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FOREWORD

The Paraglider Landing System Test Program was

conducted under Contract NAS9-5206 by the Space
and Information Systems Division of North American
Aviation, Inc., for the NASA Manned Spacecraft Center.

The objective of the program was to determine flight
and landing characteristics of the Paraglider by con-
ducting twelve manned flightdemonstrations. This

.._ report presents the data obtained on these twelve
manned flights and other associated test flights and

concludes that the system has excellent flight and landing
characteristics. The landing requires so_e speci_._-

_ ized training;however, th_ tests determined thatth_

learning rate is very rapid. Tl.e effects of wind and
turbulence are discussed, and the abilityto spot land
the system has been demonstrated.

The hardware and prior data obtained under Contracts
NAS9-1484, NAS9-136, NAS9-167 and NASg-539 were
utilized effectively. Thi_ prior effort is described in

_: report SID 65-196. "
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INTRODUCTION

This landing system research and developnxent program utilized the

existing tow test vehicle and Paraglider wings. A new Paraglider test bed

training of the crew and for wing rigging verificaZion. Upon initiation of the

contract, the two test veb_ic_es were removed from storage, and a thorough

inspection o£ the vehicle structure and landing gear components was made.

In addition, flight and data gathering instruments a_-d associated AGE were
calibrated.

•_e objectives of this flighttest prograra were as follows"

I. Evaluate various flightn_aneuver_ for landing

2o Evaluate/light characteristics in pitch, turns, and _s_:,s

3. Evaluat_ trim contro_ in pitch _u,d roll

4. Evaluate performance of the control actuation SlS$,:.'_:_

5. Investigate wing /light characteristics through_; , !:i,-_ mission

profile particularly during pref_re_ flare, t._..__A.:,wn, and

landing roll-out

6. Demonstratc navigational capability fron_ tow release to
touchdowu

7. Demonstrate capability of performing predetermined spot landings

The Paraglider wing is composed of an Inflatable frame with an

att_chod sail. In opera_=ional configuration, u_e wing is stored in a container

on the forward end of t_e spacecraft and is extracted, inflated, and deployed

at subsonic speeds. _he wing is attached to the spacecraft by five cables_

three in the pitch plar, e and two in the roll plane. Control is achieved by

differentially reeling in and/or out the two aft pitch cables or the two roll

cables. The control system is powered by gaseous nitrogen pneumatic

motors, which are _actua_d at a constant rate, in respons_ to the vehicle
hand and/or trim controller movement.

\

_ _ 6.5-1638 "
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Certain vehicle modifications, to be described in detail in t_xis report,
were as iollows:

] o A radar altimeter was added to provide _he pilot with an accurate
altitude indic_t=ion so that flare moneuvers could be initiated.

_. Visual omnidirectional r&_ge (VOR) and distance measuring

equipment (DIViE) were added for navigational capability, w._Ach

would be used on t_eo-man flights.

3. The landing gear system was modified to sustain z _nk r2te of

17.5 feet per second at touchdowu.

4. The wing pressure makeup system was removed from the vehicle

and wing.

S. The UHF communication system was replaced by a VHF systezno

6. As a result _f a NASA DEI Board decision, the A-4D seat

replaced the F-86 seat_

The objectives of the program were completed during thre_ phases of

operation. Each phase consisted of a period of vehicle modification and

t thorough checkout followed by a period of concentrated flight testing at
Edwards Air Force Base dry lakebed. During this time, four unmanned

flights and twelve manned flights were completed, in addition to twelve

flights of the Paraglider test bed (PTB).

To ensure adequate support for the Paraglider operational test program_

a mGoile telem¢,.;_r receiving station was provided. This station provided

real-time readout of flight safety data points. It also included capabilities

of receiving, recording, and data play-back of all telemetry. Exclusive use

of this equipment permitted immediate analysis of flight data in preparation

of subsequent flights. In addition_ a comn_unications van was utilized for

flight operations coordination and control.

A closed-circuit television camera mounted on an M45 tracker provided

real-time observation of the flightcharacteristics as well as play-back

•capability for analysis. This mount also held three cameras with long

focal-length lenses to provide additional data and documentary coverage_

A Sikorsky S-61 helicopter, owned and operated by Los Angeles

_ Airways and under subcontract to NAA-S&ID, was used as the tow vehicle,
;i and lZ00 feet of nontwist cable was used as the tow line. A vertic_l ILftoff

,h._. procedure was employed_that is, the TTV was resting in a vertical position

on the heat shield at liftoff.

SID 65-1638
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MISSION DF__C I_PTION

The T_¢ is _ m_d _.re_-_g_t test vehicle, towed to _l_tude by a

Sikorsky helicopCez. Prior to li/tof/_ the TTV v_hicte is _t_t_d _to the

he_t shield and sv@ported by the m_in l_ding gear and a launch wheel

locked _t the upper vertical center li_e of the a_ b_e&cl. The l&unch

wheel drops off as _oc_ as the TTV i_ li_ed off the ground. The l_ra_lider

is fully im_._ted and r_st_ _ be _r ver_ic_l cater li_e of the

f_r_tzd bulkhead, with the boom and keel ends ou the ground.

The tow helicopter, _tt&ched _o the TTV and P_craglider wing by a

IZ00-f_ herbalist s_eel cz_le is positioned directly over and _lightly forward

o_ the TTV at _n _I_itude of lZO0 feet. The l_Ai_opt_r _ccelerates up and

£or_l i_o _e wind, lifting _e TTV and Parag_ider wing from the ground.

The P_raglide_ _._ng is _nv_L1y separ_ed _rom the TTV by two l_5-foo_

lines (e_m_ attached t_ each boon_ _t_l sufficient £orw_l speed is attained _o

flltthe 1_r_glider sail. The ]_r_gLider wing assumes a pitch-up _Light

I _Ltitude, and _bout _s initi_t_.d.

Wh_ the test alti_ude and correct position are re_ched_ the helicopter

initir,_s a descent sequence. Whm_ the proper descent rate o_ I000 feet per

_in_e ic ac1_ieved, the p£1o_ relea_e_ the tow cal_le £ro_ the TTV and flies

the prede_terznixted flight l_lan_ On _ouchdown, he releases _he l_Lraglider

wing, and the la_ing rub-out _s completed.

J

-3-
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_' TEST PH_&SE SUGARY

PHASE I

Duriz_ the three-_eek period of June 30o I_65 to 3_ly 17_ 1965_ 17
operation, s _re performed. Of these operationeo 14 u_ilize4 _he Paraglider
Test Bed (PTB) _n_ three utiliz_ d the Tow Test Ve]_-_cle (TTV).

In genera/0 it may be stated that the PTB opera_ions satisfied the
objectives. The cable rigging _f all available wives was _eri_ied, and the
flight oper&tions crew, including the ground contr_ller and helicopter cr_w,
was given thorough training tQ increase assignment proficiency.

The oper_tions using _e TTV were unsucces_ful° One flight abort- d
when a cable brushed against the w_ ap_x fitting and broke oi/the pressure
cap, causing a le_k_ The two others were also u_uccesctul, one because
the radar altimeter locked on the nose gear, and the othor because the flare

t command w_s cancelled by a _ubsequent cont-. -_ maneuver _iven'by the
ground contrc£ler. Extensive damage to the vehicle resulted, AI _-TTV flights
were radio-command controlled.

PHASE H

Of. the ten operatioas performed durin_ the three-_eek period of
Z4 August !965 to 11 September 1965, two _ilized the PTB_ and eight
utilized the TT_'--two radio-coxrm_anded and six manned. The primary

purpose of the PTB flights wa_ to familiarize the test operations crew and
to verify a slight -change ia roll-line riggin 8 to minimize the roll trim for
steady-state flight. Of the eight TTV cperations, there were two aborts.
One w_s caused by premature release of the vehi-_le tow release circuitry,

and the other by entanglem_._t d t_e forward line on the r_ar altimeter
antenna duri_ lfftoff.

A relatively high sink rates was obt¢i_ed on one of the flights because
of a b_ad_on win_ shear or gu'_t _ncountered immediately prior to the flare
maneuver. However, the test pha=e wa_ considered successful in that five

flights p_luced sink rates _f between 11 and 19 feet per second.

i -S-
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The _ght manned operations performed durix_g the thre_-week period of
20 October 1965 to 5 November 1965 used the TTV, Three of these flights
en_ployed b_llast_o simulate the weight of _he second pilot,

During this phase, fi-_e.flightsattaineda minimum sink ra_e at

zouchdown of I0 to 19 feet per second_ a_ndthree flightsattainedsink rates

v_rtt_te was exper

enced at the higher s_,RErates,

Abilityto l_nd at a _redetermined landing spot was _Iso demonstrated,

A chronological summary of the flightoperations activity_s given in
Tables I, _, and 3,

|

._'=
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TOW TEST VEHICLE

STRUCTURAL DESCRIPTION

The primary structure of the Tow Test Vehicle (TTV) consists of
riveted aluminum skin and bulkheads. The cylindrical portion of the forward
and aft bulkheads are of welded aluminum structure. Longitudinal inter-

costals provide support for the nose gear and forward cable. The comcat

portion is designed to duplicate the cabin bulkhead locations of *he G_mini
spacecraft, Removable plexiglass hatches are installedon each side of an
upper center-lin_ structuralbox to provide pilotvisibility.The aftbulkhead
is fabricated from' 3/16-inch-t/_ick, low-carbon steel with welded flanges
and stiffeners. Skin panels are I/8-inch-thick aluminum, riveted to the
frames. Access door panel_ are I/8-inch-thick aluminum attached with
screw,.

The following modifications to the TTV have been accomplished sub-

_, sequent to the publishing of report.*

Landing Gear

h order to increase the structuralintegrityof those areas where damage

had occurred during previous hard landings, the landing gear was modified to

minLmize damage at sink rates in excess of 17.5 feetper second.

The rod-end bearings at each end of the main gear parallel link weze
changed to bearings made from maraging ate, I. The rated load increased
from g6,000 to 50,000 pounds. The jam nuts were rerno'ved from the
bearings at the wheel end to allow increased angular motion of the link
assembly without b_nding the bearings.

Flat steel straps were added to the forward and aft sides of the pa, " "I
link to provide redundancy and to relieve the parallel link at high loads. Any
failure in the parallel link wou/d have allow< ! the main gear strut to contact
the landing surface and trip the vehicle.

The nolo gear was initall_d in the 17-degree nose-down position,/

r_ducing the possibility of contacting the nose wheels first in a nose low
attitude at landing.

D ,, ,i ; , |, m_,mm,
• FinalReP0rt of Paraglider Research and Development Program. NAA-S&XD,
E'_'-65-195 (i0 February 1965) ....

,i_, KID 65-1638
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Foot rests were Installed forward of the brake pedals, precluding the
pilot's inadvertently applying th _rakee due to the inertia of the pilot's feet

: and legs at initial touchdown.

Vehicle Structure

No modifications were required _o the b_sic _r_J:ture. Changes were
incorporated only to acconurwdate system changes (Figure i). Structural

occurred.

A wing guard was install, ed at the top oi the aft btflk_ead to prevent the
wing from contacting the pitch pulleys dur_$ l_to_.

A bracket was mataLted on the a_tbslkhead to receive a latmch wheel

_o facilitateverticalpositioningand subsequent l_to_i. When t_6 vehicle
w_s lifted, the launch wheel fellfree end w_s recovered. {See Figure 2
vehicle/wing position for li/tolf. )

A solenoid-actuated pitot boom release mechamisrn was _nstalled a_t of
the forward bulkhead. The boom is folded downat launch to protect the wing.
After li_toH, the pilot _ctuates a switch on the center console to erect the boorr.

t,
Pilot' s Seats

An F,gb ejection seat w_s Lnst&lled in lieu of the Gen_Ani seat. However,
during a subsequent design review meeting, it was decided to incorporate a
seat that had an integr&_ed parachute harness. As a re_tdt of this decision,

an A-4D _at was used for all manned flights. Miner modifications were
required to the seats to provide pilot's access to man/seat manual separation

handles. F-100 seat cushions were installed in lieu of the survival pack,
NB-5 26-foot conical parach_es were provided.

_ PARAGL_DER WINGS (FRAMF-_S/SAIL)

The wings used on this flight test program were origi_ally fabricated
and used on _he Paraglider program, contract NAsg-I_84.

A total of four wings were avgilable in the requirecl TTV configuration
c&p&ble of ttdfIL1ing the requirements of this flight test program. Of the

four wings av&ilable, three h&d high-lobe sails with 45-degree sweep. The

other wing had a low-lobe "T"-s&ll with & 52.5-degree sweep and a wedge-
_i_ shaped keel stand of approximately 45 _ches at the aft end. Figure 3 shows

+_+'+'_ sketches o_ the wings.

+

- 10'-
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+1. Z5
The wing working pressure of lq.7 -0.00 ps;g was estaL_lshed. Wing

etIxployment during the test program _as as follows:

Wing No. PTB Radio Command-TTV IVlanned-TTV To_xlFlights

204 3 4 IZ 19

Z06B 1 0 0 1

207 7 0 O 7

Zl0 1 0 0 1

Frames

Prior to the first flight test phase of this program, samples represen°

• tative of the wing fabric and bonds were tested to determine the effect of age
• ,

-. on the material and bonds. The results of these tests indicated no degrada-

tion of strength for either test. Each frame was proof-pressure-tested to

" 21, 0 psig to verify the frame structural integrity. Prior to each flight, the

wing to be used was thoroughly inspected and proof-pressure tested to

71.0 psig, if required. Proof-pressure testing was not performed prior to

Paraglider test bed (PTB) flights u_fless the wing had encounter-ed damage or

._ an exceedingly hard landing on a previous flight. Proof_pressure testing of

:. _ the wing to be used was required prior _o each radio-command TTV or

:_!'- manned TTV flight.

_,t_. During this program, only slight modifications were made to the wings.
"-_. such as scuff protection pads on the booms, exposed cordles_ cord, webbing

.:: on the bottom of the wing, and the addition of tabs to the lower apex shroud

'"*"" to provide for stowing the tow bridle during liftoff,

_'_ Flight Damage

,_ All flightdamage incurred on this program was classified in one of the

"_i following categories:

(A) OK to use: Possible _o have damage or detects that would

_: have no effect on the serviceability or integrity
_:.. of the wing

--'_ {B) Minor defects: Defects that could be adequately repaired on the

. test site using cold bonding methods per NAA

Slmcificatio_ MA0105-0Z5 for frame repairs, and

patchiltg or x'e_tlt_:hing of saii-_£ects

(C) Major defects: F_&me defectm that would have to be repaired

_. using th_ '_hot-bond" method per NAA Specifica°tlon MAOZ08-g0g0: or saU defects that would

have to b, rehtrned to the vendoz for repair

96807265 -02
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During the flight test phases, "OK to use" and "minor defects" type

of damage often resulted from the w._ng sliGing on the ground after landing.

Major defects were encountered twice--the first was enco_ntered d_ ing

Phase I when wing No. 210 impacted the PTB vehicle during liftoff and

suffered a 3-inch cut in the leftohand spreadel bar. The cut was patched per

NAA Specification MAOZ08-2020. The second major damage was e'acountered

during Phase IL At touchdown, the wing (204) feLt onto the vehicle, rupturing

the left-hand boom and spreader :Jar intersection. It was necessary to

replace the spreader bar/boom inter_ection and a _ortion of the i3ft=ha_d

boom to facilitate adequate repair. In each case, the wing involved was

prooi pressure-tested to ZS. 0 psig after completion of the repairs.

