
support pad several times from heights as much ag three feet with no
adverse effects on the structure, After the completion o: eleven tests, the
SRLD was considered safe and reliable enough to proceed with manted
tethered flights. During the course of these tests it was determined that
the throttle valve was sticking and not opening and closing properly. This
was caused by the shutoff O-ring coming out of its groove during flow con-
ditions. The O-ring was subsequently completely removed, Detalled in-
formation on this series of tests 18 included as Appendix IV,

An indoor test site was chosen for the initial tethored flights. This
permitted applying vertical and horizontal grid lines to the wall of 4 room
against which the flight operator could be photographed for purposes of
determining rates of transglation, body and limb angles ag well as aititude
control. Two horizontal cables wore installed in the building, one at the
floor and one at the ceiling, upon which upper and lower tether lines could
travel by means of pulleys. The first two tie-down teuls were accom-
plished at this site.

A special fligat suit was designed and fabricated for use in the
presence of 90% hydrogen peroxide. The suit was designed to draw the
sleeves and legs tightly about the operator's limbs f[or the purpose of
readily defining body and limb positions and angles, A picture of this
suit i{s shown in Figure 2. A heavy duty eyclet was inserted at the crotch
for a lower tether attachment point.




Figure 2. Special Flight Suit




The first teiliered flight was accomplished by noperator Moore on 29
December 1960. Several things were immediately apparent. One was that
the building itself was much too snall for this type of test, Secondly, the
lowertis-down cable proved to be more of a hindrance than a safety meas-
ure. When the operator would get so much as a foot or two off center, it
would have the effect of tipping him  This site was abandoned after the
second test, when the operator received a slight knee injury from hitting
the wall.

Subsequently, two thir’.y-foot-high towers were set up outdoors with a
horizontal cable running between the topr, On this horizontal cable a riding
pulley with a safcty line attached was installed. No lower tether was used
from this point on. The ouldoors location provided a considerable improve-
ment in the flight test results. However, low temperatures began to pre-
vail in the Buffalo area. These tcmperatures resulted in exhaust steatn
condensing intc vapor clouds which obscured both the onerator's view and
the tether man's view of the operator in flight., During one such flight the
operator landed slightly off balance backwards and fell to the pavement in
a seated position. This resulted in a slight fitting leak noar the bottom of
the tanks. A tank guard made of soft aluminum tubing was then installed to
prevent damage in the future., This tank guard is depicted in Figure 3.
During this series of tests, the squeeze type throttie handle was being
evaluated. It proved to be a poor design for the type of precise throtiling
required. As a result, a rotary type motorcycle throttle handle was in-
stalled in an upright position on the SRLD instead of the downward pogition
of the squeeze-type throttle, Figure 4 is a photo of this installation. This
was [irst used on tethered flight No. 6. No returu spring was incorporated
into the design.

Beginning with tethered flight No, b, the SRLD was flown inside the
large Bell experimenial flight hangar, where uncestricted indvor room be-
came available. Figure b is an in-flight photo in the hangar. The modi-
fied motorcycle throttle provided a tremendous improvement in controll~
ability. Beginning with flight No, 7 the gimballed nozzle assembly was
locked in the pitch and lateral directions and uti‘ized through the hand
controller for yaw control only. No centering mechanism was provided.
This again proved a small step forward as the gimballed nozzles appeared
to be much too sensitive for the type of control required. Coupled with this
change the radial pivot bearing at the back of the neck which supporis the
nozzle and gas generator was changed to a spherical rod-end typc of bear-
ing. This permitted both lateral and pitch contrc! of the nozzles by up or
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Figure 3. "Tank Guard Installation
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Figure 4. Rotary Type Throttle Control Handle
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Figure 5. Tethered Flight Inside Hangar
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dowa movement of the handles. Thie again proved to be a great help in the
control of the SRLD. During this period it was also noticed that the nozzle
exhaust streams were interfering with the legs and feet of the operator, caus-
ing lateral disturbances of the man-machine combination. As a result of
this, both exhaust nozzles were canted § degrecs outward from the vertical
centerline. This change provided another improvement in the flight con-
trol of the SRLD.

On February 17, 1961, during a hovering test (Flight 20), an accident
occurred in which operator Moore became entangled in the safety rope
which subsequently cut, dropping the uperator to the floor, causing a knee
injury, As a result of this flight, a s2reen guard was placed over the
throttle valve, the safety tether was changed from woven plastic rope to
cable and a return spring was installed on the throttle valve, Additional
crash padding was also added around the quick release latches on each
side of the support rings.

Insomuch as we had designed and fabricated workable gimballed
nozzles for the SRLD, it was decided to test them for control in all planes.
The pivot bearing was then locked at the back and the gimballed nozzles
were acluated in all planes by the left-hand control stick. The results of
this change were not encouraging, fundamentally, because the nozzles
were very difficult to align perfectly in neutral after being actuated in one
direction or another, and control {riction was undeairably high., They were
also much too sensitive. As a result of this experiment, the gimballed
nozzles were removed,

Rigid no~zles with jetavators for yaw control were then installed,
This change is depicted in Figure 8.

Beginning with Flight 21, operator Harold Grahar: began training
for the continuation of the SRLD flight tests. During the ensuing period,
several additional changes were made in the SRLD, These included a
larger abdominal support plate and the addition of a lower safety helt, as
well as enlarged arm padding oa the lift rings.

After 36 tethered flights and a total of less than fifteen minutes of

flight time by operator Graham, it was decided that his proficiency and
the improved control system of the SRLD would permit free flight.

12
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Figure.d. Nouale Designs Tested

13




On {he morning of April 20, 1961, the first free flight took place. A
100-foot strip was marked on the zrass of the Niagara Falls Airport with a
target at each end. The operator took oft, flew a very gtraight path for a
100-foot distance, and landed on the target. Figure 7 18 a picture of the
actual {light path. Again on this flight a vapor cloud appeared due to the
low ambient temperature; however, the flight was deemed completely suc~
cessful and indicated that a considerable numaber of coatrol problems were
actually due to the tether rope assembly. During the ensuing free-flight pro-
gram, several changes and improvements were made to the SRLD. A detent
was added to the throttle control handle in such & manner as to provide a
high momentary torque when reducing the throttle beyond the 70% mark.
This was done after the operator accidently cut the rockets on several
occasions during landings. Figure 8 depicts the torque required to actuate
the throttle handle as it exists at the present time. This proved to be a
most satisfactory safety change. When yaw control problems developed
during flight, a centering spring device was installed on the jetavator con-
trol. This provided a definite feel for the pilot when returning from an
actuated position either side of center, and provided much better yaw con-
trol during flight. Figure 9 is a graph of the static torquc required to
actuate the jetavators through full travel.

Various small additions and deletione were made to the operator's
flight gear us well as the SRLD during the free-flight program. As a re-
sult, a revised over-all weight statement is provided in Figure 10,

No clianges were required to be made to the propulsion system at any
time during the Phase II flight-test program. It operated with an observed
reliability of 100%.

The propeilant warning indication system was revised several times
during the free-flight program. The audio signal in the helmet was in-
creased in in'ensity and frequency several tines, but still could not he
heard by the operator. A small internal carphone was tried, with negative
results. The red warning light proved ineffectual in bright daylight and
was removed. Finally, a smalil vibrator, actuated by the original timing
circuit, was installed as a bone conduction device inside the helmet against
the operator’s skull. This proved to be a very effective signal and the
cperator's confidence improved markedly.
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Figure 7. Operator's Flight Path — First Free Flight
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AT MR e L

(1)
@
()
4
(5)
(6)
m
(®)
)
(10)
(11)

OPERATOR, CLOTHING, AND PROTECTIVE GEAR

Oporator (Stripped)
Flight Boots
Rubber Suit Top
Rubber Suit Bottom
Thermal Underware (Long, Tops and Botioms)
Knee Guards (2)
Elbow Guards (2)
""Nose" Guard
Knee Padding (2)
Pant Leg Straps
Rubber Gloves
Total Operator and Apparel Weight

L.oadable Items

H,0,
N,

Total
Operator and Apparel
"Dry'" SRLD
Loadabile Items

Gross Weight at Liftoff

Figure 10. Qver-all Weight Statement (Sheet 1 of 2)
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Weight
(Pound)
160
4,55
2.15
2,00
1.66
i.36
.80
40
25
.25
.15

————

173.45

48,0
2,4

et

50.4

173.45
78,0
50,4

301,85




(1)

(2)
(3)

(4)

(6

(7)
(8)
(9)
(10)
(11)

DRY SRLD

Gas Generator Assembly (Throttie valve inlet to
jetavalors less tether guard)

NpBottle (Including adapter and 8-inch connecting line)

Ho04 Tank Assembly (Including manifolding, flex line,
bIzeea lines,and valves)

SRLD "H'" Frame (Including valves, gages, and
plumbing)

Right Arm (Including throttie control and cable, timer
box and wiring, and padding)

Left Arm (Including yaw control and control cables
and padding)

Helmet (Including vibrator and wiring

Fiberglas Corset (Ineluding padding)
Abdomin:1 Plate (Including attzchment belts (2))
Dry Cell Battery

Tank Bottom Guard

Total "Dry SRLD" Weight

Total Actual

Figure 10, Over-all Weight Statement (Sheet 2 of 2)
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Weight
(Pound)

17.00

16.00

13.00

10.55

5.15

4.75

2.36
3.86
1.95
1.35

0.70

76.65
18.00




Faring the free-flight pertion of the program, reccrds were kept on
propellant remaining after eacis flight. This was done by draining and
welghing the residual propellant. Figure 11 is a plot of propellant remain-
ing vs gas generator firing time. The aftect of higher flight velocity is not
apparent from information presented in Figare 11, It is an obvious fact
that an increase in velocity will resuit in an increase in distance travelled
in 2 given period of time. It may not be quite as obvious that the rate of
fuel consumption will be relatively unaffected by variation of veloeity in
thc range visuvalized for the SRLD.

The over-all SRLD system was successfully free-flight tested
through the following flight plans:

1. Forward translation (368 feet)
2. Translation, hover, and let-down
3. Hill climbs
4, Let-downs from hilltop
Creek crossing

6. Take-off forward translation, 180 degrees rotation and return
to starting point

180 degrees coordinated turns around a 100-foot semicircle
The slalom
Flight over 7-foot obstacle (firetruck)

Figures 12 through 15 were photos taken during some of the foregoing
flight tests.

At the conclusion of 28 free flights, the SRLD system was considered
to have demonstrated feasibility in a satisfactory manner and development
flight testing was concluded on May 25, 1961,

Several imporiant items remain to be tested and developed before
sufficlent data can be accumulated to properly design and evaluate prototype
models. Quantitative data must be obtained on the in-flight performance.
The yaw control system needs improvement. A direct reading propellant
quantity system and a device for emergency let-down would greatly enhance
the operational safety of the SRLD. Although hydrogen peroxide proved to
be a very convenient and reliable propellant for feasibility purposes, its
tactical use would be definitely limited by both the handliug characteristics
and the effects of low ambient temperaiures. A more suitcble tactical
propellant should be developed for the SRLD.
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Figure 13. Climbing the Hill
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Figure 14, Crossing the Creek
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Figure 15, Flying Over Obstacles
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I, PROPULSION SYSTEM

The SRLD propulsion sysiem proved to be an extremely safe, reliable,
and trouble-fres design. Details of the system were described in reference
2. During the entire Phase IT program, the only difficulty encountered was
minor external nitrogen leakage due to O-ring wear in the Pressurizing
and Vent valve (8123-472-015). This O-ring was changed on three occa-
gsions, The third time a harder synthetic rubber was used and no trouble
has occured since itz installation after Flight No. 81.

After 77 fillings of the hydrogen peroxide system, including numer-
ous flights, when it was exposedto dust, dirt, etc., the system was checked
for compatibility and found to be tolerable but nearing the acceptable limit.
At this time it was dismantled, proof pressure tested, and reconditioned
for service. Figure 16 is a graph of a gas evolution operation,

During Phase II, the eecond reworked HyOg throttle valve was re-
ceived and thoroughly tested. Flow characteristics of the final design were
establishe:l and are presented in Figure 17, The valve was satisfactorily
cycled 500 times with pressurized distilled water, The {inal leakage under
pressure in tha closed position was less ihan 3 cc/min, All other require-
ments were satisfactorily met.

The original catalyst bed, installed prior to the first hot firing of the
gas generator, is still installed and performing satisfactorily, As of this
writing, it has accumulated a total of 199 runs and 83.7 minutes total oper-
ating time.
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1. STABILITY AND CONTROL

A,  SUMMARY

The stability and control characteristics of a man supported by a
8mall Rocket Lift Device (SRLD) have becn studied using the analog
computer approach. Aspects nf the coupled roll-lateral translation motion
and vertical take-off and descent were investigated. Design lateral control
moments were found to be excessive for satisfactory contol. The need for
a lateral stability augmentation device was not established by the analog
studies. A twist type throttle was found superior to a squeeze type.
Changes were made on the design SRLD hardware based on recommenda-
tions siemming from the above studies.

B. INTRODUCTION

Early tethered flights on SRLD test rigs powered by compressed
nitrogen showed certain undesirable stability and control characleristics,
Fore-aft pitching and translation were satisfactory, but lateral translation
and rolling'motions were oscillatory and for the most part uncontrollable.

Because of the experience on the tethered nitrogen rig, initial studies
were concerned with the effect of a simple stability augmentation scheme
on the uncontrolled system dynainics. Subsequent analog investigations
used a human pilot as part of the system dynamics for studies of the con-
trolled lateral behavior.

When lethered flights began with the hydrogen peroxide propulsion
gystem, the deslign throttle gave thrust modulation difficulties. This
problem was also instrumented on the analog computer,

The following discussion outlines the analyses and presents the per-
tinent results which have been documented throughout the program.

C. METHOD OF ANALYSIS

Equations of motion were derived for the maodel of the man-machine
combination and stability augmentation device shown in Figure 18, The
equations, also describe latéral behavior and were instruniented bn an
analog computer, A human operator was requircd to control his simulated
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Figure 18, Schematics of Man-Machine Combination and Stability
Augmentation Device; Equations of Motion
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P e

motion hased on obsgervations of a moving image displayed on an oscillo-
scope screen, Figure 19 is a schematic of the display image seen by the
pilot, and Figure 20 is a photograph of the test equipment, The control
stick shown in Figure 20 is the one incorporated in the original design.

The inathematical model used iui take-off and landing studies was
simpler than the one used for lateral studies. It consisted of a variable
mass body with a gingle degree of freedom. Figure 21 shows the equations
of motion and the thrust-throttle valve-control stick characteristics., The
operator's task was to control the vertical motion of a pip on the oscillo-
scope screen, Figure 22 shows the twist type throttle used in the studies.

D, RESULTS AND DISCUSSION

The studies of the controlled lateral behavior consisted of two parts,
The first was a4 systematic evaluation of the stabllity augmentation system.
'The second considered the effect of changing par: meters in the equations
of motion.

The results of the stability augmentation tests were not enlightening.
Twenty-five combinations of frequency and damping were studied but no
significant effect on the controlled lateral behavior was noticed. It was
concluded that the stability augmentation system might be of secondary
importance and, possibly, not necessary. Flight tests have substantiated
this conclusion, 28 free flights have been accomplished to date. Each has
been successful without the use of a lateral stability augmentation scheme.

Following the stability system tests, other parametors were varied
and Lhe effect on the controlled lateral behavior noted. It was snon dis-
covered that changes in both maximum nozzle deflection and nozzle gimbal
point height above the system c.g. were pertinent parameters, This, of
course, was expected since these parameters determine the maximum
rolling moment.

It was surprising to learn, however, that the controlled behavior was
more satisfactory when maximum control moments were reduced from the
design value, On the basis of these tests, the SRLD hardware was modified
to give a maximum rolling moment of 2.4 foot-pounds, which is roughly one-
half of the original design value,
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Equations

T=Ky =my Ground Contact Conditions
T=W, =my Hovering
T=0  For 0sf = p
T=G1(§ -ny ) For "153 = ng
T=G2(S 'nz) + T1 For nzﬁg 100 'SIODG, 02
TMax| ™ = — — — — — ]
]
|
T, |
Lbs, |
—— Slope, Gl |
| |
]
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0 | |
0 ny ng 100
g » Throttle Valve Position, %
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QY , Control Stick Position, %

Figure 21, SRLD Take-off and Hover Dynamics
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Figure 22, Analog Computer Test Setup with Rotary Type Throttle
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The choice of maximum nozzle deflection and nozzle gimbal height
above the c.g. is not dictated by moment requirements alone. Nozzle de-
flection also introduces a side force which produces linear accelerations,
Small nozzle deflections at larger moment arims can give moments equal
to those from large nozzle deflections at small moment arms. In the latter
cage the forces available for linear acceleration and deceleraiion can
become very large.

One of the advantages of using an analog computer was exemplified
during these tests. Pilots observing the oscilloscope display rated the
over-all behavior of the coupled roll-lateral translation motions., Two of
the three pilots involved had acquired previous tethered flight experience,
Although their response characteristics differ between real and analog
flights,they could express judgement concerning the desirable and unde-
sirable behavior observ’ 4 oa the oscilloscope screen,

Another parameter which affected the contrc..ed lateral behavior
wag the hip spring constant., Low values are undesirable; high values are
raost desirable. Since this parameter is most probabliy highly dependent
on both physiological and psychological factors, its exact value and nature
at any instant are unknown, Physically, the operator could be stiffened at
the hips. During the early tethered flights a simple methcd of achieving
this wag not conceived and complete immaobilization was considered im-
practical and possibly unsafe, It was noted, however, that tethered flight
performance showed considerable lmprovement when a'' belly-plate' was
used. This belly-plate was a lower abdominable support and was added for
physiological reasons. It is believed that this support resulted in an in-
creased hip spring constant at least to the extent where the effects on [light
dynamics were apparcnt. To date, freeflights have not been performed
without it.

Studies of vertical take-offs andlandings were initiated after early
tethered flights indicated thrust modulation difficultics. Two throttle types
were evaluated in conjunction with various thrust control gradients, i.e.,
thrrust versus throttle position relations., One throttle was a' squeeze'
type and the other was a "twi1g!' type. Results from the computer studies
definitely established a trend favoring the twist throttle. The design thruat
gradient was considered satisfactory. This was gratifylag since the thrust
gradient 18 a function of the throttle valve flow characteristics, The need
for valve redesign was thus unnecessary.
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Another recommendation stemming from the vertical flight studies
was the installation of & detent on the liroitle grip. The purnnge of the de-
tent was to provide a cue to the pilot when the thrust level reached 70%. It
was felt that this cue would preveni e¢xcessive thrust reduction during a let~-
down and thereby result in smooth landings. During early free flighta the
operator did not comment on the detent. After a number of fliglits, however,
his cominenis mentioned the detent specifically.

He felt that the presence of the detent and the simple cue it provided
improved his landing orlet-downperformance.

Figures 23 and 24 are views of the ariginal design and modified
throttle and control sticks.

The {light operator's comments on factr »s affecting flight control of
the SRLD are discussed in the following paragraphs.

The flying of the belt requires consciously and slowly applied con-
trol movements. This effort 1s particularly important during the initial
1ift -off (time fromthrottle actuation till feet leave the ground) phase of the
flight when no control reference is available. The operator should attempt
to lift-off to a hovering altitude of one foot or higher. Once "airborne", the
basic controls (throttle, pitch, and lateral) become instinctive (with expe-
rlence) and easy to direct. Yaw control, as presently manipulated, is not
truly instinctive, but requires slightly more '"thinking time" to bring about
the desired yaw reaction.

It has been the operator's experience that the best SRLD control
occurs at altitudes in excess of three fect, presumably because the degree
of control error becomes more crilical nearer the ground.

Of the many fears and apprehensions the operator initially experi-
enced when he first was associated with the SRLD, there are only two, of
major congequence, remaining:

(1) 'The possibility of inadvertently reducing thrust below the 70%
"drop off'" level and its assoclated rapid descent. This has been
reduced as a result of incrcasing the resistence of the (T0%
thrust) detent. The resistance is such that now, 14 inch-pounds
of torque has to be applied to cut the throttle past this 70% level.
During the descent phase of free flight 27, this dutent was feit and
gignaled the operator to leasen his throttle decrease. Had it not
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Figure 23. Original Throttle and Control Stick
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Figure 24, Modified Throttle and Control Stick
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been for this dutent "'signal', the operator may very well have
"cut his thrust' at an altitude of four feet,

{2) The possibility of propellant depletion or "burn out" while still
in flight. This was greatly reduced with the advent of the
"vibrator type' propellant depletion warning device. This
device gives the uperator a definite indication of how he stands
propellant-wise without further taxing his visual senses.

The in-flight controllability fezrs are nil irasmuch a8 no aberrations
have been encountered that could completely put the aperator "out of conirol.”
Our only control problems have been in yaw, from which the operator can
easily "save himself" by a slow descent, We have had three "uncontrollable"
yaw problems in free flight, all followed by slow descents to safety,

The throttle (altitude) control is abaout as good as cculd be desired,
It is instinctive, easy to operate, easy to learn, and provides the very
small thrust variations that are required for a sir oth and level flight,
The ability of this control systom to regulate the thrust to maintain con-
stant altitude of flight (i.e. 21 foot) with the system losing weight at the
rate of 2 pounde per second 158 remarkakie,

The '"dead man' throttle return spring is a '"must" as was determined
during the four tethered flights (No. 30, 31, 32, and 35}, when control direc-
tion was momentarily lost, The spring ''feel" enables the operator {o in-
stinctively apply the desired type of throtile control change (i.e. increase
or decrease).

The "low level’ (70% thyrust) detent is a very important safety feature
that should be majntaired and improved upon. The ihrust drop off below
this 70% level is very sharp and ar: such is uncontrollable., There should
have to be a concerted and definite operator eflort to pass this 70% level to
insure that this level would not be passed wiile the SRLD is in flight.

Pitch conirol actuation is very nearly instinctive. Cn occasion, how-
ever, a conscious effort must be "thought cut" to increase translation speed,
(i-e., you find yourself moving Loo slowly, almost hovering). You stop and
say to yourself "speed up - - - lower the control arms,"

During hover and slow-down, prior to landing, the pitch manipulation
is instinctive with no "brainwork' required.
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Initial "take-off' pitch control alignment is especially important
(i.e. +3 degrees) io0 ingure that no transiation motions are instigated until
ihe operator it completely airborne. This alignment is not difficult, as
the operator simply takes a visuul check io see that the "gas ducts' are
directed straight downward.

With the range of pitch control we ncw have, much greater transia-
tion acceleration forces are available than the operator has used., The
maximurn translation velocity reached to date is approximateiy 35 mph.
This was performed at low altitude (i.e.,*< 4 fcet). Faster velocities
would have to be performed at greater altitudes (8 to 10 feet) where
altitude deviation is not as critical.

The ability to move laterally in small amounts (i.e. correcting
for cross windy or making radius turns) has been readily demonstrated.
This control is actuated by tilting the arms in che lateral direction de-
sired, Movement of the arms is eaxlly done and ig instinctive in nature.
.Jo "mental work' ig required,

The correlation of lateral and yaw control, as in radius turns, takes
practice to perform smoothly (rather than jerkily, in step fashion). This
roughnes$ is due primarily to yaw difficulties rather than lateral control.

As with pitch control, lateral control must be applied slowly and
smoothly to limit the degree of "upsetting'' acceleration forces. As ex-
perienced on the first attempt to fly a slaloin course, ""playing rough"
with the controls will quickly put you in an impossible control situation,

Of all the control operulions, yaw requires the most ''thinking con-
cenitrating time". The mcthod of yaw control (i.e, applying tarque to a
vertical handle) does not lend itself readily to natural or instinctive re-
action, and u longer training period is thereby involved, The similarity
of this type of the contrnl with the throttle control of the right hand caused
a cross-hand coutrol problem (Free Flights 12 and 21), which results in
induced yaw (left hand) when actually more thrust (right hand) was called
for.
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The magnitude of the turning torque (l.e., reaction forces applied
at jetavators) resulting from maximum yaw actuation is deemed ude~
quate {i.a,, the torque is sufficiently strong to turn the uperator "with
haste'} yet. not so great as to "'"whip the operator' or noticeably affect the
vertical component of thrust),

A tilting or steering type of yaw control should make yaw control
easier to operate and eliminate the inter-arm crossover control problem,
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IV. HUMAN FACTORS

Human Factors support was provided throughout the Phase II Program '
to assist in formulation and, as necessary, revision of SRLD flight-test pians
in integrating detailed procedure requirements for checklist control of the test
operations, maintaining currcnt revisions to the checklists, and acting in in
advisory capacity on safety and f)ight-test practices. During this phase, re-
commendations were also prepared for SRLD analog simulation probleme
and procedures as well as on pertinent modifications of the SRLD lifting con-
figuration. Throughout the test program, operator performance criteria were
established, evaluated, and revised to determine, as much as possible, evi-
dent patterns of skills and proficiency development. Preliminary estimates
of personnel selection and training requirements were also completed in the
Phase II study.

A FLIGHT-TEST PLANS,

Early flight-test plans, prepared on a prior basis, considered a simple~
to-complex sequence, for operator performance, to begin with a hovering
task, then to try lateral translation, turning, forward translation, followed by
a task to combine all these functions. Hewever, after the first few explor-
atory flights under tether, it was evident that the original plans required
revision. Figure 25 illustrates a revised sequence of flight plang based
partly on likely field operational requirements for translation, hovering,
let-downand turnaround. 'This sequence was suggesied since it began with
those flight-tasks that seemed to be most easily accomplished by the flight
operator as evidenced by his early performance.

Early flight-test objectives were primarily concerned with establishing
an acceptable control contiguration on the basis of flight-operalor and ob-
server opinion criteria. Exploratory flights were continued (a total of 42
flights witn the two different operators) until a configuration was establighed
as acceptable. The remaining flight plans were then developed, in some com-
bination of those plans illustrated in Figure 25, to provide for proficiency in
perfarmance of the flight operator. In this final configuration, a total of 14
remaining flights were conducted under tether. The remaining have been
free flights conducted out-of-doors in open terrain,

B. _FLIGHT-TEST CHECKLIST,

FRequired flight-test procedures were integrated throughout Phase 11,
considering such things as safety and efficlency in the conduct of the program.
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Plan # 1 Simple Translation
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Plan # 3 Simple Turn Around
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'*\ in all axes, turn around
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Figure 26, Flight Program for SRLD Tests Leading to Free Flight

44




' Procedures were developed into checklist form, which was tanaintained and/or
revised as necessary throughout the program. Sites and procedures employed
in both tethered and free-flight tests arc presented in Appendix L.

Four different sites were employed in tethered-flight testing. The first
site, Building 87, was chosen since it was convenient for peroxide handling
and appeared to have ample space. Decision was made to move outside when
the room inside the building proved to be too restrictive. Site No. 2, with the
tethering cable between two towers acruss a roadway, presented an impinge-
ment problem at the shoulder. Scveral flights wero then completed at Site
No. 3 on a solid concrete ramp, until extremely low outside temperature re-
sulted in the exhaust steam's obscuring the operator's vision. as well as that
of the tethering men and observers. The fourth site, inside the experimental
hanger,wasselected since temperature was controlled and ample space was
avallable. Remaining flights under tether were completed at this site.

Free-flight testing was begun on April 20, 1961. The first flight was
performed over the grass on Niagara Falls airport near the threshold of
Runway 32. (Free-Flight Site No. 1.) This first free-flight site was se-
lected because of the goft turf available, for gsafety reasons. A decisi»n was
made to employ the second site off the ramp due to proximity of the first
site to a public road. Subsequent sites at the Niagara Frontier Golf Course
were selected to provide for demunstrations of various flight problems over
soft turf.

C. ANALOG PROGRAM RECOMMENDATIONS.

During the course of the Phase II program, turther consideration was
given as to how the REAC analog computer tight be used to provide control-
design data, as well as to provide effect ive auxiliary training for the flight
operator. The primary control considcred was that of the throttle, since
this basically seemed to be most problematic. An experimental plan was
prepared, and i8 presented in Appendix II. The intent of this recommended
procedure was to establish simulated conditions in order to provide for the
greatesi amount of positive training transfer effects to the operacional task,
and to control experimental variables such that vaiid conclusions about de-
sirable throttle configuration might be made. The study as outlined, how-
ever, was not implemented due to limited scope of the program.’

D. _LIFTING CONFIGURATION RECOMMENDATIONS.

Further recommendations, in the Phase II program, were prepared
for design of SRLD lifting structure. The design being flight tested was that
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of a limited area of lift about the axillae or armpits. This was discussed by
human-factors and medical personnel as undesirable, since clrculation to
arms and hands tended tn he resatricted. Further disadvantages were con-
gidered to be in control interference, and discomifort to the operator. For
these veasons, a preliminary study, ag nutlined in AppendixIll, was recomi- ...
mended to establish an optimal lifting configuration. Two contigurations to
be studied {ncluded a band about the arm rings distributing the lifting siress
over a wider area about the large latissimus dorsi muscles, and a band at
the ridge of the iliac crest,

The study as outlined was not implemented because of limiiations in
the flight-test schedule. However, beginning with flight number 23, of the
second flight operator, the lifting configuration was modified to incorpo-
rate these two principles, i.e., increasing the lift area at the arillae, and
banding about the iliac crest. All subsequent flights have been performed
with the modified configuration.

E.  MEDICAL DATA ON FLIGHT-TEST OPERATORS.

Two different flight operators were employed in SRLD test flights:
Operators Wendell Moore and Harold Graham.,

Complele physical examinations were made of each operator to as-
sure physical fitness for the flight tests. The examinations included chest
X-rays, electrocardiograma, blood counts, urinalyses, complete skeletal
X-rays and surveys, audiometric evaluation, visual acuity and vital-capacity
measurements, and complete neurological examinatiun. A clinical judgment
was also made of the operators' mental attitudes about flying the rig, in-
cluding psychological evaluation on the bastis of their past experiences,
domestic situations, financial position, and mectivation to embark. on the
project.

Pertinent anthropometric measurements were also completed for each
operator, as presentcd in Table 1.

Medical personnel were in attendance for each flight test.

Imwmediately prior to and fcllowing each flight test,.the operator's
blood pressure, vital capacity, pulse, and respiration were examined. Clinical
judgments were also made concerning effects of the flight on the operator's
attitude, his subjective feelings prior to and postflight, his preflight appre-
hension and over-all description of sensations in {light.
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From Figures 26 and 27 can be seen the operators' adaptation in suc-
cessive flight tests, Note that the adrencgenic reaction, or the general
level of excitement, tends to fall off with successive flights. No attempt
was made to correlate these data with performance parameters during the
Phase II program. However, general inspection of the preflight plots
further indicates significance with respect to incidents of a previous ilight
and conditions inducing apprehension surrounding eacl flight. in Figure 26,
for example, the preflight pulse rate of the first operator was high prior
to flight number three, This is suggestive of apprehension in going to out-
gide Tethered Site No. 2, Also, he had incurred injury during the previous
flight, which may have further induced apprehension., Note from Figure 27
that the second flight operator's apprehensivnsoemedalso to increase, as
indicated by preflight pulse rate, for flight No. 20 and 30. This may have
been iue to stated intentions to perform free flights, and the attendant
anticipatory excitement. The postflight pulse measurement plot,may, in
general, be more indicative of adaptation und learr g, i.e., elimination of

random and exvessive muscular tensions with increasing familiarity and
skill,

During the course of the developraent program, Dr. Kelly of the Bell
Medical Department provided advice on the physiological effects of flight,
and proffered suggestiors on the temporal spacing of successive flights to
improve learning effects, provisions for necessary protective devices, and
torso packaging techniques in order to distribute lift effects,

Protective devices were incorporated for the operator such ag elbow,
shin, and knee guardsg, and 3 metallic groin protector,

A warning device was also developed to ale1t the operator to the fact
that fuel was running low, A visual signal, in the form of a red light attached
to his helmet, was abandoned since the operator in flight frequently missed
seeing the light, Likewise, an air conducted auditory signal amployed failed
to attract the operator's attention. A vibratory signal was then incorporated
in the helmet to stimulate the operator at the back of the skull by bone con-
duction, As a timer function, after 16 seconds, it was activated every
gsecond and becanie continuous after 2C seconds. This pioved effective in
alerting the operator to a low-fuel situation.

Improved packaging of the cperator in 1ift was also accomplished. Re-
lative immobilization of his vertebral column was accomplished by means of
distributing 11t about pectoral and jliac crest areas, plus additional straps and
abdominal plates which were incorporated to limit not only the pooling of
blood in the abdominal cavily but also to diminish any element of anoxia else-
where. Increased padding was provided on the arm rings to distribute the
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Throughout Early Captive Flights
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axiliary pressures, partially to the pectoral areas,to diminigh the tendency to
axillary compression of blood vessels and nerves - and at the same time to
render the degree of mobility of the spine to a bare minimum - thus in

effect putting him en cuirasse,

x, FLIGHT-TEST PERF(RMANCE EVALUATION.

Evaluation criteria were generited on the {light-operators perform-
ance, 10 SRLD test flights, in the form of operator and observer ratings.
A ten-point rating scale was developed for early flights as illustrated in
‘Table 2. This scalt was used for tiw first 6. flights. Results are sum-
marized in Table 3.

The ten-point scale proved to be unsatisfactory since parameters
were not consistently rated by all cbrervers and the scale did not seem to
elieit careful discriminating judgments. For this reason, a five-point scale
was developed as illustrated in Table 4. This ‘cale was used by observers
for the remainder of 20 flights, results of which are sumiarized in Table b.

Neither the ten-point nor the five-point acale seemed adequate for
performance evaluatiou, Note that in Tables 2 fnd 4 no evidence in im-
provement of operator performunce was apparent. On subsequent flights,
employing a different flight operator, the scales were not used. Rather,
general descriptions of each flight were prepared for subsequent quali-
tative evaluation of the operator's proficiency.

In the Phase II Program, a total of 84 flights were completed, 56
being under tether control and 28 in free flight. The first 20 tethered
flights were completed by Operator Moore. 64 flights were com-
pleted by Operator CGraham, the last 28 of which were frece,

As discussed previously, medical data were obtained prior to and
following each flighi, including such parametcrs as blood pressure, vital
capacity, and pulse rate. Figureo 26 and 27present pulse-rate data on all
flights, for the first and second flight operators respectively.

All tethered flights but the first 6 were. conducted in the experimenial
hanger, where temperature varied between 50 and 60 degrees F. No exhaugt
steam or impingement problems were noted, However, at the outdoor
tethering sites, temperature varied from 8 to 43 degrees F.. Visibility
through the exhaust steam appeared to become severely problematic at the
lower temperature extremes.

Temperature and relative humidity are significaint to the formation of
exhaust vapor and toobscuring visibility. Temperature appears to be most
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TALLE 4 )

e

~ SRLD OPERATOR PERFORMANCE EVALUATION

1, What was the Flight Operator uitempting to do? Please sketch his
flight plan as you understood it.

2. What was his actual performance? Please sketch it below.

Please encircle one number for each scale!

Accuracy Flight Characteristics
1  As programmed-Landed on mark Excellent 1
2  As programmed-Close to mark Good 2
3  As programmed-Way off mark Fair 3
4 Erratic-Close to mark Poor 4
5 Erratic-Way off mark No control 5

Comiments: (Continue on back)
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critical; for example, on Free Fiight No, 8, temperature was 42 degrees F
and relative humidity was 79 percent - heavy exhaust vapor developed.
During Free Flight No. 10, the temperature was 55 degrees F, and relative
humidity was up to 35 percent. No exhaust vaper was noted.

Impingement in flight over soft turf was not severe, and did not appear
to harass observers who stood approximately 20 to 50 feet from the blast,
However, the flight operator was bothered, and requested goggles, which were
employed on Free Flight No. 4 and subsequent flights. Goggles were sub-
sequently "steam -proofed'" [or Free Flight No. 8, and no further difficulties
were noted,

Noise at the SRLD-nozzle source is approximately 185 decibely, peaking
between the seventh and eighth octave bands (approximately 4600 cps)\On Free-
Flight No. 20. @ General Radio Souad Level Meter, Type 1651-B, was placed
approximately 50 feat from the flight path and nols level was measured to be
approximately 125 decibels, Duration at this level wus normally less than 20
seconds. No complaints for disturbances at this noise level were noted. The
flight operator's helmet provided ample atienuation to the hoise near.the source
Flight crew and observers, who were posgitionad fyowmn 20 to 50 feet fron the
source, during later flights wore no ear protectors, aad seemed to suffer no
ill effects.

A specially- fitted flight suit was used f{or the first eight flights. Duu
to body~mobility restrictions. and lack of veriilatioa, this suit was aban-
doned in favor of a normal propellant-handler's polyvinyl suit, which was
used for all subzequent flights,

Following are described all test flights completed during the Phase
Il Program. The first operator completed 20 flights undes tether. .aAfter .
the first operator sustained injury, due to becoming entangled with the tether
rope, the second flight operator completed a total of 36 tethered {lights and
28 free flights:

Flight No. 1 December 29, 1960. Tetherad Site No, 1 (Heter to
. Appendix ).
Configuration; Fivot bearing free; stick free in all axes, squeese~type

. ..uithrottle.