After each available wing had been flowr_ _n the PTB, a decision was

made, based on suspected slightly superior performance, to use wing

:-. number Z04 for the initialTTV flighls. Subsequent experience showed that

the schedule could be met by using the same wing for all flights.

FLIGHT CONTROL SYSTEM

The flight control system consists of a rotary pneun_atic actuator

Paraglider control actuator (PCA), which is electronically controlled and,'or

._ actuated through the attitude control package (_C/L) and the Paraglider con-

=._ _ trol electronics (PCE) via the trim controls and/or hand controller. Cc,nn-

_ mand inputs from the trim controller or hand controller are stu_nmed _n the

_:. ACE package with the feedback signal. The error signal operates _ low

hysteresis switch, which generates the rate command signal. The ra_e com-
_=_. mand and rate feedback signals _Lre _ummed in the PCE, _='_. the resultin B

"._ rate error signal actuates a pair of "and" gates, which turn on the torque
, " motor drivers.

._" The torque motors positio.n the pneumatic poppet val _es and. thus con-

_. trol the s_eed and duration of the actuator movement. The co_trol range is

:, ±12.89 inches in pitch and _15 inches in roll. The control rate is 9_3 inches

per becond for pitch and roll. The electrical limits are established at _18

_ inches in pitch and roll, and the mechanical stops are established _?.2 inches_.

on both actuators.

_ The trim controls have the same authority as the hand _ontroller for con-

_ movement of the actuators in a closed-loop system. In open-loop control,

the trixv_ controllers are not in the cir=u_; ",he hand controller is the only

,_=_ signal input source in this mode of.operation. No open loop (lights were made.

_i The useable gas _ass available on each flight was approximately 20

_. _ pounds; the mass used for a flight was seven pounds. The leakage rate on the

actuator was 0.05 pounds per hour; the: allowable !eakage rate per specifica-
_"_._ *ion was 0.05, r_ounds per minute Mot,0r ef_ciency wa_ better than predicted

,,, n SID 65- I_38
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.__ _ for the cable loads encom-_tered during flight. The predicted gas usage was

:: _'_gher d._ax_ the actual us_,ge per flight because of the Iow ieak_ge rate,

< =tpp_.rently low cable loads, hi_he,r eHiciencies on the motor-gear train, zxnd
:_:- the lo_v number of pitch maneuvers during the flight. Table 4 contains the

_ control data £or flight Phases IT _d HI.
.]

System _d/or component r_dfunc_ons during the flight phases were

limited to a gai_ _ge in the torque motors on PCA 000010 The gain

change on the torque motors w_s due to a magnetic structure change and

resulted in a decreased force output. The motors v, ere no*. c_pable of

.,_. controlling the poppet valves under high-pressure, nominal-flow conditions.

_,_.:_-- The result_nt _lfunction was zn oscillating actuator during a con_tmanded
__ m_xneuver. System response w-_s decreased sligh_y but was not _-eciceable

to the pilots.

-__ Radar Altimeter System
_.

_'- The radar altimeter system was composed of a receiver-transmitter

.... (HG709I), t_o indicators (DF[G _06A4), and twO antennas (DLG 80A1)

_ n_xnu_ctured by Honeywell Aeronautical Division. The system _'_s a light-

_- weight, high-resolntion, short-pu_se radar s_stem that automatically

_ _ located _errain re_arns and provided a continaous, selective, precision

_ leading-edge track of the .signal., The altitude ,_ras displayed in both cockpit_
by the height indi_.ators.

._ _ . A m_mually set, low-level warning index was provided on bo_
indicators_ The L/H indicaZor was prezet to the. desired flare altitude an,_:

"-_ provided the pilot wi_ a warning Light and an audio tone in the head _et when

_ the altitude decreased to the preset value. The audio tone was also trans-
._ m_Ited on _-IF. During radio command flights, this transr_.tted auto _one.
@_ was used to flare the vehicle from the ground contro _- station; or, when armed

_ - " by_ g_mld contro 1, a completely automatic flare :vould occur when altitude

_!. decrease6 to th_ index setting.

-_.._
_ The right-hand indicator low-level warning index was set to the ,_. ini-

mum safe f_are altitude du.-ing man_ed_flights and provided a serni-automat_,-

flare systen_ by cancelling the pitch trim, returning the control system to the

_osit_on of _he hand controller. This function was selected by an arming

switch on the lei_-hand instrument panel at the discretion of the pilot. Refer

to =able 4 for the flare altitude settings of the _ndexes.

The addition of thi_ system to the-TTV's satisfied a requirement for an

accurate altitude reference for flare during the landing maneuwer on radio

command, as _vel] as n,_n¢_i-flights_ A Fiight-Tronics inverter (PC-14)

",_,.:_": . _w_ altimeterWaSaddedw stern't°supply the II5-vol_.: 400-cycle power requirements of _ radar

SID 65-1638
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System Pe r£ormance

The system locked onto the nose gear on the initial test flight. This
condition was corrected by installing a small reflector be_veen the transmitter
antenna and the nose gear. System operation proved to be satisfactory for
all subsequent flights.

ELECTR!CA_ POWER

The electrical power system supplied power to the pneumatic, flight
control, instrumentation, corum_Luications/navigation, radar altimeter,
and pyrotechnic sys_er_s for operation of the TTV, The electrical system

._ utilizes two separate pov_r sources. A 28 volt, 25 ampere-hcur nickel-
. c&draiurn battery unit was used for the primary power source, and a 28-volt_

_:_ 12.5-ampere-hour, nlckel-cadmium battery was used for secondary power,
__ Redundant power sources were used to initiate the pyrotechnic devices. The
_ sources Were 15-volt, 2 arnpere-ho_r, nicke].-cadrni_rn batteries.

_- Bus loads and _att_ry voltages durin_ and after TTV flights are covered
_ in Table 4. The average _on-time" for the flights was one hour. Additional

_.. syst_ra description- can be obtained from report SID 65-196. •

¢': The following changes increased the load requirements on the electrical
_,- power system.

I, The UHF cor_munication system was removed, and a VHF
•__ communication/navigation system including D_E was installed.

'_ 2. A radar altimeter was ins_lled, requiring the addition o£ a

1_4 inverter-to supply l lS-volt, 400-cps, 1000-ampere*hour
_._ power.

System Performance
The electrical system was adequate to handle the additional loads and

_i_': per£or_.ed satisfactorily on all TTV flights.

_ TELEMETER INSTRUMZN TATION

_i " The instrumentation system ' _aaisted of a F_fFM system, m_ltiplexing,
,_ sensors, signal conditioners, and associated equipment. For the m_st part,
_ this system was the same as that reierr_d to in SID 6_-196. The differences

_ were" some _teletions of p_ram_ters and reassignment of channels and the
_. addition of parameters, such as altitude and sink ra_e f_om _he ra_tar altim-

_ D eter, pitch a_ud roll _ine position|, a normal acceleration, flare indicators

• ,.3
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j from raCar altimeter, and a lead line and tow release continuity.. For
.. ,detailsof channel assignments, ranges, and hardware for the parameters

u_ed, refer to Table 5. ,

The telemetry System operated sa._sfa_torilywith a rninimun_ loss of
d_ta. Loss of data _rom the attitudesystem was traced to the adverse atti-

tude of thc vehicle at liRoff. This was corrected on l_ter /lightsby delaying
activation of the system until after Iiftoff in the tow position and delayinR
movement ofthe vehiclefor a specifiedperiod oftime after deact:_vationof the

systerr..

The li_e 10ads Were not recorded during Phase I and Y_II.Data obtained
during Phase H indicated that the availableload cells were of too steal a

._ range to provide accurate load data in the 0- to Z000-pound range.

_'i Radio Command

The radio command system (Airborne) used an R.S. Electronics
_: receiver Model 1801 and lviodel 26ZIA Coder De-modulator that were mounted
_ on a shelf assembly with the associated electrical circuitry and switching.

The radio command system used radio frequency of 4Z4 mc, The

following is a list of th_ c_de channels and their assigned functions:

I. Roll left

2. Roll right

3. Pitch up

4. Pitch down

5, Flare command

6, Spare

7, Arm flare and horizon camera "ON"

_, Jettisonwing

9, Tow release

10. Cc_ling signal (actuated Wi_h each command)

The radio comman_t (_r_ond) used tw¢_ stations--one mobile van as theprimary control, and the other as _ c _and-by back-up located in the telemeter

1968072651-026



Table 5. Tow Te_t Vehiclea No. 0Ol and 002 Instrumentation Lzst
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Table 5. Tow Test Vehicles No. 001 and 002 In atrurnentation List [Cont)
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_

trailer, Both stations used a Ba_,_ock Model ARW-66 transmitter and a
BCC25 Coder Modulator _'_ conjunction with associated electrical wiring and

, switching assembly, The .-adio command system used for Phases I and II of
this program was removed for the Phase 111 manned portion.

The system performed satisfactorily and e_perienced no malfunctions,

CockpitDisplay

D_ring Phases I and I] of this program, the cockpit instruments were
for all practical purposes as shown in SID 65-196. However, for Phase HI

-_':: it was determined that a regrouping of these instruments would be advisable
_= from a pilot's human factor standpnint and better photo-recordin s of priority
_'_: instruments.

/_:_ For detailed.arrangement of cockpit display as used during Phase 111,
_., reference Figure 4,

_

_.- PYROTECHNIC SYSTEM

The pyrotechnic system was redundant, having two Gould CL520OB
15-volt, Z-ampere-hour, nickel-cadmlum batteries° Each battery supplied
power to an electrical bus. At pyrotechnic Circuitry switch actu_ tion,

_ primary and secondary bus firing voltage were presented at the pyrotechnic
device simultaneously,

All pyrotechnic device_ w_re/used and employed shielded wire. The
shields and all ground returns were terminated at a single point. Br.dge
wires o£ the pyrotechnics were shorted to ground prior to firing through the
closed contacts of their firing relays or switches.

 ,otech i Subsystem_

The wing tangent release and wing ha]last release subsystems were
deleted due to the use of the test vehicle vertical ltft_ff concept. Active pyro-
technic subsystems and their function are as follows:

TTV Towline Release - Separation of the test vehicle f_¢_m the tow
'able"d' towingaircraft

4_

TTV Wing Ground Release - Separation of the Paragllder wing £rom
the test vehicle subsequent to landing during ground roll out phase,
Separation points were on the flight control cablas above the test
vehicle moldline.

_'_ ' SID 65-1638
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#
I. ROLLLINEPOSmON INDICATOR _7. OMNI _NDICATOR
2. AIRSPEEDINDICATOR 18. INTERCOMMUNICATION AN_ COMMUNICATION
3. FLARECOMMAND INDICATOR SWITCH
4, PITCH LINE POSITION INDICATOR 19, BAROMETRICALTIMETERINDICATOR
5, TIME CODE GENERATC_ LIGHTS 20, ELAPSED-TIMECLOCK
6, PITCH LINE POSITION INbICATOR 21, TOW RELEASECONTINUITY iNDICATOR
7, RADARALTIMETERINDICATOR 22, RATE OF DESCENT INDICATOR
"8, BATTERYVOLTAGE INDICATOR 23, HEADING SLEW SWITCH
9, DISTANCE MEASURING EQUIPM._NT 24, F/C SUPPLYPRESSUREINDICATOR

(DME) INDICATOR 25, WING PRESSUREINDICATOR
10, DISTANCF.MEASURING EQUIPP4ENT 26, I:LAREBOTTLE PRESSUREINDICATOR

(DME) INDICATOR 27, ELAPSED-TIMECLOCK
11, RADARALTIMEIER INDICATOR 28, FLIGHT SAFETYWARNING LIGHTS
12, VOLTAGE SELECTORSWITCH 29, COMMUNICATIONS TRANSMITTER(VHF/NAVIGATION
13, RATE OF DESCENT INDICATOR REC_IV[R)

' 14, VEHICLE ATTITUDE INDICATOR 30, TRIM CONTROL_b

_',.,' 15, BAROMETRICALTIMETERINDICATOR 3!. PITOT BOOM RELEASESWITCH
_i: 16, AUTOMATIC FLARESWITCH

,-\0ooooo/
_0 :. :" .\ oo,0o /

,,....,..:.,".,.\0oo/

; _!.- ¥tsure 4, Towed Test Vehicle Cockpit Disl_lay (Two-Pilot Configuration|'

_"_._t- .-

%:' " " :,-- Sm6s-1618
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TTV Emergency Wing Jettison - Airborn_ _eparation of Paraglider
wing from the test vehicle, accomplished by severing flight control
cables. Separation points were below the moldline.

Design requirements for pyrotechnic components and subsystem_ are as
set forth in SID 65-196, '_Final Keport Paraglider Research and Development
Program," dated 19 Februar 7 19(>5,

System Performance

, There were no pyrotec_hnic syster_ malfunctions with respect to
_ electrical system or pyrotechnic device _ailure. One mechanical (ailure

_.:,s occurred during a PTB tligh*_ in Phase I when towline release was initiated.
!_:: This was due to improper _'efurbishment of the release mechanism. A

i_!_I change in checkou_ procedure eliminated any further problems,
_,.
.,_:. COMMUNICATIONS AND NAVIG/, TIONAL EQUIPMENT

5_ During this program, the Collins UHF equipment described in
!!_:'_- SID 65-196 was removed and _'_placed by a Narco Mark 12 VHF transceiver

_:'_ and navigation receiver used in conjunc_ioz_ with a Narco VOA-40mni/
"_; localizer converter and a Narco distance-measuring equipment (_ME)

_ UDI°2AR interrogator. This change was necessary ¢o give the navigational
capability and to make use of available ground support in the Edwards Air
Force Base area.

The Narco Mark 12 equipment comprises a VHF communication8
transceiver and a VHF navigation receiver _n a panel-moanted unit &_d a
remote-mounted modulator power unit. The VHF _ransceiver for communio

cations ha_ 360 crystal control channels. This program used 123.35 m_ga-
cycles as the primary operational tes_ frequency and 123.5 m_gacycles as
the secondary backup frequency. The VHF navigation receiver portion has
a 10D-channel capability to provide VOR navigation capa_:ility.

The Narco VOA40mni/localize!. conver_er uses the Omni signal
derived from the navigation receiver of the Mark 12 equipment and converts
i¢ into a visu_l signal in the form o£ a vertical "left-right" ihdication by the
indic_Wr instrument needle. In addition, the indicator has a "TO-OFF-

.. FROM" flag signal.

The l_arco UDI-LAR DME interrogator is comprzsed of two units
designec_ to present, by means of an inctlcator marked in nautical miles, the
distance between an aircraft and a ground station,, It operates on the basic
principl.e o_ measuring the time required for radio signals to travel round

D trip betweer, an and g_ound st,ation. It is andaircraft crystal-controlled

1968072651-031
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operates at the UHF frequencies matched to the VHF VOR frequencies.

Therefore, the channel selector Js marked in the VHF frequency rar, ges

VOR 108.0 through 117.9 megacycles.