Objective: Familiarization with contrels under tie«down conditions.
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Performance: The flight operator expressed a high level of confidence,
glving a general rating of 3" on the rating chart. As did ob-

AN servers, he, too, considered vertical or throttle control to be most
problematic.

Flight No. 2 January 6, 1961 Tethered Site No. 2

Configuration; Same as previous flight (the tie-down tether was fixed
for maximum three-foot altitude),

Objective: To test for vertical control.
Performance: Vertical control, in a concensus of sbgeirver judgments,

still seemed problematic, and, like ‘ise, in debriefing comments,
this parameter was considered to give the most trouble in con-
trol. Such comments were noted as follows;" . . . ‘operator will
need more run time to get used to throttle. Throttle control is
erratic. He overcontrols - excessive use of fuel prior to take
off. The fine control is not acceptable. ... . doesan't seem
able to modulate thrust accurately at moment of lift off, . .
yawing motion seemed to be coupled with throttle."

The tlight operator still evidenced confidence, but considered yaw and
vertical control to be marginal. He feit mnst apprehensive about operating
inside the building, having bumped into a wosh basin at the wall during this
exploratory flight.

Further observations on this flight suggested the following:

1. Inadvertent yaw motion may have been induced in throttle actu-
ation analogous to that induced by the trigger squeeze in rifle
firing.

2. Further insulation about the exhaust pipes ls required (o pro-
tect the operator.

3. Stricter procedures must be instituted to improve flight safety.
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Flight No. 3 January 11, 1961 Tethered Site No. 2

L]

Qutside Temperature: 43 degrees F.

Configuration: Pivaot-bearing free in lateral axis only. Stick locked.
Objective: To f{eel out controls.
Thrust Duration: 42.6 seconds, stopwatch ineasure,

Performance; In the debriefing session, it was commonly agreed that
this was the best flight accompliched to dale. Lack of sufficient
spring return on the throttle was considxred the major control
problem. Impingement of the jet blast on mud off the shouldor
of the concrete was also a major problem. It was agreed that
the towers should be moved to a concrete ramp.

Written postflight comments were noted as tnllows:", . , .pitch
control was good. He should improve with experience. . . . .flights
should be made over cement to prevent kicking up of soil. .. ..

tethering cable was helping. . . . seems to be able to apply throttle
in increments evidenced by his ability to rise from the squatting
position!

The flight operator considered control. in general, to be "excellent,"
having most difficulty with vertical control.

Flight No. 4 January 16, 1961 Tethered Site No. 3

Outside Temperature: 37 degrees F.

Contiguration: Same as No. J, with increased spring tension on the
rottle.

Objective. * To feel out controls.
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Perfarmangg; . Operator fell backwards to sitting position upon landing,
Flight was aborted dys to leak resulting from impact.

Debriefing comments indicated that he had difflcully keeping his
balance due to the abrupt throttle cuntrol and. the throttle valve
design. Tank protectors were alsu recommended,

Written postflight comments were noted ag follows:", . . .steam
limited visibility. ... .throttle control appeared very erratic.

+ « . .throttle valve seemed to 8tick. Temperature envelcpe
tests may be required, ... .a tank protector is required. . ..,
cahnot maintain a balanced standing attitude when moving back-
wards on touchdown. . . , .getting up from a sitting position
with this is almost impossible,

The flight operafor conaidered control in general to be only "acceptable'
having most trouble with the throttle.

Flight No. 5 January 18, 1061 Tethered Site No.
QOutside Temperature; 21 degrees F.
Configgratio : Pivot bearing free in lateral axis, grip type throttle with

lighter 8pring than in flight No. 4, and crash protector bars at
bottom of tanks,

Ob!ectlve: To feel out controls,
Thrust Duration: 42.6 geconds as measured by stopwatch.
Performance; Debriefing commnients Indicated that he was off the ground

ibout two feet moving forward. It wag agreed that he needed
throttle practice. Some felt he needed first to learn to hover.
The operator belisved he wag adapting to the noise and other
aspects of the operation, He stated his plans to evaluate a motor-
cycle-type throttle and improved vaive configuration,

Written postflight comments were noted as follows:", .., .appeared
as if operator was concentrating on thrust tnodulation, . . .seemed
to have some difficulty in maintaining forward posture. . . .posture
seemed difficult to maintain cue to throttle valve agaln. , . ,hoy-
ering should be attempted. . . .steam appeared 'ripe’, | | .suspect
wall wash in gene'rator---may require replacement, . . .needs
practice. . ., ,could not Seem to pick up throttle sensing. . . .it

seemed to stick."
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The flight operator rated his control to be "excellent' to "satis-~
factory," having most trouble with pitch and thrust contzol.

Flight No. 6 January 20, 1961 Tethered Site No, 3

Outside Temperature: 8 degrees F.

Configuration; Same as for No. 5, with reworked throttle valve
(incorporating .a teflon encapsulated ""O" ring seal and deleted
shut-off zeal).

Objectlzg_: To feel out throttle control,

Thrust Duration: 37 seconds measured by stopwatch.

Performance: Debriefing comments by observers, ingeneral, in-

dicated that the operator was obscured b, exhaust vapor and
could not be seen. The flight operator also stated that he lost
visual reference. There was some evidence that his confid-
ence wag increased in the throttle contrel.

Written comments were noted as follows:", . . .poor visibllity
during run. . . .operator's orientation waes badly impaired by
the steam. . . .gaswgenerator appeared to operate much more
efficiently indicating that the rich vapor on previous flight
was due to the peroxide being cold. . . .a dense steam cloud
was generaied due to cold temperature, . . .seemed to have
some throttle control. . . .picked himself off the ground.”

The flight operator stated that he was enveloped in a cloud of vapor,
losing all visual reference (the temperature was eight degrees F).

Flight No. 7 February 2, 1961 a.m, Tethered Site No. 4

NOTE: Inside temperaiure in the experimental hanger varles fron approxir
mately 50 to 80 degrees F.

Configuration; Motorcycle hand type throttle substituted for grip-
type throttle. Both hand grips mo.unted top side, rather than under-
side, of shoulder-arm members.

NOTE: The tethering set-up in the hanger was a roller trolley mounted on
a hoist track and connected to 4 pulley on the SRLD, which provided
greater mechanical advantage to the tether men.
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pbjcctive: To feel out throttle control.

Thrust Duration: 39 seconds measured by stopwatch,
Performance: The concensus in debriefing comments was that the

flight appeared excellent bul he has a yaw problem in control. The
motorcycle-type throttle was thought to be much superior to the
grip type in performance. The twisted hemp tethering rope was
thought, samewhat, to have induced yawing moments. It was also
doubtful as to how ruch effect the tethering had on the flight.

Wrilten comments were noted as follows:",,. . .method of tethering
very good. ULanding appears to be most difficult. . . .tethering
effects on stability are difficult to evaluate, . . .moved off cowrse
slightly. . . .had a yaw moment. . . .best flight he has had. . . .
some tether help. . . .seemed at times to be off balance and would
have fallen to the rear. . . .seems difficult to hold steady altisude
and posture. . , .yaw seemed to be present at hift off. Tathering
effects are not clearly indicated. . . .appeared to have complete
and accurate control of his motions. Thrust control was a little
erratic during let-down . . .amount of lif{ provided by tethering
rope was not clear."

The flight operator rated control "excellent," having most trouble with
the vertical conirol.

Flight No. 8 February 2, 1961 p.m. Tethered Site No. 4
Configuration; Same as flight No. 7.

Objective: To feel out general cuntrol.

Thrusl Duration: 34 seconds as measured by stopwatch.
Performance:; In gererzl, debriefing comments were in effect that

- the flight was not as good as the merning flight. Tethering effects
were thought to have been considerably reduced, and he was cloger
to "free'" {light. The need for positive yaw control wus indicated,
His suit was also thought to hamper his control somewhat, and
changing to a thin polyvinyl 3uit was suggested.

Written comments were noted as follows!' . . . .a thin polyviny!
suit should be used rather than the tight one. . . .tethering rope
crossing over could be responsible for instability. .. .did not
have control he h. d on previous flight. . . .tethering rope allowed
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more slack this time. Controllability did not appeat as good as
flight No. 7. . . .yaw problem interfered. with. attaining mission
objactives. . . .didn't seem as good as previous run. . . .very
good conirol. . . .tendency to yaw in hovering when the rcpe was
slack. . . .needs positive yaw control. . . .appeared to lose con-
fidence after first attemzi to rise, . . .also a yaw tendency. . . .
Pushing the flights to meet schedules will cauge difficulty. . , .
inadvertent yaw moments seemed to result from the rope. There
secmed to be less help from tethering and vertical control
seemed poorer. . . .legs seemed to swing,

The flight operator rated control "satisfactory' to '"excellent," having
most difficulty in translation and vertical control.

Flight No. 8 February 3, 1961 Tethered Site No. 4
Configuration: Same as previous flight No, 8.

NOTE: The tethering rope was changed from a twisted manila rope to a
bralded polyethylene. A thin polyvinyl suit, i.e., a normal pro-
pellani-handler's protective snit, was also worn by the operator
initially on this flight.

Objective: To determine ability to translate without yaw,
Thrust Duration: 30 seconds measured by stopwatch,

Performance; The consensus in debriefing was Lhat he still picked
up congiderable yawing motion and needed positive yaw control.

Written comments were noted as follows:". . . .crossover and
rotation of flyer should be eliminated. . . ,Lateral uscillations
developed during hover, which converted into yaw spin. The
operator needs yaw control. . . .on all but first attempt the oper-
ator had yaw problems. He was actually free from tether on the
second flight. Good control. . . .Flight was good except for spin,
He was on his own 90 percent of the time, . . .developed spinning
motion on the first attempt. . . .appeared to have good control

. .. .legs seemed to swing in pendulum fashion. . . .seemed to
have yaw-roll coupling problem. . . .lateral ocscillations developed
in which yaw coupling occurred."

The flight eperator staled that he hegan spinning, and, in this configur-.
ation, had no yaw control to stop it.
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Flight No. 10 February 6, 1961 Tethered Site No. 4

Configuration: Same as previous flight,
Objiective: To determinc ability to translate and hover without
yaw,
" Thrust Duration; 30.68 seconds as imeasured by stopwatch,
Performance: In debriefing, the maximum altitude of the flight

was estimated to be approximately three feet. The flight, in
general, was considered to be "'good" although he picked up un-
controllable oscillations in yaw. The operator also reported in-
tense electrical shocks occurring a the ear and throttle hand.

Written comments were noted as follows:". . . ,good forward
control on first flight. . . .attained a maximum elevation of
about three feet off the floor. . . .developed a clockwise spinning
motion. Rate of oscillations seemed to increase until he cut his
power. . . .seemed to have most trouble in braking, Tethering
was not clearly indicated as to whether flight was free. Posture
seemed unsure, . . .best run to date. Twirling at end of first
attempl appeared to be definitely induced by tethering. . . .yaw
is still problematical. . . .seemed to have good control, He was
free most of the time."

The flight operator rated nontrul as "good", siating that this was the
tirst time he was able to stop, turn around in mid-alr and go in the opposite
direction.

Flight Ng. 11 February 8, 1961 a.m. Tethersd Site No. 4
Configuration: A spherical-pivot bearing was installed in the SRLD,
- —permitting freedom in the roll and pitch axes.

Objective: To explore the action of the pitch-axis bearing in

translation and hovering.

Thrust Duration; 35 seconds a8 measured by stopwatch,
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Performance: Debriefing comments indicated that a major yaw
problem wag still evideut. The highest altitude achieved to date
wanr noted, approxiruately 15 fect. The operator felt confident
in his pitch control, He felt his.lét~down control to be jerky and
unsteady. He feels it will improve with practice.

Written comments were noted as follows:", . . .ground wire
should be installed if possible. . . .good control in flight. No
control on landing, . . .reached an altitude of about 15 feet;
hovered for a time. . , .then a yaw-roll vscillation developed
... .flight looked very good. . . .legs seemed to flail slightly.
Lost control in mid-air. Inadvertently turned in hovering. .

. .reached an altitude of approximately ten feet and maintained
good corntrol during ascent. Began clockwise spinning at alti-
tude inducing pronounced circular oscillation. Began to set
down and tethering took over and he shut off his power com-
pletely. . . .control was good, . . .needs control to stop spinning
.+ . .developed yaw and roll coupling during hover."

The flight operator stated that this was the first time he was able to
hover, and at the highest self-gustained altitude of 15 to 20 fest.

Flight No. 12 February 8, 1961 p.m. Tethered Site No. 4
Configuration: Left hand nozzle was adjusted forward 1/2 degree
10 compensate for inadvertent yawing observed on previous flights.

Other than this, configuration was the sume ag previous flight,

Objective; To explore further contrel in hovering and translation
and practice Jet-down control,

Thrust Duration: 31 seconds as measured by stopwatch.
Performance; In debriefing comments, it was agreed that the nozzle

compensation in yaw was too severe and yaw-spin occurred in the
opposite direction. Legs flailing in a pendulous fashion was also
described.

Written comments were noted as follows:". . . .flight not as good
as previous flight. . . .should put nozzles back to ncutral and get
some yaw coatrol in the system. . . .needs yaw control. . . .the
yaw adjustment on the noziles was too much. He rotated in the
opposite direction (CCW). . . .legs and feet flailed. Felmet seemed
to be hitting shoulder rings, yaw and roll voupling occurred. The
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fix on nozzles cauged spin in opposite direction. . . .the one-half
degree change in nozzle incidence was too much because this time
he yawed to the left. . . .1/4 degree should be enough. Pitch and
roll control during hovering was fair."

,The flight operator rated the flight only "good’ to "acceptable," and
stated that it was worse than the morning flight,

Flight No. 13 February 10, 1931 Tethered Site No. 4

Contiguration; A yaw control, providiug 2/3 degree differential
dellection of nozzles, was incorporated for left-hand stick
control.

Objective: To test for yaw coniyol
Thrust Duration: 31 seconds as measured by stopwatch.

Performance: Debriefing comments, in general, indicated that over
cantrol in yaw appeared to be operating.

Postflight written comments were noted as follows:". . ., .did not
appear to have (or use) yaw control. Motions were erratic. . .
not nearly as good as many previous flights. . . .needs two-hand
coordination practice. . . .had some yaw control but not enough

. « Jlegs seemed to flail. . . .needs more yaw control.”

The flight operator rated the flight from ''good' to '"marginal.'’ He
stated that yaw control was insufficient, and more than 2/3 degree of nozzle
deflecticn was vequired.

Flight No. 14 February 13, 1861 a.m. Tethered 8Site No. 4

Configuration: Left-hand yaw control was modified to provide a
total of 3 degrees deflection each nozzle (1-1/2 degrees was
used on previous flight).

Objective: To feel out yaw coutrol.

Thrust Duration: 30 seconds as measured by stopwatch.
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Performance:; Debriefing comments indicated that the operator

seemed to be over-controlling in yaw, and that there was com-
plete loss of control.

Written comments were noted as follows:". . . .seemed to lose
yaw control completely. . ., .coupling occurred in pitch and roll
.+ . .legs swung. . . . suggest reducing control level in yaw

. . .corrective actions attempied may have introduced in-
stabilily. . . .logt all control, . . .too much yaw control, . . .could
not recover from over-control. . . .unable to stabilize. . . .reached
an altitude.of approximately ten or twelve feet. . . .suggest
swivel in line to prevent binding. . . .tethering saved him."

The flight operator rated performance from "good" to "impossible"

(yaw and coupling), and noted that he noticed yaw and roll cross coupling
for the first time. .

Flight No. lf.i_ February 13, 1961 p.m, Tethered Site No. 4

Configuration: Yaw control was reduced to a total of 1-1/2 degrees
each nozzle. av

Objectivg: To feel out yaw control.

Thrust Duration; 30 seconds as tmeasured by stopwatch.
Performance: Lebriefing comments indjcated that the yaw control
problem was less severe, but yaw was still a problem.

Written comments were noted as follows:". . . .controlled azimuth
well, due to good leg control and low control level. . ., .suggest
some way be provided to keep his legs out of the jet stream. . . .
slow turn was encountered and was out of controi. . . .traveled
backwards. . . .yawing moments developed that appeared to be

vut of control. . . .no adverse effects appeared to be induced by
the tethering rig. . . .nozzle control should be more sensitive

.+ . .1-1/2 degree-range appears adequate. . . .more stable than
previous run. . . .yaw siight with fair control. . . .legs seemed

to flai! possibly from nmioments induced by trolley.”

The flight operator rated the flight from "'good" to "aatisfactory,"

noting that he trled to raise his legs somewhat to keep his feet out of the jets.
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Flight IE)_E February 14, 1961 a.m. Tethered Site No. 4

Configuration; Yaw control deflection increased to one degree fore
and aft, each nozzle,

Objective: To feel out yaw control.

Thrust Duratlon: 26 seconds as measured by stopwatch.

Performance: Debriefing comments indicated that yawing control

appeared to be improved, but that improveddesign andpractice.were
still required. An appreciable lag in yaw response was also
suggested.

Written comments were noted as follows:". .yaw control seemed poor
because of no centering spring. . . .leg swinging on furward

flight. . . .needs practice in yaw. . . .leg movements induce con-
trol problems. . . .can see lag in the control."

i‘he flight operatur rated all parameters "excellent," but yaw only
satisfactory. He noted that yaw control was still sluggish.

Flight No. 17 February 14, 1861 p,m. Tethered Site No. 4

Configuration: Same as Run No. 18,

Objective: To feel out yaw control.

Thrust Duration: 30 seconds as measured by stopwatch,

Performance; Debriefing comments indicated that yaw control was
still difficult, and improvement wis required.
Written comments were noted as follows:". . . .did well in forward
flight. . . .yaw control was improved but not satisfactory. . . .land-
ing not satisfactory. . . .moved his legs more than on previous

flights. . . .fairly gocd control. . . .yaw is working but slow. . . .
still does not seem able to control yaw.. . .had trouble in throttle
control also."

The flight operator rated control ''good" and "excellent," but noted yaw
control was insufficient. '
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Flight No. 18 February 15. 1981 Tethered Site No. 4

Configuration: Thrust nczzles were deflecied five degrees laterally
each side. Two degrees maximum yaw deflection was still avail-
ahle as on the previous flight.

Objective.: To test for yaw control.
Thrust Duration: 29 seconds as measured by stopwatch.
Performance: Debriefing comments indicated that the feet now

seemed free of the jet blast and flailing of the legs seemed less
likely. Yaw control was still not acceptable.

Written comments were noted as follows:" . . .much time and
propellants are being used in correction rather than towards
flight objective. . . .when he went unstable it was due mostly

to taking up too much slack on the rope too fast.. . .needs more
landing practice. ., . .yaw reacted sluggish. . . .legs spread

out under tether on landing."

The flight operator rated all pa. ameters but yaw ''good' or "ex-
cellent." He noted that yaw control was insufficlent as yet; the nozzles'
being canted outward five degrees improved the configuration, since
no leg-jet interference was apparent and stability and control appeared
as good or better.

Flight No. 19 February 16, 1961 Tethered Site No. 4
Configuration: Same as previous flight.

Objective: To feel out yaw control.

Thrust Duration: 25 seconds as measured by stopwatch,

Performance: Debriefing comments indicated that the flight was, in

+ A —— vogpeers

with this configuration.
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The

‘Written comments were noted as follows:'. . . .exhibited instability
in legs. . . .not able to hold altitude. . . .yaw control still a prob-
lem, . . .pilot may become overconfident from his initial smooth
take-off and think he can do more than he is capable of doing--he
seemed surprised when erratic motions cccurred. . . .controlled
feet well on early attempts-then began to flop. . . .noticed a full
yaw motion at one time that had little or no corrective effect. . .
yaw. control poor. . . .slight power problem causing erratic

¢limb. . . .body motion causing spin. . . .yaw control poor.. . .not
enough height. . . .picked up yaw moments in ail attempts.”

flight operator rated flight parameters from "excellent' to

"marginal" and noted that yaw control was still a problem,

. The
curred inj
formance

Flight No. 20 February 17, 1861 Tethered Site No. 4
Configuration; Same as previous flignt.

Objective: To feel out yaw control.

Thrust Duration: Not obtained.

Performance: Debriefing comments indicated that performance was

much improved over the previous flight, but that the operator went
out of control due to the tethering line. Also, injury was incurred
due to breaking of the tethering line.

Written comments were noted as follows:". . . .tethering control
was lost - may have been due to second trolley control rope. .. .
control rope broke. . . .operator picked up translation. . . .flight
characteristics looked pretty guod. . . .seemed to get erratic and
intv a horizontal poaition with his left side down when he dropped
.« . total fall estimated to be about eight feet. . . .vertical con-
trol was good until he dove and got a tether rope jerk which
staried his trouble sequence. . . .tether rope is not strong enough,
should be tested periodically. . . .more captive tests should he
done before free flight."

Tirst flight operator discontinued his flightitesting alter he had in-
ury. Upon inspection of the various indices employed for per-
evalualion, i.e., the rating charts, no clear-cut quantitative evi-

dence cf learning was apparent. General observation did, however, strongly
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suggest that the operator was improving in his general motor perfor-
mance. Further, it was noted that the stopwatch measurement was ob-
tainsd as a response to the noise-signal duration-to-propellant-exhaustion.
This meant that any burst at all was recorded as time. Therefore, with
decreasing time, the operalor was applywug increased thrust volume, which
meant that he was appreaching or sustaining an &irborne condition with
greater frequency. Figure 28 presents a plot of this duration against run
number, which does suggest that learning was emphatically occurring with
the first flight operator.

Following injury to Flight Gperator Muore in his Flight No. 20, a
Second Flight Operator was employed for Flight Tests. Alternating person-
nel and revised procedures are presented in Appendix I, at Tethered Siie
No. 4. -

Flight Operator Graham completed five exploratory flights, with the

objective being to obtain general familiarity with the rig and tethering system.

Flight of this second Flight Operator began on March 1, 1951, His five
general expleratory flights were completed on March 6,

In these early flights, Operator Graham described his exparience as
novel - as though he were being picked up by a hook. He felt that he was
"flopping'* around quile a bit, and seemed most concerned about pitch con-
trol. A kind of skating-like leg motion, of which for the most part he was
not aware, seemed to be an element of motor skill transferred from his
skating proficiency. (Operator Graham plays amateur hockey and has ice
skated since he was eight vears old.) This ''skating' behavior in general,
seemed to facilitate his early learning, for he seemed largely to maintain
equilibrium and an upright position independent of the tether. Later, how-
ever, there appeared to be some interference, insomuch as he had to
concentrate on holding his legs steady.

Beginning on March 7, Operator Graham attempted a translation task,
with the objective being to fly down range approximately 50 feet, and to set
down on a target approximately 4 feet square. . His performance on all
subsequent tethered flights as well as free fiights ic summarizod below.

Flight No. 8 March 7, 1961 a.in. Tethered Site No. 4
_Confi guration; Return spring inslalled in throttle; nozzle two-degree

yaw deflection for left-hand control; spherical pivot beuring for
motion in pitch and lateral axis.
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Estimated Miss Distance in Range: § feet approximately.

Performance: The operator made two tries from the starting

T position, and one back. He overshot on the first trial and picked
up a spin. On the second attempt he overshol. Tethering appeared
to be well controlled, The opcrator stated that he encountered a
yaw problem for the first time.

F_‘li_ght No, 7 March 7, 1961 p.m, Tethered Site No. 4
Configuration: Same as previous.

Estimated Miss Distanhce: 10 ft, approximately.

Performance: The operator picked up a lateral moment on the first

attempt, was enubbed and set down. He completed the first try and
sot down aboutl Lhe target in a walking wmotlon, Tethering appeared
to be well controlled. The flight operator stated that he was be~
coming more confildent, and was beginning to concentrate on his

leg posture.
Flight No, 8 March 8, 1961 Tethered Site No, 4
Configuration: Same as previous.
Estimated Miss Distance: b ft approximately.
Performance: An altitude barrier consisting of a light string was

set up in the operator's flight path. On the initial blast off he

set back down, then off again, barely cleared it. He made a total
of three tries. Tethering appeared to be well controlled, The
aperator stated-that his ability to control the vehicle had appreci-
ably increased.

Flight No. 9 March 9, 1961 Tethered Site No. 4

Coniiguration: Same as previous.

Objective: To translate down range 50 feet between 4-foot square
targets (ycllow paint). An 18-inch high altitude barrier was also
get up. .
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Thrust Duration: 22 seconds.

NOTE: Time measure was obtained in this case from throttle timer,
actuated at ‘70 percent thrust.

Performance: The uperator made four attempts. On the second and
third, he accomplished his objective within '3 to 4 .feet, * . '
Spinning seemed to be a major problem. The flight operator
stated that he had most ditficulty with yaw and let-down.contral.

Flight No. 10 March 10, 1961 Tethered Site No. 4

Configuration: Throttle return spring was removed upon advice of
Stability-and-Control Group.

Objective: To trauslate down range 50 feet between targets (no
altitude barrier) and turn in controliled yaw.

Thrust Duration; 25 seconds.

Performance; Four attempts were made. The clogest he came to

target was approximately 12 feet. Translation rate appeared
good. Uncontrolled spin was a major difficulty. The operator
felt that yawing was the major problem, and that overr control or
ground wash effects on his legs may have kccn respunsible.

Flight Mo, 11 March 13, 1961 Tethered Site No. 4

Configuration; Same as previous flight.

Objective: To translate down range 50 feet between targets,
hold altitude, turn and set down.

Thrust Duration: 25 seconds,

Performance; Operator did nut effectively accomplish translation,

He rather attempted to hover. He managed to reversemdirection
of spin in yaw control. The flight operator considered the flight
successful, since he was able to accomplish hovering.
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Flight No, 12 March 14, 1961 Tethered Site No. 4

Configuration: Same as previnug flight,
Objective: To translate down range 5C feet, hold altitude, turn

and return to mid-point between targets.

A T

Thrust Duration; %5 seconds
Performance: Two attempts were made as follows:
)
LA
C?“‘“"‘
@ 1

Pitch translation rate and braking, and yaw control
were major problems. The flight operator stated that major
problem was in loss of throttle control reference.

Flight No. 13 Maych 15, 1961 Tethered Site No. 4
Configuration: Same as previous flight.
Objective; Translate and attempt to maintain constant altitude,

go slow and land.

N &

Thrust Duration: 22 seconds.
Performance; Made four attempts. On the third attempt he succeeded,

(1) /'g’ 8 - 10 feet altitude
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(2) 3 - 4 (feet altitudc

@)

(4)
Vo W
Major difficulty appeared to be in initial pitch control being back
off center. Some yvaw control appeared effective, but spinning

occurred. Throttle control (direction) was momentarily lost,

The flight operator called for replacement of the return spring
in the throttle.

Flight No. 14 March 16, 1861a.m. Tethered Site No. 4

Configuration: Throitle return spring was replaced due to operator
having lost control-direction reierence on previous flight.

Objective: To translate and turn for touchdown as follows:

Thrust Duration; 17 aﬁ. 1

Performarce; Five attempts were made as follows:

(1 Lﬁ (2) (3) (O~
(4) i : (5)
- smubbed——.éé

Major difficulty appcared to be in spinning and pitch control for

translation. The flight operator cunsidered yaw toc be the major
control problem.
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Flight No. 15 March 16, 1961 p.m. Tethered Site No. 4

Configuration: Same as previous flight.
Objective: To translate as follows:
B
Duration: 23 seconds.
Four attempts were made as follows:

Performance:

(1) m (@)

Rate Good Rate Good

@ 227 N (4)
) Rate Fast _13:\

Braking in flight appeared to be a major problem. The flight
operator stated that he had no yaw problem hut still considered
this most difficult.

Flight No. 16 March 17, 1961 a.m. Tethered Site No. 4
Configuration; Same as previous flight.

Objective: Same ag previous flight.

‘Thrust Duration; 27 seconds.

Performance: The operator accomplished translation to target, and

was able to correci fur yaw in translation, Rate wag good. The
flight operator stated that take-olf control was difficult on the first

try.
Flight No. 17 March 17, 1961 p.m, Tethered Site No. 4
Configuration: Same as provious flight.
Objective: Same as previous flight
Thrust Duration: 25 seconds.
Performance; Translation was too fast. He picked up yawing; flight

was erratic and he was {requently snubbed by the tether. The cper-
ator considered lateral and yaw control coupling to be the major
problem,
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Flight No, 18 March 21, 1961 a.m. (1st) Tethered Site No. 4

Configuratic : Same as previous flight,

Objective: Straight ard level translation as follows:
& T

Thrust Duration: 26 seconds.

Performarce: Five attempts were made as follows:

o 2) ®
v Zj/x Snub:)ed ?\.7 é{ ’?

(4) Rale Fast (5)
TN Qut of
/"'E {\ /\ l:aropemnt
Major problem was yaw skewing, Tether trolley appeared to
interfere. The operator described overcontrol in yaw to be

problematic,
Flight No. 19 March 21, 1061 a.m. (2nd) Tethered Site No, 4
Configuration; Same as previous flight.
Objective: To translate at 6 - 10 feetl altitude as follows:
Thrust Duration: 26 seconds.
Performance: Three attempts were made as follows:

(1) (2) §\5 3)
Snubbed {\E]

The major problem seemed still to control forward angle at take
off. Second tether trolley conlrol was reported ditficult when
operator was hovering., 'The operator believed yaw and lateral
control to be his major difficulty,
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Flight No, 20 March 27, 1961 p.m. Tethered Site No, 4

Configuration: Kinesthetic cuntrol (pivot) bearing was locked. Cony
trol available by stick motion only. Linkages were connected to
actuate nozzles in three axes as follows' (a) three degrees
laterally outboard each side of five degrees of cant; (b) total
travel of 9 degrees of pitch; (c) total differential in yaw
control of 18 degrees. The task becai:e two-hand coordination,
with right-hand throttle contrcl and ieft-hand flight control.

Objective: To check out hand controller in translation task,
" stay low and translate between targets as follows:

&

NOTE;:  Stick control linkages were inadvertently reversed in set-up of
norzles in pitch, resulting in reverse control direction. This
was discovered in preflight checks, and the flight plan was
subsequently changed to a general exploratory task,

Thrugt Duration; 47 seconds,
Performance: snubbed

(1) (2)
b=\
Rate good Rate fast

(4) Approx (6)
4-ft altitude % %,

Snub snubbe»

Approx. 4-ft
altitude 44 Rate good

The operator’'s balance forward seemed to be the major problem,
with yaw control much too seusltive, The oporator feit that he
could nol evaluate this type of conirol since he had no feel for it.

snubbed




Flight No, 21 March 30, 1861 a.m. ‘l'ethered Site No, ¢

Configuration: Stick direction for pitch control linkages was cor-
- rected. Total nozzle travel in pitch was reduced to five degrees,
: and yaw with a total differential of six degrees. Lateral nozzle
deflection remained unchanged. An abdominal support plate was
also installed,

o Objective; To check out hand controller in translation task.
" Thrust Duration: 26 seconds.
Performance: Five attempts were made as follows:

(1) L&

(2) snubbed ~
Approx, 3-ft
Rate good altitude
3 Rate good \
© ' g A

Major problem appeared to be in side slip and too much yaw con-
trol. Thc operator was still most concerned about yaw control,
The abdominal plate was considered helpful in fixing his torso in
the rlg

4) Rate good

=

Out of __'_,_.._-:-
(5) Propellant
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Flight No. 22 March 30, 1961 p.m. Tethered Site No. 4
Configuration; Same as previous flight,
Objective: Same as previous flight.
Thrust Duration; 26 seconds.
Performance: Five attempts were made as follows: (1) ] l
snuhbed 1
(2) /
snubbed =
(3) snubbed =~

(4)

(5)

/ \E%_ snubbed
Rate good
Out of Propellant ~% M

Major problem seemed still to be gide slippage and yaw control
(he translated rearward)., He tppeared algo initially to be back
off balance. The {light operator considered side slippage
problematic.

Beginning with the following flights' (Operator Graham's flight
number 23), the SRLD configuration was established, and, except
for minor adjustments, remained unchanged, i.e., the operator
performed with the same essential configuration for continued
skill acquisition, The configuration was as follows:

Fitting: (1) Additional padding pruvided about lifting rings
to diatribute lifting pressure about axillae,

(2) Semicircular strips installed inside corset
extruding into the pelvic region below iliac crest
fitted with safety belt; second safety bclt holding
large abdominal plate tirmly against abdomen.
These effectively served to immobilize upper torso.
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Control; (1) Spherical bearing for pivoting thrust fore and
aft in pitch, and laterally in roll.

(2) Spring-loaded left~-hand yaw control actuating
jetavators about fixed nozzles,

(3) Spring-ionded right-hand thrcttle control.

Fourteen additional tethered flights were completed with this configu-
ration in the experimental hangar (a tota) of 36 tethered flights for operator
Graham)., Free-flight testing was begun on April 20th. The first flight was
performed over the grass on Niagara Falls Airport near the threshold of
Runway 32. Appendix I describes the free-flight sites employed. and the
general proccdural checklist followed,

Flight No. 23 April 7, 1961 p.m, Tethered Site No. 4
Configuration: Corset, arm-ring, and abdomen plate modifications;
spherical pivot bearing free; left-band stick control in yaw, actu-

ating jetavators only.

Objective: To feel out effectiveness of jetavators; execute
stralght and steady translation,

[Z‘.Cj 50 Feet 31

Thrust Duration; 2"l seconds.
Performance: Three attempts were made as follows:

Rate Very Slow

snubbed \ %M

Rate Fast

miwa ey

Rate Fast
Y s » W

Major problem was described as an inadvertent and uncontrolled
lateral shift. The operator described the new configuration as
much firmer, more stable and less touchy. Yaw ~ontrol, he deg-
cribed algo, as less touchy.
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Flight No. 24 April 7, 1861 n.m. Tethered Site No. 4
Configuration: Same as previcus flight.
Objective; Practice and control evaluation; plan as previous
: flight.
Thrust Duration: 28 seconds.
Performance: Three dutempts were made:
snuobed \ Rate Very Slow

ca «s'\\—/"mm

Rate Fasi
snubbed { TT—— > {(2)

Rate Fast

= T RN

Major problem appeared to be lateral drift. The operatbr des-
cribed the rig as firm in stability with yaw control movements
becowning automatic,

Flight No. 25 April 10, 1961 a.m. Tethered Site No. 4

Configuration; Same as previous flight.

Objective: To evaluate control in hovering and turning.
LN L

Thrust Duration: 25 seconds.

Performance: Three attempts were made.

cnubbed —

(1)
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Rate
Out of Fast

snubbed —7

The operator stated that. he had a.great.deal of confidence with
this coniiguration,,

Flight No. 26
Confiﬂration:
Ob!ectlve:

Thrust Duration;

Performance:

Major problem appeared to be yaw control, which the operator felt

April 10, 1961 p.m, Tethered Site No, 4
Same as previvus {light.

To test for straight and steady hovering control.
25 seconds.

Two attempts were made:
Iield for
18 sec approx. (1)
snubbed

—_— (2)
Out o1 Propellunt /}1

would improve with experiznce. The operator felt that he could
have done better, particularly in controlling yaw.

Flight No, 27
Configuration:
Objective:
Thrust Duration

April 11, 1961 a.m. Tethered Site No. 4
Same as previous flight.

Same as previous flight,

Not obtained.
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x’erform.mce Two attempts were made:

(2) Out of
20 8 Propellant -
duration /} >

Yaw control seenled still to be a major control problem, The
oporator noted that lateral motion was deliberaiely controlled

effectively.
Flight No, 28 April 11, 1961 a.m. Tethered Site No. 4
Confignration: Same as previous flight.
Objective: To translate, and hold steady for let-down.
Thrust Duration: 28 seconds.
Performance: Three uttempts were made:

Rate Good (1)

[ - ate Fast (2)
Time - 7 seconds c

snubhbed

-
turning Zﬁm:

The operator felt that he was controlling the flight independent
of the tether.

Flight No. 29 April 14, 1961 p.m, Tethered Site No. 4
Configuration: Thro''le detent ircorporated at 70 percent thrust;
throttle friction reduced; valve replaced.
Ob!ective: Perform straight and steady hovering task. _i
P L2

84




Thrust, Duration: 28 seconds.

Performance; Two attempts were made, the second being translation:
“——_

() Held for 13 snubbed (running) Rate Fast
§J>< seconds {2)
i P L {’ /___X

The operator stated that there was no noticeable improvement
with throttle detent, and the rig felt exceptionally stable,

Flight No. 30 April 14, 1961 p.m. Tethered Site No, 4
Configuration; Same as previous flignt,

Objective; Straight and steady translation,

Thrust Duration; 27 seconds.