_o malfunctions were experienced in the communications and naviga-

tional systems. Due _o the limited altitudes available with the, vehi_:le used

for towing the TTV, the distance measuring equipment system received a

minimal operational check.

l

J:

.!i

wlh_

.. '_:
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PARAGLIDER TEST BED

The basic structure of the l_raglider Test Bed (PTB)0 Figure S, con-

sisted of boilerplate and tooling tubing welded together to forr_ a sturdy test

platform. Two steel skids welded to the str_cture _rovide a landing surface,

The flight control cdble puUeys were positioned to simulate TTV control cable

geometry. The PT_ was ballasted to provide accurate horizontal center-of-

gravity location, but vertical center of gravity location, but vertical center

of gray, t,; was not stringently maintained to simulate the TTV. Ballastin 5

provided :imulation of TTV gross weight. The PTB was originally a static

tooling article, fabricated on contract NAg9-1484 and modified to function as

a flight test vehicle. ALl flight control cables wer_ |/4_-inch-diameter steel,

of a fixed length and having wing attachment fltting_ to mate the TTV _ng

fittings.

; Pitch and roU flight control motors were Lear rotary actuators of 700=

C inch-pound torque with electrical power requirements of 24-vdcat 120amperes

r,_aximum. The clutch system was a Lear magnetic particle type and was

used for braking as well as driving the i'light control drums. The reduction

gear box (planetary system) was modified from a 3ack and Heintz a-c engine

starter and provided a gear reduction of approximately 576:1. Sprocket chain

drive (std 3/8 pitch) provided the mechanical link between gear box and drur_.

The drum diameter for both pitch and roU was 7 inches and provided a control

line rate of approximately 7. 5 inches per second.

Power for the vehicle was supplied by 24=vdc "Gould" nickel-cadmium

batteries rated at IZ ampere hours.

The pitch trim control system consisted of an AiResearch linear actu-

ator used to position mechanically the "pitch neutral" and "_nd ,_imit" swi*,ch

mounting plate to _40 degrees of rotation. The rate of pitch trim con_.rol was

less than 15 degrees per _econd in order for hhe pitch flight covtrol system to
follow the tr_m adjustment. The Imr_ose of the tt im system is to determine

the optimum "pitch neutral" wiug position for performance.
\

_ The radio command _ystern consisted of au R&S receiver/_e_oder _nd

_ single antenna to _eceive code_ comn_and signals to the veh_cleo

i I An on-board 16-ram movie camera.(8 frames/sec} wa_ installed on the

_i_: _. Paraglider Tes_ Bed to provide recorded data Of radio command signal inputs

versus pitch system control operation.

_._ . Z7 - _
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RADIO COY,_MAND

A radio command transmitter a_d encoder were used as a hack-up
system in the,event of failureof the primary command source. This trans-

mitter operated on a frequency of 4_4 megacycles.

PHOTO IHSTR_J_ENTATION

_ring _his program, three c_r_eras were ins_Ued in the vehicle: one
showip.g the cJckpit instrument F_m_el, another covering the spreader bar area
of the wing, znd the third directed out of the nose of the vehicle showing the
hori'_._on. During the third phase of the program, the spreader bar camera

- waii deleted, and thiscamera was mounted on top of the right-hand seat. The

:--= camera was directed for#ard through the canopy windshield area, giving

._:= i_n additional view of the horizon.

}_.
'.-_:--:- In addition to the on-board photo coverage, ground coverage was
•:_ " supplied by three photographic cameras _nd a television camera mounted on
_!-_ a M45 go_ mount. This supplied tracking coverage 7_f li_off, flight, and _
-::: landing, The televisioncamerz used a zoom lens and a tape recorder, which
'.: 2-
•:: : provided immediate playback of the operation. The photographic cameras
_-;_::. were two ]_tchels---one with a 400-ram lens, the other with lO00-mm lens-

-.-/_. a_¢i one l_IilLiken camera operllting at 400 frames Per second with a 400-n__rn

•_._.: lens. The Miliiken was oPerating at vehicle touchdown only.

.2

7
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AERODYNAMICS

FLIGHT DATA

Analysis of the data obtained during the three phases of the Parag!ider

program has been made in an attempt to verify predicted and test data

obtained previously or to a_rivc at new flight relationships. Previous data

were reported in NAA report number SID 65-196. A review has shown con*

siderable data from the on-board telemetry system, which appears to have

_:. -functioned very weli during the program. Nike radar tracking data is some-
_/- what unreliable; in several, cases it was not available, and in others it is so

_ bad as to be completely unusable, especially during Phase IIL

_- Analysis has shown that there is little nsteady-state data where an

_ absence of either turning or pitching has resulted in equilibrium flight at

:.t. time when Nike tracking and on-board gyros were functioning.

= Nike radar tracking data was received as an IBM printout. Space position

_'_ dat_ results in several parameter_ with and without winds, including sink

_. rates, speeds, dynamic pressure, and direction. The track of the radar was

_: electrically centered, and a curve-smoothing subroutine does not allow for_. any discontinuities within the track. The output of the tracking data is input

_ into a data reduction program which takes into consideration all accelerations

._.- and variables _vhile aerodynamic coefficients are compared. These data

._-_ include fligh t path angles and rate of change of angles, bank angle, llft and

_: drag coefficients, and lift/drag ratio.

:_ During analysis of the data, extremely high lift to drag ratios were

_ _ noted during ._. pitch-down maneuver. Investigation of the calculation method :

_: revealed that in the calculation of drag:

• D- -m_-W sin¥

The rate of change of speed with time (V) became fairly large, approaching

10 to 12 fpa2o and with a mass of IZO slugs, the drag approaches zero,

resulting in a largeL/D. This magnitude of acceleration _ppears unlikely
and is probably due to the curve-smoothing technique within the "tracking

,_:_ program.

_. .mvestlgationof the Nike fads# t_racking data was undertaken d_ring.

i _ Phaae _I to resolve the problem ot hi3h lift to drag ratios-during pitch-d_wn
maneu'._ers. Thb data reduction program used a seven-point differentiation

/
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method, which smoothed the data over a s :n-second interval when

, computed at a rate of one per second. Different run rates of two per second
. and ten per second were tried. The two-per-second computations rate gave

in_proved results in analysis of the rate of sink but exaggera_d the effect of

_ tl1_ dv/dt term _d resulted in erratic llft-to-drag variations. The ten-per-
_econd rate appears to be be_*ond the aLcuracy of the tracker and resulted in

: v=_riations in rates above the response capabilities of the vehicle. The data
redueLion progr_ was then rnodii'ied to remove the -rn_ ter_'n from the drag
equation, so _hat D = -Wain=. This modification resulted in a somewhat
less erratic lift-to-drag variation but ieft some doubL as to the align_r_e_t _f
t_ a_swer; t_erefore, both values were plotted and are presented in the

_ enclosures for comparative purpose s,

_- :, The tracking data of Flight 005 indicates some of the dynamics
_ _sociated with the flight. The major portion o_ Lhia flight was at a pitch

_ill _le settinggl/j_ k = 0. _6. The oscilla.tion a_d variations in sink rate and
_._ ._, d3_.amlc pressure _Figure 6) are mostly due _o _rns._,,.-_...•

_t_=_:.
_:, The data from telemetry indicates preflare was fully in 26 s_conds

...... : before touchdown. The preflare setting was held in 18 seconds before touch-

down (Fi_xre 7). Note that flare was 0, 54_1/gk and line travel was completed
ai_ter touchdown. _'_igures 6 and 7 indicate the effecLs of ba.nk angle, where
th_ rc.-overy from a turn has the same effect as a parti_..i flare by reducing
sp,_ed and sink rate. Exact timing between Nike r_dar and telemetry data w_s
difficult. Countdown to release was the major timing factor and can be in
er=;or hy a few seconds. Nik_ radar also was vzry doubtful as ,_he vehicle
approaches the ground, and touchdown cannot be deter_nined. This was
cox racted during Phases II and llI by addition of PAl_-set-tirning to both
telemetr_ and Nike radar.

Siace the major portion of Flight 00S wa_ at one tine setting, the aero-
dymu_aics data were plotted as a function of bank angle for correlation purposes
(Figure 8). The expected effect of increased lift coefficient and decreased
lift to drag at high bank angle was not apparent. There was very little steady-
stat_; data, The acceleration effect on lift to drag, as rn_ntioned above, was
apparent.

TAme histories of flight parameters (Figures _ an_l 10) indicate the
many maneuvers associated with Flight 014. The telemetry traces of pitch
and r_ll Line position (Figure 9) and the accompanying . Nike radar histories
of ¢in_ rates and bank angles indicate the £xcellent vehicle control response.

_,_ These traces also show the lack of steadyos_ate data associated with periods

_ _ of x_b control inputs. The.se data present a reasonable variation of lift

- 32 -
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Figure 6. Nike Radar Tracking Data, F1_ght005
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')wed Test Vehicle Flight Data, Sin_ _at¢ £i_t_ Position and
Bank Angle
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coefficient with pitch line position and indicate three dynamic oscillations

fo1_owing the pi_ch-up maneuvers at _5 seconds. This does not appear to be

: a stall oscillation, since the liftcoefficient reaches a maximum of only

I.84, where wind tunnel predicts a maximum of about Z.0:

Comparison of the lift-to-drag ratio with the speed variation shows

the high L/D at any time when there was a steep slope in the speed curve

during an acceleratiom During deceleration, the L/D was also lowered; but

the effect was not as apparent, since the drag approaches the weight •......d
of zero.

Determination of aerodynamic data based on flight test results involved

, a process of e.l.iminationof the data scatter by a selected point method. Near-
equilibrium stabilized data were selected at a partic',_lartime during the

:"_ flight. A presentation of selected points o_JL/D and lift coefficient

.. (Figure II} indicates the variations and th_ amou:_t of scatter. The size of

:: the symbol represents the range of scatter at the selected points. The fairing

of the curve appears somewhat optimistic until a comparison w&s made with

i the wind tunnel data (Figure I2) and the large excursions of data when indi-
, _idual points are presented.

. The drag estinlate from the December 1904 flights_ w_s also includedfor

reference. These data (Figure 12) were used a,_ a basis for the flare corn-

y,::, pupations presented later in this report. Figure 13 presents the drag polars

_ii= and the data scatter of 12 presented in a different form.Figure
_r..

:j: Further data were taken from the selected points to determine long|-

;':- tudinal control effectiveness (Figure 14) and to c-oxnpare data predictions,

:_,"- Variation in sink rate from that calculated from test data is probably due to
_-
_:, altitude and turning effects.

The TTV performance with a high-lobe sail was updated based on _he

._::'._.,_ estimated aerodynr_mics and estimated _ombined rigging derived from the

_:_:-, flight test data as analyzed at the conclusion of Phase I. The present best

_:_.'_ estimate of TTV aerodynamics and performance presented in Figures 15

:_: a_d I0 are compared to results obtained from half-sca4e wind _mnel test

_X - data.

_' The flare data were revised based or the best estimate of aerodynamics

_ from the flight test data and are presented in Table 6. A line setting of

0.59 _1/_ k was recommended for preflare.

The longitudinal control effectiveness over the flight control range, as

i'- _ measured by the available lift coefficient, is below that which was predicted.

_'_eference SID 65-19_.
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Table 6. Recommer, ded Flare Data

Preflare at h = -10 _ps at _ = -17. 5 fps
, , , L .

11 11k G L h &n At Ah _t

:t O. 59 O. 82 36 10.9 _:0. 15 3 "7. 6 ±0. 52

O. 595 O. 76 39 13.9 • O. 18 39 ± _. 50

is the sink rate

-: Ah ..s the altitude differential at which the veb_.cle ts at or below a

-- given sink rate, e.g. , l_= -!0 fps.
c"

{,:' :,-_ At is the allowable lead or delay t'ime reqtfired to land ,_thin given
_,"':-. sink rate limits.

.::_;:_- .................

- 4_ -
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Analysis of sink-rate data from Phase I was made by _'o metho< s in

1 three diLfer_nt condith_ns. Where Nike radar tracking was avai!able, a

minimum sin_: rate was determined from tracking data. Analysis of _ilrn=

d_.ta with landscape bacl_round was used to determine sink rates associa ed

- wizah the flare a._d landL-_g. Tbes_ data (Table 7) are present;d together

with the lift coefficient at pref].are, as determined from Nike r_.dar tracking

and the line travel for flare. Duriz_g the first PTB frights, hxB pitch-down
was not achieved because of an opposing load and ins_zfficiB_t time of

control input. The Nike radar minimum sin.-, rates were taken at the point

a_ng _he flight pa*_h where the tracker recorder .ninimums The two
c¢_lumns, taken from film, recorded both a toucl_down sink rate and, in the

case of an early flare command _'. which the flare was high, the minimum
sink ra_.e.

Analysis of the data from F" _ses I and L_ shows a tack of steady-state

dat_ for higher lift coefficients and for steady-state tt_r_s at any condition.

The dat,_ from the _TB flights was of little value without Nike radar, since

the on-board film gave uncertain line positions and times.

A t_me history of selected e_:ent_ for Flight 020 is presented in

Figure 17. Nike radar was available _(,r tracking in this flight. The on-

boa_rd attituCe gyros were not used. A compar;son of Nike radar sick rates

to telemeer_, sink rates, from the vehicte radar altimeter, indicates fairly

good agreement _Figure 17, Sheet 1). The vehicle radar does not ftmction

over 5000 feet above grouted level _._d therefore is missing in th_ first

I_or_on of the plot. Following the flare in the air, sink rates become i_i_-ly

large and t:=e telemetry trace drops. A review of the sick rate calibration

sho:#s on_. amplifier becoming saturated and output decreasing as input

inc_ea,_es above a certain level. _*_is important to note this, because some

of the later pre.flares also give do%btful readings. Another significant factor

to mention here is noted by the bank _ng_e (t_) change associate._ with the
trfm _hift for the fla_e in the a_r.

The aerodynamic da_a obtained from this flight were above average,
b_cause there were sho_t per'_.od_ wherein flight approached equilibrium at

diffe_e_t line settings (Figure 17, Sheet Z). The flare _ _he air produced
the ex_Jected unusable nero _tata, and the tracker interference eliminated

a t,_rn. The effect of the acceleration term is apparent wheu comparing
the L/D tra©es wi_h the associated speeds, Selected points from the L/D,

$peeC, _nd _arn rate (Figure 17, Sheet _} traces are used for latex

. Comparative data for Flight 0Z_ are peesented (Fag_r_ _ 31 _ven though
" the quality o_ t_e data from the tracker are unusable in m_s_ areas. It

;:_ ' )_ appears that _he tracker was searching mo_t of the ti.-_e. This was the first
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Table 7, Phase i S_mmar 7 of 3ir_ Rate Data

00_ --0,9 -_.0 ¢14, 0 15 14 16

No tracking _4,0 "_|_, {} No tr_eking 9 27

00_ 0,8 to 0,9 -11.0 +'1,$ 16 16 _0

00_ 0.8 to 0,_ -_,0 +15.0 11} 15 15
- --:_ ---., , , i , ,, _ , , . __ _ , ,, ,,

t)0T _, 0. 6 - 11.0 L_te Fl_**** t_ No Ila_e _)..

00_ No tracking -I!}. 0 +l& t) No tra¢lting II 12
C "

009 No tr;teking -13, 0 +I?.0 No trackt_, 5 Gust g

010 NO tI_¢ki_ -I_. 0 tlS. 0 No t_rackl_g 10 20

0]il Ho tratkt_g No film L No tr_ck'_ng 12 IT

014 0. g to 0. 85 -II,g No Flare _3 No Fl_tre 1_{i

:. 015 No,.tra¢;_tt_g -IO, 0 No Flar_ No tracking No [late 34_

?,2. 01_ No traekl_ -9, _ +11.0 No tracking 10 _0

% C k _ lit't eot_t_¢l_m

t_tl_rt ---l_©het t}elo_ pitch rttm_al of lt_e l_th to keel l_r_tb

• *_l_tl_letl _t _0 to 60 f_et

N

:_. - SO-
SID 6S-163S
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Figure 17. Flight 0Zt) Time Histo _
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Figure 17. Flight 020 Time
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NO_TH AMERICAN AVIATION, INC. _,_ _PACEand IN_-'OIAMATION flYBTEM8 DIVISION

manned flight _nd wae mostly navigation _d _olI response, both of which

were very good_ Small portions of L/D and speeds are ava.ilablefor cor-
relation. Hike radar and telemetry gyros were not available for Flights
21 and 23 and, therefore, are not presented for data.

Flight 024was the _rst fl_ghtof the second pilot°and _n attempt to
obtain data was hampered by Nike radar interference, Some usabie d_i_

were obtained and is'presented for comparative purposes in Figure 19.
Once again, the Hike radar and telemetry sink rates and bank angles show
close agreement (Figure 19, Sheet 1). The sere data (Figure 19, Sheet g)
variations are as e_rpected. The differences in airspeed display the expected
variations.

The angle data presented in Figure 19, Sheet 3, give a comparison of
the turn rates from the two data sources, telemetry and Hike radar. The
seven-point, curve-smoothing routine at one per second tends to change the
Hike radar data _o that the minor oscillations on telemetry dat_ _e missing.

An analysis of the flight path angle and the vehicle attitude was made to
determine angle of attack. The restating wing angles were high over the

flight range. The incidence angle was investigated to determine if it had
changed, l_easuremont of wing angles were made from films of several

flightsand the incidence angle appeared to be in the correct range o£ from
30 to B5 degrees. Further investigationrevealed thatthe probable error

is in the attitudegyro.

The Hike radar sink rate_ comps.re very well with vehicle radar _or

Flight 025 (Figure 20, Sheet I). The vehicle roll response when comparing
bank angle to rollline position indicates th_ good rolleffectiveness and,

as on previous flights,the lag in _ystem responses. Aerodynamic data

(Figure Z0, Sheet Z) display the lack of steady-_tate conditions. Again,

the yaw rate comparison (Figure _,0, Sheet 3) shows the smoothing tendency
of the Hike radar da_ progr_n.

The eHect of elimination of the -m_ t_r-n from the drag equation is
. apparent when Fibre 21 is compared to Figure 12. The extreme peaks

in L/I) are avoided by this calculation method. The Phase I drag estimate
still fallswithin the present scatter o_ data.

Data _rom _he several flights were taken _t selected points where
steady stateconditions were approached. These dat_ were used for cot-

:. relation purposes and presented in Figures IZ, 13, 14, 2Z and 23. Figu_'es I I
_ and _,_present the best flightt_t data available on lift-to-dragratio_.

_' There is .a tack of data at the higher lift coeHicients. The July 1965 Phase I.
_ _a data curve is fairlygood _or the present data. Itmay be a little high at the
_;_ ,svak a_d somehwat low _t low angl_ of attach, but for the pre_ent i_ will

_ c_ue to be u_ed for performance basis.
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Aerodynamic and performance data from the selected points are

plotted as a function of longitudinal control in Figures _3 and 24. These
data are in close agreement with that presented in Figures 15 and 16;
therefore, the vehicle predicted characteristics were not revised.

The true airspeed (KTAS) was taken !rein the Nike radar tracking data

and compared to the indicated airspeed (KIAS). Altitude, t_me, tem.pera_ure,
and pressure were .known, so that the KTAS could be converted to calibrated
airspeed (KCAS). _".....#t...... _.......... 1;_,,-_t,_,_ _nH indirat_d sneeds

is usually rnosfly instrument _rror and position error (thaterror associated

with static pressure-port location). Previous test data indicated the air-
_peed error to be ten percent. Phase _I test data indicate the error may be
3 to 4 lurers, or appro_rAmately 7 perceet, with the vehicle instru:r_ent

re_ding low.

A compari_on'was made from on-board film of the radar altimeter and

the pressure altimeter. The pressure instrument has a tendency to stick
and then jump. The pressure altimeter tended to _ag behind the radar
a!timeter from 15 to 40 feet, with a fair,y consistent mean of about ;_5 feet.
This is for the present instruments and static port locations.

Data from Flight Z6 are presented in Figure 25. Due to high wir ds

,_ aloft and the track over the south lake bed, it was n_cessary to fly at a
maximum range condition. Therefore, the largest majority of the flight

was at a pitch Hne settingof 0.56_i/_k. Nike radar wa_ operative for thi_
flight, and the data are presented along with the telemetered data for

correlative purposes. The sink rate data from Nike radar compare very
wel_ with that from telemetry. The airspeed data trend compares well,
considering there is a difference of true and indicated airspeeds. A large
departure in airspeeds is apparent at about tinte 16: 19, indicating a tack

of good wind data at tow altitudes. Also, of major consequence are the
large changes in:p,_rspeedduring the last "30seconds of flight,which is
associated with the shear layers, gusts, and atmospheric inversion layers

over the test area during this time period.

Nike radar tracker did not £unction satisfactorilyfor data purposes

during the r_mainder of Phase IIItesting. Therefore, only that data obtained

from the on-board telemetry system is presented in Figures Z6through 3_. Of
general interest during thi_ phase was the damping of the dutch roll oscilla-
tions at tow release. In Figure 30, Sheet Z, the turn rate indicates a towed
dutch rollwith a definitedamping about 15 seconds after tow release.

Damping data are aleo presented as turn rat_s _ Figures 26 and ZS,

The flares in the air and those for landing are presented as a later

:_ part of the report, but are also presented hare as a part of the data for con..

_: tinuity. A larger portion of the preflare is also presented here, and the

_? - 78 -
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Figure _4. Selected PoiP_'_e of Lonsitud_n_l Aerodyn_mics _
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Figure 31. Flight O_ Time H_sto_',_es (_et 1 oE Z)

g,- 105,10_ - _ -

1968072651-151



i

1968072651-152



1968072651-153
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data during pr_flare are unusual i:_ that they do not achieve steady state. An
inspection of the speeds and sink ra_.e_, during landing preflares, when asso-
ciated with the pitch and roll control line data, is indicative of the severe
atmospheric disturbances at low altitudes during this test phase.

The data from the three phase test program tend to verify the data of
SID 65-196 with regards to high-lobe sail per.Cormance and flare capabilities.

Although a simulation was originall_r scheduled under this contract it was
later deleted. Before the deletion, the equations of motion previously used
were reviewed, and aerodynamic derivatives were calculated from data
available at that time.

The amount of _teady-state _'n data obtained was relatively small.
During Phase II, ta_zraI control inputs wer:_ not held long eno_xgh to achieve
steady-state flight. During Pb_aze ILl, attitude gyros were a,_Hable for only
four flights. The data obt_L_ed are presented h_ Figure 33.

It can be seen from the ptots of bank angle (0) and turn _:;_" {,_) t,hat

the maximum, control effectiveness is at a pitch trir_ setting _ _2_¢|k = 0. 56.

During Flight 028, turns were zr._ade at pitch settings og 0.53t1_ _ with control
effectiveness very low. Turns _¢_re made at 0.58flit k dur;_: Flight 033,
and control effectiveness was le _s than expected. At the p_:/ilare pi_ch

setting of 0.59ll/l k, both the da,.a _a.t the test pilots ir._ic _t _he turn
control effectiveness to be low.

FLARE PERFORMANCE

A summary of significant parameters of a_ll T'_; flares is presented
in Table 8. All the altitude and sink rate data presenzed in this enclosure
were obtained from the on-board radar altimeter with the exception of
FHght 005 where motion pictures were used. The following is a description
oi all TTV flares by flights:

Flight 005

This was the firstradio-command TTV flightunder this contract. The

radar altimeter locked on the nose gear; hence, no audio tone was available

for flare indication. The ground pilot flared the vehicle high, _esulting in a _:
minim_ sink rate of approximately 16 fps at some alLitude above the y;"

ground. The ve_.icle Lntpacted at a sink rate of approximately 30 ft/sec. :'_
The minimum sink rate was high, since the rn&ximurn pitch-up command % _!_i

was only _ _ / _ k : ±0.54. ;_

Flight 014 °_._

On this flight,the second radio command flight,when the pilotpulled ;_.

back on the _tick he also pushed the flare button. The two signals cancelled ,_
each o_her, resulting in no fla_e. --_

- 113 - _g_?_%_
811) 65- 1638 ,_,,
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Table 8. Surra_nar_ _ of Tow Test Vehicle Flares
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Fhght 010

Due to a late preflare, steady-sta_e con_tlti-unswere not achieved at

flare initiation. The prelqare sink rate belng somewhat lo,_'erthan stead>"

state resulted in reachin_ a n_inin_un_ sink rate before touchdown. FiNure 34

presents the significant paran_eters for this flare. The flare in the air on

Flight 010_spresented in Figure 35. I_ can be seen that steady-state condi-

tions were achieved for this zqare. The preflare pitch line setting v,-as

0.5S4, resulting in the pret_are sink speed of 34.5 ft/sec. At the present

_irne, ",_heonly logical explanation for the relatively short _h heh,'een tqare

irutiationand n_ini_un_ sink rate is that ef a head shear or gust. This

would also explain the unusuaily low nlinimun_ si_k rate obtained_

Flight 021

Figure 36 presents data for the touchdown flare. Due to lateral

maneuvers during preflare, steady- state conditions were not achieved

resulting in a velocity of 45 knots ar.d a sink rate of 38.5 ft/sec at flare

initiation. The higher sinl< rate and lower than nominal velocity res_lted

in a g_eater'ahitude span needed to reach w.inimtm_ sink rate. The flare

in the air on this flightwas initiated after a sharp roll n_aneuver, xx_hich
resulted in a decrease in sink rate at-_are init}ation. The effectof the

roll transient on the flare maneuver resulted Ln ._,._inimum sink rate of

only 15 ft/sec, as shox_n in Figure 37.

Fli_ht 022

Figure 38 presents the data from the flare on this flight. Preflare

was late, and the pitch line setting in preflare was only 0.585. As can be

seen from Figure 38, Sheet I, the vehicle was stillin a transient sta_e at

flare initiiion. This transient condition resulted in a larger than norn_al

altitude differential betxveen flare initiation and n_inimuzn sink rate.

Flight 02_

Figure ]9 presents the data from the flace in this flight. Due to the

preflare pitch line setting of only 0.585, a late preflare initiation and

possibly a shear or gust, the vehicle was in a transient oscillating condition

other than nominal while the velocity was approximately nominal. These

conditions resulted reaching a minimum sink. rate of 8 ft/sec, 2Z feet above

_,e ground. The touchdown sink rate was 19 ft/sec.

Flight OZ4

It can be seen from Figure 40 that the vehicle encountered a head gust

oi* shear approximately four seconds before flare initiation. The airspeed

- 116 -
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increased 3 to 5 knots, the sink rate decrease'./ 8 ft/sec and the vehicle

pitched up 6 degrees due to the gusL The high energy and low sink rate at

flare imtlation resulted in reaching minimum sink rate 4! feet abcve the

gro,md and a touchdown sink rate of ZS. 5 ft/sec. The flare in the air shown

iv. Fi_;ure 41 is essentially a nominal flare. The preflare conditions at flare

initiation are those normally expected. The altivade difference from flare

initiation to that at minimum sink rate was also as expected.

Flight 025

It appears from Figure 42 that a fair amount of turbulence was

encountered during preflare on this flight. Due to this turbulence, the

vehicle was in a transient cc.ndition at flare initiation. The lower velocity

(45 knots) at flare L_itiation resulted in a minimum sink rate at touchdown

of only 1t.5 ft/sec. During this flight, a two-step flare _as performed at

.altitude. Due to this maneuver, the minimum sink z,ate was only t5 ft/sec,

130 feet after flare initiaticn. This flare is presented in Figure 43. A

flare from/_I]X k = 0.56 to 0. 525 was also completed on this flight; however,

since this flare was above 5000 feet, _he radar altin_eter was not functioning,

and the only source of data is Nike radar. The quality of the data was poor,

and the minimum sink rate was only approximately Ibe4 ft/se_:. The d_t/_to

minimum sink rate was approximately 84 feet.

4

Flight 026

: During this flight there was one flare performed at altitude. This

• flare from|i/tk = 0.56, is presented in Figure 44. It can be seen from

these enclosures that the vehicle was close to steady state. The minimum

sink rate achieved was 15 ft/sec, with aAh from flare initiation of 75 feet.

The touchdown flare for this flight is presented in Figure 46. It can be

seen from Figure 45, Sheet I, that the vehicle was in a transitory condition %

at flare initiation. The combination of this condition and the forward stick

motion of the pilot agter flare resulted in a minimum sink rate of 10.5 ft/sec,

25 feet above the ground.

Flight 0Z7

Figure 46 presents the flare perforrn_.d at altitude. Due to a late

prefiare, steady-state conditions were not achieved at flare initiation, and

a slightly lower than expected minimum sink rate resulted. The touchdown

flare is presented in Figure 47. Again, steady-state conditions w_r¢ not

ach:_ved as a result of a late preflare and atmospheric perturbation. The

high preflare velocity resulted in a minimum sink of 6 ft] see.

!
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Flight 028

The touchdown flare for this flightis presented in Figure 48. It can

be seen that steady-state conditions were achieved on this flight. The flare

probably would have been low had the pilot pulled the control stick all the

way back.

4 Flight 029

_- The flare at altitude is presented in Figure 49. This flare was

performed from _i/Ik = 0.57Z. + Again, the vehicle was'in a transitory

condition due to a late preflare. On the touchdown flare shown inFigure 50,

the preflare was initiated from the _i/$k = 0.55 in one step to _I/$k = 0.59,

causing an unusually large transient. This transient, coupled with atmos-

pheric perturbations, resulted in highly unsteady conditions at flare

initiationas evidenced by the sink-rate time history. The resultant flare

was high. This condition was aggravated by the failure of the pilot to+hold
the control stick back.

Flight 030

The touchdown flare for this Dight is presented in Figure 51. On

this flight the atmospheric perturbations are highly evident in the velocity

trace. This flare was performed late, at 85 feet, resulting in a minimum
sink rate of 14 ft/sec.

Flight 031

The flare at altitude on this flightwas performed from _i/_k = 0.57

and is presented in Figure 5Z. The velocity and sink-rate time histories

indicate relatively steady-state conditions at flare initiation. The minimum

sink rate was 14 ft/sec. The touchdown maneuver is presented in Figure53.

+°_" During preflare, the vehicle encountered some turbulence, apparently

causing the pilot to change his pitch setting. These pitch m_neuvers during

preflare aggravated the transients. At 125 feet above ground level, the

chase pilot called, "flare." The pilot apparently reacted to this erroneous

cue and pulled the stick back to $1/,_k = 0.54 before realizing he was high.

The pilot offered no explanation for the other pitch maneuvers. The resulting

impact sink rate was 25 ft/sec.