Perfgrmance: Four attem:pts were made:

1& 25. (1)
Running and _z/ ' Rate Slow -
snubbed ’—>D (2)
Rate geod

E{/V—‘\m(‘?)
Rate Fust
o é\@ (4)

The operator felt that initial iift-off wag sluggish.
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Flight No. 81 April 14, 1961 p.m. Tethered Site No. 4

Contignration: Same as previous {light.

Objuctive: To continue c2ries of tranalations for proficiency
leading to free flight.

T

P ~im.N
Thrust Duration: 25 seconds.
Performance; Three attelmpls were made:

A\
Time - 14 seconds (1)

——

Az/m T @
Rumiog - s b\zv\ 3)

{prepellant exhausted)

The operator considered coniru. easy and smooth,

Flight No. 32 April 17, 1861 p.m. Tethered itz No. 4
Configuration: Same as previous flight.
Objective: Same as previous flight.
Thrust Duration; 24 seconds
Performance: Two attempts were made;
— = —
14 —
N Rate Slow TENA (1)
e - .—.w‘
LN Rate Good & (2)
Running

The operator dithered lateral control and considered it easy.
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}:_lgh_t_)go. 33 April 18, 1961 a.m, Tethered Site No. ¢
Configuration: Same as previous flight,
M—
Objective: Same as revious flight,
M
Thrust Durstion: 23 secondw.
Performance; Two attempts were made:
~_—-—~
Low
S ——
Time - 14 Seconds 20 )

Running
£ZX7 Time - 12 Seconds e (2)

No tetheriug control was necessary. The operator felt that the
flight was well controiled.

Flight No, 34 April 18, 1961 a.m. Tethered Site No. 4
“‘-

Configuration: Same as previous flight.

Objective: Same as previous flight.

-.'—“

Thrust Duration: 19 seconds.

Performance: Two attempts were made;

“m

Rate Good (1)
Snubbed fi”l Time - 10 Seconds B

Rate Good
T time T T @

On the first attempt, the operator ‘dithered: lateral control and
required snubbing. He felt that he still had to "feel out" the
controls.

81
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Flight No. 35 Apiil 14, 1861 a.m. Tethered Site Nu. 4

Configuration: Same as previous flight.
Ohjective: To perform. !nnger-range translation (100 ft approx.)
to prepare for {ree {light.
‘Thrust Duration; 23 seconds,
Performance: Two attempts were made:
R
- Time - 11 Seconds ~ ,— x (1)

LT e - 8 secnte (@)

Mo tethering control was necessary, The operator considered
the flights well controlled.

Flight No. 36 April 19, 1961 a.m. Tethered Site No. ¢
Configuration: Same Aas previous flight .
_(_)_Pjectin: Same¢ as previous f{light.
Thrust Duration: 27 seconds.
Performance: Thiree attempts were made:
Rate Good (1)

/’——\—_—.—/
amn) Time - 9 Seconds x
Rate Good/ 2X]

Time - 7.6 Seconds (2)

Out of /’{_\‘)D o)
3

E ropellant

No tethering control was necessary. The operator considered
that a stable,safe flight had been demonstrated,
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Free-Flizht No. 1(37; April 20, 1961 a.m.  Free Site Mo. |
(Appendix 1)

NOTE:  Number in parentheses indicates total number of Operator
Grahar's flights, both tethered and free flight.

onfi : Tethering veackets removed from rig.
Objective: To trunslate straight and steady in free flight 100 feer.
Thrusgt Duration; 16-1/2 seconds,
Performance; One attempt was made:

b o

Steam generated tended to obscure visual contact but the operator

moved out of it in translation (temperature was 35 degrees F). The
operator felt high-leve! contidence in hig control,

Free-Flight No, 2 (38) April 21, 1961 s.m. Free Site No. 2

Configuration; Same as previous flight.
Objective: Same as previous flight.
Thrust Duration; 18 seconds.
Performance; One attempt was made;

W&;\t

— Rate Good
Knoes 74« Time - 16.5 Smeonds

Weather was inclement, precipitating with wind gusts up to 26 MPH
from the S8SW. Steam was gencrated but seemed not appreciably to
interfere with the operator's vision. The operator described
deliberate altitude control to be his major problem.

Free-Flight No. 3 (39) April 24, 1961 p.m.  Free Site No. 2

Conﬁﬂration; 8ame as previous flight,

Objective: Extended range translation (150 feet)
Thrust Duration: 13 seconds.

Performance; One attempt was made:

_r— Time - 10 Seconds ‘“4\\‘3

Impingement bothered operator, who requested goggles for further
flights. Temperature was 40 degrees F; wind from the WNWat 5
MPH. ‘I'he operator still felt altitude to be his major problem, i.e.,
"willful'' ascent.
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Free- Flight No. 4 (40) Apr.1 24, 1961 p.m. Free Site Noo. 2

Cunllguﬂ!iou. Sumec as previous flight, goggles were provided (o
protect operator fron impingement effects.

Objective: Saui2 as previcus flignt.
Thrust Duration; 13 g2conds,
Performance: One attempt was made:

- T

Major problem was an induced yaw which necessitated let-down
Goggles were also not adequate and steamed up, Temperature
was 54 degrees F. Wind was {rom the NE at 10 MPH. The
oparator described inadvertent yawing to be the major problem.

Free-Flight No. 5 (41) April 25, 1961 p.m.  IFree Site No. 2

Configuration: Same as previous {light.

0bjeclive_; To determine maximum range capabilities in
translation,

Thrust Duration: 18 second:,

Performance; Three attempts were made, 'The first, for three

seconds, resulted in excessive acceleration,and let-down was made.
The second, fur five seconds, wau stopped due to the wind blowing
steam into the operator's [light path and obscuring vision. On the
third attempt, the cperator translated approximately 150 feel. The
operator descrihed velocity control as the major problem.

Free-Flight No. 6 (42) April 26, 1961 a.m. . 'ree Site No. 2

Configuration: Same as previous {light.
Objective: Same as previous f{iight.
Thrust Duration: 18 seconds.

20
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Performaace: Two attempts were made, The first covered approuxi-
mately 90 fout, but at too vapid an acceleration, and set~down was
accomplished, The opcrator let-down, falling to his knees to absorb
the shock. The second wus 100-foot translation in a walking land- ;
inz, S8team was severad but the ireated goggles were adequate,
Temperature was 42 degrees F; wind was fron: the WNW at 18 ‘
MPH. Relative humidity was 79 percent. The operator described
veiocity control as the major problem.

Free-Flight No, 7 (43) April 26, 1981 p.m. Fres Site No. 2

Contiguration: Same as previous flight,

Objective: To Test for hoveriyg and stability control.

Thrust Duration: 16 seconds,

Performance: A rige to 4-foot elevation was accomplished in’
50-foot translation. Altitude was held for approximately 10

S TN S R R I W

geconds; let-down, control, and balatice were lost at approxi-
mately 2 feet. No injury was sustained. Vision was somewhat
hampered by exhaust steam generated. The temperature was
45 degrees F; wind from the WNW with gusts up to 3¢ MPH,
Relative humidity was 84 percent, The operator described
throtile cutback as the major difficulty, having fallen to the
ground.

Free~Flight No. 8 (44) April 27, 1961 a.m, Free Site No. 2

e W T - 2ot

Configuration: Same as previous flight.
Objective: To perform 250-ioot tranclation North

Plan View X— — — — e - X '
Wind {

8l




Thrust Duration:

Performance:
—=2tulmdnce,

18 zeconds (as messured by throttle timer)

Temperature: 56 uegrees F

Relative Humidity: 59 percent

Duration (as measured by stopwatch)
Burst: 0.7 sec.
Flight: 18.2 sec.

A flag was placed 9 foet above ground for reference,

Control appeared good all the way - started yaw spin approxi-
mately half way, and cancelled it smobthly, Operator was not
aware of yaw control. He saw the flag only intermittently,

looking down most of the time. The flight operator considerad

the flight

""good", being most concerned about propellant

expenditure,

Free-Flight No. 9 (45) April 27, 1961p.m.  Free Site No, 2

Configgration:

9_t_>_1ec tive:

Plan View

Profile View

Thrust Duration:

Same as previous flight.
To fly to flag, and hover with eyes level at flag.

Touchdown 250 Feet
_____ “e o - e ..>(

R

Noxrth

/
-——:E\ %Feet Start 1/
] NG | | Wind

15 seconds.

Temperature: 56 degrees F,
Relative Humidily: 59 percent
Wind: SW at 10 mph
Time (as measured by stopwatch)
Burst: 0.7
Flight: 13.1
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Performance; Lift o1f was slow, moved slowly (o a point near flag,
and yawed slowly 90 degrees till facing flig; hovered with eyes
level just above flag and developed a slow backward tranalation
just yrior to let-down. Control appeared good, excupt during let-
down which wag rather rapid. Operator did not fall. He con-
sidered the flight as evidence of good Lovering control.

Free-Flight No. 10 (46) May 1, 1961 a.m. Free Site No. 3 (Appendix I)

Configuration: Same aa previous flight.
Objective: To fly up a hill parallel to the slope,

Plan View XNommm o= -——X

Profile View 30 Feet 23°

N

s i

6 Feet Approx.

Thrust Duration: 15.5 seconds.
Temperature:; 55 degrees F
Relative Humidity: 86 percent
Time (as measured by stopwatch)
Burst: 1.0 sec
Flight: 13.8 sec
Performance: Lift off was slow; then climbeod steeply, after whirh

he tlew parallel to slope up to the crest. The operator described
his major concern to be in propellant exhaustion.
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Free-Flight No, 11 (47) May 1, 1961 a.m. Free Sitc No. 3

Configuration: Saiue as previous {light.
Objective: To fly uphill again parallel to slope. This time

operator was to go well oves the crest to a flag.

Plan View Ko = = = J2ET — =X

Profile View //F\ - Second Attempt

First
Attempt
Thrust Duration: 13 seconds.
Temperature; 65 degrecs F
Relarive Humidity: 95 percent

Time (a8 measur.d by stopwatch)

Burst: 0.6 sec
First attempt: 2.8 sec
Second attempt:. 12.4 sec

Performance: On the first attempt, the operator lifted nicely, but

translated too rapidly, and landed a few feet up the slope. On the

second, he lifted and translated forward, touched slope, then
flew parallel under apparently excellent control up to the flag.
The operator described his major problem as pitch control at

take off.
Free-Flight No, 12 (48) May 2, 196] a.m. Frce Site No. 3
Configuration: Same as pravious flight.
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Objective: To fly up the hill parallel to slupe, over the crest
to the flag,

Plan View < — — 100 Feet Approx. ~X

Profile View

/-180. Yaw NorM

s/
Approx. -
Thrust Duration: 14 geconds.
'I‘emperatur_gj 55 degrees F
Relative Humidity: €0 percent
Wind: 10 to 20 mph estimated, gusty

Time (as menured by stopwateh)

Burst: 0.5 sec
Flight: 12.5 gen

Performance;

After initial H#%-off, the operator ascended almost vertically
for a few seconds, then translated toward the slope, while
moving off course to the right. Near the slope, he started a
slow uncontrolled yaw (180 degrees approximately) and let-
down, coming to rest in a seated position facing the starting
point. The operator stated that he may have applied in-
advertent yaw contrel when applying pitch,
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Free-Flight No. 13 (49)

May 2, 1961 a.m. Free Site No. 4
(Refer to Appendix T)

Configuration: Same as previous flight.
Objective: To tranglate straight and level over creek.
Actual North
Plan View \?T‘X Wind
2 A Start
Profile View 7 ]:‘ee\t\
N
L;..lZ.OJlegt W N
Approx.
Thrust Duration; 16 seconds,
Temperature: 40 degrees ¥
Relative Humidity: 60 percent
Wind: 15 to 20 mph from NW
Time (a8 mecasvrcd by stopwatch)
Burst: 1.0 sec
Flight; 15.2 sec

Performance:

Lift off was good, clean und smooth: translation

was at steady rate, approximately three feet above the ground.
There was no apparent change in altitude as stream banks were
crossed. Jet impingement did not cause watei spray at ithis
altitude, After crossing stream, operator made 2 slow turn
toward flag, and arrived on target. The operator described the
flight as "firm."

Frce-Flight No. 14 (5v)

Configuration;

May 3, 1961 a.m. Free Site No. 3

Same as previous flight.
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Objective: To fly up hill, over crest to flag.

>< 100 Feet Approx. X

Plan View

Profile View

Thrust Duration; 15.5 seconds.
Temperature: 40 degrees F
Wind: 20 to 25 mph
Time (as measured by stopwatch)
Burst: 1.0 sec
Flight; 15.0 sec
Performance: Initial lift-off was slow. Operator translated for-

ward, touching the slope at two points (as shown in sketch), then
flew parallel to slope to flag. The operator stated that he had
concentrated on yaw. He had most difficulty in achieving altitude.

Free-Flight No. 15 (51) May 3, 1961 a.m. Free Site No. 5
Configuration: Same as previous flight.

Objective: Perform controlled descent down a hill, parallel
"™ to slope.

(S

Plan View e 150 Feet ___41‘ Start
North Wind Actual "‘)

K\ 25 Feet Est.
=

Profile View
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Thrust Duration; 16 seconds.

Temperature. 40 degrees F
Wind: 15 to 20 mph
Time (as measured hy stopwatch)
Initial Burst} (2): 1.0 sec
Flight thrust - 16.5 sec
Performance: Operator li{ted cleanly, then iranslated parallel to

slope, but right of flag. Touched down twice, but continued
translation in two short hops as shown. The cperator stated
that he was most concerned about inadvertently going betow 70
percent thrust in let-down.

Free-Flight No. 16 (52) May 5, 1961 p.m. Free Site No. 2

Configuration: Same as previous flight.
Objective:; To perform left semicircular turn in 50-foot
radius; %
50 Feet a w
Thrust Duration: 15.5 seconds.
Temperature: 60 degrres F
Relative Humidity: 44 percent
Time (as measured by stopwatch)
Burst; 1.0 sec
Flight; 13.0 sec
Performance; One attempt was made as follows: S w
\
Altitude 1 - 2 Peet ‘l -
Attitude Facing 15 degrees (approx.) off /

4

"

line of travel
The operator described the turn as difficult. He stated that he
cut too sharply.
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oy

g Free-Flight No. 17 (53)
E, Configuration:

t\ Objective:

4 radius:
2

r‘:l

i

'Y

i Thrust Duration:
I

y

Performance;

Free-Flight No. 18 (54)

Configuration:
Obj ective:

May 5, 1961 p.m, Free 8ite No. 2
Same as previous flight.
To perform right semicircular turn in 50-foot

50 Feet -

14 seconds.

Temperature: 60 degrees F
Relative Humidity: 44 percent
Time (as measured by stopwatch)
Burst: 1.0 sec
Flight: 16.0 sec
One attemp! was made: NN
) W
- X

Excessive turning at an excessive translation rate was the major
I control problem. Propellant signals were unaoticed, i.e., both
! the light and the auditory sigial.The flight operatnr considered
maintaining altitude in the maneuver ae his major difficulty.

May 8, 1061 a.m. Free Site No. 2
Same - except jetavators were loosened slightly.

To perform right semicircular - turn in 50-foot radiua.

.
— W

89

e e e e s

et




Thrust Duraticn: 16.56 seconds.

Temperature: 73 degrees F
Relative Hum.dity: 64 percent
Wind: §-8W at 15 mph
Time (a8 measured by stopwatch) .
Burst: 0.5 sec
Flight: 15.5 sec
Performance: One attempt was made as follows;
N, W
\
’ %
=

The altitude was approximately three feet. In attitude, he faced
off flight path and seemed to gide-slip into turns. The operator

gtated that he set down early, thinking he was out of propellant

from the blinking light,

Free-Flight No. 19 (§6) May 8, 1961 p.m. Free Site No. 2

Configuration: Same - except "'propellant-low' auditory signal
removed,
Objective: To perforin left semi-circular turn in 50-foot
radius, S
w
—
-
Thrust Duration: 16.7 seconds
Temperature; 73 degrees F ) |
|
Relative Humidity: €8 percent ‘
Wind: Southerly at 10-15 mph
Condition: Raining
Time (a8 measured by stopwidch)
Burst: 1.2 sec
Flight: 16.0 sec
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Performance: One attempt wius mada; Xey W
—>

Altitude - approximately 1 foot. The oberator seemed again to
side-glip into turn. He described his major control problem to
be in pitch translation,

Free-Flight No, 20 (56) May 10, 1861 a.m. Free Site No. 2

Configuration: Same - a vibrating signal incorporated in headpiece
for "propellant-low' warning.
Objective: To perform straight and steady 50-foot translation,
turn and return in pivoied turns.
N i, &G Pivot Turn Required
E w
Thrust Duration: 19.5 seconds.
Tetnperature: 45 degrees ¥
Relative Humidity: 65 percent
Wind: N-NW at 10 mph
Time (as measured by stopwatch)
Burst: 1.0 sec
Flight: 20.6 sec
Performance: One attempt was made:
RALLLASLLL Lhshit HVRB{;-? rence
a
%—> <~ ¢

The operator achieved a maximum altitude of approximately

3 -4 feet, seeming to have initial difficulty in cleaving the ground.
The flight, however, was basically executed as planned. The
operator Jdescribed the vibrating signal as effective, and ex-
pressed high-level confidence in the signal.
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NOTE: Sound level measurements were obtained during this flight, using
a newly-calibrated General Radio Sound Level Meter, Type 1551-B.
The meter was positioned midway along the flight pathe at a
distance of 50 feet as follows;

k— 256 Feet -3
A

* 7 :
| 50 Feet
Sound J
Meter | _\L_
17 B

The sound level at point B from A was 124-126 DB; at point B
from C (when the turn was executed) it was 128 DB. Previous
frequency calculations have indicated a peak at approximately
4000 cps.

Free-Flight No. 21 (57) May 10, 1961 p.m. Free Site No. 2

Configuration: Same as previous flight.
Ohjective: To complete turning maneuvers as follows;

k- 25 Feet-j- 26 Ft -3
Lt

Reference Flags

w

Thrust Duration: 14 seconds.
Temperature: 50 degrees F
Relative Humidity: 65 percent
Wind: Northwesterly at 3 - b mph
Time (as measured by stopwe ch)
Burst: 1.0 gec
First Try: 12.0 gec
Second; 4.0 sec
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erformance; Two attempts were made as follows:

1 25 Ft =k 26 Ft j&-
el Lt

2

On the first attempt, the cperator spun into the turn, lost control
and set down. On the second, he side-slipped to the lett, tripped
and fell to the ground, rolling onto his left shoulder and his head.
Maximum altitude was 2 - 3 feet. The flight operator stated
that he thought the yaw control hand action was interfered with
by right-hand throttle action.