Flight 032
+;

The flare at altitude for this flight.was from |l/_k = 0. 582 and is

•." presented in Figure 54. The minimum sink rate was 14.5 ft/sec, which

' was slightly higher than e:_pected. This may have been due to the forward

_. - 172 - '_
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_,_ _', _

1968072651-208



NORTH AMERI

...... .,.!:. ...... ,L .:''b':i:': _"_:_,'r_-,_L',-.'-,.! Z.: _;:.:.: ...;, :_- ' i ,._ ;L . ._._,. " .• . • _ • ,

. : t " ". : "" ", 'j _ _ . ! t
....,....r-..1-:-I...._....I....,...., ..+-.,.... , '

30---i--q-:-&--i-A-j-_-,_--!....._ - _....._....._- .........• • :/ _ t t- t _ ¢ ' ' f '
] _ -r.--_......"__....._"_.........F...._ : " '_ ' : '": I-• I ; r'_'.'!""_ ! , z I , , r ;

• " _ : -+--'-----i- • _-" .-_--_ . -.+......... 4 ....... :-
• • .t. ..4_o • ., I

:_ ..i.4... : '_I ' " _ ':--__L_,

," " 1 , "/ : I • I" :I. 1 t _ - • " ' • '
v • " 1 ' : ; . : ' , t - : "

...... l-_-J--. !...... :._t ..... L-L-_-..l , ........ ;-' _. !
...E ' t ' , 1 "It . _ : , " l - _ [ ' .'
_u" I0 "-.....' - ; '-4"---L_ '-I : I: .-_---_--_---J----4----L...._.........."........... - .-

v I ! i ll l "I: ::,|" ' "i ". I ! !- I , I : . - ; i
z _-i:--* +' ....._--'-_:-' "-i.........'....' --I- [ , : :-_.....' -,' ,

,--I--r.,i.......! _.._.-A_. -_......-r.':----i...., ; , i il I : i i ,.

I -I-f--_i.-:_q_-_ _'1_,_._,_',,,_-_-r-,'......_-- i "-i - f-: i
,I-!'-'_.-*I'_"__q---t:.': i __..]-:'_i.I_-_L___L_'.,__ • --.. '

I :i ::i ' '' ' ''- ' ' ''' ' : : ' I "I_ - . : : i , , [

-............•.....[--*......--'---I-.-.,.........._--..:,-.'.-i.............
I-.i ' I ; ....; :I.'I ',I. i I ' i . I " I ,, i"< :1; f]

-- - ......... :........ _--.: - _----_t- --' ....... _ .... :..... :-: - : -t -"-- f- - " ' " ......

" ...............,......... ', , ---- . ._. . - .-: . , _ t .-1

"'I :ll I
_,,- , I " -, " '-1 ;. , I. -. I : t . : '. ! . •

'_-'-r......_...........!_- , : " .'' _"" t''-I'-_'"
>-" :: i _. . - _ - ] I
_, -_--!....._...._..I-:,,..II.-_,---.......I-.--I-L-:--I.-,,,: _ i--
._ LLL._ ! I I !.;.I:.!-_[l I.'._--II_Lj .__ J. _ - ,0 30 .-_ , - , - _ ; _ - .,.- ....... - ...............

',............ ,,i'....;'-?.....,.r.-=-l-,_-_....:,=............,.....: ....._ I.......... I •,,-i- .. I., - - , I .

I-,;Ii:I.l.!:I .r_I.___-___!__I ] I- I " I I. I i
2o]..i1.1 i. i L:..I-i,._;.i-.17,-F:]-.,_[,.--_-_.,_. ,.-_. -I--r-T-T-..,]-T-_-r-,,,_ {_. ....

I.i-I i-I _.I- I I.I _.lIJ I I, , ! I ' I I i I I . . .
• F', -T' '.::-._,;.._:-: _ i ''_ ' " i ; ' ".:-i--_ '. T'

_i.-_._--.--_iJ.-:._._-_ ._.-._-+.[,,.....I---:-4--,---I-!---l--.i-I-,--I: ' " +:
'_] 1-1-I".I,_I i I ; l.:l-li,l i._', I .',,I! i i I i I . , : . i-. !

o,,t d,, t:, .t,, ,;_,
':V ':- , - .• .,,,,:1..1::_... ,-..,....,, . • . ._ ........ =-.*" ":'1-- •':"' "" :" f "':" -'1 ...... " -'- -.-t-:.. " .... I........

"i'..... _= " ..- ,i ...... i " , --..:.. ~ " _.'I";. --.'-:.- _ .... _;'" "v:. "" -': -b:-,.?.4-: ...... _.-.'.: ...... :

0.60 ] k:-._:_LL=.Lz_:--LL_.L"__:;_Z_i_'._."'_I:_.,.LI._&_CI!!!: I ' /. : .. i- -i ':I. .-l"

-12 -11 -10 -9 -8 -7 -6 -,,5 ,.4 H

TIME F_OM FLAR[INITIAl

1968072651-209





ALTITUDEFROM FLAREINITIATION (FT)

,_t"
___ -

N:N_X Fisure 4_. Flight 02_ _ouchdown Flare (Sheet 2 of _)

1968072651-212



NORTH AMERICAN A

'_,', _,=CED,I'4G PAG_ Bb_,NK NOT FIbV,_.'J--

. .:l'z ] , . -[z] : Ir'j ., : , • -, , l _ • " .I _ I ,: I 'I • ' _ • ,
r"_ __.--;_,-.--6F'-_---4--._ _ _ -'Jr "4#'-'_ _ --_':4--4-- .;--4 ...... _............... " .... " .

• " ,i ' , J

_ ,_o.---+--_..... ::" ,.:.) I : ; ....

: _ l i-:-.--i--l-.-_-I--:-_''--:.:.-:....._......... 4. _----'---i--.l.-:......... : i -. _ i " - _...... -
m " i- r-, _- -'r-,_".-_-_.....-r----T-4 .-.-.I ......._.... _ .... :.---L..-i--$ .......... ;-4 .... " .:.,_ . : _ ; .._
/ ! I :: e 'I" • / J ; t : • ,' , : " , ,

Z " --'-_"":" _ ..... "-'_-: .... " " . ( . t , ,- ,- -,,. t-:1.i-i: , i , , : .. .. . :
I0 _--:L-I-_-4-._. '-_--k--_-L-_--_---p:-. I ..:-..:.... J...... "--.i-._ :_.. : .... i ........

- _ . " .: : . . _ • . : , _ :- . : -".......,..1-....1....!F:.!-l..-:-1._:._. • , , ,, : , _ ": ) ' : . - ; • .
'._.-_ ' ' ' ' ' L___].__._.. :, • - ' '. . ' •_'-'-,_,_ I.....,......;-:_ ...... , _....:.....:_ 4:i-!- -! '_-, ......,- - : ' - - i -: ,.... ' . '

u _i_.._____z-_._.. I...:. _-i--; , - _ ; . - , _ '
h''" ! I : _ . _ : t i ': -I • -_ _/'":.'"' - • ........ r.....................

.-._.:...:" ..'_.,I. ". _- _ ' : I " )_ _ ' _ " I

, .... .'.-t__,-1.-!:i " !-:I: _ . ! " i ": " : ..... : "
-f-. _---F_-t-._T._ .......... _......._........ ..... _ ....... _..................... - , ..

, ' . " " ' _ I , " , , - • '

50 .... _:--H------Z, .... _--_---._---, .... 4-- :..... : ............... _.... :..... _---. , -.

_'_- :-+-""__''- i.." I. _' _.., i-'::. -(II-'-_:"i_,......, _, ":.......' :- "" _,:- "'"-'..!" ". _:..........._!- _; .........: .:......... .

40 i '__ --"_._-!\_ :'J. , ., , , , ) .
-_ -_-_ ' _-'+'_":'I --4 "_ ........ _"...._....._.......; ......... i .........

I ' " _ _ " ' I i ' I ,

_ I"..- I i I'-:I-! ! • ' -- _ " I , " ,_ _ ......... ;.....
"_"- :-""_.' ....... '...... :' , '" :" i -: ' - : -- _ • ' :! • ' ", '"-' - . • " ' t • * _ ,

O _ ' " " "'" " " ...... 4 .... _ ................" : ' I-_.... T..... t ........... ' -="---
-' _ ,---F--_---:I:-l-_--.!- .-i -.) • _ : i . ' _ ...( . : ' ,
_ ', I ' _ ! I I I I 1 _ : , ,, , ' '
> __ -t--. .... i...... :* -_'..... : .... :.... i'_-- _ " " " " "-: -" -:--

;.i.- l- , ,. -_-.j. -) ,--: . , -: -. ..... : " . _ ' .

-_-t.-. _--_-..._.'-!-.! I. i., ! . ' . .. : ,
• , 1 I I I I , _ ' ( , '

......):-:.... ,......: ....., -: ..... . ': -

.........r- ' ' ' ' ' • ' , '
0,5_ i--:--_--_.-]_L_r__!__1___l:........ :............ '- : .-, .. : .... :. . _

!-,..., __.t.. .I., __. , . : : . , . • ;--__m,i , I /, ! ! i i , '

-- ,,t---1-T--r'i,. ......]." ':.*T, _ . ) . ,,- I....;.................... ,..............., , ........._'.- ., ,._, -r *'':" I ..... '............ _'
m : -- ' _ I i ' " " : ' '

I : I /! t-_ I : i : i ' ' i : ,

• , • " i "( , I , I , I *

all _ I : I I I , i ....0,_) _---_-- -4--_--_i--_-_-: ............ -4.................. _......... _.......... ,..... ]

i_-T-I"I: 4--i -: ' : , : " , '
-I I -I0 -9 -8 -7 -6 -5 -4 -3 -2

TIME FROM FLAREINITIATION (!i,E

tri_ure -19

1968072651-213







+

1

! RIECED/_GP4G_ .o R:. AmeR,can

,I

40 F ! : ! !:: 'i:::::r.,:i:_!t_tii ! I _" _':_-)'!_ ii: _:"_t' .: .'i_: ::::;:: • .r-:--'.-T:':_:_:'"."-._'-.'"_'' t: 1: :L :F-
: L_• ! : _• :' I : :: ; F:"..;:'"_::: ".'if" "::: !: :.=.:!":" : :' {':i:! .;:-I'!' :....i ':, "_i ..; .i'..! . • _ • : i • _,_

I" " ";'" ; "' j ; I " : : ". ':" "', " "" ' ":"' " ' .... :": ' "" :" : ":_ :' ; • , ' ""_.:'_"=_""-_| + ; _t1-;--:;.-:.--.:,.. ;-.-.'.-..=.-:.._.:-.-::_:':-""-._';" ::.-;..-.: .._--J'"-_y .::|::- ..'-" ..... " ; ,, , ,.-..... -..--t.:ft.":" : : -_ .... '-- 1._k__
,_: : • • .1 :.. I . "' I _.:_._i.¢'_'._:_ '-'';'=_" " ..... _ ' ! ' _ " ! ' ; ]
_'. ......... : ' ". ' ' ":_ ,'.• .':i." ""_'_ a,_ . _.-_.%m_'_'' -- .._ " • • _ • . • : - - _ • , __ . ' .

: 30 _;-": '_'=_-_-.!:-:---.:,--L-':' !L.....L::..4... i ._. . j.. • " • • : _ " _.. ,_ "" • t • ' • : . . • '." ........ ; ............ i-- ...... _--..--' .... • ..... i..,,,,'.,... :. . " ,' " '" : : : ] - i i i ; ; ' ;.. i -
:;:-!i:.,- :; : :- :.'- .L. : :t_:. : ,.i. ;-L,---'b/I: :_ " : : : : t ' j _: --7- ........ .-r----l-- ' ---_-.-_----_.'-_'|_",:t_i;_: ! b:_].:l-...,.-i_bt".:_i-_,t,_[- .I.. , l. _ "-T , !

, ".-- : ; : '. l": .....
_" 20 '3-...... ;..... ' ....... ---_'; :[ .:,_:.;_-:':,_--.L-"-.:--- ...4 • ., -. :' - ' ' . . • • • "

IP": ."j'..' _ : • ! ' :i' "!:" i _ : ' _ "'" : ": ' ' _ : ! .........
t'": "t: ..... i'" i .! ".'""t "_""'i'" :!::: " :" !'" "i - !" "[ • i ' _ . • : ; , • • i , . : .

"" | _ J":. _': _ _ ._ _: "F :. ! "' ; • ; ' " • : : • , , : ','" "= .... ._.-'" ....... :" -',.-_._' ";'--r-:'---_-.. ........ ,...... i" "; ....... "."........ .; - :- ".' ..... : ........... ; .... -=
--=. =. ..... :........ :,l,:!,.r..:,;L,.;- .-.L: . Z_ ._ , .- . " .-, : - • , ', --"._.. - '=: -::..;_--:.-_:.::::: :+-;t-.: :_:" -_: ----"T- •":'-". " r- ..... :......

= .... _ ....... _ _ .C, ." ;-/:-_ - :i , . .:; i . ; ;:. _- .I " I: .. . ----_--'_--=-- ,_--'

_t: :h l=l_=._i-:t_q_Yi'iit_1':.._%?:t:::__F _ II:IF-_ F:F :q-?-I -]/I T 7-:- IT li [:
• - ...... ........ -'=-.r_."-T"":"" ............. ' """:...._.... _"_.....:.....

0 • i :_ ............................ - " "...... _ : _` :_ A" ' / . . = - _" : ...... ;

I-I::Z-:.l -i-[ ....
50 1 ' : - --.. -,-...1.w, 4ml,_ -_ .b+i .. , : -i ' .l_.+._- ._i _ . : - " - - " : .......... ._..... _, i_wll_,_

• i : . . . : .; ....."_"_......'P_.._'.,._"m+"'"+"_.'.-l,,,_m..j.,m,s--..-._,','m"_i • . , ...... :.... : ........• _, " ; " • • ," : : i • , • '
•_" "."",'If ........ ." "'" . - *'_.-=_-4--- --;---,., ........... _.-- -. l .... _-- ..... I .......... " " • " .....• . ; • , l • t • " • "'" " " .... :
<- '" ' " i .... _'_'i" i ";'""i" _ _:!'_ !" : : 'v : I

4O '-:.......i : • _" " " , '_- "_---. '_ .-- ...... -i......_-'.--,.....l-.-,...-.......-......•.....r.............................. ............-'. ..

> " -i "i ': : '":: i'.....' I" " '!'," i" ".'' ": ":;'"; " ........." ',.. . . , ,>- ............... r --'-- • .....",:'-'_ ' .t'--T--_--- -F--;--r ............... :................ ,-........ : .......l ....................t-

u " i " I ..... :;"771"" i'I"['L"!-.-."".! "";"':',. : ..... _""' ! • • ; ":
O 30 .....'........: ..............._'-'_--- - -',.--4--._---:.......:-""i ....... L.... :.......: .... :• , • ; • _ ": i . .'..,." _ : ] .,., :'.! :._ " •..........: .....
"--JklJ _ ....... I • • ,, . ,, _ " • :, ,:.:, .::'.-" :. .| .,, I : . . " " ' ' " :
> a • " I : • "'.. : ' , I : • "_ I" • "" "; " • : ...... ". " " " ! " " " • " :

t'........ '- --:--i- .... ".'...+--;,,:'-.--4--.:-- !._--.t--..i.-.-L.....:.- "...... .L -:-:-i...................... ; ... : .............. 1 ....... : .........
" ' ' : _ i '' " • " ; ' • ' • I ']k .... :":"! .-'4 ...... .1".: -!.:".'. ;- • ;"'" : :"'1" ": :4 ......... _. ' ..... : • • •

I_ : ' i ; : • , "" "1 ": " i " I : ; '. : " _ : " : :20 _"....."P.......=:"'._"......:'"'1..... " ""---": ............",''"......... "-.... H.........,- ; ........................................
, I . . .. ,... : • :.. . : ! . • .. , , : •
• " " ............... .' "'r'".':']" .'';" : ...... .. :..,, • • : ..... ., .... : !
.........:.........:..:. :.........L..',..;..:_i._;:.....;:.._.... : ; ;; '. :

• : • • • i ." i : : .." _ . . -!-:'"" ....... I"'?'": ............ • ......_"'_"'" "-" .......... ;...... •.....
: . : .: _ .. ..... : -4.-.I .; ... ;.._.:.; ':...:. ; .... _ ...:] • . .... ; . :. : . . . : . : . .