Free-Flight No. 22 (58) May 11, 1961 p.m.  Free Site No. 2

Configuration: Same as previous flight,
Objective: To accomplish long-range translation and set down,
e —
—> W
Thrus: Duration; 17.5 seconds.
Temperature: 83 degrees I
Relative Humidity: 38 percent
Wind: E-NE 2t 14 - 17 mph
Time (as measured by stopwatch)
Burst; 0.5 sec
Flight; 17.0 sec
Performance: One attempt was made as follows:
e <

Range covered was 300 feet as measured by tape measure,
Maximum alti:ude was approximately four feet. Maximum
velocity was egtimated to be approximately 10 - 12 mph.
The flight operator observed that precise altitude is difficult
to judge, and liigh velocity can be achieved easily.
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Free-Flight No 23 (§9) May 12, 1861 a.m. Free Site No. 2

Configuration: Same as previonus {light.
Objective_vs To complete turning maneuvers ("slalom") as follows:

F" 36 Ft :‘_3;‘ 35 Pt =4
oA )

<~ Reference —
Thrust Duration: 19 seconds. Flags
Temperature: 72 degrees F
Relative Humidlty_: G4 percent
Wind; Southwesterly at & - 6 mph
Time (as measured by stopwatch)
Burst: 0.5 sec
Flight: 18.5 sec
Performance: One attempt was made as follows:

ey
et N S

Altitude was approximately 2 - 3 feet. The operator appeared
to side-slip into turns, but executed maneuver successfully.
The operator stated that he concentrated on yaw control to
prevent hand interference,

Free-Flight No. 24 (60) May 12, 1961p.m. Free Site No, 2

Configuration: Same as previous flight.
Objective: To translate over elevation obstacle as follows:'
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Plan View

Profile View

Thrust Duration:

Performance;

Fire !
Truck S NE

—Pi £t }‘:‘"

TN
- ~\
Ft ey

K Fire Truck

15 seconds.

Temperature:
Relative Humidity: 64 percent

Wind: Westerly at 2 - 5 mph
Time (a8 measured by stopwatch)

80 dcgrees F

Burst: 1.0 sec
Flight: 15.0 sec

One attempt was made 4s follows:

e P M e
_ /ﬁ C///E-_’ \

Truck X

Estimated maximum altitude was 10 to 12 feet. Rate appcared
slow and controlled. Total range was approximately 130 feet.

In postflight command, the operator expressed high-ievel con-

fidence In exccuting maneuver.




Free-Flight No. 25 (61) May 24, 1961p.m. Free Site Nu, 2

Cunfiguration: Same as previous flight.
Objective: To practice turning maneuvers (''slalom") as follaows:
e 35 Ft ¢ 35 Ft -
o E / _; \\ - ﬁ._7¥_
W
—-
Thrust Duration: 15.5 yeconds.
Temperature: 67 degrees F
Relative Humidity: 58 percent
Wind: SW at 20 - 25 mph
Time (Stopwatch measurement)
Burst: 0.5 sec
Tlight: 15.2 se¢
Performance; One altempt was thade as follows:
F /—\ F ><
Y"'x //
Rate appeared slow and well controlled:and operator seemed to
baank into turna. The flight operator felt that he had lost ne
proficiency after a one and one-ha'f weekinterim pericd
ketween flights,
Free-¥light No. 26 (62) May 25, 1961 Free Site No. ?
Configuration: Same
Chjective: To demonstrate translalion over elevation ohstazle
T as follows:
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Plan View

Profile View

Thrust Duration;

Performance:

14 seconds.

Temperature; 70 degrees F

Relative Humidity: 36 percent

Wind: W-SW at 20 -25 miph (sustainedgusts up to
38 mph)

Time:(Stopwatch.: meagurements)
Burst: 1.0 sen
Flight: 13.5 sec

One attemnpt was made as follows:

Apex altitude was 10 to 12 feet; range, approximutely 125 feet.
Some yaw was apparent but operatcr corrected,
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Frec-Flight No. 27 (63) May 25, 1861 (3/4 hours later) Free Site No. 2

Configuration:
Objective:

Thrust Duration:

Performance:

Plan View

Profile View

it

Same as previous flight.

To demonstrate turning (''slalom'') maneuvers.

35 Ft 4 35 Ft

< TN

— W

16 seconds
Temperature:
Relative Humidity:
Wind: W-SW at 20--25 mph
"Time (Stopwatch 'measurements)

Burst: 0.5 sec

Flight: 11,5 sec

One attempt was made as follows:

e 35 Ft v« 35 Ft -3
f_ A TE>

S P X

‘K,/ - —\//‘

e
T T 4-57t \

Altitude

Rute appeared well controlled, and operator Scemed to bank
into turns.
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Free-Flight No. 28 (64) May 25, 1661 (3/4 hours iater) Free Site No. 2

Coniiguration; Same as previous flight,
Objective: 10 detavnstrate long-range iranslation,
ot o ee - 300 - 400 Feet - SR
- [ -
e E
Thrust Duration: 17 seconds.
Lempnerature; 70 degrees F
Relative Humidity: 36 peruent
Wind: W-5W at 20-26 mph
Titne (Stopwateh measurermoents)
Burst: 0.8 sec
Pights 13.6 sec
LPerformance; One attempt was made; range traveled was

appreximatelv 368 feet; maximum altitude was approximately
5 feet; average velocity was estimated. to, be approxirately
20 my-h.

The foregoing descriptions and performance data on the S8econd
Flight Operator in general do not lend themselves to quantitative
evaluation, since the test flights were largely exploratory and the tagks
qualitative in nature, e.g., to hover, to make short hops, and to translate
down range. However, certain indices taken from the test-flight records
do provide evidence of proficlency and serve somewhat to establish a
trend in the operator's learning curve. Figur: 20 presents a plot of the
number of times, in the judgment of the tethering man, the operator re-
quired assistance, i.e., to prevent his falling, tc help him steady himesell,
ete. Floure 30 ig a plot of the number of Limes the operator atiempted to
»erform a task before he was able tn accomplish the plan, l.e., he had to
let~-down because he was unstable, he was off balance, ete. Flgure 3118 a
plot of the rangn off target in translation tasls.
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Though the data presented in Figures 29 through 31 are somewhat
apotty, they are suggestive of the proficiency of the Second Operator upon
which decision to make free flights was based. All plots indicate that an
earlyflights, periormance was erratic and inconsistent, Beginning with
Flight No. 23, performance of liic Second Operator became consistent in
accuracy and control, This may have been due, in part, to his increasing
skill, but the @perator seems largely to have attributed it to improvements
in the rig. He stated at this point: "The present SRLD configuration feels
much firmer and less touchy to control. More time is allowed for minor
control adjustments. . . "

Subjectively, the Sezcond Flight Operator alsv evidenced increasing
confidence in control. On early flights, for example, he made guch state-
menty as tollows:

"', . . .a stable state can be maintained from the start of a flight; yet,
once put into an unbalanced state, no flight to date has shown the
ability to re<reach a siabde state. . . ."

", . . .started off with a mental fixation of 'riding the bronc' until
found in an unsafe or futile state. . . ."
After later flights in the series, he made such comments as follows:

". .. .translationy arc becoming more and more simple to perform
.« .begiianing to get a true 'feel' of SRLD control. . . ."

", . . .the operatour felt in full control at all times. . . . "

", .. light No. 35 and 38 have given a true picture of the control
capabilityes and s~fety of the present man-machine configuration. . . v

Proficiency in free flights has been progressively demonstrated;
qualitatively, the operator has accomplished a variety of muneuvers in
crossing over a creek and in ascending and descending hills, has pexformed
difficult turning, and has performed long-range ‘ranslation, with skfll and
and control and, in some cases, under adverse weather conditions.

G, _ SELECTION AND TRAINING

The presgent Flight Operator "volunteered' for performing flight tests
with the SRILD, and seems to have operated at a monsistenily high level of
motivation, not only from a technical point of view, but trom the standpoint
of skill acquisition. His biography of motor skills also si.ggests that they
are well above average. He swims, rides a bicycle, water skiis, snow skiia,
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roller skates, and has owned and operuied a motorcycle for over a year. He
bowis and plays golf, and plays tennis well. He has also weight-lifted
regularly for approximately one year. His current hobby is in operation

of power-speed boats, He has ice skated since he was about eight years old,
and has played competitively in amateur hockey for over ten years.

Based on the limited data available as criteria for personnel selection
and training in operating an SRLD, several generalizations are suggested.
These may be of value for selection and training of U.S.Army personnel for
possible future operation of prototype models. Criteria for seleclion and
training may be progressively clarified with respect to physical and
psychological limitations, special information, skills and adaptions required,
as design detalls of a prototype model are later developed.

1. Selection:
Selection criteria for the flight operator must include:
Height - As pertinent to limitations of a prototype model.
Weight - As pertinent to limitations of a prototype model,

Other Anthropometric Dimensions

As pertinent to limitations of a prototype model, auch as waliat
and hip circumference with respect to hip pack dimensions,

Axe

With respect to physiological demnnds of Gperativns, At present,
an age under thirty is suggested.

Operator Anxiety - Apprehension of {light operators may be
severe due to the novelty and potential hazards of operations. This,
of course, interferes with effective motor behavior. The pre-
liminary data sugygests that selecilon of operators on a "voluntary"
basis will largely screen-out thuse who may be subject to exces-
sive anxiety.

Special Motor Skills - The training-transfer value of such motor
skills as involved in skating or skiing seem important.
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Training:
A training program for prototype models of the SRLD may .

subsequently be developed from a training functions analysis for both the
flight operator and servicing personnel, The following areas of training
and equipment,however, are presently suggested for flight operator training.

3}5—'{3”.‘9"—5"' ot
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Basic SRLD Indoctrination - This may include general orienta-
tion lectures, the use of charts and motion pictures of SRLD
operation, including information on propellant hazards, and
witnessing or firing of the SRLD on a special static control stand. -
As necessary, a handbook and other instructional aids mhould

be provided.

Static and Dynamic Simulator Training - Several simulationacilvi-
{ies may be recommended to provide safe and positive {ralning

effects. A static simulation, such as employed in REAC control
gtudies, may be considered. Part-task familiarization for adapt-

fon to rig "feel' and lifting sensations may bie accomplished by
egimple tethering exercises.

Dynamic simulation training may also be sugoested for safe,
effective training, A fricticaless air bearing platform, such
as that currently being used at the Bell Aerosystems Company,
may be considered for pessible future adaptation to the SRLD
simulation training problem, The present device is illustrated
in Figure 32. Alr jets are applied to raise the plates off a
sinooth,masonite platform, providing an effectiveiy frictionless
stance for the operator. His ability to control his motion by
means of reaction jets can be easily acored for proficiency.
This device could be adapted, and may be suggested for future
SRLD sitaulaiion training.

Tethered Flight Training - Requirements for a tethered flight
training phase must be established preparatory to free flight.

If personnel are carefully selected for specially adaptable skills,
and provided with adequaie simulation training and indoctrination,
it is presently estimated that approximately 15 tethered flights
may be sufficient to provide proficiency for free flight. Tethering-
control personnel may be considered for iuleschanging functions
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Figure 32, Air Bearing Platform
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with the flight operator. Thelr training wowd then be essentially

that of the flight operator, supplemented by special instruction in
tethering control.

Free-Flighl Training - A simple-to-complex free-flight program
may be suggested, similar to that carried out in the present test
program. A level of proficiency should also be established as
""combat-ready" criteria for use of the SRLD in the field.

It is also suggested as most expedient that servicing personnel
should be largely trained 'in an-on-the-job situation,
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Y, RELIABILITY

The flight reliability of the SiLD can be expressed:

Rsrld Bg X Rs
where
R, = Reliability of the operator
Rg =  Reliability of system hardware

This rigorous flight reliabilily interpretation takes into account those
flights that will fail due to operator error, although the system hardware
has demonstrated an observed reliability of 100% with a corresponding high
degree of confidence. From a logistics point of view, this rigorous relia-
bility computation will be necessary for determing the number of flights to
be scheduled for a desired number of successes. However, the reliability
of the operator (I}y) can only be determined by sufficient operational datu
and cunnot be established in this R&D phase of the program. Therefore
the only reliability computed during Phasge Il was that which was demon-
strated by the SRLD hardware,

During Phase II testing a total of 89 systom tests were conducted.
These tests consisted of 9 various thrust level and lift tests, 56 tethored
flight tests, and 24 free flight tests, No failures were observed during
these tests,resulting in an observed reliability of 100% and a deraonstrated
reliability, at 90 confidence, of 97.5% as indicated in Figure 33.

The reliability demonstrated indicates that if this system were in
production we could expect 39 successiul flights bufore a malfunclion,
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VL. _OPERATIONS ANAYLSIS

A, SURVEY METHODS

The Systems Support Group of the Bell Aerosystems Company under-
tcok an operational siudy of the SRLD during the Phase If program. Several
U. 5. Army fleld agencies were contacted by phone and matl to obtain in-
formation on how such a device as the SRLD might be employed in Army
ficld problems. A general description of the SRLD feasibility model,
together with illustrations, was provided with each mailed questionnaire.

The basic operatinnal question addressed tu each agency was how such
a device as the SRLD could be applied to Army fiald problems. In this an-
alysis, we agked to have the thinking of experienced field personnel about
how they felt such a device could be empliyed in practical situations.

The following questions were suggested for consideration:
(1) Do you think that a device such as the SRLD hag practical

feasibility for uge in the field?

(2) Please describe specific operations for which you envision
the possible use of such a device,

(3) What do you think the rinimum desirable performance
characteristics of such a device should be to meet thege
operational requircuients?

(4) What do you consider to be tolvrable (i.e., in terms of time
required, difficulty, etc ) handiing and servicing reguirements
for the operations you have described?

(5) From what supply source would you expect to be provided
with thig type device, 1.c., Battalion 8-4, Engincer Supply, ete?

(6) What type of units do you think would have the most use for a
device of this type?

B. AGENCIES CONTACTED

The following agencies of the U, 8, Army were contacted by phone
and through the mall:
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The Psychophysiological Group,

The Equipment Branch,

The Techaical Clothing and Footwear Sections of the U, 8, Arnay
Quartormaster Reeearch and Development Center

Natick, Magsachusetts

Huwa'i Re-ovrces Research Ofiice
U. 8, Army Infantry Human Research Unit
¥, Bonning, Georgla

‘Training Methods Division

Human Resources Research Office
George Waghington University
Washington, D, C.

U. 8. Arny Aviation
Human Resources Research Office
Ft. Rucker, Alabama

U. 8. Army Office of the Chief of Research and Development:
Washington, D. C.

Documents and Combat Development Division

Future Organization and Conmabat Branch

Olfice of the Deputy Chiet of Staff for Military Operationa
Washington, D, C,

Combat Material Divigion

Combat Arms Branch

Office of the Deputy Chief of Staff for Raaearch and Development
Washington, I, C,

Combat Development Otfice
Infantry School
Ft. Benning, Gecrgla

Combat Arms Division

Tactical Branch

Office of the Deputy Chief of Staff for Combat Devulopment
F.. Morroe, Virginia

Militery Advisor, Tactics Division - ORO
Bethesda, Maryland
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£, UNOFFICIAL THINKING OF U, S. ARMY FIELD AGENCIES

Replies to the mailed questiounaire were received from the following

agencies:

1.
2,
3.
4

U. 8. Army Quartermaster Command al Natick, Mass,

U. 8, Army Infantry Research Unit at Ft. Benning, Ga.

U. 8. Army Infantry School at Ft. Benning, Ga.

U. 8. Army Aviatior. Ilurnan Research Unit at Ft. Rucker, Ala.

The U. 8. Army Quartermaster Command at Natick, Mass. provided
the following comments:

(1) The present device is very heavy. It is almost certain to be

@)

(4)

very cumbersome in use unless weight is reduced.

In its present form it develops 130 db, a very noisy device.

It i3 sure to advertise its presence over a wide radius, As it
becomes known in combat for its tactical potential, it is sure

to become a favored target, making its users very unpopular.
This may adversely affect its acceptance by combat troops.”
Coupled with the fact that the user becomes a low-flying slow=
speed alreruit with no camouflage as he rises above the terrain,
the question arises as to just how effective this item can become.

Special attention will probably have to be given the harness
gsysiem by which the device is attached to the uger. If itis
considered that a rockel systen is characterized by very high
thrust, it should be kept in n: .2 that guch power delivered
suddenly may do serious injury to the man who goed along with
it. If the harness system does not digtribute the load applica-
tion over the hutnar structure in a manner permitting it to be
absorbed, pressure points will be very likely to cause serious
injuries. Jt may be that harness design will not be sufficient.
It may oe necessary to incorporate a controllable valviug sys-
tem to allow thrust to be applied gradually. However, this luses
thrust, requiring more tuel, hence, more weight on the man,
Could be a vicious cirele?

Safety featuros willi reguire comprehensive study. Some of the
more important ones: '
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{a) Rocket backwash is apt to be hazardous to both the user and
support personnel, Without knowing specific details, il would
still seem that hot steam blasting back strongly enough to
impart movement would bhe of some risk to agsiatants who
are left behind in line wiil the man's travel path, Support
perscnnel will probably have to be warned of this, Also,
since the man's legs extend back of the hardware, he is apt
to be vulnerable to injury. In straight motion in still alr, 1t
is probably safe enough, But still air is a rarity, What
happens in turbulent air, where the backwash ig apt to be
blown around?

(b) el burnout leaves the mon "up in the air'’, Three types
of fuel fallure immediately come to mird:

(1) Sputter - this intermittent appilcation and removal of
thruat could cause considerable stress to be pleced
upon the man, It would alsn raise great problems for
coutrol of flight stability.

(?) Co.aplete fatlure - this would leave the man at a fatal
haight witnount even the partial protection provided in
disabled alrcraft through auto~rotation, dead-stick
glide, and impact energy absorption provided by the
cockpit of conventlonal vehicles,

(3) One single power interruption - this would probahly
cause the inan to gu out of control when power fails;
then, when hia power goes on again, intensifying the
problem, unless he is capable of reacting correctly
to prevent his being 'driven into the ground™.

(¢) Stewring and guidance will have to be surveyed carefully.
Considering that the man is effect'vely airborne, the
problem then becomes one of manipulating himself as a
froe-moving object al considerable velocity, Very iikely
the taglt is extremely diffisult, requiring superior reaction
time, discrimiration resction time, and judgment and de-
cision making, supericr judgment of spatial rslations and
depth discrirmination; and good athletic coordinaticn. Such
a combinatior of factors is not a rarity, but it {s unusual,
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Therefore, this device will most likely require consider-
able training of preselected user personnel. Tt is not apt
to be a device which can be issued carte blanche to troops
ag rifles ure,

Recovery from loss of control - this will have to Le studied.
Considering a total flight time of 30 seconds, a few seconds

of which are used in becoming airborne, what chance will a

man have to recover from loss of control, such as tumbiing,
veering, spinning, &tc.?