• " " I _ I' :.: • _ • ,, ' _ : ' : " " • : : " _ . "
0,52 • ....... ""': .......... •............ :.......... :-- ;-. v-..-.-.......................... _.................. _..-,;................ _ ................

1 : : : .'": • • " i 1 1 1 : 1 : 1 : I : : 1 1I .... 1 ..... _ I : I _ _ II ; .... i .-- I :1 II I ....... _ I I ; I I1 I1_ ........ i I :: :_ ........ ; : ......

IFlll;l ii_ ........ 'I II'114111<ll_"q:l_:l'l -- 1 -- 'i .... :i-'l.,-::. ll'l'lllllll'l_ lll'lli: ...... 11! I I_I:_ _l--l;lllll; ....... _ii:l Llll ...... L .... i .... : .... : .... j ......

: 1 l: l: II I :l 1 : l ..... : 1 : ll : ll : 1 : I ; 1 : 1 1 1v | , • ,.. ,_..... : : " • :1 : : : • ,
I I'" ":" ' ' I'" ; I Ii ....... :: ...... =11 I;11 I:11 I: I I I f I I I _ ..... _.'1''"" | ": .... .I......... " ,, ; ,,, " : : • " • , • "

e 1 : : I : II : : 1 I "l 1 I : ' I I , I I 1 .... t 1 I I I : : ; I1 1 1 1 : I

0.._ t'_. i'd I "._""",_" D'll_:_l_l_lll*l l_:_=l_ Ilill;lll : I1_ I I ' "il :'ll'i,'"':'i !"--:''":l""';'"i'"!':',,i--: ...... _ lll4"ili_ ...... ' 1611 II_ Ill_lll:llll_l:llll_ Illl:l" I_ I''1 :

: I: : I I I1: I I I ::1_1 i J1 I , _111 I I :11 I : i ' i i i " I i: : j III , I I i : : : I i I

I BI I:iillB: B : "''1 II _ I:1: :l:l I I* BI :::= .... :::: I:: ...... I I I:1 I_ ......... ! ..... i I I I : ...... ;_ ...... _ I II II I I I ..... II I I I I I : I

"" "" I I I I Illl 1 I II I 1 lll I _1 "1 I I "[ : " I : i 1 : I l i I I _1 I I I ; i1 : i I : I I

l-';'"-:'-'-:'|-'_'-";'"J'"l"_"-l'-':|:'::|"_J--'_, "-'> ; ": t ' |' "i-;|' : _ " I'.I "i '[ : ' " ._" ::'I ," I ; _ iI • " I" i I / I I I:1 I; " "| _:_;_i:ll _11: I II I:11111 l_l I I:lli I" " / "..'. I--'!;: _!._l:]'l"lil'_-': "_'¶"'1": '==" _" " ...... _'11_1:1 " I ......... I_llllli_llll'll*'l:lllll ....

I : :1 I ; I "| I'' ,li I;I II/:illlBI : I: I :1 : i:: :11: I I: I :11: I : I_ I _ I :111 I II:i: 1:1: II I I I I "i : :1 : : I ] : : I I

.... I I II I I _'] I ::1 : :1: :li: I l I ' I I " II I ..... '1 I i I I I Ill I _ ..... I I , I I ' I

0" _ _I I I :' Ii:I ' _I :I ' [ _I i i I[ : ] I' I'I '[,' :i: '! [ [, II,I rl • . [: :il i :i: i_ : : i i _: -, • i_=i: -_: [ ,-_i[. ;i.-,. - ,..- i.:-_[ i, - _ l:-i_ [i,i iii:-[:: i[I • , .... "" ;..: ..." : ": " . ............. ,:", • " ', . " " ' .:" , " : | • I•"-'1........ I .,.. .................. I ...... I • r ......... I .......... I ............,.,.. I : •, .... .: . .: !.. ..I-..'!,..::"::_'::'!:_:i":i:": ."i'.:: ":'.:_;.:.'::;::"_:.::'!:."......:'.I.........I.-+..-I.:..::.:,.--: ..t---.:.-'.. -:-.-I....'..; ..
t__-:_ _.'.I ..:.. ; .k,: ,.. I"; t:,::l :.:, ;,l:,,.'--.g : I::,.L'. "., :;.I "_ i lli++::l++: I . 1 Ii, I: I i .... : _ I 'I I II' I I: l: 1

-12 -I 1 -10 -9 -8 -7 -6 -5 -4 -3 -2

TIMEFROMFLAREINITIATION (SEC)

_ig_re

1968072651-216





i _ORTH AMERICAN AVIATION, INC. /l_._.,,._ \) SPACF. and

1N POIF_MATION sYSTEMS DIVISION

i
J

i

0 20 40 60 80 I00 120 ?-

ALTITUDE FROM FLARE INITIATION (FT} _i_

";%,'.!"

Figure 50. Flight 0Z9 Touchdown Flare (Sheet Z of Z)

- 183 - -oo,_,_,._

1968072651-218



I

1968072651-219





NORTH AMERICAN AVIATION. INC. \! _ B_ACE_d I_IF_RM_T}ON BYIITE._I._ DIVISION



1968072651-222



•'_,_ b_

1968072651-223



-: _gure 5Z FHl_ht 031 Fl_re at Alt_tucle (Sheet 2 of 2)

=_ - 19!-,

1968072651-224



1968072651-225



/

, (,,f_q,.
MERICAN AVIATION, [NC l ._(_]7>7_.t } ._iP._%t'b:lind I"_l:'llttM.tl'lO.'% NY.'..ITI-:._II_ Ill%, IhllJ.N

\

. - . .;- _ ! ,t , I ' ' : ' .}-!----i----t-- -I-: t.......i.......... _ i " ' , " "
__!,__.4_._F._._4................... ,...... _........!........ :

I

, I ! I

- i { I i
" l 1 " *

; ! I '! " i _ " " " t - " : - Ii .i , 1 " i . . .
:l" : .................. ,- ; ........ ,4--I' • ' , i " ' ' !

q ' t
i

-b---4 ...... t-- i---;_ ...... 7-; " •....... r............... i ...... ':

--;_:-,-,--_-- h---4 ..........-_........ !....... !.....i........... i.................... ;";
_-__ -i ,- i _ _ • _ - t • ! I _ . i --:

--4- :---G_ -i--_-- _--"_--4_._....................... _...... l----i ............. l ......... :

; i _ ! ! : " " . 1 ; ' _ 1 b

• i " _ • i ' ' ' • : ' : i
I i I 1 ' i , I ; I ; _ I
• I "I -- : • ' ' ' l --+ , ; I ",(

..... -'l -_ -F-'"-T---'-I -r " ; .... _ -'" Z.... ! ....... i .... T .... i .... ........ -1- ..... l--_- 1

i _' { _ . , , .i
.+.... . ............ ___l__.,__.... _-4 ..... !. ! " -I--_--'-----4

' I. , i: i..:! 1 i ,.,. . i "....... • - _ l" ....... I ' T

•'.,.:,._'-'d-_:,.,,.........' ,'.....-_-_.-_i...._--I:_-!::--i....._-_'......<_''-+,.........,-'_,-'......, _
+ i " ', , ' i , - , j,__ , ............. ._ . ..

-- - _-- _- --H .......... -I ......... i.......... i........ r ..... ,' .... <.

• "t _ ! - " ! ' _ : i ' " I ":'"' 4, ] " --: - _ :" ....... +,,...... r _

t. , 1 , l , i /1 "-
• -t .... : I :. i _ " ' ' _t " ' tJ " ' ::.L
• I _ | ' " i _ ' i-..i._ .... _ --+ ............... : .... ,....... L-_l_-.-._...., ...... _ .....4- .-_ ='

! ' i { , , ; i J#" IN _ /i / 1 _7.'"t'' , - - : ---: - : • -, i _ _.--_ v,. \: • /t . t - '_-
• i I : I I , i _ ; L ! /.' ' i _ ,#" ' I I _

-t---:--1--i- i i .- i i I , : 7/ .._ # -! i V ;- t .t----.---,' , ' , ___._L__,.__ ,_I :_
......... . .......... ' -' i.--i-.-,-'..--.,-.-t..... :

• : r-_ t.---r " r-r-i i;-1......... t---:--m,---b--,--t;-!-+ r--,...._, !4
-3 -2 -! 0 1 2 3 - 4 5 '_,

;REINITIATION (SEC)

Figure 53. Flight 031 Touchdo_a,n Flare (Sheet l of _,) "_

- 193,194 - _-_<..;k_,
C_TT_ _ _ I • "li_ ';;_'.'_

_96807265 _-226



NORTH AMER ICAN AVIATION,
_NC. k(_) 8PAC]_ and II'q_I_RMA'fION ,_YST_t_8 DI%'IBION

!

!

J
1

40

0
0 20 40 60 80 100 120 140

ALTITUDEFROM FLAREINITIATION (FT)

Figure 53. Fligl_t 031 Touchdown Flare (Sheet 2 of 2)

'; - 195 _ .

1968072651-227



'_: NORTH AMERICAN AVI,_

,, ,_,.,EDt_4G

":7

" 40 ..."_'_..:,..-..............
: .. ..... _" :_:' "Tt":'..'I: ..: .','1. , :,'T.';,_,--.,._..'._','_'..'I'.,' ;_.,.,;,[._.. ............. ._._... . . _ .

" :" [ : :::.' ': • " ;" !:F : :' :':_::z::._ : : • ' i -:_:":1: :" " ; " ": II"." r.,T-:_."-It.-''.':--':'r..'""-:'.."_..-_. .... ................. :- .: , :,, .'.!':i':'.'"' :" "'!":E:,"r:;:::!:".:!.::!::_:{:!M:!:..:.;':l:,::t::'.:.:-:l!:".;::::;.'" ' • : ;:.'.. : I' :i'" .! " ' , : i : ." ! : I '
' _K.,,.,_._.!-2 • " _":_':i::" .".;."':' :i I .. _":: ! ' "!:;'." :"','.!'.:"': . ! • "' : _ : ,

• " .... _J._....|...:..., .; .F'; i ":' "" """:'"'. ......................... :. • ." . .
" ': Y" ?'" ":_" _;':;:,,:;;-" :" !" • , i ' !:. " • _ ..... ..,,,,._,_,.,..,.,;..... .,.,,,.,..,,,,.,::,_,.........l,, ..... ;;..,..: ...... ;:.:,. 1_,.:.,,...:,,,,....... ,__.

,. ;.. L ' ".' I. : .":!'._.";:,._.,,:.. , .. j.i.-,,--._-.'_".... : • ' _ : ' ' , ....

G" ..... T---'- -"---t--- - -.l--_. '.... 4- "
" ' | " " ' " '" ' l

' 20 _'t_.I: '.. ' ' . :, . : " " " ' • ; _- i • t .. :
::4 ::.:, i ..: ..[ . ; ;....... y...:...: ............. ., ........ : .... :..... ; . _..... ._l_._g.. l ,

' '" !:_: :::: ; ",. i" ' ' i ' • "i '," " ..'::;':.": -. '.' .... : ....... 4. 1 ................ ': • -
-- "::'::" " ..... !_'::'" "'t-'" : ". "" :'" Ll i . I : :. , lv', 10 ' .L': _i: -':,. :.:: :-: ":" " : _'. i' " :::'JF::',:.- " _:'" .': ........ i .... :............ J............

i-

0 t-=-

" :::i ":';: " :!: "

__...,:.,L. ....i- ; " ' " • " " • ':-_;
,,--.-,-,,-._...,_,,.,,,i.,..,.... ,,,_..." I _L._._.L_.'.r T' " "! .... :........................... •..........

..... | .... _:_-._,.:I_;...,.__ _l_ L_.. • . • .• ' , I "1:"" "i-'. "r '="l'_"'l'-'e-"Ism,e-_,,.,,,-.,-,-,..-.-.,,, ..... _.;
' _ _ ..........""-"......;..... _";"'t .......4.....;_"_'a.......i " ".......... ",< " . . . .,, ...... .,............... , .............. : .....I . : ' ; • • "

,.... I : ......... "'"....... !.... I'" ' :"! :.'-: : • !.. :
_' :': I...... _......... '"......i"":"_-:-'-'":J-!'"';"-i'-! ......"-.-..-.......S_:._.! " " " ",,,.m:

> ! • : .... • ;..': .i : l.. ,,. i _.':_ i : ' : • F ..............".......................... "...._

>: I ..../,. . • . . " " : I . ".'", " '.:";..':':' " : • • • : • . .| " •............. 1....... .'",_ ...... : ........ }.. " : .. " .... " 'P" . . : • : . • • . . . "_'_-."P'-.- .... --........ I. ............. • ..... : .... • :. . •

U "r, I " ; -" " "" ."........ r':": : .-'.-,}:...." ....... • • • : • •i. ........ ; . : .L : • • : " . " ' ' " " ........ " :
£ i • • • • : ' ' :::'" .... " "! . ,•'--". ............. , ....... !...... .; ....... _ ........

-- i ; .............. • ".''l ......... ''":" ",;-. ...... - ...... i...._' ,-' " " : ; " • "

> , • • I I .... i..: ,. I •
I.....:........".......- .... :.......i........!-..:-..;-.....-L--., !," _" ' ' _ " ...... " " ' ....': , . • .i • ; %_ "....... I",': ........
i : ; ...... . .... i • • . I . • ""''"" ...... ' ..... _'"'" " " " "' :"............. ".-...-'-.-:
. • .: • .,. ...... _. ... ,_ .....;..;..: ...... : ... • .. • . . : : , • . •

l......:.........!........!-:":...... ......I:.-..-i.........i..:. , , . • • ; ; • :: .... . :,i..: ....": ; ....;l..:-:i-" i. i... ! "'. '".......................................,........;"
: : , : I l : l :! ' I l: ........ ' ':: ' " l ...... _ .... I.- ...... _ ...... ._....... ,_............. : _',. • :. • : ," . . ! i • : . • , ..........