All in all, although this device has intriguing possibilities which
should be explored thoroughly, I tiink it should be recognized that this
equipment will be no snap tc operate, will require training of (alented
people, aind wiil have built-in hazards inherent as part of the concept.
With these limitations in mind, it would still constitute a powerful

milltary tool.

Items in reply from the U, §. Arwmy Intantry Research Unit at
Ft. Benning were noted as follows:

(1) The practical feasibility of such g devics is completely depend-
ent upon characteristics,

(2) If otherwise dependable, the most valuable taciical use v/ould be
in crossing norizontal obstacles such as streams, ravines, or
gaps such as those hlown in clitf roads, ete. Dubious ovur use
as an ovwsgervation post or in scaling verticul obstacles until
more information is availalle relative to return possibilities.
Device might aiso be of considerable value ag a digcardable

ald in amphibious operations in the pussage from landing crait
to beach, particularly under rough surf conditions,

(3)

Minimum characteristics should be;

(a)
(b)
()
(d)

25-30 pounds maximum weight,
Acceptable guidance.
Acceptable return capability.

Field conditions demund GI operation simplicity, depend-
ability and ruggedness undei all climatic conditions.
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(4 Time required in support and service of such a device would he
lesa important than weight, simplicity, ruggedness and other
such characteristics.

{5) Engincer supply would be the major supply source,

() Assault, Light Reconnaissance, andCombnt Engineer Units would
have most use for suck a device.

The U, 8. Army Infantry School at Ft. Benning, returned the following

comments: .

The U, 8. Army Infantry School is interested in any means of improving
the mobility of the foot soldier and therefore, reviewed your descrip-
tion of a small rocket lift device with interest.

The Infantry visualizes using a lift device for negotiating obstacles
such a8 precipitous terrain, ravines, rivers, minefields and con-
taminated areas, This device would facilitate movement of the in-
dividual soldier i1 areas where mechanized vehicles could not oper-
ate, and in special operations limited to foot movement only, such
as raids, patrols, ranger and amphibious operations. QOperations by
rangers, spacial forces, ind combat engineers involving negotiation
of obstacles which require tedious movement and the use of other
special equipment such as grapnels and pikes could be aped up,
theseby decreasing exposure time »ud enhancing the successful
accomplishment of the migsion.

The device should be provided with a simple manual control system
which will provide positive stabilization and control of steering and
speed during operation. A minimum continuous operating time of
thirty seconds is required. The device must be capable of being re~
{ueled in the field, by the opcrator, without the use of bulky auxiliary
equipment.

Integration cf small rocket lift devices into Infantry units should not
introduce any new maintenance probloms., It must be a simple device
which can be maintained by the average soldier by such simpie oper-
ations as keeping critical points free of dirt accumulation and check-
ing s minimum number of points visually to determine whether the
device is serviceable and safe to use.
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We feel this device will be iggued in limited numhers, to company
sized units for use by selected individuals when required, Additional
devices would be obtained through normal unit supply channels as a
Class IV Item (items requested as needed and In the quantitire needed)
when the situation requires augmentation. Rechargirg would probably
be done by special support echelon units in rear areas; thereforc,
this device must be capable of exchanging empty fusl <ylinders for
ful) fuel cylinders,

The U. S. Army Aviation Human Research Unit a4t Ft, Rucker, Ala.,
presaented the fiollowing comments ag a synthesis of thelv unoificial thinking
about the device:

' (1)

@)

The congensus seemed to be that the SRLD offered a number of
practical possibilities, The genecrality of use of such a device
would be g function of training and gervicing requirements and
operating limitations.

The potential operations in which the SRLD might prave useful
can be categorized as follows:

(a) Transport of personnel over minor obstacles.

(b) Transport of personnel wilh specific equipment
(signal, engineer) over ohstacles.

{c) Elevation of personnel for purposes of observation.
(d) Uses in aviation,

Under (a), su~h things as lift of an Infantry Batile Group or
Company-size unit over obstacles were mentioned. Thls would
be of great value in a surprise assault, Another area of use
might be Infantry night patrol::

Engineer units could utidize the SRLD to advantage in bridge~
building nperations for transport of light ennipment (b). Signal
corps uses would include wire-laying and ilit of radio equipment
onto high terrain featnres {or maximum utility.

Uses mentioned under (¢) were 1ifting Artillery personnel to high
terrain features for vbgervatior purposes, use by tank platoon
coinmanders for short reconnaissance, aud in inspection of atomic
blast areas by Chemical Corps peirsonnel,
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Not to: many specific aviation uses (d) were mentioned, It is
possible that a device of this sost might be developed to replace
low=-altitude ejection systems, This is a pertinent probleom for
Army Aviatior with its great stress on low-level, nap-of-the~
earth flying. Army aircraft frequently operate at altitudes
where the ordinary parachute is useless, In higher-perform-
ance aircraft, such as the L-19 and 2ll the helicopters, this
capability is Jacking. Under certain circumstances, it might
be more advisable to "bail-out" with an SRLD thun to auto-
rotate & helicopter or make a forced landing in a fixed-wing
aircraft,

The SRLD might also be of some uge in airlift and landing of
special troops (medics, observers, etc,) in remote or conflnsd
areas. For example, if a heliccpter.cannot land in a contined
area and cannot hover with sufficlient stability to permit
dropping personnel by ladder or other meang, then the SRLD
might be the angwer,

The most intriguing use that occurred to several of us here
would be to wed your device with the flex-wing glider concept

of the Ryan people. It would seern that using the SRLD for the
motive power, with the flex-wing supplying muwi uf the lift, would
give a trumendous mobility and maneuverability to the individual
soldier for apecial operations. This might greatly simplify the
coordination of thrust and lifting moments in the use of the SRLD.
Whether such a marriage is feasible or not, I do not know, I
would be interested in what your engineers think, We, here,

were greatly impressed by the Ryan presentation on t.heir flex-
wing.

(3) The performarnce characteristics necusgary would vary with use,
but here is an over-all summary of the comments.
(a) Thirty minutes fusl,
(b) Forward speed capability of 15 mph

(c) Figuring average equipped soldier at 200 pourds, the SRLD
ghould be able to lift soldier plus 50-pound load (total 250
pounds).

(d) Minimal training required to learn to "fly" the device.
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(5)

(@

M

(e) No apecial clothing required.
(f) Night capability.

A maximum of one hour for equipment check prior to use. For
Infantry operations, no servicing should be required. For use
by Engineer and Signal Units, servicing shouid be minimal with
two-day supply. Service equipment should be easily transport-
able and require minimal training for operation,

For use by Sig.:»’, Engineer, and Artillery battalions, the supply
should be organic to the battalion. Use by the Infantry would be
for special and infrequent operations. Therefore, supply could
be at the Army supply point. No servicing would be required of
the user. After the operation, the SRLD units could be policed
up and sent back to the Army supply point foi servicing.

As previously indicated, Signal, Engineer, and Artillery might
have fairly regular use for the SRLD, while the Infantry require-
ment would be periodic,

GENERAL. Answers to the followiug questions would make it
eagier to assess the practicality of the SRLD for Army use:
(a) How much training i8 necessary for operating the SRLD?
() What is the size and weight of servicing equipment?

(¢) How much personal equipment can the operator carry?

(d) How many sevvices will servicing eguipment provide
befcre recharge or maintenance?

(e) What is the estimated cost of unit and allied equipment
under mnass production?

() How much of a safety problem ig involved in handling and
servicing?

() What additional suppo®t items are required for operator
and service personnel guch as helmets, gpecial clothing,
etc.?. , .
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The Operations Analysis Branch of the Combat Operations Research
Group, at Ft. Moaroe,Virginia, volunteered the following informal comments:

"QOur thinking on the problem. . .would indicate that a device to extend
the individual's physical capabilities would bo most useful. The cap-
ability of "'flying" is, in our opinion, not required. The practical uses
for such a device would include jumping up on a oof or down a steep
cliff or across a small stream. The characteristics of the device
which, ir our estimation, are required, might be described as those
of an anti-gravity device suitable for intermittent operation for one
battlefield day."

A reply in the current study, was not received from the Oftice of the
Director of Research and Development, Combat Arms Branch in Washington.
However, it was noted from discussion with members ¢f this staff several
years ago that in their opinion such a device as the SRLD would be ex-
tremely valuable. Use, it was noied, would be made by specialized task-
force personnel to get the first rope across the river or up a cliff, Only
special personnel would be assigned to operate the SRLD.

D, . SUMMARY OF DATA

Table 6 preseats a summary of comments made by U. 8. Army
agencies on possible SRLD field applications.

A rank order of requirements, in terms of frequency of comments
made indeperndently by each agenry, is presented in Table 7.
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“TABLE 7 ;
SRL.D OPERATIONS REQUIREMENTS

Rank Order Requirsnient
1 Translation
2 Ascent-descent '
3 Limited for use by select and skilied personnel only
4 +  Servicing simplicity
5.5 Light gross weight (25-30 pounds)
5.5 Simplicity of cperation for general use

o Miscellaneous
SELITIR IR ot o ]

These operational data, based upon unofficial opinions and informal
judgments by U, 8, Army personnel, vic of course limited and inconclusive.
However, in generalizing on thesbasig of trends suggested in the data, what
apparently is basically needed is a device that will permit o single individ-
ual to cross horizontally over ohstacles. The ability to climb muy be secon~
dary. The operators may be specially selected and trained, The operating
device must be lightweight, e.g., less than 30 pounds gross weight, and
easily serviced and maintained.in the field..

U. 8, Army reservist personnel within the Bell Aerosystems Company
were 180 asked to provide conceptual data on an operational SRLD, In
their thinking, too, the device seemed to have more potential application for
problems in horizontal travel than in vertical. Under horizontal applica=-
tions they listed such things as (1) crossing rivers and ravines to carry
lead iines in bullding of foct bridges, etc., (2) raids and patrols over barbed
wire obstacles,. (3) amphiblous vperatlons from lunding craft to beach, (4)
croesing chemical-biological-bacteriological~radiological (CBR) contami-
nated aress. 'They also suggested the need for a radio~controtlable device
for 1ifti;.¢ equipmcnt and supplies, '

~ Use ir possible vertical applications thoy considered to be limited to
such problems ag cliff scaling. For ohservation-type applicationa they con-
sidered a special-type design low-altituds tethered balloon platform to be
more feasibla than an SRLD. :

)
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They too, considererd that use of an SRLD would be largely restricted
to spuecially selected and trained personnel, and called for only in occasional
field problems. Conditions of operation they considercd important to tac-
tical field use were as follows:

(1)
t)

Control of heat and noise

Providing safety and confldence in operation, including provi-
stong for quick disconnection. .

Desirable operational characteristics were listed as follows:

1
@

(3)
4
(6)
(©)
)
(®

Readily replaceeble fuel supply, easily transferred in the fleld.

Efficient system of re-servicing cartridges or cylinders at
the service depot.

One-half minute of {full thrust/one minute of half thruat,
Reliable fiight stabillly and control,

Maximum gross weight not to exceed 50 pounds.

Ease and comfort in operation,

Adaptable for remote control operations,

Rugged and durable conatruction.
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APPEMDIX I
PROCEDYURES IN SRLD ILIGHT TESTING

©

SITES AND

A. TETHERED FLIGhT TEST SITES AND PROCEDURES.

Tathered Site No. 1 - Bldg, 67 - Plan Position Layout
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Test Area Plan Position Layocut

A[ Roai
Fp

i
O~

~
l%l’«;&g. [on] £T

N
Tethered Site No. g - Outside Building 67

Check List (I_tev._C)
Ramp Test Area Plan Position Layout

Fence -
Metal
Skids [5T] Gancaax
— Bear
Moure Lennoa - |
~ l":] alF - [ Guard
> — o o @ Houso
Sileo —_—
Pellitlere  Pgbst [é’ﬂ

[Fg) SP

@iﬂ Burgess |OF| Kroll
— '\.’-—-—“\

Mstal Skids \“"*""\ I Bldg. 07—_.|

Tethered Site No. § Check List (Rev. D)

- ame u—p
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SRLD - Hangar T'est Area Fosition Layout

@ Burgess [_S__P_] Pabst (53] g:ﬁ;'ca
oT Moore v
Grahain

ﬂ@ 'Ra-.mp

Giraham

FO! Moore Lennon
|UT| Bear
Lg'g m Ganeu
Tethered Site No. 4 Choelr Lizd flev, Q)
&
Position Callout
FP First Photographer « Tom Lennon FO FlL. Operator - W. Moore
SP Second Photographer - Glen Pabst H. Graham
OT Obscrving Test Engineer - W, Moore "1 upper Tether ;{:::&‘; "er
H. Graham g
G}l &t
OF Observing Control Engineer - T, Feng 5° Stcond Teﬂxex;:-- Gancuak
R. Golanka » Lancs
OH Obsorving Human Engineer - FC Fit. Test C°°;:di'$t:"z;k
J. Burgess * ¢

T8 Tank Service Man - Topanak (not shown)

Ganczak 1, Confirm that floor plugs are cut, and powar is available
for camera lighting,

2. Confirm SRLD test configuration, tanks are lcaded and
checked.
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Graham
Ganczak
Graham &

Ganczak

Graham

Greham,
Bear,
Ganczak

Bear &
Ganczak

Graham &
Bear

Grahamn
(iraham
Grahamn &
Ganezak

Lonnan &
Pabst

Graham
Graham
ieng

Graham &
Ganczak

Lennon &
Pabst

Bear

Graham &
Bear

4!
5
e.

8.

10.

11,

L2,
13.
14,

i5.

1C.
17,

" 18,

18.

20.

22,

Check what all exposed personnel have ear protectors
aiid goggles,

Check that fireman is at station.
Re-confirm configuration and flight task,
Check that flight-test crew are in position as above.

Confirm nitrogen tank is pressurized and checked.
Record pressure,

Don SRLD,
Mova into flight position and remove cart.

Confirm that top tothering is connected, secure and
free, and area is clear.

Confirm ready for take-off.

Confirm P&V valve in press position.
Confirin pin is removed from throttle handle.

Open shut-ofi valve sowly. Check 2nd cail out HgOp
tank pressure. Record.

Check that camerac are on.

Signal for cimera synclironizaticn,

Take-off and complete maneuvers according to flight plan,

Stat timer and record time of run,

Afier landing, vent tanka, cloge N9 ehut-off vaive, call
out and record source pressur~ rematning.

Conflrm that cameras are off.

. Disconnect tethier connections tc suit,

Position and doff SRLD for load'ng.
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Ganczak & 23, Call entire crew together for de-hriefing on previous
Burgess flight,

AllCrsw  24. Complete Flight Rating Chart and remarks,

Burgess 25. Interview all observers; collect, mark and collaie verbal
data,

Gaaczak &

Y
Burgess 28, Plan next run and brief crew,

B. FREE.FLIGHT TEST SITES AND PROCEDURES

w
L-N
Blvd. Ram
7 AN
o \‘f‘ .
@ Kroll ‘
— @ Bear
lond ’?m“ 100 Feet  [ed Granam
@ Lennon Grassy Area | Ganczak

SP| Pabst E Dr. Kelly

Driveway ‘?: AMD —
~Fire Truck jn
|
S

LCLI! Burgess F
DATA RED. BLDG.

Free Sii2 No. 1 ’ ~W

Outside Arca West of Hangar, Position Layout
Check List (Rev. G)
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Ramp l Firetrucki -

\ _—E Dr. Kelly
Moore |OT ]_EE Bear
al t — Graham
< + Lennon E‘_ﬂ Ganczak
;‘3 @ Pabst
8
OH| B OF! Kroll

= [oH] Burgess

Fres Site No, 2

Wind ? L@ Pabst

North

" PLn  Moore [OT] S

Profile

30 Ft Approx
290 Ft
.

—_—

—tnﬂmh--———-—“-—---——-.——-

Free Site No, 3

Ramp Area Northeast of Site No. 1

@ Lennon
@ Bear

Ganczak

E!_EI] DeRoy @1 Kroll

[s#] pabst

-—ra,__../

Niagara Frontier Golf Course, Fairway - Upgrade
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\ North
120 F% Approx \ Wind
12 F‘t .A‘-\‘--‘,

Plan E—]._‘..._*.- A g __.._. Graham

20 Ft .
LIL':‘] Ganczak

Dr. Kelly [M] [cq] Bear [OH] DeBoy OF| Kroll

.Fireman L_ Lennon [_S_f_] ]:Fj
Pabst  Fireman

Profile & 4
yo T T e — — e —
il o
NS

Free Site No, 4
Niagara Frontier Golf Course - Water Hazard

5P| Pabst Lennon
Plan '@ Bear

Profile

Tt N - —
o
—— / e

Free Site No. 5
Niagara Frontler Golf Course - Fairway - Downgrade
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FP Firot Photograph - Tom Leunon

SP Sccond Photograph - Glen Pahst

OT Ohserving Test Engineer - W, Moore
OF Observing Control Engireer -

Ol Observing Human Engineer -

Ganczak
Ganczak

Ganczak
Jraham
Gannzak

Graham &
Ganczak

Graham

CGraham,
Ern.e,
Ganczak

Gruham &
Bear

Graham

Graham &
Cancrak

Grahaiu

Lennon &
Pabst

Position Callout;

FO FIlt. Operator - H, Graham

CC Crew Chief -
i, Kreutinger

FC Flt. Test Coordinator -
E. Ganczak

M Medical ~ Dr, Kelly.

J. Burgess F  Fircmen
M. DeBoy

J. Kroll

Check and confirm SRLD test configuration, tanks are
loaded and checked,

Check that all exposed personnel have ear protectors
and goggles,

. Check that firemeén are at stations,

4. Re-confirm configuration and flight task,

6.

8.

10,
11,

124,

13.

Check that flight-test crew and observers are in
position as above.

Confirm nitrogen tank is pressurized and checked.,
Record pressure,

Den SRLD.

Move into flight position and remove cart tc end of
driveway.

Confirm ready for take-off,

Confirm P&V valve in press position.

Open shut-off valve siowly. Check and call out HaOq
tank pregsurc, Reecord,

Confirm pin is removed Irom throttle handle,

Check that cameras are on,

142




Ganczak
Graham

Moore &
Burgess

Graham &
Ganczak

Lennon &
Pabst.

Graham &
Bear

Burgess

Ganczak &
Burgess

14.
16.

16.

17|

18.

19.

20,

21,

Signal for camera synchronization,

Take-0ff and complete maneuvers according to flight
plan,

Stari timer and record time of run.

After landing, vent tanks, close Ng. shut-off valve,
call out and record source pressure remaining,

Confirm that camerasg are off,

Position and doff SRLD for loading,

Interview observers; collect, mark and collate
verbal data.

Plan next run and briel crew.
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APPENDIX II

RECOMMENDED THROTTLE REAC ANALOGUE COMPUTER. AND
EVALUATION STUTIES

Statement of Objectives

1. To provide the flight operator with practice on the throttle ron-
figuration (s) to be employed in hot tests, providing a tricking task with
some similarity to that required in actual flight.

2, . To evaluate throttle configurations on the basis of performance
criteria,

Equipment

A throttle handle is mounted on the gas rig shoulder harness for the
same essential posture required for right-hand throttle actuation as on
the SRLD.

Weight of the thirty-pound shoulder harness at the top of the shoulders
should be supported to prevent unrealistic stress.

The flight operator's tracking display would consist of an A-scope
marked on the face for altitude reference, .sith throttle regulation per-
mitting adjustmont of a "man' blip. A similarity is provided, in that the
actual horizon in flight would bo simulated by the altitude reference mark
on the scope and the moveable blip would represent the operator.

Procedure

Flight operator (0) gets into gas rig, and weight of rig is supported
off his shoulders. The tracking of the scope blip with throttle is begun
when the experimenter (E) gives the signal at the altitude reference marl,
and holds uulil signal, then setting the blip back down to zero reference.

Tha blip automatically begins downward ccurse out of control when
simulated fuel expenditure occurs,
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Disrribution of Practice

Fifteen to thirty minutes a day in practice #essions may be suggested
for most efficient learning. Two minute rest intervals between runs,

where runs are of approximately 30 seconds curation, is also suggested to
offset effects of fatigue,

Criteria

The most pertinent measure to be obtained from siraulator flights
would seem to be time at which precise target altitude is maintained.

General ¢bzervations may provide data on other significant par-
ameters of performance. The following data may be recorded for each
flight:

Possible
Time Corg:lent Con;;nent Inadvertent in in
Tarsoy Take-Off  Handling Motion Roll Yaw
g Control Control p it ch

Experimental Conditicns

To evaluate throttle configurations, such as the grip type vs, motor-
cycle type, all variables but those of the rxperimentzi conflguration must
be controlled, including the following:

(1; Task instructions to the operator

(2) Effects of practice

() Effects of fatigue

(4) Configurations of control

Exverimental Yrariahles

The configurations to be experimentally evaluated may includs the
following:
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(1) Grip -type throttle sprirg return constant,
(2) Motoreycle thmttle,'no spring return, system friction only.
(8) Motoreycle throttle, light spring return.

Configurations must be recycled for each series of runsg, to control
effecls of practice and fatigue, as follows:

Run Series Configuration

[« 30 B SR X 3 L
Procopy
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ADPDPENDIX 1M1

RECOMMENDED STUDY ¥OR THE SRLI) PROTOTYPE
SPECIFICATION, LIFTING CONFIGURATION

Staterasnt of the Problem

The present SRLD lifting force 1s applied at the axiilee or arm pits
at & small area of concentration. This lifting configuration design wag
employed to permit maximal hody rmobility, theoretically required for |
shifting body c.g. tor light control, Moreover, it was considered that since
the {light was less than 30 seconds duration, no deleterious offects would
oceur,

Suspension at the armpits is likely to result in ruptured blood
vessels and to humper circulationto the arms and hands. For training pur-
poses, a longer suspension than 30 seconds may be required, Possible
discemfort may tend somewhat to discouraye trainees. For this reason,
a more optimal configuration in lifting support for comfort may be
advisable,

Lifting configurations that may compromise body mability the least
have bewn discussed as follows:

(1) Banding about the upper portior of the back, a.g.;.at'the latis-
simus dersi muscles (see Flguve 34) strapped at front such
that breathing is least restricted, Weight might then bo li3-
tributed over a wider area at the axillae and upper trunk while
yet maintaining ample body mobility.

(2) Banding about the indentation at the hips just bolow the illac
crest (see Figure 34). Some proporiion of the welght may
thercby be lifted, relieving pressure at the axillae, whiln yet
providing ample body mobility.

The general criteria hy which these various lifting configurations
might be evaluated are sugpested below:

(1) Ability of the cperator to sense hig lift-off or touchdown as a
function of the ronfiguration,
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Method A" //
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Figure 34. Possible Pointg of LiY for Improved Lifting Methods
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{2) F«tont of torso siretch in lift,

(3) Freedom of body motion necesgary for control,

(4) Subjective comfort,

The following experimental program ig suggested for evaluating

thege possible lifting configurations and estahlishing criteria for the
prototype model specification,

Required Sutjoct and Test Equipment

Subject () wearing loaded configuration, biindfolded attached to
lifting tether,

Lifting Configurations
No. 1 Present configuration

No. 2 Heavy belt installed, pulled-n in circumference
approximately one inch below the iliac crest.

No. 3 Heavy padded sectlon attached to Ufting rings, pulled-in
in circumference #bout the large back muscles and
around front above the breast bone,

Procedures

Blindfold 8 while he rests rig on the SRLD cart. For each trial, 8
is guided away from cart into test position, Tethering men begin pull at
constant rate to lift S off the floor while experimenter (E) observes for
"feet off the floor". § calls out "break" the instaut he senses that he has
broken ground,

E records whether S§'s response ig right or wrong, 1.e., feet must
be clearly off the ground. If § iu off the ground and does not respond in-
gtantly, he iy given an incorrect check, His response must, in the judg-
ment of the observer, occur precisely when his feet lift off,

immediately after each trinl, S is guided back to the cart and told
if his response was right or wrong and in what direction he erred.
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Two to three minute rest periods are allowed belween each trial for
a total of ten trials.

ThLe procedure is repeated for each configuration, and each i8 re-
cycled to control practice effectr, e g.,

Seriei__ N_o_: Cem}guration No.,
1 1
2 2
3 3
4 3
5 2
6 1

Before changing to the next configuration to be tested, the following
procedures waould be completed;

(1) S is suspended two feet off the ground while a measure is taken
" between breast bone and a point just below the pelvis. The
amount of streteh from norinal is recorded,

(2 S is suspendsd two feet off the ground while he subjectively
ovaluates freedom of motion (1) lower limbs in all axes, (2)
shouldeis, and (3) upper trunk in all axes.

(3) S is suspended two feet off the ground while he demonsirates

required flight posture for (1) pitch translatinn (2) lateral
translation, and (3) turning.
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APPENDIX IV
ROCKET LABORATORY PRELIMINARY ‘TEST REPORTS

ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheet 1 of 2
Test ltem SN__1 Test No, LD-92 thru LD~ Test Item SRLD (Pack)
Date 12/14/60 Work Order 6876-000
Test Engineer I, Sileo Test Facility W-1

TRET:
Various thrust level, throttle linkage, and lift tosts,
PURPOSE;

To evaluate the throttle linkage and determine the sensitivity of the
throttle control.

REMARKS:
The load procedure and run procedure were followed.

During the preasurization nf the tanks the pressure rose gradually and
slowly.

During tiring the pack began to rise toward the ceiling, It rose about 2 to 3
feat off the rest stand, The throttle valve wag cloged partially and the pack
and dummy combination dropped on the rest stand. The throttle valve was
opened again and the pack ond duitnmy began to rise. While the pack was
vising il begun w yaw because of the apparent stretching of one of the guide
aables, The pack was landed on the rest stand,

‘The following recommendations resuited from the run,
1 During the run Mr. Moore noted that the throttle valve was sticking.

The 10% detent will be removed and a stiffer spring used to eliminate
gticking of the throttie valve,
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cracks A

Sheet 2 of 2

Mr, Moore recommended that the warning white flashing light be
changed to a red ona so it will be visible in bright sunlight. He algo
recommended that the 2-second flashing intervals and the 1 second
flashing intorvale be climinated and that only the last 5 seconds of con-
sistent flashing be used. The warning buzzer signal strength will have

to be increased so it can be heard above the sound generated by the
nozz'es,

. . The nitrogen regulator should be set according to the temperature of

the aforementioned regulator.

The steam generated by the nozzles nbscures the view of the rig, so it
was suggested that the floor be kept dry so that the steam formation
aud condensation would b& reduced.

The nozzles were aligred only visually, 8o it was recommended'that a
nozzle alignment fixture be constructed so that any undesirable thrust
components would be eliminated. Such components could cause roll-
ing or yawing of the pack.

Reroval of the pack from the stand revealed that the plaster dummy
was ¢racked in several places. The more prominent cracks are shown

in the attached skeiches. It was also discovered that the guide cably
which had aipar@ntly stretchad had actually been seve rad,
wth~d

_—j cracks

s 2rack
—— ,.£

Section AA

[ g;i crack
4




ROCKET LABORATORY PRELIMINARY TESY RIPORT

Sheet 1 of 2 .

Test Item SN_J_ Test No. LD-93 thru LD-94  Test item SRLD (Pack)

Date 12-16-60 Worl: Order 6876-000
Test Engineer L, Sileo Test Facility W-1
IEHN‘“
Various thrust level, throttle linkage, and lift tests,
PURPOSE:

To evaluate the throttle linkage and determin¢ the sensitivity of the
throttle control.

REMARKS:
Prior to run No, LD-93 the following changes were made:

1. 'T'he 0% detent was removed from the control handle and a ball bearing
instulled in the throttle valve actuator handle to reduce fricticn,

e

The white flashing light was changed to red. The sequeace fnr the actu-
ation of this light was chauged to operate in the last 10 seconds of firing.
A flashing light for 5 seconds and a continuous light for the last 5 seconds,

3. A fan was installed in the ¢<!l and another outside the cell in an attempt
to improve thr visibility whiie running,

4,  An RLO was put in work for a nozzle aligament iixture,

5. A new cable was installed in place of the ore which waa severed on run
LD'924

6. A knotted nylon rope was installed so that it would break any fall cato
the rest stand.
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7. Minor leaks in the high pressure nitrogen system were eliminated.

8. The portion of the dummy which was almost crarked in two was
bolted together,

Run LD-93

The pack would not lift until the end of the run, when it rose abuut three
inches off the rest stand.

The Iollowing recoiimendation resulted from the runi A method should
be found to keep the plexiglas shield from fogging up.

Prior to run LD-93 the following change was made. A compound M-§-A-
Fog proof was used t¢ keep the plexiglas shield from fogging up.

Run LD-94

The pack would not lift until the end of the run, when it rose about three
inches off the rest stand.

The foliowing recommendations resulted frora the run:

1. An H30g sampl2 be taken to determine if the HpCg is within
specifications.

2. The 94X regulator be removed and tested.
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ROCKET LABORATORY FRELIMINARY Tkl REPORT

Sheet 1 of 2 _

Test llom SN_1_ Test No, LD-93 thru LD-96  Test Item SRLD (Pack)

Date 12-19-80 Work Order 6876000
Test Engineer L. Sitieo _ . Test Facility W-1
TEgT;

Varlons thrasi ievel, thratile linkage, and 1ift tests.
PURPOSE:

To evaluate the throttle linkage and determine the sensitivity of the
throttle control.

REMARKS:
Prior to ran No. LD-95 the following activities were carried out:

1. An Hy0y sample was taken from the paroxide drum used to fill the
tanks for the last two runs. It was found to be 90.6% HaOy and §8%
stabile which is udequate according to the specificaticns,

2. 'The 94X regulator 8/N 273, the nitrogen filter, and the check valve
were removed from the pack, The 94X regulator was replaced with
another 94X regulator S/N 257. The check valve was algo replaced
with another check valve. The nitroger filter was disassembled tn
see if it was plugged. Tt was assembled and reinstalled ou the pack.

The 94X 1egulator S/N 273 which were removed from the pauck was
tested, The regulator was leaking, This leakage caused the regulator
to act erratic (i.e. on pressurizing the regulated pressure would creep
above the desired valve), This valve was subsequently repaired.

3. A shout stiff spring improved the operation of the throttle valve.
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Rua No, LD-§5 . Sheet 2 of 2

The tanks were pressurized 1>¢=fore the siren was sounded The HyOg
was le.nung tlJrough the throttie valve and dripping out the nozzles.

When the throttle valve was opened the dummy rose upward and was
prevented from going higher by a knot in the nylon cord. The throttle

- yaive control was slowly released and the dummy dropped on*o the rest
gtand. The dummy and pack were quickly brought into the air again, but
the dummy and pack combination twisted clockwise loosining the right
gulile cable. The pack was hovered aboul one or two feet above the rest
stand. The pack was landed after the propeliants ran out. '

The nozales by all appearances are not self aligning.,

The tanks ran out of p.ropellants while the warning lighl was f.lae:hlng.
The length of the run was approximately 26.5 seconds, .

grior to run No. LiD-98 the following changes were made:

1. The loosened cable was tightened up,

2, One nozzle was cocked to prevent rotauon of the dummy and pack
combination,

Run No, LD-96

When the throttle valve was opened the dummy and pack combination
lifted off the rest stand, The dummy was set back down onto the rest
stand, because the cloud of steam generated was vbscuring the view of
the pack. The steam cleared away ard the dummy was brought all the
way up until it was prevented from going higher by the knot in the nylon
cord. The dummy was then brought down to about half of its allowable
height. The dummy was hovered at this height for a few seconds and then
was set down smoothly onto the rest stand.

The following recommendations resulted from this run: .

1, The buzzer could not he heard so its strength should be increased or
its frequency changed.

2. Thke dummy should be tied down for the next few runs and the opera-
tion ot the nozzle controls tested.
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ROCKET LABORATORY PRELIMINARY TEST REPORT

Sheet_1 of 2

Test Itetn SN 1 Test No. LD-97 thru LD-98 Test ftem SRLD (Pack)

Date 12-20-60 Work Order 8876-000.
Test Engineer L. Sileo Test Facility W=1_
JTEST:.

Various thrust lavel and nozzle directional control testis.

PURPOSE:

To cvaluate the nozzle directional control linkage.

Prior to run No. LD-97 the {ollowing change was made,

The dummy was tied down and a remote handle installed to operate the
nozzles in the fore and alt directions, The dummy was also weighted

down with weights.
Run No. LD-97

When the throttle valve was actuated the nozzles were cycled fore and

aft continually until the H3049 ran out of the tanks. The nozzles worked
cusily during running.

The low {requency of the warning buzzer could not be heard,

The loliowing recommendation resulted from the run,

The nozzle droctional conlrul remonte hundle be removed and the operator

stand in front of the dummy and operate the nozzle directly using the pack
control handle.
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Sheet_2_of 2 .

Prior to run No. LD-98 the nozzle directional control remotie handle was
removed.

Run No. 1,.D-98

The throtile valve was actuated, After the initial blast of steain from the
nozzles, Mr, Moore stood in front of the duminry, He operated the nozzle
directional control handle witil the HyOg tanks were emptied.

It was noticed that the nozzles swivel as easily at full throttle as they do
with the throttle valve closed, The operation of the gas generator exhaust
produces no ill affects to the skin. The pack while in operation had no
heating offects on the operator, Mr. Moore,

Mr. Ganczak who was operating the throttle valve during this run noted
that he could just barely hear the warning buzzer,

The following recommendation resulted from the run,

The weights and straps used to hold down the dummy be removed and
more fiying time be logged in using the throttle valve control.
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Sheet_1 of 2

Test Item 8N_1  Test No. LD-99 thru ID-102 Test Item SRLD (Pack)

Date 12-21-80 Work Order 6876-000
Test Engineer L. Sileo Test Facility W-1
_TEST:

Various thrust level, throttle linkage, and lift tests,
PURPOSE;

To evaluate the throttle linkage and determine the sensitivity of the
throttle conirol,

REMARKS:

Prior to run No, LD-99 the weights and straps were removed 50 that the
dummy and pack combination could rise off the rest stand.

Run No. LD-89

The throttle valve was opened and the pack lifted off the wtand, Tt rose up
to the stop (the nylon cord and ring which prevents the dummy from hitting
the ceiling). An attempt was made to hover the pack above the rest stand,
but It dropped to the rest stand, The pack was again lifted off the rest stand
and another attempt made to hover the pack. The pack was landed on the
rest stand when the tanks ran out of propellant,

Both cables were stretched during the run,

The light signul was not working correctly possibly because of the cold
ambient temperature,

The onerator, Mr. Moore, could not hear the buzzer,

When the throttle valve 15 depressed a iurch is evident as the gas generutor
suddenly comes up to p. c3sure.

Prior to run No. LD-100 the cables were tightened up.

159




Sheet 2 nf 2_
Run No, LD-100

The throttle valve was opened and the pack rose to a height of one foot, The
pack was hovered at this height for a few moments and then hovered at a
height of two feet, The pack was dropped onto the rest stand in an attemptad
controlled landing. The pack was taken all the way up to the stop and then
brought down when the propellants were about to run out.

It was noted thaf the left cable was stretched during the »un.
Prior to run No, LD-101 the followiﬁg changes were made:

1. The allowable travel of the dummy was reduced by lowering the stop
in order to prevent further damage to the plaster dummy.

2. A sheet of cellophane was taped to the plexiglas shield to prevent
condensation from affecting the visibility,
_Rup No, LD-101 '

The throttlc valve was opened and an ignition delay was noted. The pack
and dummy combination lifted off the rest stand. The pack went up all the
way to the stop. In an attempt to hover, the pack came down onto the rest
stand. The pack was lifted off again and hovered above the rest stand,
The tanks ran out of propellant and.-the pack was landed on the rest stand.

Prior to run No, LD-102 no changes were made,
Run No, LD-102 |

The shutolf valve was opened quickly giving rapid pressurization, No
adverse effects were noted.

The throtile valve was opened and the dummy began to risc. In attempting
to hover, the dummy descended and dropped to the rest stand. The dummy
was brought up to the stop. In attempting to hover again, the dummy
dropped down and was lznded, The dummy was brought up again but the
propellant ran out and the dummy was landed.
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A motion-picture film gupplement is available on a loan basis.
Requeats will be filled in the order received, You will be nctified of
the approximate date scheduled,

The film {16-mm, 15~minute, black and white, optical sound) shows
the highlights of the program including static tests, tether-line flights,
and frce flights,

Requeests for the film should be addressec to:
Commanding Cfficer

U, 5. Army Transportation Research Command
Fort Eustis, Virginia

Pleas= send, on loan, copy of film supplement to TREC
Technical Report 61-123 (Fiim 1)=262)

Name of Organization

Street number

City and State

Attention: Mr, _

Title
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