• : _ :.G .."t_...! .... -r'"rr"., ..... "--_...... _........,........... :.......... . .... : i • ,
" :" -%..--. " lk.. J....... a. * I ; : I : ' I "' " " ' " " " " " "" " ........ ;..... :'" "

• I ' "'" ."" ..... I " ':"........... . i... : ;. • " • " • " " •
• ' I_- I " • • , . I ": ', ' ." . .'I. I . . .''. :......... ; ". . • : • • • "
U..,....' r ......... .-,..:. -.,.-.I .... :-| ..... 1.,..,:....!,,:.,;, .!." : ; : ': ! I. : : • • " " " ': ." .... _ "" •

; , ;. ,I ; i ., -. .. i '" j ,.:. ; • = i • . ,""-"....... ; .................................. :,..'- ....... i...
I " i" i _ ': ""i'" "" |'"T;!:f" ':"':"T."f'::i":'_" ;_'':i "':" I.-;•'-_i".,,'..i ..... i .... i..:. ; ,. ! : • . • "

I.. i_T:i- r-l: ..-1.t:iY.'-..f_._P_..J-H..-.i-t:-.-._.....i--..:--:--;.:.-,-.:..........i......:.....-:-
U..,','_ '1""".--'t... I.: '...... .J,.- i_:..L.: _.:,L L'.I,.j.'I':'I:'/ ! : '!:" .i" ,..._1" ... '. ,'" :i,' ..... :'": : .... "' "" r .. ; .... •

• ..:.. : :' , : : : ..:,., ,', ....:i,; , .. ;, .,,,,.:; , _ _.. :. ..... ._--,-.- ..... ,.--,-I-,, _...t--........
"a " ,:" _'-":: ': ', i" • i:i, ;: I:', I" :., .: • ., I : ",! ............. ,........ ;-.4 "i ...... ", ...... :,., . i....

"_- ...= .....= -..._,,.. ._......=i,._::...,,..,...:.-.. . , . ..-........... . ,::.i:.......::.:..r....
I |"_" ' "." %" :: _1 "! %" L.. I":! ..:i.l:.;..._..';.....;..1..I;.. :i" .... " .. • : • I : : I . I '..,'#":.:,. , JL._ ;., ,.,i,,,.
I "r",rl,' bi :" ,.--,fl-,.,,-.'l:i .M-;! I!._',IH-I._'"'_4_ii:L:l,,:ii,.',".i'.;,'_'_.,._E_ _'_.,Y_._, ,"_i_f'-.'.".-i_
, " ...... " " • :' :-"T;i :iI, .'i" "i;i ''% ", :" | I':,i." ,'-,- ,_i."l ":i, ,._,., ._ "_','li:-i -I i_,,;,:,:l,,, "- I, '. "i ";........... -".',LI." I"

°=-I.....'" °' I! ........." ........'.........-#:. • ..,.,_...,, . ,..-,., .,.,,..........-.-,],!..'7!_;.:; , ........,. • ,.I'"':1;',:' .' "l I• :'i:."_i ,i ;" , ,: ,:,:",, : ' '" : "': '" ;'_" --" "_;'_""i..... _I..,I ,,•..,,.,.........:..,.,.,,,.,,...., ....
..... - ........ I'.. ;I , ' "l............... :. _ ....... .. I.......... :...... '.1i,.,, ..,.I....... • ,,.-....!,_....,,......l..,.,,!.,..,.....,..._... _...... .,...,.................. ...,,,,.,...'"T"::...;.-.I.:,.i..-.I..:.,.:'!_'", .. -,',,-:,.,.,,.,....',l,,....,r-I,,.,i,;!,'-'.,'.,.r _,-.,...!.,,+., ,,-,,..!..,-.,

1. -- ....... t " ;%" """ _ ; ........ ' • . ' ; ........ I'." :i ' : "' : ..... I • -. II' • ;11" • ':
• •

-12 -I ._g -9 -tl 7 -6 -:_ -4 -'3 <2

TIME FROM FLARE INITIATION ($EC_

Figure 54.

1968072651-22





0
0 20 40 60 80 100 !20

ALTITUDEFROM FLAREINITIATIO|4 (FT)

'_ Figure 54. Flight032 Flare atAltitude¢Shp_ 2 of2J

:. - 199-
• SID 65-1638

1068072651-230



f i"

:,/-{-,

"i NORTH AMERICAN AVIATION. INC. !" ""!_.._/._

_'l I _IPACE _nd INFORMATION _'*'.'-;TI,:M.'_ Pl% I_ION

\.

stick motion during flare. Figure 55 presents the touchdown flare. Tb_s

_] flare was high and had a minimum sink rate of only 12:5 ft/sec. This v xs
due primarily to the fact that the pilot didn't hold the stick back during I_are.4

Flight 033

i

t The flare at altitude in this flight was performed from _l/_k = 0.59,

i and is presented in :_'igure 56. This was done to check th_ ability of the

: pilot to flare using the trim control. The touchdown flare is presented in

Figure 57. !t can be seen from the time history of the sink rate and air-

speed that the vehlcle encountered unstable winds during preflare. These

unsteady conditions resulted in a high flare.

In Figures 34 through 43 it may be noted that occasionally the sink

rate is dashed. This was done to denote an estimated curve, since the sink

rate amplifier hr.d saturated and the data shifted. In these figures, the

airspeed is not presented after flare initiation on touchdown flares, because

the normal acceleration is on the same telemetry channel and replaces

airspeed at this time.

During Phase III (Flights 026 through 033, there was an inversion

layer over the lakebed for all flights. A flare was shot through this layer

i to observe the smoke and determine wind direction in the layer. The two
days this was done the s_.,oke took the form of a "Z"; the general effect of

thi's inversion layer was high flares. A plot of initial velocity (knots)

divided by initial sink rate ft/sec versu_ Ah from flare initiation to mini-

mum sink rate is presented Jn Figure 58. This plot presents all flares that

were performed from a preflare lI/Rk = 0.59. Itappears from this plot that

the flare performance of vehicle 002 in Phase III is comparable to that of

both vehicles during Phase II. Vehicle 001 in Phase iII, which had a pitch

Hne rate 3 ft/sec faster than vehicle 2, appears to flare slightly faster,

approximately 5 to 10 feet.

: A plot of percent of touchdown flares below any given touchdown sink

rate versus sink rate is plotted in Figure 59. It can be seen that approxi-

mately 50 percent of the flights were below the gear limit of 17. _ ft/sec.

The slope of this curve would have been considerably steeper had the
weather conditions been ideal.

All Phase II flares are plotted in Figure 60. Phase III touchdown and

at altitude flares are presented in Figures 6! and 62, respectively. These

",, composite plots were made for easy comparison of all flare data in the
_" ,

_; h - _h phase.

_,+;-
[:c-: - 200 =

:_";, SID 65 - I b38
Oi

1968072651-231



NORTH AMERICAN AV

h

_ifi_'_l_'.F:l:i_-riq .i.::'i:.::,i. __._':-:-i -::-
:.:-.:,:.,t'-_l.'_-.l..-.'...,._':_...-.:,:.'.,:..'.'_'-bi".-.-..-. .........,..... .. - , -.., .-,

' :i_ii..:.,L_,,:!,_g_-_,!:!i',:,i_+"'.;@::_:.-.}:_.;4.-,:!,:_:,i_..b.;.-..'..._-'.-:-....._.,.4.........._2_i30 _ i'::. ;.::_£i.".'ii" ,l=: t:R_:'IT",.*"= "1:'-,::-.':.--", :'.':_:'-, ........ 1 ........ .""";"'I .... :' • '; ...... .'........ .+--i--- ....

........ I.....:::'_ ' _:"-"""" : "'1 "' : "" i,. " • .i • i ; '; . i • , = r I . . ,.__. . .l=-'..'::_;t":.;:";_.::'_=." :i..[:,.:".'..:..... :':'.i, 4" l- • '..._ ...,: ..... . .......... I.. i...... : .... :;;7": "s" 1:1:;.;..'!:: " " :.':. t'. ; .:: • :: " "' .," ' ' • • • : ' ' ' |
' ".,,_i._' _.:,.,_:"h'; :L. _;.. ,:::j;.;...,..... :_,,.=._,.: .:., ......... ; .... . .............. ¢ .............. J _ --_

; f_'_ _'.,':-'_ .:::':.m;" ';..'"_ .;:::.1". ',," ,. ', "" . • . , , . • , , "_' ,
• .._ e.;:._'.:l:'IG;-i4:_..'":-:;..I_:_.._..;;.'..._.._..............::'.;'.'.1:i..t,..............'."...." I....... 1 . : . .: • ' • . : _.i ....I.......I......|.....•

|:i.::.!! ::::::':_.I_:.:L;I_;!.;;...,::!.;.'' .;.. , . , • ', . , i ! I • -- ! : i
l_ 20 "-_...'=_.---_".--'---;'_'"- .-t'-'.: ........ :_..,',:".-."_'-'-: ....... " .......... _,-. ;....... i .... ;........... ,...... : .... :, .' .-_---_--.i
,- _..i:_:.i_:G:::_!-".:."l":'::.:i".!_!:i:b:i'..l ! I : : i. i . i • ; i _i : t ,-]
< ]!i.-.?r':"l'_!::':'l" :I'"-II!::'."F:.|F"!:_"'::';'::'i":i:-r';. ! : ' " : : : ' : ' ' ; " :]-1-" 1":---1 T--i
'_ - %' .... :'::q".::.-';.i"z i. --. ..:';A_:-"" - i.-: i .' : : _ : : ; : , i ' "i .;_!--.-f",'_..' T' i' ,:", .. r'-'.'l'":'-.". .....•........... • :"t ....... : ..... ,.. : F-+--H _- _: , :-H
v i..'.:: l:i':;:::'.: "_'v. .,"'..,". I".. :I:':.'I : : • i • i i i ' . i / , i - t /Z _r.":-'"1""'="-_-";.-:'1::':'" i." ......:'"';':':", -::...-r..: - .; .-; I ........... .' . • .: i • ; .: -4 -_--t.... I ..... |...... #

10 L:-'i__:="':'L:_:;"-._---'-;:_"L;---] -':.'-.i-.: -:.........'_......I...;. : ,-, -_i .... : L-,;L_L,-I___L__z.._L__,i/" 2''" .' ': .l".:',', .... I • '1 : " " "1 ' I : • ; " : , I _ : l l l: • !" I ' ".'._. , ' :' i ' | . " : : ' ": : : " 1 '

l flr _o:ii:::r"?!:;:i-;:l ;::::i ';.i: ; I....; :;i : r: : ! !:-r 1-i _-i ....i
,_...1-_n.":':i--_':_ _i=i"":.'T'!".",:"T:':!.'T"!""".""."T";"!""I'"V" l ...... " " ; T-_.,.-T-Z7,-V-'--I,.,--

......... I :'...1..,:...:":.;'..:... ' .... :.;....i .... '.:t. , .: • • :! | .... i . . ' , ;. . • '--:. ..... " -' I=: ..... ,, , ..... ........... t ..... f
.::_-_-.- 4---4:--i-._,_- ,.: • .;....... _--.'.-.;,-- ;..._ ............ L...... _ ' ' : " i ._ _ -4

0 i .' l: "'-'" I . ,t : .... ";. I ' • .-i . / ' . • i f : " _ ,
i. " ;,. :.':: • ' .'.] • ; " :" : I .: | ! • " I : | ' : • i = -'l-'-r.:!.".:v:"t",-l:"."t ......i",";".',-'-i" :' : .'" ,:,' - '. :' .---[-: I:-.* t --i--:-,*
.L___'__;;i::;_.2-.:t:..".i.L.i.,.'.i'._.;..,_'L":'[:.L.L..L.......=....t..L.l._!..._ '........., ....__._ _ _ I : I4_
I :.:..I .... . i. "..: ; ... '. ... t4.'' I " : I . i " _' • ; : !- . l- i ] : l , l
I.-.-...... !...-I-..I: ..... :......... :" ..." "h':..... l:".... : • i ............. 1................. _. -!.... : ! ], • ' . I ' : : • • : t

so _: _ • "':t.:::._",;_.;_'_.":":*i_',,''''.....,.._,-.,." ... ' .... ,_---_'--'_ -" z:-: "
• -..., '..' • ' _ .... .. _ : .;.:.'.',...-,1. :i, , t t "." !.".. ""1"!." ...... : ; : ; . . . ; .... '-:--- -:: -4-.-..*.. _: :___".!:.... ,..,..:.:.: - ' _ " i , . , . . • : :-'1 ?-1=_:-i . P l
_'...._. ,._1_....."'! ';""" "'_;''_'L':..... ..... .;.-41 ,_'b'';. |".................; • "'.:';' --_....... _'..... • .; ....... , .; ." ' _ ' ' " -_'t.-'..Kt".. ., _ ....1 ........ ., ......... , . :-T. 1--_._.,.,

_[ 4...i:"_....;.:..f.. 4... I • .i. -t-=--_-:J ;. ::. "|".;i" -:5.:..: ........ = : ..... ; • • ; .... I - :-= -I --:- ._ - .l.. :._ 1
• I...:..:'" I.' i' ".'" .': . '.. ' . . • I : . ' . _ . • i t : • :.............. ,. I.. I.. I ..l ....... ,4o,.._.-,_.,.......,,,...., ,,....., ,J..............._......,...,..!.,................................. , .... , ,.................................. __,__L___.,. , --

/';. i: "" ;.: I ..' .'/" .: I .I ."" .I '; i : | ; • ". . ; " : : I I _ . I I i I "'
11. I .... i' i. ;. '. ":, #,. •..... I _ " "" I ' ' - .I-.-. ,-.; i ° -_
.", ';.:.'."":'.".:'.':,...::. :.'"1" .!;" :". "'. ":', "! ' ,: .'"|,""::'""'. i . """"|" ..... ..... I :i • : i ' I ;" •....................• : " _ : ":" "> _..-,-.'_.-:"_,-4:.-.,-.1_-,.-,--.,-.--I........t....,-_i--.,J-----.i.......:.-,..-,......, . !.. _...--_..LL_-LL-L-: • I.. ' I • .I i., I. ' "1 • • : ' .[ [ I :' i ' I ' __/ I : / ' 1
' , ; : ' "':::." "! I ' :" ' : ' • ! • " : • : I { 'I-- .5.......... i..... 1..... :!_..... ].... 1.... T' " l..:..i .'....l.. • I • ' , " ......... t .... _ .'...1 l.-I. : : . • '.. '; I: '... • ;. 1 ' . ! .... I • : . . t - ,. I i

O 30 .,. ,...: . .--i-.,-,=_,- I 4 .J..F_..]q_i..[.. _ ...... [ ._ .. , -:-- .i i I l: I I i I i il ; I I i _ t ; : i I _ " . t e

r ........... : " ..... t> ,,.. . . , .. . , : ,,,.__ , ..... ,: ,
....:--r";-.-.;_!-.:.'--!,..,:','i : ".:' ..................... ! .:. ! t_;i.....: '1......". _1...............!,:' ll.:,'"..... _ _l '-1--7':- '--b_-t' .... " -' i.

i : : ":i'"'"'"T" "!""'" ""'"1 " ""T : !'" ." i " .i' _ "",-'":"" i "...'t'_-!:":t-'-'_"t:-! - t , -1": " i .... t "_"T -'+"F'-_-"t• " : "' I " i : ' ' " 1 ' • . I " | " -" - ; i . : J : t
2o_--..-:+-.+--t..---i--,.--:-=_--+--;i-"---'i--i-.i ........;-"-i-"-_--:--_:.__-f-_-4- !......+-;---t_.---1

: . "' ' ; ;" i : | ' I : ; • I . ' " , : I . , . ] ! i i ",...,...:-.:i_..:..:.. 4:t.: .:.... i.... i _ .:: _:-b-lq:_--l_:4 : '"i 1 l...J-Ji .i. ,...... ....., ....•-. , ,- .• . , ; : " I , : : -- . " _ . , I • '

; ........ '_-"i"'t"_'-'_"';'" "--_ .............................I. :"-1--: ....... t_--t ......... I., |<-T-, .., 1.: , t., , ;:: . ,.... : .. -: .i...l........_..;.., v.'..:..:..!.. i .., -. • -; _.-;I---4----_-_.--.1 ,: _ ....... .:4. :--.f-.-_..A--.-
I • "' :" ; : • : ' !';1::' ! ' : ! • : ! : "; " ! ' i !' t , Io._ *_-"t"-.-.--'--4".:!......t.-.-+-..-_.....4_,._..---v........_.....,......_- ii-X-4---l--_.-,----i_: +---+.... ;

" • " i. ! :.:'1 ! ! : i ; ; '!"1.- • I ; I ' ' " , .... _ ii ........... J... ...... , ............. • .°...4.:.:: ' . . : .................... J-. * :............,., , _. ., , ,...... , ..4:_:--1....t b._ -_!f :--t;_ !i t"' • . . t . , , . t . • . : -

! ...... ii--I;-- ml ml" ; " _ ...... = I: ..... : ...........

v i • :'" : ,"_ : i'! i "" :'" i ..... i ! • : ' • • !
• • : • ; • I : . i I 10.,% t .............•........i........." •.......•.... :..................... ". ....... ." .......... ," ":I I . : . • . . I . ' • ' : • n I

"_ I • ; . .I , : • .I .. I . : i . . : . . : ........ ;
• • ' • I : . • . I i • , " "I

_.-,_,,,,.4--.i,:,-,I-,,4,- - _L_i.....L--:-4-_,'---!--------_-------;,---4---,----• , i -- - - I " -% "
I [ [ l " I • I I I I [ [ 1 = ] I I [

01_ t ..... ! ..... IIIII1: II17111_ IIII; ...... r--:,-.1--'. -' ....... I ....... I"''--'4 .... I .... -_ ...... _ .......... L.. i ....

" J""........"_'_ =_"_"' " ........' "'" "'" "W't_i _'", -:"" ;._" "" t" 41. " .--" "'4. ..... .it." ".r'. i_...... i.............} i " f! !=::L, ! : :,: 4 ::
-12 -11 -10 -9 -8 -7 ..,6 -_ -4 -3

TIME FROM FLAREINITIATION (S

Figure $5.

1968072651-232







a

1968072651-235







;" ACED|NG,PAGEBD_E._OT _RLME_. NORTH AMER,CAN A'-_!

30 .--_.".-_-i_-" , 4......_-- : "_..........
...... =,-=........,,--,.......I--i-.i:l-!- 4 • I'.• ; ' : ' ... |- i : :, ' , 2 _ i " , " ! ,' ; " ', ;

-- i.'" . ":-_'_ .... - .... I - 1" "[-.T" •;'"...... ] t," " - " ; ' : '
Ii ..,,,_ -,..,.:.,..;_ ._ ,. ,.. ,

_v _-I,.:F! "'.U__tl.l;-I '.I i i i I ; • . , .
•_ ...._-_,.'_'._,_l-7,.-i-------_-io._i._-.-t--f-_,,.--t ..... _-,-,_-+--_,.....-r".....",.................

--! ..f ; ll:' I -L .:1 !-_!-' " " --7" '_'_' I • i f-_--_'' " --"--t'-_- .'_-t+-"--I ""- " ............i : :_...... I . __. ..
Z - _fA'"'-I"..'i" ",l-L.: .-t.....• II -_..-1--:. -4 . 4- -1.... I ......... . . l • . ." , .
_ . .-. I :.• _ I .. I _ ,. , , I . .. . . ,........ , ._.," ,o I..... ....1" --: -_" "'--t'_':-"[ .... 1 _-I "" _ ........ !

; , I. I . : 1: I I 1 i _ i , , " < , ,
_ ' t.;-t- :--t--' ! ...... t-I-:--t .... p - ,-.. I " ' ; " :
' : ' ' • i , t , ' . . '
_-_q-._-_-_-.:-+---l-4-:'_-+-_----.T-i-_,_---_- - ,,........... , -•
, ;.1" , " I l I ' I " I ", ! I I " i "

i :-t---i-k---i --_ t-,-f-.' _ "|-" I -' i : t:" i " _ " " ' ' ' :
/ -.l _ _ : t I _ " / - i I I1 / I I !

0 _--v- -l---_,--_--_--- ' ' _--t- -- --t---_---i---_---_-- --_ .... - ..................... , .....- " / - i • ,
' ' ' ' i I Il_-_4......_ .-4..-' .-.---_..+-1-,:-1-.; . ' 1" " , " " " ,

i / + • ! :-_ ] + J '_L+./ ____ + _ ....]..., .....' : ....... + -': --
"--_F_-_-T_-T-_ "-:_---_ _-i_ l + T I_--_ . , ,

'i-" ! -_-: !-f-l__i-" ' : : _ :,. _ , : - . ' ,-] _ , ,. '. i.. t_! _ ; 1 -, ' , , i. , " : ,___=
_o _-T_-T-----r-_-K---r ,___,-q_:-i ..... 7-7T_.--r......r.- -: --_,_._7, : ' -. -i "

__ +:t:-:'t_ ; :.--'_'"-4-;_" _ :
.----1-.,_ ---_-_.-_,_- " _- , .... '. ........... [ ........... _ --" ,....

,o - , ,_ i......;',,- '.... ........ :; ; ............ ,"-l" "_" "' :..... "'t ; - :-, " ;" " i " I " " "

-T -l---"- :- ' ,- " . Jr . , .. .. ,. ,
_" [ '-.... rl='l-7-r I +' i , : . . , ' , , ,

30 "-_-_--T--_-.-_-_t----b ....-v,-_-_:--r- ....... ,_.....: ...............
i /I i • ; ' /' ;' [ t / / : l ' I " I I . . ' .

"_ ' P-"; i I _',- _t-"I ! : i-. ; ! ' , ; ' '
-_- t-- -. 4 ......... t-"i.,-:"1-_-_'"_'t -+--b -7 -t'--'--'-_,.... t--_ -:.......... ; , - •

-t.. ; + .i .-I-_ ._.l. ,, _I :.;_' I- ; : ' '! , I . | . , , , ,
I • l I - "_ I o , • _ ! ' , .

' ' " I I l _ ' I . / . " i " "
,-_ ...... I-• : "-- ; ; :. , :, ;--f-:; ; " r ', _ -

-- -'---- _.... -_..--I-- .... _--+--_t ...... ! .... f 1 ..- I _ ......... , -. ,- ....

, , i • i " 1 .... i..... ', ,-i 1 "- ' ..... _ "'--I i, .. Ii " " : _,1 i ,
0.52 --:--:.... :..... _---+.-_._i-. • P-....t.... P..... " =..... , -,....................

i---_ ! 4-: ; 'l--:! ' ! i ! _ i . _ ; ' :
_.._.... ,......._!.---i----',.--4--.-_,-_-%-_--_-.-_--;--_......F-:-_ ....._..... "...... _ ...... "_- .....

v . . i t- , , -, I" :--i'-, -t I ,''1 .... - "
! I ' 1 '" ,. " I ' ' ' I , , i i

"_- 0.56 ,-=--!.... _.... 4---_--V. rF"--f--_! ',_ i-"!. -_- T- +" _ " " i :.......'......
,', , ,, , ". . |__

"_- ..i _-i-.-I,-I--_--_......!-q-" ,' • " • '. r ' , ,, ,,
i _i.'-

, , , - , , , , _._ ..,-_-_--_--l--_-_-_ ..... _-.L$--4 ...... i .....-+._..... -+-............... --. ,.' .....
. ' I | / i i , / ' , I /.... , ........ t, [ _l ................... , ...._l, ! t '_'

i

0.60 -:- -:...................... ; " , : " I ' " _ .... 'r- ] ,- ! , i , , ""1 ,T 1 , / , i , , . , i -
F..... '----_--_--i--_---t---i---_...... +- �-_'1.... ; ...... _ .......... b--- -#--"i'-t- ........... ; ..... f'" _"I, .... 1 "'

i , : .... , , , I , I _ ,

_: :J i _, . , L, I_ ] = _Z . _ ; : II I " . ]

; -12 -1 ! -I0 .-9 -8 -7 -6 -5 -4 -3 -2

TIME FROM FLAREINITIATION (SEC)

Figure 57,

I

1968072651-238



/-

.'!ORTH AMERSCAN AVIATION. INC ! SPACX-;¢==d I,'_I-_)R._tATION t4YHTE_,tH I)I_,I.HIrO,%

""_"-L [_-''_ '1 _" t • I: ;V........... .'--- =;....... _.......................... , ---: "_'_"........... i

' t ,. "3

; z 1

: ........ ! ............... ],- -

" i " ; i
' , . , ..... ..'. . -:_i

],i I , ,, ,
_.-7,-,---- _, _.-;-. - . _, ....... : , .... _ .

• | ' _ 4 ...... *°- o - .... ]

• . ..... , "" , - ......

• i i , . . .... ] _

• . . . ; ,- , . ............. , -_

; r : l l

............. t ' ' " " :#•! -, t ....

I _ ' " _ , i t

' ' , ' ' ' ' /"-- i --; I ; ,
I : : " ! .t."_ ','.__ . i ....i._._.i i :
,_' i _ i - I-.;_........_........ . . ,_j ....., _,'i" _/!f-:, _' ....;i'!' ', .... I i._ ; .:II-I-''':'-F, ..... : .... "_".i-- '"_

--* F* " " * ' ' ' ! " ' I ' '

,,, l - - J - I .t. = • = ' , FF , ' "} • • I I- l _ ' " I "

• _ , " ' " . ' . 1 t.................. _..... -_--_...._......... _.... _.... , ................ ,........... . -_ - ; t "t _

• ' • _ I ' ' . , ' ' ' ' " " ' ' ' ' _'i

Figure 57. Flight033 Touchdown Flare (Sheet I of 2)
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Fighre 57. Flight 033 Touchdown Flare (Sheet 2 of'Z) ;_
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',_ Figure 58. Effect of Preflare Speed and Sink Rate on Flare Altitude
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Figure 60. Composite of Phase II Flares
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._ test prc,grarn _d den_onstrated _n expected susceptibility to wind shears
" and gusts xvithits wing loading of eight pounds I_r square foot, The landings

made _cere bo_1 above _nd belo_v the landing specification of 17-1/2 R/sec,

being as lo',_ as I 0 and as high as 26 ft/sec.

I The critical p_int on landing is flare initiation. Ide_lly, to accomplisha successful l_nding below the gear lin_itof 17-I/2 ft/sec, this point must

"_ be correctly de_ermined within plus or minus 20 feet assuming speed _d

sinA rate are correct - no wind shears. Flares were accomplished with a

single movement of the hand controller to the aft stop and holding it there
.J through touchdown, thcugh on some landings the control was inadvert&utIy

n_oved from the stop prior to touchdown v_.hileputting in lateral control to

._ con_pensate for roll during flare.

T_#o m_ods have been used by the program test pilots for flare

Lu_ation. Eui*ially, the pilots flared on a predetermined aItitude as indicated

by a z.adar aitirneter. This method was abandoned as it meant the pilots eyes

were inside the cockpit at a ,criticaltime, and for the majority of flights the

pilots looked outside and flared on an audio tone received at the correct flare

altitude. This method has several advantages in _na_ _he pilot gains e.xR_eri-

ence in perceix_nE the correct eltit_de and can compsnsate for audio failure

and attitude changes due to shears or gust conditions.

'C" Me_11y, the pilot should be able to land consistently and safely with no

_-_: cues. The progrmm pilots feel _at0 given a nominal amount of training, they

could visu_Uy determine the correct flare altitude within the allowable r_ge

_- and also recognize gust _nd shear conditions large enough to have a significant

_ effect on landing.

Further I_uding investigation included in-flight _lares initiated _rom

",_e multiple nose_down trim se_tings in an attempt to determine if the preflare

.,,, now used for landing (I1-in. nose-down pitch trin,)can be reduced resulting

CI in slower prefl_re speeds, lower preflare sink rates, lower and e_sier to

_ judge flare alti_de, _d a more normal approach attitude,

._- Precision l_dings were demonstrated as no problem with the excellent

"_ system m_euverability, provi-ding a pilo_ cz_ reach a satisfactory low-key
_N.

,=: position_

¢.

._-. Three flights were flown wiU:x the capsule ballasted to a V_o-m_ con-

_, fi_ur, tion and no significant difference was noted during flightor l_ndingo

_ Due to this short duration of flights, navigation consisted of simply checking

"_ the VOR and DME with local stations demon_ratin_ satisfactory operaUo_.

_." Navlga_ion with a _wo-man crew using standard operational nav_tids a_I_ars

_°!- to present no problem and the use of Nike radar indicate_ radar vectoring

%'t '_ would indeed be feasible.

_l_

_ S_D 65-16_8 _
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The Gemini capsule port is considerably smaller than the canopy on

the toxv test vehicle; however, experience x_-ith the Gemini capsule and flying

the Paraglidev indicates to hhe program pilots that this would present no large

problem during flight or landing with adequate training.

In summation, the Paraglider test program has shown the system to be

stable, responsive, and very maneuverable, displaying adequate control in all

_ in-flight maneu',-mrs ---_ .... di,,gs .... e v'._s fl_v.,_ a-d landed +'::_;ve
times) and ".hough landing data and several above-specification landings indi-

._ care t_hat the system would require further landing tests to become operational, :'_
_, it can be said that concept is feasible for a landing system with which a trained

_. astronaut could consistently make a safe land landing. The system has definite

potential, and as a result of thi_. basic flight program, a number of recommen-

dations are made for further sophistication of the system,

These include:

I, Conduct further investigation of flare teclmiques, flare altitude,

prefiare pitch line settings and pitch cable rate on flare

performances

_ 2. Investigate the performance of the "T"osail wing and other

promising sophistications of the Paraglider x_dng ._

3. Investigate the ability of the pilot to land the c_tpsule safely and

consistently with no cuo.s ether than visual perception of the

landing area ?
"L

4. Establish a simulator program for pilot training on flare ._nd

landing _

5. Higher capsule release altitudes should be "obtained and investi- _',_A

: gated making navigation and radar _:ontrol a prime test item ,_

6. Investigate the open loop command system after first increasing _

the control centering and enlarging the electrical aull band --_v

7. Conduct an in-flight evaluation of Gemini port visibility for "_
flight _nd landing ,o......

*J

:S
_'_ _,_, Senior Engineering Te st Pilot _:L

* : SID &5-16_8 ....
:" .... _:fii
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C ONC LU SIONS

The performance capability of the Paraglider wing and vehicle com-

bination was demonstrated. Control response of the combination was

excellent.

CapabiH%, of landing at a predetermined point w_s demonstrated.

The criticat point in making a safe landing is the flare initiation point.

This capability was sufficiently demonstrated in that a large majority of the

flights attained a reasonable touchdown sink rate even though atmospheric

conditions caused varying flight parameters at or near the time of flare
initiation.

The flight control system, pneumatic actuator, and PCE, have shown

the capabi).ity to operate for long periods of time under fligh_ loads v_t..

little or no trouble.

%
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RECOMMENDATIONS

The Paraglider landing systen_ developrvent has progressed to a

point in which there is complete confidence in attaining complete operation_!

capability for spacecraft recovery.

To attain this operational capabilitT, the following recommendations

are made:

Further testing using the full-scale test vehicle for deployment

sequence and refiner_ent

A continuation of the recently completed tow test vehic_le
manned flights

A program to refine and optimize the Paraglider wing

configura*.ion

The development of a suitable simulator for pilot training.

(

\
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